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A Major Concern in Food Industry, Contamination Reservoir: Bacterial 
Biofilm 

B. Uymaz Tezel1 and P. Şanlıbaba2 
1 Food Technology Program, Bayramiç Vocational School, Çanakkale Onsekiz Mart University, Çanakkale, Turkey 
2 Department of Food Engineering, Engineering Faculty, Ankara University, Gölbaşı, Ankara, Turkey  

To resistance to inhospitable environmental stresses bacteria have upgraded a variety of mechanisms such as biofilm 
formation. This self-protection growth pattern of bacteria makes them more resistant to disinfectants and antimicrobial 
agents since it provides a barrier which prevents or lessens the contact with antimicrobial agents. Formation of biofilms, 
which acts as a contamination reservoir, is now regarded as a major concern in the food industry since biofilms may 
contain potential spoilage and pathogenic bacteria including Listeria monocytogenes, Staphylococcus spp., Lactobacillus 
spp., Clostridium spp., Bacillus spp., Salmonella spp., Escherichia coli O157: H7 and Campylobacter jejuni etc.  Many 
factors can be sorted for the formation and development of biofilms: specific bacteria strain, material surface properties 
and environmental parameters such as pH, temperature and nutrient levels. Each biofilm is different due to the diversity of 
biofilm-forming bacteria in various food industries, as a result, there is no unique system which can remove all biofilms. 
The first and perhaps the most important thing to do is prevent biofilm formation by regularly cleaning and disinfecting 
and biofilm problem should be well-analysed to determine an effective cleaning and disinfection operation.  

Keywords: Food industry; bacterial biofilm; contamination reservoir 

1. Introduction  

Foodborne diseases are widespread and crucial public health threat which are the cause of hospitalisation, mortality or 
significant impediment to socio-economic development. According to global estimates, thirty-one foodborne hazards 
causing 32 diseases most of which are diarrhoeal disease agents particularly norovirus and Campylobacter spp. 
According to World Health Organization 2015 reports the 31 hazards caused 600 million foodborne illnesses and 
420,000 deaths in 2010 however, unfortunately, the real number is likely to be much higher. Foodborne diarrhoeal 
disease agents caused 230,000 deaths most of whom are children [1]. The burden of foodborne diseases in industrialised 
countries is still an imported challenge. In a recent report (2105) by the European Food Safety Authority (EFSA) and 
the European Centre for Disease Prevention and Control (EDC) a total of 5196 foodborne outbreaks were reported in 
the European Union (EU) in 2013 [2]. According to another statistics released by the United States Centre for Disease 
Control and Prevention (CDC) emphasise that conjecturally, 48 million foodborne diseases reported resulting in 
128,000 hospitalisations and 3000 deaths annually in the USA, with estimated money loss of billions dollar in a single 
year [3]. Microbial contamination, both from microbiological or chemical, may occur at different steps of the food 
chain: (1) cultivation environment such as farm, orchard, fishery or livestock farms (2) processing environment such as 
slaughterhouse, cannery or packing plants (3) preparation, storage and even retail environments [4]. Members of EU 
have adopted an approach to food safety from the farm to the fork for the protection of consumers against microbial 
contamination throughout the food chain [5, 6]. Knowing main risks and contaminants in each food processing steps is 
crucial for their control, prevention or elimination. In order to manage the production of safe and quality foods adoption 
of risk assessment models such as Hazard Analysis Critical Control Points (HACCP) and Good Manufacturing 
Practices (GMP) are essential, even though these systems have proven very effective for the control of food safety, it 
must never be realized that they are designed on the basis of known hazards. Both human and microorganisms related 
factors lead to evaluation of food safety which occurs on a molecular scale (point mutations or the acquisition of a 
plasmid by microorganisms) and on short timescales. Innovations according to new validations and verifications are 
necessary [6]. Furthermore, many bacteria have upgraded a variety of mechanisms such as biofilm formation to be 
resistant to inhospitable environmental stresses. Formation of biofilms, which acts as a contamination reservoir, is now 
regarded as a major concern in the food industry since biofilms may contain potential spoilage and pathogenic bacteria 
including Listeria monocytogenes, Salmonella spp., Escherichia coli O157:  H7, Campylobacter jejuni, Bacillus spp., 
Pseudomonas spp., even Lactobacillus curvatus, Lactobacillus fermentum etc. [7]. The biofilms increase the risk for 
post-processing contamination and leading to lowered shelf life of the food product and/or transmission of diseases [8, 
9, 10, 11]. Moreover, the formation of biofilms on industry surfaces leads to economic losses due to mechanical 
blockage, impairment of heat transfer, increase in fluid frictional resistance and corrosion of equipment [12, 13]. 
 In order to gain deeper information about biofilms, a large of number research has been performed in recent years 
which are focused on both understanding of biofilm formation mechanisms and their effective and control strategies. 
The main objective of this book chapter is to emphasise the challenges caused by biofilms in food industries and to 
summarise the knowledge of biofilm formation of foodborne bacteria.  
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2. Bacterial Biofilm 

Bacterial biofilms are defined by Costerton and Stewart [14] as an aggregation of microorganisms attached to and 
growing on surfaces including plastic, glass, metal and wood which are a prevalent mode of growth for microorganisms 
in nature [15]. The current description of bacterial biofilms is performed as an assemblage of surface-associated 
microbial cells that are enclosed in hydrated (from 85% to 95%) extracellular polymeric substances (EPS) mainly 
constituted of polysaccharides, proteins, phospholipids, teichoic and even nucleic acids [16, 17]. 
 The first observation of bacterial biofilm dates back to 1684. Antonie van Leeuwenhoek, using his primitive light 
microscope, found that microorganism attached to tooth surfaces, form a sessile community and called them as 
‘animakuli’ [15, 17, 18]. According to the findings of light microscopy bacterial biofilm was observed first as marine 
bacteria attached to the ships’ hulls in the 1920s [15]; Claude E. ZoBell also determined that some marine bacteria 
could cling to surface of glass slides, form microcolonies and also these structures on the glass surfaces was not 
distributed by washing or shaking [19]. In the 1980s, by the development of the microscopy techniques, bacteria were 
observed on the solid surfaces of many ecological environments including wastewater, treatment systems, equipment 
used to manufacture vinegar, industrial water systems, tooth decay, urinary tract and other implanted medical devices 
[20, 15].  The first correct question to ask is why bacteria create a structure as a biofilm. This proper colonisation of 
microorganisms on surfaces, embedded in the EPS, provides survival of bacteria under environmental stress conditions 
such as ultraviolet radiation, physicochemical stresses or insufficient supply of nutritive resources. This self-protection 
growth pattern also provides bacteria up 10 to 1000 times more resistance to disinfectants and antimicrobial agents than 
planktonic bacterial cells [21, 22, 23]. The biofilm structure acts as a barrier and prevents or decreases contact of the 
bacteria with antimicrobial agents. In order to make pathogens inactive and maintain safe and quality products, 
chemical disinfectants such as peroxides, chloramines or hypochlorites are widely used in food industry. However, it 
has been reported in the United States that around 80% of persistent bacterial infections are associated with biofilms 
[24].  

2.1   Biofilm formation and development steps 

To explain this threatening issue in a broad range of food industries including brewing, seafood processing, dairy 
processing, poultry processing and meat processing the second question to ask is which molecular mechanisms, factors 
and bacteria are involved in biofilm formation.  
 The biofilm formation process that involves both physicochemical and biological factors starts with the initial 
attachment of planktonic bacteria to solid surfaces and takes in a short time and it can be active (depend on bacterial 
motility) or passive (gravitational transportation of planktonic cells) [17, 24, 25, 26]. The attached microorganisms may 
detach from the surface and return to planktonic forms at any moment, it is considered as a reversible adhesion of the 
bacteria and surface through van der Walls, electrostatic and Lewis acid-base interactions. The main determinant factor 
is physiochemical properties of the bacterial surface – mostly negative charged- due to the presence of the proteins 
anchored to the cell wall [25]. For example, the electrostatic charge of bacterial cell walls and cell surface 
hydrophobicity of L. monocytogenes have been the determinate that govern its attachment to stainless steel [27], also 
BapA surface protein has been found to be directly involved in biofilm formation at the liquid-air interface in S. 
enterica [28]. The cell surface appendages such as flagella (present in both Gram-positive and Gram-negative bacteria), 
pili (thinner and shorter than flagella, present in both Gram-positive and Gram-negative bacteria) or curli fibres 
(amyloid like protein, present in only Gram-negative bacteria) not only the principal components for bacterial motility, 
but also may play a crucial role (involved in cell-cell and cell-surface contacts) in the initial stages of biofilm formation 
[29, 25].  
 The other important factors that influence the initial cell attachment are the physical characteristics of solid surfaces 
such as texture (rough or smooth), surface charge, hydrophobicity and weather be covered by a film of organic 
molecules (proteins or pre-existing polymeric substances). For instance, high free energy, wet surfaces promote 
bacterial adhesion: Although hydrophilic surfaces (stainless steel, glass etc.) are more adherent than hydrophobic 
surfaces (plastics) [17, 24, 30], rougher and hydrophobic surfaces are preferred attachment. According to findings of 
research by Sinde and Carballo which shown that Salmonella and Listeria can attach in high numbers to hydrophobic 
surfaces than the hydrophilic ones [31].  
 The production of EPS induces to turn weak interaction between bacteria and surface to a permanent bonding (by 
dipole-dipole, hydrophobic, ion-ion, ion-dipole, covalent and hydrogen interactions); so this stage of biofilm formation 
is called as an irreversible attachment. In the irreversible stage the biofilm grows through cell division and bacterial 
cells upregulate the expressions of specific attachment-related genes [17, 23, 24, 26]. The microcolony formation in the 
early development of biofilm architecture stage helps strengthen the bond between the bacteria and the substratum and 
stabilises the colony from any environmental stress and also allows for interspecies substrate exchange [32]. 
 The maturation stage usually has been characterised by developing of flat or mushroom shape which requires periods 
of 10 days or more [17, 24, 26]. A mature biofilm is a highly organised ecosystem including heterogeneous complex-
enclosed microcolonies with water channels are dispersed and able to provide passages for the exchange of nutrients, 
metabolites and waste products [33].  
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 The third question to ask is how different bacteria microcolonies have attended to biofilm architecture. Although its 
role has not been completely explained, Quorum Sensing (QS) which is a kind of communication between bacteria 
responsible for heterogeneous biofilm architecture and provides information about cell density for adjusting their gene 
expression [23]. QS includes production and sensing of signal molecules which regulate the behaviour and 
physiological processes of bacteria such as growth, sporulation, pathogenicity or starting to biofilm formation [34, 35, 
36]. There have been several studies emphasise effect of the QS molecules in different bacteria [25]: the second 
messenger cyclic-di-GMP responsible from cellular transition between motility and sessility in S. enterica and many 
other pathogens [37, 38]; the accessory gene regulator (agr) system plays a central role to mature biofilm phenotypes 
and 3D architectures in S. aureus [39, 40]; the CodY regulator, induces both biofilm formation (under nutrient 
starvation conditions) and expression of motility and virulence factors (under abundant nutrient conditions), controls the 
multicellular behaviour in B. cereus [41]. 
 The detachment of bacterial cells from biofilm architecture and revert to their planktonic form is the last stage in the 
biofilm formation cycle, called as Dispersion. Both external and internal biofilm processes may lead to biofilm 
detachment [24]. The dispersion stage is an active process which has been controlled by QS signals and allows for the 
colonisation of new niches. Generally, the acly-homoserine lactones (AHLs) and oligopeptides are the extracellular 
signalling molecules for Gram-negative and Gram-positive bacteria, respectively [42].  The agr system also controls 
dispersion in S. aureus biofilm by the activation of protease production [43]. Sometimes some molecules produced by 
biofilm cells disrupts other species’ biofilm architecture. For example, the polyamines as norspermidine and 
norspermine produced by B. subtilis, disrupt the S. aureus and E. coli biofilm architecture [44]. 
 Many effective factors can be sorted on the formation and development of biofilms: specific factors of bacterial 
strain (Gram-positive/negative, microbial shape, structure, presence of flagella, pili, capsules or exopolymeric 
substances molecular composition, species, growth phase and age), material surface properties (chemistry, topography, 
physiochemistry) and environmental parameters such as pH, temperature, nutrient levels and fluid dynamics [15, 17, 
23].  The factors grouped as environmental parameters may be considered to play a crucial role in the turning of 
planktonic cells to the sessile form. There are several evidence demonstrate that the different adhesion levels of various 
species at different pH, temperature and concentrations of phosphates or pH. Main effects of environmental parameters 
on biofilm formation in the food industry can be summarized as follows:  rough, hydrophobic and opposite charges of 
surface favours biofilm initiation; lower temperatures either stimulate biofilm formation which leads to more uniform 
properties of polysaccharides- or lower biofilm formation -decrease cell surface hydrophobicity levels; decrease of 
oxygen  inhibits biofilm initiation; higher shear rates decrease bacterial attachment but increase density and thinness of 
biofilms; high osmolarity of food matrix inhibits biofilm formation; influence of pH and ionic strength on biofilm 
formation through changes in surface hydrophobicity and charge [45]. In addition to abiotic environmental factors listed 
above, one should consider that the effect of biotic factors is also decisive. Interactions between different microbial 
populations, especially in multi species biofilms, could greatly impact the development of biofilm as far as the species 
specific factors. Whereas these interactions mostly are beneficial for the partners, in some cases presence of a bacterial 
species could inhibit biofilm formation. For example, while L. monocytogenes in a mixed biofilm with Lb. plantarum 
exhibited higher resistance to benzalkonium chloride and peracetic acid than single species biofilm [46]; biofilm 
formation of L. monocytogenes can be reduced by the presence of S. xylosus and P. fragi or bacteriocin-producing 
Lactococcus lactis [29, 45, 47]. 

3. Biofilm formation in Gram-positive and negative bacteria 

According to the nature of microorganisms and depending on the species-specific factors biofilms have displayed 
diversity.  Each biofilm is different due to the diversity of biofilm-forming bacteria in different food industries and also 
same species can form different biofilm architecture under different grown conditions. According to evidence of SEM, 
epifluorescence microscopy and confocal laser scanning microscopy (CLSM), biofilms of L. monocytogenes under 
static conditions consist of a homogeneous layer of cells with a similar morphology to planktonic cells but, under 
continuous flow conditions consist of spherically shaped microcolonies [7, 48]. The structural and developmental 
features of bacteria such as motility and sporulation are eminent importance for the biofilm formation and are strictly 
connected with each other. Formation of biofilms provides an optimal environment for sporulation of Bacilli spp. 
Although, cells in biofilm architecture are not motile, in several bacteria such as L. monocytogenes and B. subtilis 
motility has been found to be substantial for initial attachment of cells to a surface and formation of biofilm [7]. The 
flagellar based motility appeared to be essential to propel cells towards the surface before attachment for static biofilm 
formation but not for biofilm formation under continuous flow conditions in both L. monocytogenes and B. subtilis [49, 
50]. In this situation evaluating biofilms according to the structural and developmental features of microorganisms, 
growing conditions and food processing environments is a rational approach.  
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3.1   Biofilm forming Gram-positive bacteria  

L. monocytogenes is a psychotropic bacterium which can lead to mild gastroenteritis or severe infections and mostly 
transmitted to man through food. L. monocytogenes strains can grow between pH 4.6 and 9.5 and at 0.92 aw and are 
recurrently found on floors, drains and equipment of the food industry, even in the cold and wet atmosphere of 
refrigerated rooms where non-psychrotrophic can only survive. The studies focused on to understand why L. 
monocytogenes persists in the food industry have found several reasons including adhesion potential, biofilm forming 
ability, resistance to desiccation, acid and heat, tolerance or resistance to disinfectants[51]. It has been demonstrated 
that L. monocytogenes can form a biofilm which protects cells from the action of antimicrobials and sanitizers and 
allows long term persistence them on surfaces such as rubber, plastics, glass and stainless steel [52]. Having flagella, 
QS and extracellular DNA (eDNA) may play a major role in the formation of listerial biofilm. The attachment of L. 
monocytogenes has been governed by electrostatic charge of bacterial cell walls (conferred by peptidoglycan anionic 
teichoic acids) and cell surface hydrophobicity (enhanced by the presence of lactic acid) [17].  PrfA flagellar 
biosynthesis regulator, LuxS system, agr system have been shown to be involved in the QS systems of L. 
monocytogenes biofilm. Alonso et al., [53] found that both disruptions in several purine biosynthesis genes and 
mutation in flagella related genes at 30-35 oC caused reduced biofilm formation in L. monocytogenes. Piercey et al., 
[54] carried out that at a temperature common to food environments identified the involvement of nine genetic loci that 
had not previously linked to biofilm formation in L. monocytogenes as well as ten genes also known to be associated 
with L. monocytogenes biofilm temperatures. The role of eDNA has been described by Harmsen et al., [55] in the early 
stages of cell attachment to surfaces, and also reported that N-acetylglucosamine acted as a co-factor and/or scaffolding 
in eDNA formation. 
 As discussed above, the biofilm formation is strongly affected by the hydrophobic or hydrophilic interactions 
between microbial cell charge and contact surfaces. For the risk assessment and reduction of biofilm production which 
are a great expense for the enterprises, several measures should be taken as the choice of correct materials for 
installations. Both the hydrophilic (stainless steel and glass) and the hydrophobic (polymeric) materials are the most 
common materials used in the food industry [52]. According to several researchers who are investigating relationships 
between biofilms and contact surfaces suggest that Listeria biofilms may adhere more tightly to hydrophobic surfaces 
than hydrophilic surfaces at cellular level [56]; but some found that biofilm levels of L. monocytogenes were 
significantly higher on glass at different temperatures compared to polystyrene and stainless steel [57]. By the same 
researchers, a positive correlation between hydrophobicity and heat was suggested that the biofilm formation was 
influenced by temperature due to modification of cell surface hydrophobicity. The presence of glucose or high 
concentrations of NaCl (4% to 10%) may lead to an increased ability to self-aggregation and biofilm development in L. 
monocytogenes [58, 59]. With regard to a study conducted on the influence of growth medium, surface and pH on the 
initial 2D structure of static listerial biofilms, three of the tested strains were able to reach a honeycomb like structure 
and could develop complex biofilms but only one could not enter to the second step. Time-shift differences according to 
growth medium and surface have been observed on the plastic surface, except one strain. However, the first step of the 
primary structure of L. monocytogenes which is a critical stage for the development of listerial biofilms, is impaired for 
all strains in acidic conditions [60]. In accordance with this study, both Tresse et al., [61], and Smooth and Pirson [62] 
observed a lower cell attachment at pH five than pH 7 or 8. The down-regulation of flagellin synthesis in acidic 
conditions was also reported by Tresse et al., [63]. The dependency of L. monocytogenes biofilms on nutritional 
conditions is one of the most studied subjects. Although most of the previous studies show that growth in rich media 
(BHI or TSB) was not lead to switch cells from planktonic to sessile state [64], but growing in synthetic media 
enhanced attachment to surfaces and biofilm formation [65].   
 Due to the contamination of food products by both pathogens and spoilage microorganisms is a crucial issue the 
management of the food processing plant should consider the prevention strategies. The proper design of food contact 
equipment as the primary strategy should be performed. This should never be disregarded that the most common 
sources involved in biofilm accumulation are the floors, waste water pipes, bends in pipes, rubber seals, conveyor belts, 
etc. Materials for industrial installations should be preferred with smooth, resistant to corrosion and damage, be free of 
sharp edges, easily cleanable and allowing the ‘clean in place’ [17, 52].    
 Because of its rich nutrient content and high aw, milk is tremendously vulnerable to contamination against 
microorganisms. Outbreaks of pathogens associated with biofilms in the dairy industry are including L. monocytogenes, 
Bacillus spp., Pseudomonas spp., even Lactobacillus curvatus, Lactobacillus fermentum [17, 66, 67]. According to 
results of a study aimed to evaluate the biofilm production of L. monocytogenes strains isolated from the environment of 
cheese processing plants in Brazil, all isolates showed ability to produce biofilms on polystyrene microplates, also on 
stainless steel (24.7% ) and 4.7% of the strains were classified as strong biofilm  producer [68]. L. monocytogenes is 
able to form multi-species biofilms with both Gram-positive and negative bacteria depending on the genera implicated 
and the environmental conditions [69]. In a recent study which aimed to find out possible environmental relationships 
among L. monocytogenes and other species, environmental samples belonging to work surfaces from fish, meat and 
dairy industries were analysed by serotyping and PFGE. 12 samples were found positive for L. monocytogenes and 
E.coli and Carnobacterium spp. were founded accompanying microbiota in fish and meat industry, respectively [70]. 
Although the quality of both equipment and water is the main cause of the risks in the fish processing industry, many 
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types of fish-contaminated-bacteria are found to be biofilm-forming, including Vibrio spp., also many other genera such 
as L. monocytogenes, Salmonella spp., Bacillus spp., Aeromonas, and Pseudomonas spp., [17]. 
 Mainly three conventional methods have been applied including physical, chemical and biological methods in order 
to prevent or inhibit the biofilms in food-processing plants. The physical methods commonly used are mechanical 
scrubbing, jet cleaning, ultrasonic cleaning and other ways [71]. The strong oxidising agents with a broad antimicrobial 
spectrum such as hypochlorous acid, chlorine, iodine, ozone, hydrogen peroxide, peroxyacetic acid and quaternary 
ammonium chloride and anionic acids are the most used chemical agents for sanitation procedures in food producing 
plants [52]. Several comparative experimental studies have been performed in order to establish the most effective 
treatment for eradication L. monocytogenes biofilm. The gaseous ClO2 [72]; aerosolised sanitizers [73] and 
nanostructured titanium dioxide combined [74] have been effective on both L. monocytogenes planktonic cells and 
biofilms. With the increasing consumer demand rather than chemicals preferring environment-friendly treatments 
launch to researching new emerging strategies. These innovative strategies can be sorted as affecting cell adhesion by 
modifying contact surface hydrophobicity [75], using different essential oils as anti-biofilms agents [76], using bio-
solutions such as probiotic [77], bacteriocin-producing strains [78] or phages [79] and using enzymes, antimicrobial 
molecules from microbial origin [80]. In a study was conducted with a innovate approach, the methanol extracts of 
several plants have been found out to be effective on L. monocytogenes and S. aureus biofilm formation [80]. 
 Staphylococcus spp. is widely distributed in nature including air, water, body surfaces of skin which is bunch shaped 
cocci without flagella, spore and capsule. The enterotoxin of S. aureus causes food poisoning which is a significant 
concern in the food industry. There for the primary enterotoxigenic pathogenic carriers are humans, food handlers may 
directly contaminate food. The presence of methicillin-resistance and ability to develop biofilms on different materials 
also makes a serious risk for safety food production [71]. According to a comparative investigation on biofilm 
formation capability of many common pathogenic bacteria indicated that Staphylococcus tend to develop more biofilm 
than E.coli, Salmonella spp., and Bacillus cereus [81]. Among the Staphylococcal species S. aureus and S. epidermis 
adhere to both biomaterials and food contact surfaces and form a biofilm in 24-48 hours at 37 oC. The process of 
heterogeneous multi-layered S. aureus biofilm formation is regulated by multiple genes including expression of the PIA 
by the icaADBC operon; release of eDNA; expression of numerous surface proteins (Bap, SasG, FnBPs or Spa) [82]. 
eDNA has been reported as a major component of biofilm which has roles in initial attachment and accumulative stages 
of Staphylococcus spp. [83]. The PCR based analyses have shown that eDNA is similar to genomic DNA which 
supports the hypothesis that eDNA originates from the lysis of a subpopulation of the bacteria [84]. According to results 
of a study aimed to investigate the silico biofilm production ability of S. aureus from dairy environments, 31 S. aureus 
were obtained and detected as producer of biofilm on stainless steel, rubber and silicon surfaces [85]. Lopez et al., [86] 
reported that the glycone (myricitrin, hesperidin and phloridzin) and aglycone (myricetin, hesperetin and phloretin) 
flavonoids inhibit biofilm formation by S. aureus strains by overexpressing the msrA and norA efflux protein genes. 
 Lactic acid bacteria (LAB) are non-motile bacteria which have been widely used for the fermentation of raw milk, 
meat and vegetables. In spite of their role in the food industry, LAB -especially genus Lactobacillus- may lead to food 
spoilage. Non-starter Lactobacillus spp. can produce biofilm on the both raw material and production environment 
which acts as contamination reservoir [87]. Although many biofilm producer bacteria such as Listeria spp., Bacillus 
spp. and Salmonella spp. have flagella which are necessary for initial attachment to surfaces, the adhesion of non-motile 
bacteria to surfaces can be explained by the sedimentation processes, so the initiation of biofilm and maturation of non-
motile bacteria is different from the reported for motile bacteria [79, 88]. There is another risk for the fermented foods 
and beverages that capacity of biogenic amine (BA) producers to form biofilms. The histamine, tyramine and putrescine 
are low-molecular-weight organic compounds that may found in large quantities. However much BAs play a major role 
in human physiology, ample consumption of food containing them may lead to toxicological effects. The aminoacyl 
decarboxylase activity which mainly presents in Gram-positive bacteria of the LAB group is responsible for the 
formation of BAs [89]. The formation of biofilms by both clinical and food-related Enterococcus spp. species have been 
studied since their pathogenic potential [90, 91]. 
 Pseudomonas spp. includes major proteolytic enzyme producer species including Pseudomonas aeruginosa which is 
pathogenic and spoilage bacterium commonly found in food processing plants and has the tendency to form biofilms 
[92]. So much so that Pseudomonas aeruginosa has demonstrated biofilm formation in the lungs of patients suffering 
from cystic fibrosis which is noncurable and eventually results in death [93]. In order to inhibit biofilm formation, many 
studies have been focused on the AHLs QS system which is involved in biofilm formation by knock-out AHLs synthase 
genes [94]. Another biofilm producer Gram-positive bacteria is Clostridium perfringes which are aerotolerant 
anaerobic, spore-forming and an opportunistic pathogen.  Clostridium perfringes causes food poisoning both in human 
and animals as result of its ability to produce many different toxins. The production mono- and dual- species biofilm 
protects Clostridium perfringes cells from the action of potassium monopersulfate, quaternary ammonium chloride, and 
hydrogen peroxide and glutaraldehyde solutions [95].  

3.2   Biofilm forming Gram-negative bacteria 

Salmonella spp. is one of the most important foodborne pathogens and cause of Salmonellosis. The dynamics of 
Salmonella infection is variable and are effected mainly by contaminating food and water supplies –especially in 
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underdeveloped countries-, personal lifestyle, changes in the industry, technology, commerce and travel. [96]. 
Approximately 2500 Gram-negative Salmonella serovars have been reported and can be found in the intestinal tract of 
both human and animals in nature. Salmonella spp. is the first reported biofilm producer foodborne pathogen. This 
enteric pathogen follows a cyclic lifestyle in which host colonisation is alternated with periods of survival outside the 
host. The ability of Salmonella to form biofilms both host colonisation and non-host conditions contributes to survival 
and transmission to new hosts [97].   
 The abiotic surfaces such as plastic, rubber, cement, and stainless steel which are extensively used in farms, food 
processing industry, kitchens, toilets and bathrooms are the well-documented surfaces on which Salmonella is able to 
form biofilms. Several reports have demonstrated the Salmonella biofilms on these abiotic surfaces: According to 
Stepanovic et al., [98] findings, there was no difference on the ability of biofilm formation on polystyrene microplates 
of tested 122 Salmonella spp. isolates from both humans, animals and food. In accordance with this results, Vestby et 
al., [99] also found biofilm formation capacity of 111 Salmonella isolates feed and fish meal factory environment. It 
should never be forgotten that toilets and bathrooms in the houses even factories are the most common Salmonella 
contamination source. This fact has been supported by a study [100] which detected survival of Salmonella in toilet and 
bathroom in homes of salmonellosis patients. Salmonella spp., Campylobacter spp., and E. coli O157: H7 are 
commonly found in meat, poultry and on contact surfaces of meat and ready-to-eat industry due to ample organic 
residues which could be a niche for microorganism’s accumulation and biofilm formation. [17]. The study about 
biofilm formation by poultry isolates of Salmonella on commonly used contact surfaces and their sensitivity to 
sanitizers was detected [101]. Compatible with this study results Díez-García et al., [102] found the relationships 
between biofilm formation and growth kinetic parameters of S. enterica isolates from poultry. Another study has 
indicated that there is no significant difference in biofilm-forming ability among the Salmonella serotypes (S. 
Typhimurium, S. Enteritidis, S. Typhi) from different sources or geographical regions [103]. According to a remarkable 
study’s results which detect the effects of different temperature, pH and nutrient availability on S. Enteritidis biofilm 
formation, the environmental stress conditions may alter biofilm resistance to sanitizers [104].  
 Salmonella is able to adhere to biotic surfaces such as epithelial cells, gallstones and even form biofilms which lead 
to the development of chronic infections in hosts. Although plants are not considered as a host for enteric pathogens, 
numerous Salmonella outbreaks reported in less developed countries due to contamination of water, soil with sewage. 
Remarkably, several reports have demonstrated that S. enterica can colonise on plants such as sprouted seeds, fresh 
vegetables and fruits, cilantro; are not killed by surface sterilisation methods [97].  
 The intrinsic and extrinsic mechanisms involve the biofilm establishment. The extracellular components of 
Salmonella such as flagella, fimbriae (Pef), curli fimbria (Csg), long polar fimbriae (Lpf) and pili are essential 
equipment for initial attachment, colonisation or cell invasion. The EPS fraction is primarily made by cellulose 
(encoded by bcsABZC-bscEFG), O-antigenic capsule (O-Ag-capsule) and Lipopolysaccharide (LPS) are the sequent 
fragments.  CsgD is a major control and integration unit for Salmonella biofilm formation which regulates the 
expression of specific matrix compounds; RpoS and Crl are the other two main regulators [97].  
 Another major contaminant in the poultry industry is Campylobacter spp. which has similar characteristics with the 
presence of diarrhoea, cramps [105]. Since Campylobacter is present in the industry environment, it can easily form a 
biofilm on foods, processing areas such as walls, floors, pipes and drains. After the irreversible fixation, Campylobacter 
forms microcolonies which take approximately 4 hours and cells become sessile. The genes flaA, flaB, flaC, flhA, fliS 
encode different flagellar proteins and cheA, cheY and CetB are the responsible for chemotaxis. The QS is activated by 
the expression of the luxS gene which codes autoinducer-2 synthase. The extrinsic factors such as environmental 
conditions, the type of available nutrients, and the attachment surface also have effects on the adhesion capacity of 
Campylobacter [106]. 
 E. coli can form biofilms by means of their surface structure as in all members of Enterobacteriaceae family.  E. coli 
O157: H7 is considered as an enteric pathogen which causes of serious diseases such as haemorrhagic colitis, 
haemolytic uremic syndrome and thrombotic purpura in humans [107]. The lowest infectious dose (<100 cells) and 
biofilm forming capacity are the major concerns about E. coli O157: H7, this means cross-contamination of foods by 
food contact surfaces harbouring low numbers of the pathogen can potentially lead to outbreaks [108]. The biofilm 
formation capacity and degree of E. coli O157: H7 on various types of food contact surfaces have been examined in 
several studies. According to recent survey results, E. coli O157: H7 can attach and form a biofilm on wooden surfaces 
at significantly higher levels compared with steel, glass and plastic and chlorine dioxide show greater lethal activity 
than NaOCl against E. coli O157: H7 in a biofilm on the same surface [108]. Similar findings were demonstrated by 
Adetunji and Isola [109]. E. coli O157: H7 is able to easily adhere and survive on meat contact surfaces even at low 
temperatures. The presence of other microorganisms on the surfaces is a major factor for the initial attachment. Dourou 
et al. [110] shown that contact surfaces in the beef fabrication facilities serve as a source of E. coli O157: H7 cross-
contamination. The type of residual substrate and temperature effect the attachment and attachment occurred not only at 
a temperature representative of beef fabrication areas during nonproduction hours (15 oC), but also during cold storage 
(4 oC) temperatures. 
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4. Conclusion  

Food preservation is an extensively studied topic in food science. According to these studies results, bacterial 
elimination can occur either extrinsically or intrinsically. Both extrinsic –influence the food environment to make it 
non-liveable for microorganisms- and intrinsic- limiting bacterial growth by the direct attack to bacterial- factors 
contribute to eliminate the microorganisms throughout the food chain. In this respect, the prevalence of microorganisms 
in biofilm architecture are the major contamination reservoir of both spoilage and pathogenic microflora in the food 
industry. As discussed above, the ability of pathogenic biofilm formation mainly depends on genetic bases and their 
regulation, but the properties of the substratum and bacterial cells, environmental conditions such as pH, temperature 
and nutrient components are the other important factors lead to biofilm formation. As suggested by Meyer [111], there 
is three significant points to prevent biofilm formation: (1) disinfection before biofilm formation, (2) disinfection 
biofilm architecture by harsh disinfectants and (3) inhibition of initial attachment by choosing proper surfaces materials 
which do not allow the bacterial attachment. Because of each biofilm is different due to the diversity of biofilm-forming 
bacteria in various food industries, the biofilm architecture should be well-analysed to determine an effective cleaning 
and disinfection operation. The chemical-based control [Sodium hypochlorite (NaClO), Hydrogen peroxide (H2O2), 
Ozone, Peracetic acid], some physical processes such as Hurdle technology, ultrasonication and/or concept of green 
technology by biological alternatives (natural antimicrobials, phages) are the promising options to inhibiting bacterial 
quorum sensing and biofilm formation.  In this concept, take into account the biofilms must form an essential 
parameter, while developing the plans such as HACCP, GMP and ISO: 9000 specifications. In order to achieve biofilm-
free processing systems, to perform an upgraded HACCP program is necessary for the food industries. 
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Underutilized crops are rich in micronutrients but are only cultivated at subsistence level (1).  Food processing 
technologies, particularly at household level, are challenging and often not applicable to traditional crops (2). Perishability 
and poor processing are among major constraints facing thier production in developing countries (3). Improved dietary 
diversity, diet modification and appropriate food processing technologies of micronutrient rich crops are among the long 
term strategies that could help eradicate or minimize micronutrient malnutrition (4). Processing of underutilized crops into 
acceptable food products can improve their exploitation. Snack foods like noodles, cookies and crackers are widely 
adapted for every day use, widely consumed throughout the world and their global consumption is second only to bread 
(5). This is because they are convenient, easy to cook, low cost and have relatively olng shelf-life (5).  Therefore 
exploitation of the feed value potential of underutilised crops to process crackers, noodles and cookies could increase 
acceptability and reduce perishability thus increase marketability and consumption/utilisation in the long run. An informal 
experimental study design was used to evaluate preparation of acceptable food products comprising of crackers, noodles 
and cookies from cassava (Manihot esculenta), finger millet (Eleusine coracana), simsim (Sesamum orientale L.), and 
slenderleaf (Crotalaria ochroleuca and C. brevidens). Product acceptability was assessed using organoleptic tests 
evaluated by a panel of 76 judges. Disproportionate stratified random sampling was used to select 19 judges from each 
strata; age strata (<18yrs & >18yrs) and sex strata (men & women) totalling to 76 judges/panellists of 38 females and 38 
males. Tests by sensory panels were conducted under controlled conditions using appropriate experimental designs, test 
methods and statistical analyses according to the International Standards Organization (ISO) (6,78,9). Chi-square test was 
used to analyze the acceptability of the crackers, noodles and cookies across the study groups. The products were highly 
accepted as over 50% of judges/panellists liked all the food products. This study brings forth acceptable food products 
prepared from selected underutilized crops. Promotion could lead to increased consumption and marketability of these 
products. The crackers, noodles and cookies should be promoted and marketed in order to increase consumption and 
utilization of underutilized crops. 

Keywords: Underutilized crops; food products; food processing; food acceptability  

1. Food Processing  

Reasons for processing food include preservation for use in times of shortage, increase shelf life, removal of toxins, 
removal of antinutrients which improve digestibility and availability of minerals, and improvement of palatability; food 
fortification is also part of food processing (10 & 11). Food preparatory practices have changed over time, in East 
Africa, boiling and occasional roasting were the principal cooking techniques from 1930s to 1960s. These were superior 
to current practices favouring frying and deep-frying of foods (12). Besides the shift towards frying instead of boiling 
vegetables and other crops in urban areas, there seem to be no distinctive urban recipes  (13). People tend to stick to 
food habits; thus, preparation techniques acquired in early childhood have a long-lasting influence even if people move 
from villages to towns (14). Contrary to the above assertions, methods of food processing have been developed over the 
centuries and are adopted to make the final product more attractive in flavour, appearance, taste and consistency. 
Besides these aspects of consumer preferences, several of the methods aim at making the food safe and wholesome and 
increase its shelf life. The common household practices of processing these foods include milling, germinating or 
sprouting, malting, fermentation and cooking. Each of these processes qualitatively modifies the nutritive value of the 
food (15). The shelf-life of minimally processed products is increased by pre-processing factors (crop varieties, pre-
harvest factors, harvesting, maturity), processing factors (pre-cooling, trimming, washing, cleaning, disinfection, 
cutting, peeling, handling, dipping, drying, packaging) and distribution conditions (16). Techniques for processing 
combinations of selected neglected and underutilized crop species into food products have not been established. 
 An experimental study was carried out at Maseno University Nutrition Department foods laboratory at 65% humidity 
and 23oC. Here food products (cookies, crackers and noodles) were prepared from underutilized crops which comprised 
of cassava roots, simsim seeds, fingermillet grains and slenderleaf vegetables. The food products were analyzed for 
food product acceptability (appearance, smell, taste, texture, and general acceptability) using Organoleptic tests. The 
underutilized food crops were procured at Luanda market located at 34o36’ East and 0o North at an altitude of about 
1530 meters above sea level. Same amount (500g) of each crop was procured from three different sellers at different 
locations of the market and mixed. The procured samples were cleaned and made free from dirt, foreign matter and 
other stubbles; this was followed by washing using distilled water after which processing was carried out for product 
preparation. Processing of raw material involved the following activities; fresh vegetable leaves were separated from 
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roots, washed under running double glass-distilled water. Vegetables were then blanched, drained completely and dried 
under shade. 

1.1   Data Analysis 

Qualitative and quantitative data analysis was performed using ANOVA with critical significance levels set at P≤0.05. 
Data on product acceptability was analyzed using Chi-square test by comparing proportions across the groups (stratum), 
and Kruskal-Wallis test for comparing differences in continuous data. Post-hoc Dunn’s corrections for multiple 
comparisons were performed following Kruskal-Wallis tests.  Acceptable attributes referred to the score values of 4 and 
5 on the grading chart while 1, 2 and 3 were for unaccepted attributes.  

2. Crop Processing for Product Formulation 

2.1   Cassava (Manihot esculenta) 

Dry cassava was procured and cleaned by picking dirt by hand. This was further washed under running double glass-
distilled water to remove dirt then further dried in the open air under the sun. Dried cassava was milled into powder and 
sieved by a 0.5mm size sieve, then left in the open to release the toxic cyanide which is known to be volatile, in 
readiness for product processing.  

2.2   Fingermillet (Eleusine coracana) 

Fingermillet was cleaned by removing dirt by hand, this was further washed under running double glass-distilled water 
to remove dirt then further dried in the open air under the sun. Dried fingermillet was further processed by grilling in 
the oven to initiate cooking and to produce a characteristic scent. The dried and partially cooked millet was then milled 
into flour and sieved by a 0.5mm size sieve ready for product processing. 

2.3   Simsim (Sesamum orientale L.) 

Simsim was cleaned by removing dirt by hand further washed under running double glass-distilled water to remove dirt 
then further dried in the open air under the sun. Dried simism was processed by grilling till golden brown to improve 
colour and scent. This was followed by grinding then sieving by a 0.5mm size sieve in readiness for product processing.  

2.4   Slenderleaf sp. (Crotalaria ochroleuca and Crotalaria brevidens) 

Slenderleaf was destalked washed under running double glass-distilled water to remove surface soil contamination. 
Vegetables were rinsed three times to remove all the dirt. Each vegetable was processed separately (ochroleuca and 
brevidens). After washing, life processes were stopped by immediately blanching. The blanched vegetables were then 
dried were ground into powder using mortar and pestle and sieved by a 0.5mm size sieve. 
 The following procedure was followed in blanching the vegetables 

1. A large pan half-full of double glass-distilled water was brought to rapid boiling. 
2. Clean raw vegetables were put in a wire basket and gently lowered in the boiling water. 
3. Once the water began to boil again, vegetables were left in for two minutes. 
4. Vegetable basket was removed from the boiling water and plunged into ice-cold water for two minutes to stop 

the cooking process (over-blanching results into loss of nutrients, flavor and texture). 
5. The blanched vegetables were drained and dried under shade until completely dry. 

3. Food Products Processing   

Formulated recipes followed standard procedures to process the food products according to inventions by (17). 
However, the wheat flour was not used in these products as cassava was used as a base ingredient and binding agent. 
This was also meant to break the monotony of using wheat in food product processing.  Cassava was combined with 
slenderleaf to modify cookies, with fingermillet to modify noodles, and with simsim to modify crackers.  

3.1   Cookies 

Although wheat flour has traditionally been used to prepare cookies, there has been increased need to use other 
indigenous crops in cookie preparation. African breadfruit was in the past used in combination with wheat flour to 
prepare cookies (8). Composite sorghum, (yellow Kaura variety)-maize (white flint variety)-wheat flour cookies have 
been formulated and found to be acceptable in Nigeria (18). On the other hand (8) invented the use of cassava alone to 
process cassava cookies. This study omitted wheat flour in cookie processing and did not use cassava alone to prepare 
cookies, instead slenderleaf and cassava flour were combined and used to process cookies.  This brings forth a new idea 
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of using a combination of cassava roots flour and slenderleaf vegetables to prepare cookies (cassava-slenderleaf 
cookies) besides wheat which has traditionally been used to prepare cookies.  

3.1.1   The prepared Cassava-Slenderleaf Cookies 

Ingredients 
50g           Cassava flour 
15g           C. ochroleuca powder 
12g           C. brevidens powder 
22g            Margarine 
12g             Sugar 
1 ¼ tbsp     Salt 
50mls         Water 
 
Net weight per serving = 6g 
Total net weight = 100g 

 

Preparation: The oven was heated to 175oC, the flour, sugar and other dry ingredients were mixed thoroughly then 
margarine rubbed in to incorporate air. Mixing was continued as water was added till soft then pressed evenly onto 
bottom of a greased square pan. This was baked for 10 minutes at 175oC. Cookies were then removed from oven and 
left to cool (19 & 17).  
Characteristics: Greenish in colour, dry but easy to break, soft 

3.2   Noodles 

Attempts have been made to develop nutrient rich noodles by the addition of optimized proportions of wheat and 
fingermillet flour with other ingredients (20). In addition to these traditional foods, fingermillet is also processed to 
prepare popped, malted and fermented products like papads, noodles, soups, etc (21). Noodles can also be made from, 
rice, buckwheat, and starches derived from potato, sweet potato, and pulses, with corn starch as binding agent (22 & 
23). Additionally (17), invented the use of cassava alone to prepare noodles. However, in this project noodles were 
prepared from a combination of fingermillet with cassava thus omitting wheat which is the traditionally known 
ingredient in processing of noodles. This could break the monotony of using wheat flour in noodle processing and also 
help promote the use of other underutilized crops like fingermillet in food product processing. This study has revealed 
the possibility to process noodles from a combination of fingermillet with cassava. Noodles may be used in pasta dish 
soups, stews, pasta and sauce dishes (19 & 17). 

3.2.1   The prepared Cassava-Fingermillet Noodles 

 
Ingredients 
50g         Cassava flour 
60g          Fingermillet flour  
1tsp         Salt 
2              Eggs 
10mls      Water 
 
Net weight per serving = 10g 
Total net weight = 100g 
            

Preparation: All dry ingredients were mixed in a bowl and a well made in the centre. Water was added little by little 
while mixing thoroughly after each addition. Water was added enough to form dough into a very light paste. It 
underwent kneading for about 10 minutes till smooth and elastic. The dough was then rolled into ¼ inch thin rectangle 
and cut cross wise into ⅛ inch strips for narrow noodles and ¼ inch strips for wide noodles. The strips were shaken out 
and placed on a clean dry towel to dry for about 2hrs.  When cooking, immerse noodles in boiling water for 10 minutes 
or until they change from light brown to dark brown as the starch granules gelatinize.  
Characteristics: Dark brown in colour, smooth to touch, dry but easy to break, soft after cooking  
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3.3   Crackers 

An invention by (17), indicated the possibility of using cassava alone to prepare crackers. However, banana pulp, 
pumpkin pulp, mango pulp and mango peel flour have been used to process crackers (24). Results of this study prove 
that a combination of cassava and simsim can also be used to process crackers, thus including cassava and simsim 
among crops that can produce crackers. 

3.3.1   The prepared Cassava-Simsim Crackers 

 

          Ingredients 
 
         50g              Cassava flour 
         50g              Simsim flour 
         10g              Sugar 
         10g              Margarine 
         14mls          Water 
         1g                Baking powder 
 
        Net weight per serving = 8g 
        Total net weight = 120g 
         
 
                          

Preparation: The oven was preheated to 175oC while a large baking sheet was greased. The flours were then whisked 
together the flours. Margarine was then beaten together with sugar until light. The flour was then stirred in the flour 
mixture. Water was slowly poured in and stirred until dough was formed. On a well floured board, the dough was rolled 
to between ⅛ and ¼ inch thick. A knife was used to cut the dough into desired shapes, baked in the preheated oven for 
10 minutes, then removed from oven.  
Characteristics: Golden brown in colour, dry but easy to break, soft and crunchy  

4. Sensory Analysis of the Modified Food Products through Organoleptc Tests 

Tests using sensory panels were conducted under controlled conditions, using appropriate experimental designs, test 
methods and statistical analyses. A properly designed experimental area and appropriate experimental design, test 
method and statistical analysis were incorporated in the study (7). Methods mobilized by (6; 8; & 9) were used. The 
three modified products (cookies, crackers and noodles) were evaluated by a panel of 76 judges. Disproportional 
stratified random sampling was used to select 19 judges from each strata; age strata (<18yrs & >18yrs) and sex strata 
(men & women) totaling to 76 judges/panelists (38 females and 38 males). Before each test session panelists were given 
orientation about the procedure of sensory evaluation, their health status was also considered during selection to avoid 
those who are pregnant, suffering from colds, and with allergies that affect their sensitivity for the products. Each taster 
received a maximum of three foods in the session, rated each food as he/she finished it, and rinsed his/her mouth with 
clean water between samples in order to remove all traces of the previous sample. The sample food products were 
presented in identical containers with different codes, at the same time. The judges/panelists ranked the products on the 
basis of sensory visual appearance, taste, smell, texture and overall acceptability using a five point hedonic scale where 
numbers from 1 to 5 were assigned to the scale’s five categories High numbers reflected preference, 5 was assigned the 
“like extremely”; 4 “like”; 3 “neither like nor dislike”; 2 “dislike”; and 1 “dislike extremely”. Score distributions were 
also used to calculate means and percentages. The three food products comprising of cookies, noodles and crackers 
were subjected to sensory analysis to assess acceptability using organoleptic test.  Products were regarded as acceptable 
if they had score values of 4 and 5 on the grading chart; on the other hand, 1, 2 and 3 scores were for unaccepted 
attributes therefore unacceptable products 

4.1   Appearance Acceptability of the Modified Food Products 

The appearance of crackers was most preferred by all the judges with insignificant differences in the liking of their 
appearance among judges, they were highly and equally liked by girls, women and boys, and least liked by men. 
Cookies followed closely in the liking of their appearance with insignificant differences among all the judges. However, 
they were highly liked by women and least liked by boys. Noodles appearance was the least liked among all the 
products with insignificant differences among the judges. However, the appearance of noodles was highly liked by girls 
and least liked by men as indicated in Table.1. Appearance is a very important parameter in judging properly baked 
biscuits that not only reflect the suitable raw material used for the preparation, but also provides information about the 
quality of the product (25). The high preference of the appearance of crackers and cookies by judges could therefore be 
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attributed to the baking processes of the two products as opposed to noodles which were not baked and their appearance 
was the least preferred among all the three modified food products. The appearance of crackers was most preferred than 
cookies even though both products were baked. This could be attributed to simsim which is bright in colour used in the 
preparation of crackers as opposed to slenderleaf which is dark green in colour, used in preparation of cookies. The least 
preference of noodles’ appearance could be attributed to the use of fingermillet which is dark brown in colour. The 
brighter the colour of product, the higher the appearance acceptability and vice versa. 

Table 1   Modified Food Product Acceptability among Study Participants. 

 
Product Attribute 

CATEGORY  
df (χ2) 

 
P-value Girls (n=19) Women  

(n=19) 
Boys (n=19) Men  

(n=19) 
Cookie Acceptability, n (%)       

Appearance 14 (73.7) 15 (78.9) 13 (68.4) 14 (73.7) 3 (0.543) 0.909 
Taste 16 (84.2) 12 (63.2) 16 (84.2) 14 (73.7) 3 (3.203) 0.361 
Smell 12 (63.2) 12 (63.2) 17 (89.5) 15 (78.9) 3 (4.886) 0.180 

Texture 15 (78.9) 16 (84.2) 15 (78.9) 17 (89.5) 3 (1.021) 0.796 

Cracker Acceptability, n (%)       
Appearance 18 (94.7) 18 (94.7) 18 (94.7) 16 (84.2) 3 (2.171) 0.538 

Taste 19 (100) 18 (94.7) 19 (100) 18 (94.7) 3 (2.054) 0.561 
Smell 19 (100) 15 (78.9) 15 (78.9) 18 (94.7) 3 (6.428) 0.093 

Texture 16 (84.2) 15 (78.9) 14 (73.7) 17 (89.5) 3 (1.751) 0.626 

Noodle Acceptability, n (%)       
Appearance 15 (78.9) 14 (73.7) 12 (63.2) 8 (42.1) 3 (6.606) 0.086 

Taste 6 (31.6) 4 (21.1) 8 (42.1) 10 (52.6) 3 (4.524) 0.210 
Smell 10 (52.6) 7 (36.8) 6 (31.6) 14 (73.7) 3 (8.164) 0.043* 

Texture 16 (84.2) 18 (94.7) 17 (89.5) 17 (89.5) 3 (1.118) 0.773 

General Acceptability, n (%)       
Cookies 16 (84.2) 14 (73.7) 17 (89.5) 17 (89.5) 3 (2.375) 0.498 
Crackers 19 (100) 19 100) 19 (100) 18 (94.7) 3 (3.040) 0.385 
Noodles 15 (78.9) 11 (57.9) 15 (78.9) 18 (94.7) 3 (7.501) 0.058 

†% Acceptability – calculated from a score of either 4 or 5 on a five- point hedonic scale, *- Significant 

4.2   Taste Acceptability of the Prepared Food Products 

Like appearance, the taste of crackers was the most liked by all the judges; they were most liked by girls and boys and 
least liked by women and men. However, there was insignificant difference in liking of the taste of crackers among the 
categories. This was followed closely by cookies whose liking for taste was higher among boys and girls and least liked 
by women while men were the second least. There was insignificant difference in the liking of the taste of cookies   
among the judges. The taste of noodles was least liked by all the judges, however, among the categories, men were the 
highest in liking, followed by boys, then girls while women least liked the taste of noodles. However there was no 
significant difference in their liking among the categories as shown in Table.1. Flavour is the main criteria that makes 
the product to be liked or disliked (25). Just like appearance, the taste of crackers was the most preferred by all the 
judges followed closely by cookies while noodles had their taste least preferred by all the judges. High preference of 
taste in crackers could be attributed to simsim whose taste could have been the contributing factor to its acceptability. 
This implies that the taste of simsim is most liked compared to slenderleaf and fingermillet used in preparation of 
cookies and noodles respectively.  

4.3   Smell Acceptability of the Prepared Food Products 

The smell of crackers was the most liked among all the judges, however, girls were the highest, followed closely by 
men, then women and boys who least liked the smell at the same percentage. There was no significant difference in the 
liking of smell of crackers among all judges. Acceptability of smell in cookies was second highest among all the 
products, however, boys recorded a higher percentage of liking followed closely by men, women and girls on the other 
hand least liked the smell of cookies but at the same percentage rate. There was no significant difference in the liking of 
the smell of crackers among all categories. The smell of noodles was the least liked among all the products with 
significant differences their smell acceptability among the judges. Men highly and significantly liked the smell of 
noodles, followed by girls, then by women, boys least liked the smell of noodles as indicated in Table.1. The sense of 
smell is considered to be more defined because an individual requires a relatively high concentration of tastant in order 
to perceive a taste solution (26). Smell acceptability was higher in crackers compared to cookies and least in noodles. 
This could be attributed to simsim used in processing crackers. If simsim was the reason for better taste in crackers as 
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shown in the flavour and taste results, it could have directly contributed to increased smell acceptability of crackers 
especially due to the fact that they were subjected to baking. Therefore high acceptability of flavor and taste results to 
increased liking of a product’s smell.  

4.4   Texture Acceptability of the Prepared Food Products 

Despite noodles being the least liked in all the tested attributes, their texture was the most liked among all the products 
and among all the judges with no significant differences among categories. The liking of the noodles texture was higher 
among women, followed by men and boys who liked the texture equally while the girls least liked the texture of 
noodles.  The texture of crackers was liked highest among men, followed by girls, then women and finally boys who 
least liked them. However, there was no significant difference in the liking of the texture of crackers among all the 
categories. Cookies on the other hand recorded highest texture liking among men, followed by boys and women who 
liked them equally, while girls least liked the texture of cookies. There was no significant difference in texture 
acceptability among categories as shown in Table.1. Upon food ingestion the sensors in the mouth detect food texture 
and consistency, which include mechanical properties (hardness, cohesiveness, adhesiveness, denseness & chewiness); 
geometrical properties (smooth, gritty, grainy, chalky & lumpy); and moisture properties (juicy, oily or greasy) (27). 
Although noodles were least preferred in all other attributes, their texture was most preferred among all products and all 
study participants. This could be attributed to processing procedures of extrusion and drying in the open used during the 
preparation of noodles as opposed to rolling and baking used in processing cookies and crackers. 

4.5   General Acceptability of the Prepared Food Products 

Cookies were liked by all judges and there were no significant differences in the liking for cookies among men, women, 
girls, and boys.  However, men highly liked cookies compared to women. Over 68% of all the judges liked all the 
parameters for cookies (appearance, taste, smell and texture). 
 Crackers were highly liked by all the girls, women, boys and 94% of men. There was no significant difference in 
acceptability among the categories. Over 70% of all the judges liked all the parameters for crackers (appearance, taste, 
smell and texture). 
 Noodles were highly liked among men and least liked among women. However, there were no significant differences 
in acceptability among the categories. Generally all the three food products were highly liked by all participants. 
 Cookies were liked by most study participants thus indicated high acceptability. Generally the proportion of 
individuals who reported to like cookies was higher among male participants compared to female participants. On the 
other hand, crackers were highly liked all the girls, women and boys but a few men were undecided about their 
acceptability. Generally this indicated high acceptability for crackers. Noodles were highly liked by men participants 
compared to women. However, there was high acceptability of noodles. Generally all the modified food products were 
liked by all the study participants indicating high acceptability for the products as shown by the results in Table 1. 

5. Summary 

Although wheat has traditionally been used to prepare cookies, crackers and noodles, this study has demonstrated the 
possibility of using underutilized crops like fingermillet grains, simsim seeds and slenderleaf vegetables each combined 
with cassava roots to process noodles, crackers and cookies respectively. The use of these combinations of crops to 
prepare these food products have not been in existence and have not been documented before. 
 Baking increased preference for the appearance of cookies and crackers compared to noodles which were dried in the 
open and recorded least acceptability of appearance. Although both cookies and crackers were baked, the appearance of 
crackers was the most preferred compared to cookies; this could be due to simsim which is bright in colour used in the 
preparing crackers compared to slenderleaf which is dark green in colour used in the preparation of cookies. Noodles 
were the least preferred in terms of appearance and this could also be attributed to the use of fingermillet which is dark 
brown in colour in its preparation. High preference of taste in crackers could be attributed to simsim used in its 
formulation which could have contributed to a better tastes compared to slenderleaf and fingermillet used in the 
modification of cookies and noodles respectively. Smell preference was higher in crackers compared to cookies and 
least in noodles. This could be attributed to simsim used in cracker preparation. If simsim was the reason for better taste 
and flavor in crackers as indicated by the flavor/taste results, it could have directly contributed to better smell after 
crackers were baked. Therefore simsim contributes to the increased acceptability of food products in terms of taste, 
flavor and smell. Texture preference was higher for noodles among all the judges. This could be to processing 
procedures of extrusion and drying in the open used in the preparation of noodles as opposed to rolling and baking used 
in the preparation of cookies and crackers. Therefore extrusion and open drying raises texture acceptability of a food 
product. 
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6. Conclusions 

1. Neglected and underutilized food crops like cassava, fingermillet, simsim and slenderleaf can be useful in processing 
food products like noodles, cookies and crackers. 

2. Baking improves appearance acceptability of food products. 
3. The brighter the color of ingredients used in preparing a food product, the higher the acceptability of product’s 

appearance and vice versa. 
4. Use of simsim in food product processing increases taste, appearance and smell acceptability of the end product 

compared to the use of slenderleaf and fingermillet 
5. Extrusion and drying in the open increases preference of a product’s texture as opposed to rolling and baking. 
6. Among all the modified food products, crackers were highly acceptable followed by cookies and finally noodles. 

However, all products recorded high acceptability. 

7. Recommendations 

1. The use of selected underutilized food crops in preparation of food products should be promoted, marketed and 
recommended for use in food processing industries.  

2. The modified cookies, crackers and noodles should be promoted and marketed in order to increase consumption and 
diet diversity.  
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Acids in grapes 
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Beyond water and sugars, acids are important components of grapes with essential implications for taste, wine- making 
process and preservation. Many acids were found in vine organs but, usually, almost the total content in grape juice is 
represented by tartaric, malic and citric acid. Their concentration depends on variety, maturation trends and pedo-climatic 
conditions. To assess the influence of these factors on the acidic content, for three years grape samples from different  
black and white grapes, cultivated in four different areas were analyzed to determine pH, titratable acidity and the acidic 
profile by HPLC. The organic acids content was influenced by the cultivar, the production areas and the vintage; however 
some varieties resulted less susceptible to different conditions. 

Keywords: grape juice; organic acids; titratable acidity; HPLC 

1. Introduction 

Organic acids are characterized by the presence of a carboxyl group that determines their acidic function [1].  
Carboxylic acids in plants can also be present as esters and salts and, generally, the vacuolar juice has a weak acidic 
reaction. Aliphatic organic acids are present in all plants and are responsible of important biological functions such as 
respiration processes. These acids may reach high concentrations in vegetal tissues. In this case they are related to other 
regulating system such as the acid-base balance, controlling the formation of cations and anions and creating a "buffer 
system" that controls, within certain limits, the pH of the medium. In fact, each organic acid, in presence of its salt, 
constitutes an elastic system designed to avoid any sudden change in the hydrogenation concentration [2]. 
 Grapes acids affect the organoleptic characteristics of juices and wines and are useful in human nutrition stimulating 
saliva production and contributing to oral hygiene by reducing the number of bacteria responsible for dental caries and 
oral infections. They also promote the secretion of gastric juices and are slightly laxative and diuretic. When absorbed 
from the intestine, they pass into the bloodstream and, being weak acids, they have an alkalizing effect. In fact, they 
easily decompose into carbonic acid, forming sodium and potassium bicarbonates. 
 The complex of these new molecules is called "alkaline reserve," and constitutes the resource that the body uses to 
neutralize acids of different origin that are formed during the course of many pathologies. They are also employed for 
the production of phytocosmetics for skin purifying treatments [3]. 
 When grapes reach the technological maturation, more than 95% of total acids is represented by tartaric, malic and 
citric acid [4, 5]. Grape must also contains mineral acids such as sulfuric, hydrochloric and phosphoric, which rarely 
exceed the concentration of 1 g/L. These strong acids are completely neutralized and are present in the form of ionized 
neutral salts such as calcium magnesium potassium sulfates, chlorides and phosphates, etc. 
 The concentration of the acidic functions of free and semi-salified acids forms the acidity of the musts, and it can be 
determined by titration with an alkaline solution up to pH 7. The titratable acidity is usually expressed as g/L of tartaric 
or sulfuric acid or milliequivalents per liter [6]. The salified fraction of organic acids requires a more complex 
procedure to be determined: the analysis of the alkalinity of ashes. The perceived acidity, when we taste a wine or a 
must, depends directly on the concentration of H+ ions and then on the pH value. Tartaric acid is always present in small 
quantities in plants, except for a few species such as tamarind and grapevine, where it is the  most abundant acid. In 
particular, grape tartaric acid is in the dextrorotatory optically active form with levo configuration (L(+) tartaric acid) 
[8] having the formula: HOOC(CHOH)2COOH and M.W. = 150,09. 
 It is the strongest acid in grapes and at technological ripeness its concentration ranges between 2 and 8 g/L, 
depending on the cultivar, on agronomic management of the vineyards and on pedo-climatic factors. 
 It is a bi-acid and, in aqueous solution, has two dissociation constant: pK1=3,04 and pK2=4,37. It has two secondary 
alcohol groups which give it particular physico-chemical properties: the acid strength and the solubility in water of the 
acid and its salts. In particular, potassium bitartrate is not soluble in presence of ethanol and can cause undesired 
precipitates in wines. Malic acid, contrary to tartaric acid, is very common in the Plantae kingdom and it is present in 
all kind of fruits. It is particularly abundant in apples, plums, pears, peaches and apricots. Natural malic acid is the L (-) 
malic isomer, having the formula HOOCCH2CHOHCOOH and M.W. = 134,09. The malic acid content in ripe grapes 
can vary according to the grapevine variety, to seasonal trends and to temperatures during the last stages of maturation. 
Its average concentration ranges between 1,5 and 4 g/L. It is a bi-acid and has two dissociation constants in water, 
which are respectively: pK1 = 3,46 and pK2 = 5,13. The acid strength is lower than that of tartaric acid. It is always 
soluble in musts and wines but it can undergo microbiological transformations. Citric acid is a tri-acid having the 
formula HOC (COOH) ((CH2) COOH)2 and M.W. = 192,13. It is present in many fruits and in particular in the citrus 
genus, in healthy grapes its concentration ranges between 150 and 500 mg/L, but it can reach higher values in case 
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of Botrytis cinerea infections. Its dissociation constants are in order: 3,13, 4,76 and 6,40. In musts and wines conditions, 
with pH values between 3,20 and 3,90, it behaves like a bi-acid with an intermediate strength between tartaric and malic 
acid. It is always soluble in musts and wines but can undergo microbiological transformations. Due to its structure, it is 
able to form chelates with iron and copper ions, giving to musts and wines higher stability preventing the formation of 
hazes and precipitates known as iron and copper "casses". 
 Other acids that can be found in grapes only in little amounts or traces are: shikimic, ascorbic, aconitic, α- 
ketoglutaric, fumaric, galacturonic, glyceric, glycolic, isocitric, oxalic, oxaloacetic and pyruvic acids. 
 In this paper the content of malic, tartaric and citric acid in grapes from 8 different cultivar grown in 4 different areas 
of Tuscany (Italy) were compared to evaluate how different environmental conditions can affect the acids 
concentrations. 

2. Materials and methods 

The grapes were collected from four different areas of Tuscany (Italy), two from vineyards near the coast, in the 
provinces of Pisa (PI) and Grosseto (GR), and two from vineyards in the provinces of Arezzo (AR) and Lucca (LU). 
For the trial were chosen both local and international varieties, their names and abbreviations are listed in Table 1. 

Table 1   List of white and black grape cultivars and their relative abbreviations. 

Black grapes White grapes 

Cabernet sauvignon (Cab) Manzoni bianco (Man) 

Sangiovese (San) Pinot bianco (PiB) 

Pinot nero (PiN) Sauvignon (Sau) 

Nero d’Avola (NdA) Fiano (Fia) 

 The vineyards had a density of 3600 plants per hectare, with 2,5 m of distance between rows and 1,1 m on the row. 
The vines, with a permanent unilateral cordon, were spur-pruned upward vertical position. Grapes were harvested and 
analyzed in 2014, 2015 and 2016 seasons. Titratable acidity and pH were measured following official EU methods 
(Official Methods of Wine Analysis, Reg. 440/2003). The concentration of malic, tartaric and citric acid were 
determined by HPLC as described by Flamini et al. [7]. Analysis of variance (ANOVA) was performed using 
Statgraphics Centurion (Ver.XV, StatPoint Technologies, Warrenton, VA). 

3. Results 

Table 2   F-Ratio and P-value for chemical parameters analyzed for grape samples. 

 Titratable acidity  pH Tartaric acid Malic acid  Citric acid 
 F-Ratio P-Value  F-Ratio P-Value F-Ratio P-Value F-Ratio P-Value  F-Ratio P-Value 

Factors 
A: Cultivar 

 
16,4 

 
< 0,001 

  
62,3 

 
< 0,001 

 
25,7 

 
< 0,001 

 
8,5 

 
< 0,001 

  
3,9 

 
0,002 

B: Zone 2,3 n.s.  17,5 < 0,001 27,5 < 0,001 29,7 < 0,001  0,9 n.s. 
C: Year 25,6 < 0,001  6,5 0,004 46,6 < 0,001 18,7 < 0,001  3,2 0,050 

Interactions 
AxB 

 
2,3 

 
0,012 

 
 

2,4 
 

0,001 
 

4,8 
 

< 0,001 
 

0,6 
 

n.s. 
 

 
1,3 

 
n.s. 

AxC 1,1 n.s.  1,8 n.s. 3,5 < 0,001 3,2 0,002  1,3 n.s. 

 The data on acidic composition of grapes were processed with the analysis of variance (ANOVA) considering as 
factors the cultivar, the year of production, the area of origin and their interactions. 
 The titratable acidity was mostly affected by the factors year of production (F = 25,6) and cultivar (F = 16,4). The 
values ranged between 5g/L and 7g/L and in 2014, a year characterized by low temperatures and frequent rains, the 
level of titratable acidity was higher than in 2015 and 2016. Although the production area did not have significant 
effects on the average values, the effect of its interaction with the cultivar was significant (P=0,001), showing the 
behaviour of the varieties in different pedo-climatic conditions. In details, the titratable acidity of PiN, PiB and Man 
grapes was constant in all experimental vineyards, whereas in other varieties, San, Sau and Cab, it was highly 
influenced by the Zone factor (Tab. 2, Fig. 1). 
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Fig. 1 Average values of titratable acidity, as g/L of tartaric acid, per factors (a: Year, b: Cultivar, c: Zone) and interaction plot of 
Variety with Zone (d) and Year (e). 

 The average pH values in the three-year period showed small variations with lower levels in 2015 and in the zone 
LU. Considering the cultivars, the pH varied approximately from 3,5 in Cab and PiN and 3,0 in Fia. The interaction 
between cultivar and zone resulted significant and confirmed the trends observed for titratable acidity (Fig.  2). 

 

Fig. 2   Average values of titratable pH per factors (a: Year, b: Cultivar, c: Zone) and interaction plot of Variety with Zone (d) and 
Year (e). 

 The concentration of tartaric acid was strongly influenced by all the factors, and the interactions were also significant 
(Tab. 2). The average values ranged from about 3 g/L in the Arezzo and Pisa area and 3,7 g/L of Lucca (Fig. 3). 
Regarding the cultivar, the values were between 2,5 g/L of Cab, PiN and PiB and 4 g/L of NdA. During the three years 
of observation, mean values dropped from 3,7 g/L in 2014 to 2,9 g/L in 2016. Each variety had constant concentrations 
in all the vineyards except for Sangiovese and Nero d'Avola grown in the Lucca hills, that produced grapes with higher 
tartaric acid content than in other zone. 
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Fig. 3   Average values of tartaric acid per factors (a: Year, b: Cultivar, c: Zone) and interaction plot of Variety with Zone (d) and  
Year (e). 

 Malic acid showed average values below 3 g/L and it was always lower than tartaric acid. As it was observed for 
tartaric acid, in 2014 malic acid concentrations were higher than in the 2015 and 2016 vintages that resulted, in this 
case, similar to each other. The vineyards of Grosseto and Lucca, despite the grapes showed higher tartaric acid values 
than the others, resulted the areas where the lowest malic acid concentrations were measured. White berry grapes were 
richer in malic acid; the values ranged between 2,3 g/L of Sauvignon and 1,7 g/L of Sangiovese and Nero d'Avola. In 
2015, differently than the other varieties, Nero d'Avola and Cabernet sauvignon incurred in a decrease of the  malic  
acid average concentration. Finally, all the variations were influenced in the same way in the different cultivation areas, 
the interactions between Variety and Zone, in fact, were not significant (Tab. 2, Fig. 4). 
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Fig. 4   Average values of malic acid per factors (a: Year, b: Cultivar, c: Zone) and interaction plot of Variety with Zone (d) and Year 
(e). 

 Citric acid, as expected, was the minor acid in all the examined grapes, and it was always lower than 0,5 g/L. The 
data varied within 0,41 g/L of Manzoni bianco and 0,31 g/L of Nero d'Avola and Fiano. The factors Year and Zone had 
little effect on citric acid concentrations; the interactions between the factors do not reveal significant variations and the 
differences were modest (Tab. 2, Fig. 5). 
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Fig. 5   Average values of citric acid per factors (a: Year, b: Cultivar, c: Zone) and interaction plot of Variety with Zone (d) and Year 
(e). 

4. Conclusions 

The three-year analysis showed that titratable acidity was higher in 2014, a year characterized, in Tuscany, by a fresh 
and rainy summer that caused a delayed maturation of fruits and provoked, consequently, an increase of the 
concentration of the major acids. 
 The grapevine varieties considered showed differences in acidic composition. Cabernet Sauvignon, Pinot n. and  
Pinot b. had the lowest levels of tartaric acid, while higher contents were detected in Nero d'Avola and Sangiovese, 
which at the same time showed lower levels of malic acid. 
 From the results emerged that some grape varieties have a more steady behaviour and are less dependent on the 
factors Year and Zone (PiB, PiN and Man), while others are much more unstable (NdA and San). Tartaric acid content 
was influenced by all the factors considered, but a more pronounced effect was caused by the Year. Malic acid is also 
more affected by environmental factors (Zone and Year). The concentrations of citric acid were only marginally 
conditioned by pedo-climatic conditions, while it seems to be typical of the cultivar. 
 Since organic acids play a fundamental role in the taste and nutritional properties of grapes and wines, it is important 
to know which mechanisms regulate the accumulation in the berries. 
 This work has highlighted how the variability in organic acid content in grapes can be strictly related to the response 
of the different varieties to the environmental factors. Only with comparative studies on many cultivars it can be 
determined which are the specific factors that actually affect the quality of the grapes. This preliminary work represents 
only a small example and, in perspective, it will be repeated increasing the number of variables and grape varieties 
involved, and expanding the analytical spectrum of the monitored metabolites, such as the acids that usually are present 
in grapes in smaller quantities or in trace amounts. 
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Acrylamide in Processed Food and Reduction Strategies 
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Objective: After determining that acrylamide (AA) occurred in carbohydrate-rich foods through frying and roasting as a 
result of heat treatment, protein-rich foods have also been found to occur in lower levels of acrylamide today. Acrylamide 
formation in studies of high-risk foods are French-fries and chips, biscuits, bread and cereals. Its formation is also 
identified in protein content rich food in Turkish cuisine such as döner, kebap, meat and poultry products. The 
International Agency for Research on Cancer has classified acrylamide in food as a 'Group 2 Possible Carcinogenic to 
Humans'. Due to the AA evaluated as potential carcinogens, numerous studies have been done to reduce AA formation in 
cooked products. This article aims to provide a better understanding of the chemistry and biology of acrylamide in food, 
and can lead to the development of food processes to decrease the acrylamide content in the diet. 

Methods: Medline, Embase, Cochrane Central Register of Controlled Trials databases were used for searching acrylamide 
information. 

Conclusions: Various heat treatments applied in food for preparation, processing and storage such as frying, baking, 
sterilization, roasting, grilling and even drying can lead to physical and chemical changes. Studies of AA have reported 
that it is important to determine the formation of AA in carbohydrate and protein-rich foods after heat application over 
120ºC. It occurs at lower concentrations in protein rich foods (eg. döner, kebap, grilled meat and chicken) and is not 
formated in raw and boiled food. 

Comment: The total amount of acrylamide in food can be reduced significantly by suitably processing as well as raw 
materials added to the product. 

Keywords: Acrylamide in food; heat treatment; asparagine; maillard reaction 

1. Introduction 

Acrylamide may have a risk for public health. Acrylamide (AA, 2-propenamid was first found by Christian Moureau in 
Germany as a chemical compound in 1893 [1]. Acrylamide is the most active compound which has been researched 
among food contaminants, on which acrylamide heat effect has been applied [2]. Thereafter, many researchers have 
released publications stating that they found Acrylamide at different amounts in several food substances [1, 3]. The 
existence of chemical acrylamide in food was published in a press release in April 2002 by the Swedish National Food 
Administration (SNFA) and Stockholm University. According to that release, it is presented to the attention of the 
public that "carbohydrate rich foods" contain high degrees of acrylamide which is a chemical substance that has the 
potential to cause cancer in fried and baked foods [4, 5]. The International Cancer Research Center (IARC, 1994) 
classifies acrylamide in the "2A group", that is, "it is a potential carcinogen for people".  
 Product variables and process variables are two factors that influence the formation of AA. While the product 
variables are things such as asparagine, sugar type and concentration, pH, water content and the food matrix, the 
process variables are things such as the temperature and the time. 
 Acrylamide influences the genotoxic, carcinogenic, neurotoxic, reproduction and development toxicity [6]. 
According to the classification system of the European Union (EU), AA has toxic effects on the carcinogenic, mutagen 
and reproduction [7, 8, 9]. 
 According to the WHO directive for drinking water quality, it is stated that 1 liter drinking water contains 0.5 μg 
acrylamide. This figure in the European Union is 0.1μ g/lt water [10]. Acrylamide has been found to be carcinogenic 
with a standard 2 years bioassay works in lab rats. It is known that it causes benign and malign tumors. AA has been 
included in the drinking water of lab rats at 2 mg/kg/day in two independent animal work groups and it has been 
approved that it is carcinogenic. At the same time, this result is valid for brain tumors, spinal cord and other tissues [10]. 
 The objective of this article is to focus on the formation mechanism of the acrylamide found in some products and 
provide complied information or the strategies to decrease it in food. 
 Materials and Methods: Medline, Embase, Cochrane Central Register of Controlled Trials databases were used for 
searching acrylamide information. 

2. Formation of Acrylamide in Foods 

Acrylamide has two forms which are monomeric and polymeric [11]. Acrylamide is one of the elements that have a 
negative effect on human health and are formed as a result of heat treatment. Acrylamide is a water-soluble vinyl 
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monomer used in the synthesis of the polyacrylamides and involves polar functional groups in different physical and 
chemical characteristics and the monomer form is created in food [3, 12, and 13]. This monomer is an amide, involving 
unsaturated double bonds and it appears as a crystal while it is white and shows resolution at room temperature. It is 
odor free and has high solubility in water. It is polymerized immediately once it is dissolved or exposed to oxidative 
agents. The heat of the solution is 84.56oC and the boiling temperature is 1256oC. It is a unique compound since its 
polymeric form is a water proof gel [1]. 
 It has been indicated that the monomeric form of acrylamide has a toxic effect on the nervous system and has an 
anemic effect as well and it is a carcinogen in lab animals [1, 11].  It is possible that the level of acrylamide in the diet 
can form higher than the other known carcinogens. Formation of acrylamide depends on the temperature and time and 
the ambient temperature needs to be in excess of 100oC for acrylamide to form. It has been reported that acrylamide has 
been formed by a reaction of specific amino acid with reducing sugar (Maillard reaction) during the formation of 
browning around 120 0C. Furthermore, formation of AA is affected by the period of cooking, food source, and type of 
the food and cooking temperature. The World Health Organization (WHO) and Food and Agriculture Organization 
(FAO) state that foods which are processed or cooked at high temperatures can considerably contain AA and this can 
cause a risk for the health of the people [14]. When the ambient temperature increases to 180oC, the formation of the 
acrylamide maximizes. 

3. Probable Mechanisms  

Even if all of the formation mechanisms of acrylamide are not known, there are positive results as to the formation 
mechanism. Alternatively, it can react to form the "Schiff base", which expresses the Maillard reaction with free sugar 
and free amino acids. It has been put forward that during the formation mechanism of the acrylamide, the Schiff base is 
formed, which is an indecisive by-product, from the reaction of asparagines with carbonyl after the decarboxylation in 
the Strecker type reaction. Acrylamide is formed with 3- aminopropanamid with hydrolysis of the decarboxlate Schiff 
base and thereafter the dissolution of ammoniac.  
 Besides, the high degree lipids that are generated due to reducing lipids (blown oil acid or glycerol) pave the way for 
the formation of AA. Acrolein is a three carbon aldehyde and resembles the structure of acrylamide. Acrolein enters 
into the oxidation reaction and generates an acrylic radical by-product. AA is generated upon the existence of the two 
type nitrogen resources but acrolein is not required in the alternative formation mechanism of the AA [15]. For this 
reason, acrolein is accepted as the beginning of acrylamide. Acrolein can turn into acrylamide with basic chemical 
transformations [16]. Acrylamide is not constituted in fat, which are used in deep frying in the food production industry 
[17]. 
 Sugar alcohols or polyols (sorbitol, xylitol) do not react to Maillard reactions. This means that when baked products 
are sweetened with sorbitol, the color does not or rarely changes during baking. The reaction of large sugar is slower 
with amino acids. Pentose sugars (5 carbon atom), such as ribose, react faster than the hexose sugars (glucose, fructose) 
and disaccharide (sugar, lactose). With its two amino groups, lysine from the amino acids, reacts faster and causes the 
formation of a brown color. The formation of the Maillard reaction is avoided since some flavor compounds are formed 
in some circumstances such as sterilized dairy products. An excessive heat application may result in the loss of quality 
since it changes the structure and flavor as well as odor compounds. The loss of essential amino acids such as lysine due 
to the Maillard reaction significantly affects the biological values of the proteins in foods [18]. 
 It has been observed that the asparagine rate in the asparagus is at a high level (11000-94000 mg/kg) and AA may be 
formed at high rates in asparagus under the proper circumstances in the resources which state that asparagine is the 
major pioneer of acrylamide in foods [19, 20].  
 No acrylamide is formed when glucose, glycine and cystine or methionine amino acids are heated to 185°C [21]. 
They only form acrylamide at trace amounts when glutamine and aspartic acid are exposed to heat (0.5–1 mg mol-1) 
[21].  
 This work has been undertaken by the Marmara Research Center (MAM), affiliated with the Scientific and 
Technological Research Council of Turkey (TUBITAK). It has been observed that acrylamide is found in the crust, 
which is largely consumed by the Turkish people and no acrylamide formation is available in the bread [22]. TUBITAK 
observed that rice, tahini halva, kebab, doner kebab, grills, rye bread have AA at lower than the measurable amount and 
French fries and several bakery products have the highest rates in Turkey. According to the recent research, meat and 
poultry products such as döner, grills and kebab, which have an important place in Turkish cuisine, have been examined 
in terms of the acrylamide content and the level of acrylamide has been observed between the ranges of 25-250µg/kg 
[23]. 

4. Factors Affecting the Formation of Acrylamide in Foods 

The existence and concentration of molecules such as asparagines and reducing sugars have influence on the formation 
of AA. The heat, heat density and water activity, which are used in the processing technologies and relative 
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concentration of these molecules, have effects on the formation of AA. Asparagine concentrations and reducing sugars 
for each of the three products have been affected by the cultivation conditions (season, watering and fertilization) 
harvest season and storing conditions. Redundancy of the reducing sugars and asparagine concentration for cereal 
affects the formation of AA. On the contrary, asparagines are seen more in potatoes and reducing sugar concentration 
affect the formation of AA [24]. 
 AA formation in green beans of coffee is not affected by reducing the sugar content and shows a weak correlation 
with the asparagine concentration. During coffee roasting, AA is not accumulated and its formation and degradation 
(deformation) happen concurrently. While free asparagine seems to be a limiting factor for the formation of the 
acrylamide, the concentration of the reduced sugar is affected less. 20% of the AA which has been formed in the 
beginning, is formed during roasting. Roasted and ground coffee contains 170–351 μg/kg AA. The subsequent 
degradation is observed during storing. It is reported that acrylamide mainly occurs for the affiliation with the coffee 
ground compounds and roasted coffee matrix. It is required to take more notice of such degradation since the amount 
changes depending on the period of the storing to guess the exposure rate. For that reason, it is recommended to have a 
moderate coffee consumption [21]. No relation has been observed between the amount of sugar and AA formation 
during the baking or roasting process [25]. 
 According to gender, age and ethnic group, the suggestion is to consume between 0.3 and 0.8 µg/kg. According to 
the 2002 evaluation by WHO and FAO, AA exposure per day is 0.3-0.8 µg/kg body weight [26]. There is a requirement 
to drastically decrease exposure since there is no threshold value of the effect for genotoxic carcinogens. According to 
WHO, cancer risk is 1/100.000 when we are exposed to AA 1µg/day throughout our life. Risk assessment of these 
compounds, containing the toxicological and exposure status has to be conducted [26]. 

5. Precautions to Decrease the Formation of Acrylamide in Food 

 Well baked products contribute to the total AA intake due to containing AA concentrations. Decreasing the cooking 
period or heat in formation of Acrylamide effectively diminishes the formation of AA [27, 28]. The studies about 
decreasing the formation of acrylamide cover the characteristics of the raw material. For example, the effect of 
conditions such as the harvest year, variety, storage conditions in potato products on the level of the acrylamide has 
become a subject for many studies. Furthermore, there are many findings that antioxidants decrease the formation of 
acrylamide in food which has heat treatment at high temperatures applied [29]. 
 To sum up, refined cereal products increase cereal consumption. Well baked products contribute to the total AA 
intake due to them containing AA concentrations. Decreasing the cooking period or heat in formation of Acrylamide 
effectively diminishes the formation of AA. Gertz and Klostermann reported that the formation of AA accelerates over 
175oC. It is stated that the formation of AA decreases by 50% when the temperature of the frying oil is decreased from 
185oC to 165°C in French fries; and when it is decreased from 190oC to170oC, it decreases by 68% and from 190oC to 
150oC, formation of AA decreases by 88% [26, 30].  
 To sum up, it has been stated that elements such as potato type, the agriculture system, vaccination, damp, heat 
density, enzyme and the addition of some minerals and amino acids, carbonyl (R-CHO), the concentration of the 
compounds, harvest time (seasonal changes), asparagine amount, pH, cooking rules, additives, storing period and the 
degree and vaccination have a significant effect on the formation of AA concentration [26, 31]. 

6. Discussion 

According to the evaluation by the World Health Organization (WHO) and FAO in 2002, exposure to acrylamide is 0.3-
0.8 µg/kg/day body weight. Neither value measurement over the predictions nor biological process is understood well. 
A mechanism has yet to be found to stop the formation of acrylamide. It is known that AA is constituted in some foods 
which are cooked or processed at high temperatures and it increases with the waiting period at a high temperature.  
 In brief, acrylamide can be formed through different mechanisms, which contain the reactions of carbohydrates, 
protein and amino acids, lipids or other micro food elements in food treated with heat. As it is observed in the studies, to 
control the level of acrylamide is to start from the selection of the raw material of which the product will be 
manufactured. There can be a significant decrease in the amount of acrylamide with the optimization of the processing 
conditions and suitable raw material. Cooking conditions to be carried out on food should be systematic and common 
analysis methods should be developed.  
 It is recommended for individuals to take adequate and balanced nutrition, to increase their food and vegetable 
consumption, decrease total fat intake and fried food consumptions. It goes without saying that people who are living in 
Turkey are very lucky to have a culture of braising in the cooking pot. 
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In traditional medicine, botanicals and medicinal plants in their natural and processed form are widely used [1] due to their 
medicinal and antioxidant properties. Numerous analytical methods have been developed for the analysis of chemical 
composition of medicinal plants extracts like gas chromatography (GC), mass spectrometry (MS), thin layer 
chromatography (TLC), UV spectrometry, and high performance liquid chromatography (HPLC). All these methods are 
precise but expensive, time-consuming and require many reagents. As an alternative, near infrared spectroscopy (NIRs), as 
a simple, selective, and environmentally friendly method [2], can be used. 

NIR spectroscopy is a non-destructive measurement method that allows intact measuring, without any additional sample 
preparation or pre-treatment. Use of spectroscopy in the near infrared region allows a wide range of applications in the 
food chain production, from control of raw materials to intermediary and final products [3] in order to provide a quality 
guarantee for consumers.  

NIR spectroscopy is based on the electromagnetic absorption in the near infrared region. Spectral analysis has to be 
assisted with various chemometric techniques, such as multiple linear regression analysis (MLRA), principal component 
analysis (PCA) and partial least squares regression (PLSR) [4]. Chemometric techniques and chemometric modelling have 
become an integral part of spectral data analysis which also includes pre-processing of NIR spectra. The pre-processing 
objective is removal of physical phenomena in the spectra in order to improve the subsequent multivariate regression, 
classification model or exploratory analysis [5].  

In this work, most widely used pre-processing techniques including (i) scatter-correction methods and (ii) spectral 
derivatives are explained through analysis of spectra of dried medicinal plants collected during the size reduction process 
(milling), as well as during analysis of the kinetics of the solid-liquid extraction process using water as a solvent [6]. In 
order to identify patterns in large set of data and express the data to highlight similarities and differences among them, 
PCA was used. PCA presents the pattern of similarity of the observations and the variables by displaying them as points in 
maps [7]. PLS regression was used to predict or analyse a set of dependent variables from a set of independent variables or 
predictors. The predictive ability of a PLS model is expressed as one or more statistical measures. Which parameter should 
be used is described by R-Squared Coefficient, Ratio of standard error of Performance to standard Deviation (RPD) and 
Range Error Ratio (RER). 

Keywords: near infrared spectroscopy; data pre-processing, modelling, principal component analysis, partial least squares 
regression 

1. Introduction 

Our fast-paced modern lifestyle leaves us very little time for regular nutrition and care for our health leading to 
increased occurence of chronical disseses such as cancer, vascular diseases and neurodegenerative diseases. Medicinal 
plants have been used since ancient times for treatment of a wide range of diseases and are the richest bioresource of 
drugs for traditional systems of medicine, modern medicines, nutraceuticals, food supplements, folk medicines, 
pharmaceutical intermediates and chemical entities for synthetic drugs [8]. Since medicinal plants represent a rich 
source of biologically active compounds that  have a beneficial effect on health, a wide range of medicinal plants can be 
found on the market today. Studies have been carried out globally to verify their efficacy and some of the findings have 
led to the production of plant-based medicines. Some of the health benefits of medicinal plants include antimicrobial 
and antioxidant efficacies, which can be of great significance in therapeutic approaches of many diseases [9].  Up to this 
day, there have been several studies documenting the antibacterial, antifungal, antiviral, anticancer and anti-
inflammatory properties of plant ingredients [10, 11, 12].  
 With the rapid increase in sale and variety of medicinal plants there is a growing concern for quality of the products 
present on the market.  Although there are many methods for quality control such as HPLC, GC, MS, TLC etc., there is 
still demand for less expensive, consistent, rapid and non-destructive method. A significant number of literature reports 
have emerged over the past 20–30 years regarding the use of near infrared spectroscopy (NIRS) as both a research tool 
for formulation development and as a quality control technology for monitoring unit operations for product 
manufacturing [13].  
 It is well known that NIR spectra contains both chemical and physical information (such as particle size and bulk 
density) [14, 15, 16] thus regular or in-line particle size measurement can be one of the ways to control the quality of 
certain products where medicinal plants are used as raw materials or as extracts for their production. The aim of this 
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study was to examine the possibility of differentiating particle size of the same plants and the different particle size of 
different plants and also to show the potential of Partial Least Squares Regression (PLSR)  models for prediction of 
different parameters such as conductivity, dry matter, total disolved solids (TDS) and total polyphenols (TP) based on 
NIR spectra. The non-invasive spectroscopy in the near infrared range of 904 - 1699 nm (NIR) was used to record 
spectra of five different medicinal plants (sage, lavender, lemon balm, thyme, mint) for seven different particle sizes 
(<100 μm, 100 μm, 250 μm, 355 μm, 500 μm, 800 μm and 1000 μm) that were further used for diferentiation of 
different particle sizes by Principal Component Analysis (PCA). Except crude medicinal plants, water extracts of 
medicinal plants were also investigated (marigold, sage, lemon balm, thyme, St. John’s wort and lavender) by PCA. 
PLS regression modelling was performed on lavender water extract as part of study for the project „Application of 
microreactors in the analysis of antioxidant activity of medicinal plants (MICRO-AA)“, project number HR.3.2.01-
0069, which was funded by the European Social Fund (ESF) through the Human Resources Development program.  
 Results have shown that NIR spectroscopy was successful in differentiating  particle sizes of different plants and  
highly sensitive to  different particle sizes of the same plants. PLS regression modelling results  show a very promising 
potential in monitoring certain physical and chemical properties of medicinal plants water extracts by NIR 
spectroscopy. 

2. Materials and methods 

2.1   Materials 

2.1.1   Plant material 

Dried plant materials of sage (Salvia officinalis L.), lavender (Lavandula angustifolia L.), lemon balm (Melissa 
Officinalis L.), thyme (Thymus vulgaris L.), mint (Mentha piperita L.), marigold (Calendula officinalis) and St. John’s 
wort (Hypericum perforatum) collected in the north-western part of Croatia during the flowering season of 2015, dried 
and properly stored, were purchased from a specialized herbal store (Suban d.o.o., Strmec, Croatia).  

2.1.2   Chemicals and reagents 

Folin-Ciocalteu’s reagent and sodium carbonate were purchased from Kemika (Zagreb, Croatia).  Trolox (6-hydroxy-
2,5,7,8-tetra methylchromane-2-carboxylic acid) and  potassium peroxodisulphate were obtained from Fluka (Buchs, 
Switzer land). ABTS•+ (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)diammonium salt), gallic acid (3,4,5-
trihydroxybenzoic acid) were obtained from Aldrich (Sigma–Aldrich Chemie, Steinheim, Germany), and ethanol (96%) 
was obtained from Carlo Erba Reagents (Cornaredo, Italy). 

2.2   Methods 

2.2.1   Milling 

Dried plant material of sage, lavender, lemon balm, thyme and mint was milled using IKA control Tube mill (IKA-
Werke, Staufen, Germany). Milling conditions were adjusted as follows: 20 000 min-1 for 40 seconds. Since the plant 
material had different organic structures and thus different hardness, for some samples milling time was reduced to 20 
seconds. After milling, samples were kept in a desiccator until further used. 

2.2.2   Separation of particle size fractions 

In order to separate the particle size fractions milled plant material was subjected to sieving. Used sieves had 100 μm, 
250 μm, 355 μm, 500 μm, 800 μm and 1000 μm pore opening. Seven different particle size fractions were obtained 
marked as <100 µm, 100 μm, 250 μm, 355 μm, 500 μm, 800 μm and 1000 μm which were then subjected to NIR 
analysis. 

2.2.3   Extraction procedure 

An amount of 2 g of dry plant material of marigold, sage, lemon balm, thyme, St. John’s wort and lavender was placed 
in a 150 mL glass with 100 mL of deionised water and heated to 80 °C using Ika HBR4 digital oil-bath (IKA-Werk 
GmbH & Co.KG, Staufen, Germany). Selected temperature and extraction conditions (t = 90 min, rpm = 500 min-1 and 
T = 40 °C) were chosen for water extracts of six medicinal plants (marigold, sage, lemon balm, thyme, St. John’s wort 
and lavender) on which seven parameters: pH, conductivity, dry matter, TDS, TCP, AO and BR-AO were measured. 
For the PLSR models of lavender selected temperature and extraction conditions were: t = 90 min, rpm = 500 min-1 and 
T = 60 °C. After the extraction process samples were immediately cooled in the water-ice mixture, then filtered through 
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a 100 % cellulose paper filter (LLG Labware, Meckenheim, Germany) with 5 – 13 µm pore size and stored at T = 4 °C 
until analysed.  

2.2.4   Light microscopy 

Light microscope imaging was performed on the milled plant material samples in order to identify size, structure and 
type of particles present in the samples. Samples were viewed by a Motic B1 Series microscope (Motic, Kowloon, 
Hong Kong) at 4x magnification and photographed by a Moticam 3 microscope camera (Motic, Kowloon, Hong Kong). 

2.2.5   Determination of pH, conductivity, total dissolved solids (TDS) total phenol content (TPC), dry matter 
and antioxidant capacity measured by DPPH method (AO) and Briggs-Rauscher method (BR-AO)  

All the analyses were performed as described in the work of Jurinjak Tušek et al., 2016 [17] except Briggs-Raucher 
method for antioxidant capacity which was performed as described in the work of Gajdoš Kljusurić et al., 2005 [18]. 

2.2.6   NIR spectroscopy 

The NIR spectra (range extends from λ = 904 nm to λ = 1699 nm) of medicinal plants for different particle sizes and 
water extracts were collected with the setup for NIRS studies that included: a laptop, NIR-128-1.7-USB/6.25/50μm 
scanning monochromator from Control Development, Inc., provided with Spec32 software, the polychromatic source of 
light, optical cables, and a hemispherical cup that serves as a sample tray. Complete NIR instrument setup has been 
previously described in detail by Valinger et al. (2011) [19]. For dried plant material, small metal vessel was used while 
the water extracts were poured in quartz cuvette of 1 mL volume. No mechanical or chemical treatment of the samples 
was needed prior to NIRS measurements. 

2.2.7   Spectral analysis and chemometric models 

Principal Components Analysis (PCA) was used for identifying patterns in data and expressing the data to highlight 
similarities and differences. PCA also represents the pattern of similarity of the observations and the variables by 
displaying them as points in maps [20, 21, 22]. Data obtained by NIRS were used to perform principal component 
analysis (PCA) by means of statistical software StatSoft STATISTICA v. 10 (StatSoft Inc., Palo Alto, USA) and were 
plotted in 3D using Wolfram Mathematica v10 (Wolfram Research, Champaign, USA). 
 PLS regression was used to predict a set of dependent variables from a set of independent variables or predictors. 
This prediction is achieved by extracting from the predictors a set of orthogonal factors called latent variables which 
have the best predictive power. PLS regression is particularly useful when we need to predict a set of dependent 
variables from a (very) large set of independent variables (i.e., predictors) [23]. PLSR modelling was carried out using 
Unscrambler® X 10.4, trial version software (CAMO software, Oslo, Norway). 

3. Results and discussion 

3.1   Near infrared (NIR) spectra  

For five different medicinal plants (sage, lavender, lemon balm, thyme, mint), 6 recordings of NIR spectra were made 
for each particle size (<100 μm, 100 μm, 250 μm, 355 μm, 500 μm, 800 μm i 1000 μm), which resulted altogether in 42 
recordings per medicinal plant (210 spectra in total). Example of unprocessed spectra for different particle sizes of 
lavender are presented in Figure 1. 

 

Fig. 1   NIR spectra of different particle size fractions (<100 μm, 100 μm, 250 μm, 355 μm, 500 μm, 800 μm i 1000 μm) of lavender. 
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3.2   Application of chemometric tools  

From the raw spectra, it is impossible to extract information without using at least one of the chemometric methods. 
Based on the final aim, most common used chemometric tools are Principal Component Analysis (PCA) and the Partial 
Least Squares (PLS) regression. PCA analysis is a variable reduction technique that is used when the main aim is 
grouping or detection of similarities/differences between the observe variables, while PLS regression is used when the 
main aim is bearing of some relation between the response and independent variables. Both of the most commonly used 
multivariate tools were applied to present their usefulness. As an independent data set, NIR spectra of different medical 
plants were used. 

3.2.1   Effectiveness of use of Principal component analysis 

 
To investigate the effectiveness of distinction of medical plant(s) based on their particle size, and to determine the 
detection limit, PCA analysis was applied. Using Principal Component Analysis (PCA) for each medicinal plant and all 
the particle size fractions, cluster analysis was made, and example of results for two medicinal plants (sage and lemon 
balm) are presented in Figure 2A and 2B. Results are presented in term of first two principal components where the 
pronounced effect of the first two eigenvalues is observed. For the results presented in Fig 2 A) and 2 B) cumulative 
effects are 99.79 % and 99.81 % respectively and are accounted by the first two principal components. Projection of the cases on the factor-plane (  1 x   2)
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Fig. 2   Principal Component Analysis of NIR spectra presented by first two factors for particle size fractions (<100 μm, 100 μm, 250 
μm, 355 μm, 500 μm, 800 μm i 1000 μm) of A) sage and B) lemon balm. 

 Figures 2A) and 2B) show that NIR distinguished different fractions of the same medicinal plant for some medicinal 
plants with better precision (lemon balm) while others with lesser precision (sage). Similar results were obtained in the 
work of Valinger et al. [24], where distribution of different particle size fractions of medicinal plants (chamomile, 
dandelion, nettle, broadleaf plantain and yarrow) was investigated. As in this case, smaller particle fractions (<100 μm, 
100 μm) showed good uniformity and clustering, while overlaping of larger particle size fraction was observed. To 
explain this overlaping microscopic images of larger particle sizes fractions were made and example of two medicinal 
plants (lavander and sage) for particle sizes fractions of 800 μm are shown if Fig. 3A) and 3B).  
 

 

Fig. 3   Images of ground samples for particle sizes of 800 µm for A) lavender and B) sage (magnification 4x) 

 In Figs. 3A) and 3B) it is visible that samples of sage and lemon balm fractions of 500 μm were not homegenous 
because there are smaller and larger particles present in desired size fraction. That is the reason why PCA did not cluster 
every fraction separately. If there is uniformed particle size distribution with the use of NIR spectroscopy it is possible 
to completely separate different particle size fractions as described in work of Valinger et al. [25]. Because of the NIRS 
sensitivity, if there are few larger/smaller particle sizes in certain fraction NIRS will remove this sample from the 
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cluster which shows its potential in the quality control and falsification control of different food products. If, for 
example, the calibration was done with two different particle size fractions in term of the experiments with different 
ratios of fractions ranging from 0 % of fraction A and 100 % of fraction B to 100 % of fraction A and 0 % of fraction B 
it could be possible to determine how much of one fraction was present in the mixture. 
 To investigate the effectiveness of PCA analysis in distinguishing different medical plants of the same particle size, 
NIR spectra (NIRS) of 5 different medical plants (sage, lavender, lemon balm, thyme, mint) was analysed. Those plants 
are often used in Croatia as tea preparations in prevention of different diseases such as gums and throat problems, 
gastritis and stress. PCA was also used to confirm that NIRS can distinguish different medicinal plants that have the 
same fraction size. In Figure 4 A) and 4 B) PCA of same particle size fractions (<100 μm and 100 μm) for five different 
medicinal plants (sage, lavender, lemon balm, thyme, mint) is presented in term of first two principal components 
(Factor 1 & Factor 2).   
 

 

Fig. 4   Images of ground samples for particle sizes of <100 μm A) and 100 μm B) for five different medicinal plants (K - sage, L - 
lavender, MD – lemon balm, ME – thyme, MT – mint) 

 Sometimes using PCA for first two factors overlapping of samples may occur and for that reason third factor, 
although sometimes with low eigenvalue, can help in better separation of clusters. Example of PCA for first three 
factors of five medicinal plants ground samples for particle sizes of <100 μm can be seen in Figure 5. 3D PCA is very 
useful in working with large sets of experimental data and is in intensive use nowadays.  

 

Fig. 5   Principal Component Analysis of five medicinal plants ground samples for particle sizes of <100 μm by first three factors (● 
sage,● lavender, ● lemon balm, ● thyme,  ● mint)  

 In Figure 5, better separation of size clusters was visible in comparison to 2D PCA. E.g. lemon balm, mint and sage, 
which were overlaping in 2D PCA are clearly separated with introduction of the third factor in 3D PCA. This confirmed 
the usefullnes of 3D PCA application when working with large datasets and its intensive use in data analysis. 
 Based on the NIR spectra of medical plants, the effectives of PCA application in distinguishing particle size (<100, 
100, 250, 355, 500, 800 & 1000 μm) for the same plant, (Fig. 2., for 2 different medical plant), was confirmed. Then the 
same method (PCA) was applied for successful differentiation of different medical plants (Figure 4).  The data matrix 
consisted of 796 points of the absorbance at NIR light, per one scan. Each medical plant extract was scanned at least 3 
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times. For the investigation of the effect of different particle sizes for one plant, the matrix consisted of 21 rows 
(different particle sizes and 3 repetitions) and 796 columns (absorbance at corresponding wavelengths starting from 904 
to 1699 nm). In distinguishing different medical plants, the data matrix consisted of the same number of columns as 
previously stated, but the number of rows was the number of repeated scans (3x) multiplied with the number of 
investigated medical plants (5x), what resulted in total of 15 rows. 
 The next aim was to present the effectiveness of application of the same method on a much smaller data matrix, 
comprising of  7 different parameters measured for 6 medical plants (data matrix of 7 rows and 6 columns). In this case, 
PCA (Figure 6) was applied for determination of similarities and differences among six different medicinal plant 
extracts (marigold, sage, lemon balm, thyme, St. John’s wort and lavender) depending on observed parameters (pH, 
conductivity, dry matter, total dissolved solids (TDS), total polyphenol content (TPC) and antioxidant capacity 
measured by DPPH method (AO) and Briggs-Rauscher method (BR-AO)). Water extracts were prepared at following 
conditions: T = 40 °C, t = 90 min and rpm = 500 min-1. 

 

Fig. 6   PCA for water extracts of six medicinal plants (marigold, sage, lemon balm, thyme, St. John’s wort and lavender) and seven 
observed parameters (pH, conductivity, dry matter, TDS, TCP,AO and BR-AO) 

 As presented in Fig. 6, water extracts of medicinal plants were distributed in all four quadrants. Water extract of 
marigold, which was situated in the second quadrant, had the highest conductivity, while extracts of St. John’s wort and 
lavender, which were situated in the third quadrant, showed the lowest content of all measured parameters above the X-
axis (conductivity, TDS, dry matter and pH). This confirmed the potential of NIRS in sample identification, in 
accordance with claims of other researchers [26, 27]. By using PCA, one can determine which parameters had 
significant influence on distribution of samples. Total polyphenols and antioxidant capacity measured by DPPH method 
and Briggs-Rauscher method had most influence based on first principal component, which explained 41.6 % of all the 
data interactions. Second principal component explained 39.39 % of variance where conductivity, TDS and dry matter 
were dominant. Totally 81 % of variance was explained for observed data (PC1 + PC2 = 80.99 %). 

3.2.2   Effectiveness of use of Partial least squares regression 

As mentioned previously, PLS regression is also a multivariate tool. It presents the projection on latent structures and its 
goal is to separate a set of dependent variables from a set of independent variables or predictors. The quality of the 
prediction obtained by the PLS regression model is evaluated with cross-validation techniques. PLS models for one 
medical plant (lavender) are presented, where the independent variables were the NIR spectra of lavender water extract 
at wavelengths 904-1699 nm, and the depended variables were observed experimental data for total dissolved solids 
(TDS), conductivity, dry matter, antioxidant activity (AOA) and the content of total polyphenols.  
 Considering that NIR spectroscopy is a non-destructive method, the aim of developing such PLS models was to 
predict the expected value or concentration of the parameter which was treated as a dependent variable in the model 
based on the NIR spectrum of the investigated sample. Such approach saves time, chemicals and workforce, which 
increases the efficiency of application of such models and the real sector.  
 Coefficient of determination (R2) for an applicable prediction of a parameter based on the PLS model, should be 
higher than 0.9. Calculated coefficients for water extract of lavender are presented in Table 1. From five observed 
parameters, four of them were very well predicted based on the input data (NIR spectra): total dissolved solids (R2 
>0.98), conductivity of the extract (R2 >0.99), dry matter (R2 >0.96) and the content of total polyphenols (R2 >0.98). 

Table 1   Determination coefficients (R2) for PLS regression models for different parameters of lavender extracts. 

Plant 
Parameter (depended variables of the PLS model(s)) 

Total dissolved solids conductivity dry matter Antioxidant activity  content of total polyphenols  

lavender 0.987 0.993 0.968 0.318 0.985 

Biplot (axes D1 and D2: 80,99 %)

St. John's wort

Sage

Lavender

Thyme

Melissa

Marigold

pH

TDSConductivity

T (°C)

% d.m.

Polyphenols

AO 

BR- AO

-1.5

-1

-0.5

0

0.5

1

1.5

2

-1.5 -1 -0.5 0 0.5 1 1.5 2

D1 (41,60 %)

D2
 (3

9,
39

 %
)

Science within Food: Up-to-date Advances on Research and Educational Ideas (A. Méndez-Vilas, Ed.)__________________________________________________________________________________

33



 

 
 

 The antioxidant activity of lavender water extracts has not results in a successful model (R2 < 0.9), which is an 
implication of a weak relation between the input and output variables. 
The general outline of the PLS model equation in this example was: 
 

                                                    (1) 

Where: 
yi = observed parameter (i = 1, for total dissolved substance (TDS); i = 2, for conductivity; i = 3, for dry matter content; 
i = 4, for antioxidant activity and i = 5, for concentration of total polyphenols) 
xj = wavelength of the spectrum (j = 904 to 1699) 
 

To present the effectiveness of “acceptable” models for prediction based on NIR spectra, the results were presented 
graphically in Fig. 7.   

 

Fig. 7 Results of PLS regression for prediction of (a) TDS, (b) conductivity, (c) dry matter, (d) total polyphenols for water extracts of 
lavender at T = 60 °C, t = 90 min and rpm = 500 min-1.  

 For the four models (TDS, conductivity, dry matter and total polyphenols) coefficient of determination and 
coefficient of correlation were obtained. The coefficient of determination represents the square of the coefficient of 
correlation and shows the percentage variation for y, which is explained by all the x variables together. For all the 
models coefficient of determination was higher than 0.96 which showed very good agreement between observer 
dependent and independent variables. Values for coefficient of determination for TDS, conductivity, dry matter and TP 
model were 0.987, 0.993, 0.968 and 0.985 respectively. This confirmed the adequacy of PLS models for prediction of 
physical and chemical properties of water extracts. 

4. Conclusions  

NIR spectroscopy combined with PCA as a chemometric method showed good potential for monitoring differeniation 
of medicinal plants and their grounded fractions in term of quality control. Results obtained by PCA and PLS regression 
models showed a very promising potential in monitoring physical and chemical properties of medicinal plant water 
extracts by NIR spectroscopy.  
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This review is a survey on the latest and more recent applications of physical and chemical analyses to study different 
changes that plants undergo when using sludge as a fertilizer. Although sewage sludge is regarded today as waste by the 
new regulations, it has a real agronomic interest because of the presence of organic matter, nitrogen, phosphorus and a 
favorable carbon / nitrogen ratio. But  to value  the  sludge  must  both  respect  the  environment; look  at the lowest cost 
possible and the most satisfactory technical solution.  

This chapter covers recent trends in using sludge as natural fertilizer on field crops such as cereals and vegetable crops, 
then the sludge samples have been subjected to physical and chemical analyses such as: Hydrogen potential (pH), 
Electrical conductivity (EC), Organic matter (OM), total limestone / active Limestone, granulometry, humidity, cations 
exchange capacity (C.E.C)…  

Keywords: physical and chemical; sludge; environment; fertilizer; pH 

1. Introduction 

The composition of the sludge varies considerably depending on the origin of the wastewater entering the treatment 
plant. Such wastewater may be of domestic, industrial or commercial origin; Or from urban stream. The composition of 
the sludge varies, depending on the respective share of each of these inputs. 
 According to Vergès (1984), the average value of sludge production is 50 grams of dry matter per person per day, 
representing a volume of 1 to 2 liters of liquid sludge per person per day. 
 Sewage treatment plant sludge (STEP) contains not only macro-elements (nitrogen, phosphorus) and organic matter 
generally used for soil remediation, but also contains 2 kinds of undesirable elements, because potentially dangerous for 
humans, animals or the environment: these are pathogens and chemical contaminants. 
 The main objective of the treatment of sludge in the treatment plant is to reduce the volume of the sludge in order to 
limit the quantities to be stored (or even spread) and to stabilize them in order to improve their physical characteristics 
(Improvement of their heap content) and to stop the biodegradation of which they are the center. Indeed, their high 
water content (99%) and the strong bacterial populations that are found there make it a culture broth favorable to the 
degradation of the fresh and fermentable organic matter that they contain, producing bad odors. 
 It has an impact on the growth and development of potato, tomatoes, and wheat. It has an objective: 

• Assess the physical and chemical characteristics and toxicity of the sludge in treatment plant. 

2. Conducting the analytical work 

After removing the sludge from a sewage treatment plant and before starting the necessary analyzes, the steps to be 
taken are: 

2.1   Sample drying 

Sludge samples should be dried in a dry place at room temperature and then in an oven at 105 ° C for 24 hours. 

 

Fig. 1   Sludge used (shot of Bouslimani and Benzara, 2015). 
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2.2   Sifting 

The sludge must be screened with a 2-mm sieve. 

2.3   Physico-chemical analyzes 

The main analyzes carried out on our sludge are summarized in the table below 

Table 1   Summary table of laboratory analysis measurements. 

Parameters measured Methods for measuring analyzes 
Hydrogen potential (pH) Dilute extract (1 / 2.5); pH meter 
Electrical conductivity (CE) Dilute extract (1/5); Conductimeter 
Organic matter (M.O) ANNE method 
Total limestone / Active limestone Calcimeter of BERNARD DROVINEAN 
Granulometry Method of STOCKES (by ROBINSON pipette) 
Humidity Drying in an oven at 105 ° C. 
The cation exchange capacity (C.E.C) Metson 

2.3.1   Hydrogen potential (pH) 

By definition, it is the unit of measurement of the concentration of hydrogen ions, which makes it possible to evaluate 
the acidity or the basicity of a medium; it defines the concentration of H + ions in the liquid phase of the soil [1]. 
Indeed, the pH varies from 0 to 14 and the neutrality is reached when the pH is equal to 7. 

Table 2   pH Interpretation Scales: Extract 1 / 2.5 [2]. 

pH ≤5.5 Strongly acid 
5.5<pH≤6.0 Frankly acid 
6.0<pH≤6.5 Slightly acidic 
6.5<pH≤7.0 Neutral 
7.0<pH≤7.5 Slightly alkaline or slightly basic 
pH>7.5 Alkaline or basic 

 There are several methods for measuring pH, the most accurate method for measuring the pH of a soil is to use an 
electrical "pH meter" which directly gives the pH value when immersing glass electrodes in a solution obtained in 
Mixing one part of soil sample with two parts of distilled water [3]. 
 Sewage sludge should be mixed with lime (preferably quicklime rather than hydrated lime) in order to raise their pH 
to 12 and thus prevent the survival of potentially pathogenic microorganisms. This treatment of sewage sludge also 
makes it possible to increase the dryness of the sludge (dry matter content) because the quicklime reacts exothermically 
when in contact with the water contained in the sludge and steam is released. 
 A30% dryness is easily obtained whatever the dehydration equipment used. The mud / quicklime mixture should be 
as homogeneous and intimate as possible so that each lime grain is well reacted, allowing optimum yield [4]. 
 According to [5], pH is a major factor in the retention of heavy metals because it controls all the processes affecting 
the behavior of these elements. The variation of the pH (natural in anthropic) seems to be the factor whose action has 
the most determining on the mobility of metals. Most trace metallic elements are more mobile under acidic conditions 
than under alkaline conditions [6]. 
 The average pH for the sludge is in the range of 9.84 and 7.97, slightly alkaline to alkaline, so it is relatively 
favorable to all species. 

2.3.2   Humidity 

Field moisture corresponds to the moisture content of a soil sample at a given time; in particular at the time the sample 
was expressed as a percentage, moisture is obtained by weight difference in the sample after desiccation at 105 ° C for 
48 hours.  
 Indeed, at the output of waste water treatment, the water content of the sludge is around 99% of the crude material. 
Reducing the masses to be handled by avoiding dust and improving quality are the issues involved in the recycling and 
recovery of sewage sludge. The processing proceeds by reducing the water content of sludge, in particular through 
drying. 
 In evaporating, the sludge loses all or part of their water and become solid. 
 The drying bed technique is practiced in open air on liquid sludge and combines natural evaporation and drainage of 
the free water through a filtering layer of sand and gravel. 
 This extensive system, depending on the weather conditions, produces solid sludge at 35 - 40% dryness [7]. 
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2.3.3   Electric conductivity 

This physicochemical measure gives us an idea of the concentration of the electrolytes in the soil solution on the one 
hand and the degree of salinization of the soil on the other hand. 
 The electrical conductivity with diluted extract (extract 1/5) is the salinity rate in the ratio of the quantity of soil to 
the quantity of water required for the preparation of the extract [8]. 
 For the calibration of the apparatus: the Kcl (0.02N) is placed in the oven and the temperature is measured up to 
25ºC. 

Table 3   Classification of electrical conductivity [9]. 

Electrical conductivity (ms / cm) Designation 
<2.5 Unsalted 
2.5-5 Low salt 
5-10 Moderately salty 
10-15 Dirty 
15-20 Highly salty 
20 to 27.5 Very strongly salted 
>40  Hyper sale 

 For our sampled sludge, the electrical conductivity values range from 7.31 mS / cm to 7.08 mS / cm, so our sludge is 
part of the average salt class, Therefore, our sludge is part of the average salt class. On the other hand, excessive salinity 
of the sludge can cause damage to soils and plants. 

2.3.4   Determination of Organic matter (ANNE method) 

Organic matter is determined by means of organic carbon, taking as a fact that organic carbon accounts for 58% of the 
organic matter, using the ANNE method (1945). It consists of calculating: 
 % = − × 0.615/ …………………………………………………………….(1) 

With: 

      P: soil weight is 1 gram. = % × 1.72…………………………………………………………………………………..(2) 

Table 4   Classification of organic matter according to [10]. 

Type of soil Organic material (OM) (%) 
Very poor < 14 
Poor 14 ≤ OM < 20 
Moderately poor 20 ≤ OM< 30 
Rich 30 ≤ OM< 40 
Very rich OM ≥ 40 

 Generally, the sludge is rich in organic matter and contains nutrients (N, P, K and trace elements). These elements 
are useful for the good development of crops. 

• Nitrogen (N) plays a major role in plant metabolism as a major component of proteins. It is essential for the 
growth of plants. 

• Phosphorus (P) transports energy to the plant. It promotes the general growth of the plant, especially the root 
and the stems system. At the end of vegetation, it is stored in the storage organs to serve the development of 
future growth 

• Potassium (K) enhances crop resistance to disease, drought and frost. 
 The trace elements (Copper, Magnesium, Zinc, etc.) are useful in reduced quantity to carry out all the chemical 
reactions that take place in the plant [11]. 
 Indeed, according to AFNOR standards, the results of our sludge show that it is very rich in organic matter where the 
rates exceed 65%. 

2.3.5   Determination of total limestone (BERNARD Calcemeters)  

According to Aubert (1978), the evolution of limestone in our sludge must be monitored from the measurement of CO2 
evolution in BERNARD Calcimetre, and therefore by gasometry, this dosage is based on the characteristic reaction of 
calcium carbonate and Hydrochloric acid: + 2 → + + ……………………………………………………………….(3) 
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 It is a question of comparing the volume of CO2 released by the contact of HCL with a precise weight of sludge with 
that released by the contact of HCL with the pure and dry CaCO3 in a known amount. The temperature and pressure 
conditions remain unchanged. 
 In addition, the presence of limestone plays an important role in ionic equilibria, particularly in pH values, and the 
limestone content is related to the nature of the substrate or to the different artificial inputs to correct the pH of the soil 
and to increase the buffer capacity of these studied soils [12]. 

2.3.6   Granulometry (ROBINSON pipette) 

The purpose of granulometric analysis is to determine the texture of the soil by classifying the mineral particles 
constituting the soil sample by diameter category. The particles are separated by soil analyzes into three distinct classes: 
sand (2 to 0.05 mm), silt (0.05 to 0.02 mm) and clay (less than 0.02 mm) [13]. This allows us to know certain 
characteristics of the soil, such as the ability of roots to penetrate it, the capacity of the soil to retain water, or its 
vulnerability to compaction [14]; and therefore, the particle size distribution is carried out according to the international 
method which is based on the STOCKES law, which gives the settling velocity of a spherical particle in a liquid as a 
function of the diameter of the particle. This method uses the ROBINSON pipette, the texture is determined by a 
textural triangle. The removal of clays and fine silt was carried out using the Robinson pipette; the fine and coarse sands 
were recovered by sieving, the coarse silts were deducted by the difference [15]. 

 

Fig. 2   Textural Triangle (American (USDA) triangle) [16].  

 The granulometry distribution of sludge is difficult and time-consuming to measure. The rare measurements carried 
out also show a strong dispersion around the mean diameter. On the other hand, if size is generally a favorable criterion, 
particles of large size can lead to problems with conveying (deposits) or abrasion (silica), especially in the case of 
centrifugation [17]. 
 According to the results, the sludge used in our experiment are made of: 20% clay, 5% silt, and 75% sand for our 
sludge. 
 If we compare these results to the US textural triangle (USA), we can conclude that our sludge has a Silty-sandy 
loam texture and according to [18], the texture obtained for sludge is middle class. 

2.4   Nutrient Supply 

However, the sludge contains some elements useful for plant growth, nitrogen, phosphorus, potassium and magnesium. 
The quantities vary from one sludge to another according to the origin and the mode of treatment [19]. 
 The crops most favored by the presence of nitrogen appear to be grass and corn, followed by cereals [20]. 
 Phosphorus existing in less quantity than nitrogen. 
 As for the other three elements: potassium, calcium and magnesium, plants use them as oligo elements more than 
they use them as elements of development. 
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2.5   The mineral micropollutants 

These are essentially what are called heavy metals, which have been extensively studied in the laboratory and in the 
field for their role in the development of irrigated crops by liquid or non-liquid sludge [21]. 
 Some of these elements are found naturally in the soil such as copper, iron, zinc ... and are essential to the growth of 
plants, while others are added by man and can have unfortunate consequences [22]. 

2.6   The toxic elements 

Indeed, these elements are not used by the plant for its development but can accumulate in it by accumulation [23]. 
 Aluminum: is slightly soluble at pH close to neutrality and its content in plants is very variable. It becomes 

important for plants that grow in wet conditions. The toxicity of aluminum has not been demonstrated either 
for mammals or for humans [24]. 

 Arsenic: As a salt, arsenic is as toxic to plants as it is to animals and man (arsenate or arsenite), but it seems 
that in organic form it is less dangerous. The inputs of this element come mainly from pesticides and very little 
sludge [25]. 

 Cadmium: is brought into the soil by the atmosphere (rain), leaching of roads and sewage or sludge containing 
electroplating effluents. It is certainly the most studied micro pollutant in the case of sludge spreading because 
it is assimilated by plants and accumulated by mammals and humans (the quantity tolerable for humans is 0.3 
ppm day). Cadmium is not very toxic to plants (especially leaves) and stored quantities depend on soil pH [26]. 

 Chromium: is considered a toxic to humans and animals. Chromium is often found in sludge, but it seems to 
be transformed into the soil into sparingly soluble elements which cannot be easily assimilated. Tests of the 
addition of large quantities of chromium to the soil have shown that it has no disadvantages for plant yield 
[27]. 

 Mercury: is an important toxicant for humans and animals, found in soil from insecticide application, 
rainwater and runoff, and sludge spreading. Floor. When the soil pH is above 6.5 mercury appears as a poorly 
soluble hydroxide or carbonate.  

 Mercury can cause disturbances to the development of the plant, but the main danger is then its introduction 
into the human food chain because it is organic accumulated by the animals, but there does not seem to be any 
preferential accumulation in one part of the plant as has been seen for cadmium [28]. 

 Nickel: present in industrial fumes and wastewater is found in soil by rainwater or sludge. The action of nickel 
alone on plants is known, it seems that a concentration of 1 p.p.m is enough to disrupt the growth of the plant 
[29]. 

 Lead: The presence of lead in the soil leads to an accumulation on the surface layer. The origin of the lead is 
essentially atmospheric since a large part comes from the exhaust of cars. It enters the plant through the roots 
when it is in the soil and by the leaves when it is in the atmosphere but its presence does not seem to disrupt 
the development of the plant [30]. 

 In summary, it may indicate that some micro-pollutants are harmful to plants whether they promote withering, or 
they do lower the productivity and others are harmful to plants and consumers as they can be dangerous to human due 
to bioaccumulation. Their presence in sludge is rarely the only source but it is an additional risk that man brings to the 
level of agricultural production [31]. 

3. Conclusion  

A wastewater treatment plant exists to protect the surrounding environment including water resources. Sewage sludge 
has useful agronomic properties in the field of agriculture. Their use must take into account the nutritional needs of the 
plants without compromising the quality of the soils or that of the surface and ground waters. Indeed, some heavy 
metals in sewage sludge can be toxic to plants and humans. 
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Chitosan, a chitin derivative is a natural product obtained mainly from crustaceous. This natural, biodegradable and 
nontoxic compound has a broad potential in food, biotechnology, and agriculture industries. This review summarizes 
recently published literature describing experiments in which Chitosan have been tested on mycelia growth, germination 
of spores, enzyme activity and gene expression for different postharvest fungi and fruit tissues under in vitro and in vivo 
conditions. It has been found that chitosan controls postharvest infections by Colletotrichum gloeosporioides, Alternaria 
alternata, Rhizopus stolonifer and Fusarium oxisporum. Furthermore, the semipermeable characteristic of chitosan 
originates favourable physic-chemical changes on fruits metabolism, extending their storage life and the effects also 
include changes in enzymatic activity and genetic expression. Efforts on the evaluation of chitosan alone or in combination 
with some other compounds, must be done as alternative treatments on a wide scale to control postharvest losses of 
tropical and subtropical fruits. 

Keywords: Alternaria; Antifungal activity; Colletotrichum; gene expression 

1. Introduction 

1.1   Post-harvest losses in tropical fruits 

Globally, more than 63 million tons of tropical fruits are produced, producing almost 100% in developing countries [1]; 
[2]. Mexico is one of the main producers and exporters of tropical and subtropical fruits. However, these fruits are 
affected in the post-harvest stage by various pathogens, including Colletotrichum gloeosporioides, Alternaria alternata, 
Fusarium, Rhizopus stolonifer among others causing significant damage to the fruits, affecting the Post-harvest quality 
and preventing their commercialization, generating economic losses. Losses in developing countries range from 40 to 
50 %[2, 3, 4, 5, 6]. Fungicides are the only method of control to date, with a high cost for the producer and the 
environment [6, 7, 8]. Chitosan is a natural, biodegradable and non-toxic biopolymer, various antifungal properties and 
as a resistance inducer, activating enzymes and genes that encode proteins related to the fruit defense system before the 
pathogen attack [9, 10]. It is necessary to explore other alternatives such as the use of compounds that occur naturally in 
plants and animals with fungicidal characteristics and with properties that induce defense mechanisms such as chitosan, 
a commercially viable alternative [11]. 

1.2   Post-harvest disease control systems for fruits 

Due to the great losses of horticultural products in the post-harvest stage caused by pathogens, it is necessary to apply 
control methods to reduce these losses. Disease control has become difficult due to pathogen resistance to increasingly 
stringent fungicides and regulations. The great interest in human health and the environment has led to the study of 
alternative methods to the usual products that guarantee a similar or superior effectiveness to the synthetic fungicides, 
without the problems that they generate. The methods are classified according to their nature in: physical, including 
heat, such as Hot water treatment, steam, dry heat, forced air; Irradiation, low temperatures, modified and controlled 
hypobaric atmospheres, electrolyzed water and biological control, GRAS compounds such as volatile compounds, plant 
extracts, essential oils, Ethanol, Sodium bicarbonate, peptides and proteins. Finally Resistance Inducers: Focus on 
improving the individual potential of the host to respond to the attack of pathogens by activating defense mechanisms at 
the biochemical and molecular level. Products such as jasmonates, salicylic acid, and Chitosan. These control systems, 
individually are not 100% effective, when combined their effectiveness in controlling pathogens increases significantly 
[13, 14, 15, 16] . 
 Chitosan is a natural, biodegradable, non-toxic, bioactive polymer with fungicidal effects on the most important post-
harvest pathogens affecting the quality of tropical and subtropical fruits as well as an increase in the losses of these 
products. In addition, chitosan is an inducer of defense mechanisms in plant tissues, including fruits [17, 18, 19]. In the 
post-harvest stage is one of the most promising products for the control of various fungi [20, 21, 22, 23]. 
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2. Effects on Post-harvest Decay of fruits 

Results obtained by López Mora et al. [21] in 2013 and Berumen et al. [11] in 2015 in mango Tommy Atkins, 
Coronado-Partida et al. [24] in 2017 in Jackfruit and Ramos-Guerrero et al. [25]  in 2017 in Soursop fruits, and Xoca et 
al. [26] 2017 in Hass avocado, indicated that when applying chitosan at 1%, infection by C. gloeosporioides, Fusarium 
oxisporum, Rhizopus stolonifer was controlled (Fig.1). These results mentioned, chitosan individually or in some cases 
combined with another alternative control system, organic salts, hydrothermal treatment, salicylic acid, jasmonic acid, 
ethanol, etc. By combining chitosan with another system it is possible to use lower concentrations, which results in a 
more effective and economical treatment [27]. 

 
 

  

Fig. 1   Effect of chitosan and chitosan combine with Potasium sorbate  on Colletotrichum gloeosporioides  and Rhizopus stolonifer 
postharvest control in mango. Avocado and Jackfruit 72 h after applying treatments, stored at 25°C. 

2.1   Mechanisms of action. 

Chitosan has an excellent fungicidal potential against the major fungi that cause damage to tropical fruits such as 
Colletotrichum gloeosporioides [28, 29, 30]. Some mechanisms of action proposed to explain  fungicidal ability of 
chitosan, propose that the electrostatic interaction between the NH3 + groups of chitosan and the phosphoryl groups of 
the phospholipids present in the cell membrane of the fungi causes damage in this, causing an increase in permeability 
[31, 32, 33, 34]. In addition, it is possible that short chains of chitosan can pass through the wall and  membrane and 
interact with the DNA and the RNA interfering with their function, losing functionality of the fungal structure[35, 36]. 
Its chelating effect could decrease the availability of some metals needed in enzymatic processes, inhibiting the process 
of the pathogenesis of fungi [37]. Alterations in the internal and external morphology of the conidia and mycelium 
caused by chitosan would provoke a biochemical-physiological stress [25]. 

2.2   Antimicrobial Properties 

Before application of chitosan in fruits with the aim of reducing or inhibiting the growth of post-harvest fungi, it is 
necessary to determine the optimal concentrations that will decrease or stop mycelial growth as well as the 
concentration of chitosan capable of inhibiting the process of spore germination. López-Mora et al. [21] 2013, applied 
chitosan to the A. alternata fungus, isolated from mango fruits and observed a gradual control of the growth and 
development of the fungus as the concentration of chitosan increased (Figures 2 and 3)(Table 1). Similar results were 
obtained in the Colletotrichum-Mango interaction system [24], Colletotrichum-Fusarium-Banana [29], Rhizopus-
Jackfruit [38] Colletotrichum-Rhizopus-Soursop [25], where chitosan control growth, inhibited germination of spores 
and altered morphology of conidia 
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Fig. 2   Effect of chitosan on mycelial growth of A. alternata. 

 

Fig. 3   Effect of Chitosan on C. gloeosporioides conidium. Control (A). Chitosan 1.0%B). Scanning Electron Microscopy. 

Table 1   In vitro development of two isolates of Colletotrichum chitosan-treated at different concentrations and incubated at 20 ± 
2ºC. 

Chitosan 
Concentration (%) 

Soursop Mango 
Rate of growth 

(mm día-1) 
Sporulation 

Germination 
(%)+ 

Rate of growth 
(mm día-1) 

Sporulation 
Germination 

(%)+ 
0.5 3.4c 2.2 x 106c 20b 5.4b 3.5 x 105c 13b 

1.0 1.3b 1.3 x 106b 0a 5.0b 1.5 x 105b 0a 

1.5 0.9a 1.2 x 106a 0a 4.5a 1.0 x 105a 0a 

Control 5.8d 3.3 x 106d 100c 5.8c 7.5 x 105d 100c 

Means followed by the same letter are not significantly different (≤ 0.05) as determined by Tukey’s multiple test. Rate of growth 
after 12 days of incubation. Sporulation and germination after 8 h incubation.  

2.3   Inducing properties 

The use of chitosan as an inducer of resistance may be significant if one considers the systemic and persistent nature of 
defense proteins in plant tissues in response to the presence of chitosan, which may be important in delaying the 
resumption of an infection Latent tissue that typically begins to activate when tissue resistance declines [39,17, 20]. One 
of the current trends in the control of post-harvest diseases is to stimulate the fruit and vegetable product to reactivate its 
own defense mechanisms [4] [15]. Zhang et al. [18] in 2011, indicated that as an exogenous inducer the chitosan can 
activate resistance in the host by increasing the activities of various defense-related enzymes, such as chitinase and β-
1,3- Glucanase in oranges, Berumen et al. [11] in 2013, reported that it was possible to induce the activity of PFO and 
POD enzymes, important in the plant defense system, being the concentration of 1% chitosan that obtained Better 
results being able to induce more the enzymatic activity of both enzymes in mango (Figure 4). 
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Fig. 4   Effect of chitosan at different concentrations on POD activity in mango fruits cv. ‘Tommy Atkins’: a) uninoculated and b) 
inoculated with Colletotrichum sp. Bars indicate mean standard error of 5 observations per treatments. 

 The information that exists in relation to the induction by the chitosan is mainly related to the analysis of the 
enzymatic activity of proteins related to the defense to pathogens As for the information generated in tropical fruits, 
considering the inductive capacity of the chitosan, is scarce (Mango, soursop, banana, jackfruit) [11, 25, 29, 38] and 
even more when referring to the use of molecular biology to evaluate the effect of chitosan at the genetic level, -PCR of 
the genes involved in the defense of the plant system (fruit or plant). Few reports exist on the evaluation of the effect of 
chitosan on the pathogen, at the spore or mycelial level [30], considering the expression of genes, in fungi as important 
from the point of view of post-harvest as is the genus Colletotrichum, agent Pathogen that infects and causes large 
losses in tropical fruits such as mango, banana, soursop, avocado, papaya, etc. Berumen in 2013 [11] reported that when 
applying 1% chitosan films to mango fruits, it was observed that there was an increase In early genetic expression of the 
C. gloeosporioides infection in mango fruits, suggesting that chitosan acts from the contact with the host, through a 
process of signal transduction, thus achieving the induction and increase of the Gene expression of both enzymes 
(Polyphenol oxidase (PPO) and Peroxidase (POD), generating the activation of the fruit defense mechanisms [11]. 
 Hernández-Ibañez [29] evaluated the genetic expression of NPR1 (a gene related to defense systems) by applying 
1.5% of chitosan in banana fruits inoculated with C. gloeosporioides, observing a high genetic expression in the early 
Pathogen-fruit-chitosan interaction. Ochoa-Jiménez [30] in 2012, analyzed the expression of the gene encoding 
polygalacturonase (PG) in spores of C. gloeosporioides, isolated from banana fruits, reporting a decrease in the 
expression of the polygalacturonase (PG) gene, , As a consequence of the application of chitosan to 1%, which has as 
consequence the alteration of spore germination. 
 Xoca et al. [40] in 2017 indicate that the chitosan-avocado-Colletotrichum interaction transcriptomic analysis 
proposes an effect of chitosan at the level of induction of metabolic pathways to eliminate the pathogen Colletotrichum. 
In conclusion, Chitosan has shown great potential as a natural substance, biodegradable, biocompatible without toxicity 
or side effects with antifungal activities with a direct effect on the growth and development of the fungus at the level of 
conidium and mycelium.  
 A very important effect of chitosan is the induction of defense mechanisms at the fruit level. The information 
generated by transcriptome studies in chitosan-pathogen interaction systems indicates the effect of chitosan on 
metabolic pathways important for the defense of the fruit against the attack of the pathogen and in the fungus, resulting 
in morphological and biochemical alterations that Inhibit the growth and germination of the pathogen. Surely with the 
new technologies omics will have more idea of the mechanism of action of chitosan in interaction with the pathogen 
and in the interaction of the fruit in the post-harvest stage. It is necessary to perform tests at the level of tropical fruit 
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packers and thus to have the complete picture from the in vitro, in situ and packing tests that will allow making 
formulations and to market products based on chitosan, as bio-fungicide. 
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Abstract. In Mexico, mycotoxin contamination had been studied in maize grain and its products destined for human 
consumption, particularly aflatoxins and fumonisins [1]. The national regulation establishes a level maximum of 20 µg kg 
for unprocessed maize [2]. We have investigated in maize the physical and chemical composition, resistance to Fusarium 
sp and mycotoxins contamination. The results showed that Fusarium sp is a common fungus in agricultural soil in the 
central states of the country, whose species are Fusarium proliferatum, F. roseum, F. oxysporum and F. poae. Fumonisins, 
Fusarenone X, Enniatin A and mycophenolic acid that are the most prevalent fusariotoxins. The detected levels of 
fumonisins and mycophenolic acid are low but in a high frequency. It is concluded that the maize genotypes evaluated are 
susceptible to fungus Fusarium sp and fusariotoxins, under the environmental conditions of central regions in Mexico. The 
aflatoxin contamination was presented in both genotypes, yellow and white. It is important to consider fusariotoxins in a 
commercial maize regulation for human consumption; due to the long periods and high consumption of maize it is a risk to 
hepatotoxicity and cancer development. 

Keywords: fusariotoxins; maize 

1. Introduction 

Mexico has been considered the origin of maize, crops are grown in 7 million of ha, principally in tropical and 
subtropical zones, being the principal varieties white and yellow, with a national production about 12 million tons per 
year [1, 2]. The corn is the base of 300 hundred by-products as fructosed honey, nixtamalized fluors, tortillas and tortilla 
chips for human consumption. It is estimated that the annual consumption of corn is 300 kg per person, in which more 
than 500g per day as tortillas; however, an excessive consumption may contribute to obesity in children [3]. In the field, 
maize crop can be infected by fungus pathogens, as Fusarium sp, which synthetizes fusariotoxins, due to water stress 
conditions, nitrogen excess, acidity in soil, lack of oxygen. Grain storage for long periods coupled with poor hygiene 
and high temperatures contributes to Aspergillus sp, infestation, causing a fungal mycoflore magnification and 
mycotoxin contamination [4, 5].  
 In Mexico aflatoxins research in maize began with an alert in 1989 in the north of the country, where aflatoxins were 
detected at levels not suitable for human consumption. Ten years later, in 1999, 95% of white corn still had aflatoxins; 
In 2013, it was mentioned a frequency of 56%, in allowed average levels of 1 to 18 µg kg, so it has been regulated the 
presence of total aflatoxins in a maximum permitted level of 20 µg kg [6].      
 Aspergillus flavus, Aspergillus parasiticus, Aspergillus nomius, are microscopic saprophytic fungi that develops at a 
relative humidity between 70 and 90% and over a wide range of temperatures, ranging from 0 ˚C to 45 ˚C, so they are 
able to infect the maize plant from the field and continue during harvesting and storage. These pathogenic fungi have 
been detected in the agricultural soils of central Mexico (Guanajuato, Colima, Nayarit), which can synthesize aflatoxins 
[7]; they are  chemical substances, product of the secondary fungus metabolism, which are produced from simple 
intermediates of primary metabolism such as acetate, malonate and certain amino acids, which possess great thermal 
stability, that confers dangerous physical and chemical properties to human health [8]. The International Agency for 
Research on Cancer considered aflatoxins as substances with a high carcinogenic, mutagenic and teratogenic capacity 
[9]. In Asian and African populations, aflatoxin B1 has been epidemiologically related to liver cancer. Aflatoxin M1, is 
genotoxic, mutagenic, teratogenic and carcinogenic; it is found in the milk of cattle that have been fed with aflatoxin 
contaminated feed [10].   
 F. verticillioides, a saprophytic fungus in agricultural soils, with high global prevalence, and great virulence, causes a 
systemic infection known as fusariosis, which is a devastating disease for crops  It is capable to synthesize 
fusariotoxins, among which, fumonisins that are chemically polyketides, are toxic substances capable of disturbing 
phospholipids metabolism, which are found in many tissues mainly in nerve tissue and fat tissue, whose function is cell 
protection and cell apoptosis signaling. Fumonisins prevent the formation of the enzyme sphinganine N-acyl transferase 
and de novo synthesis of sphingolipids, triggering a buildup of sphinganine. In animals the lack of phospholipids causes 
a demyelination of neurons, occurring necrosis of nerve cells and polioencephalomalacia [11]. In humans the 
consumption of fumonisin contaminated maize has been epidemiologically related to neural tube defects and 
esophageal cancer [12], due to the lipid peroxidation induced on the cell membrane causing cell death and inhibition of 
macromolecule synthesis, so the International Cancer Research Center classified them as possible human carcinogens 
for unprocessed maize it is recommended a maximum content of 1.0 mg kg, and in corn flours for consumption of 750 
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mg kg. It has been documented the contamination by fumonisins in corn flour and in tortillas in amounts of 1.80 mg/kg, 
even fumonisin metabolites (FB1H, FB2H, FB3H), of greater toxicity have also been identified. The Food Codex 
Commission established the daily intake of 2 ng g for fumonisins [13, 14].  
 The analytical method used to isolate and identify mycotoxins is High Performance Liquid Chromatography (HPLC), 
due to its high sensitivity of 5 μg/g [15],  the lateral flow immunoassay (IFL) is a green technology and environmentally 
friendly. Liquid chromatography tandem mass HPLC/MS/MS is now used [16].  The Laboratory of Toxicology of 
UAM-X University, has works with diferents genotypes of maize from Mexico City, Morelos and Hidalgo, zone with 
sutropical and tropical climate. The mycotoxins identification was made with a cromatographic identification (HPTLC, 
HPLC-FD) and immunochromatographic test [17].  

2. Sampling, extraction and analysis 

During 2013-2014, twenty nine samples were evaluated; twenty five samples of maize (sixteen white maize and nine 
yellow maize) were obtained from Zacatepec, in the state of Morelos, located between the coordinates of 18 ° 37 'and 
18 41' altitude N and 99 ° 10 'and 99 ° 14' longitude O; at a height between 900 and 1200 m above sea level, with a 
minimum temperature of 24°C and maximum of 40°C, with an average annual precipitation of 82 mm.  
 A random AFB1 monitoring was performed on eight maize samples selected for their greater commercialization in 
the state of Morelos. Eight samples were processed using the High Resolution Liquid Chromatography (HPLC) 
technique, with fluorescence detector (FD). An isocratic pump brand Varian, model Polaris was used. Column of C18, 
size of 150 mm x 4.6 mm and of 5 microns of diameter. 50 g of pulverized flour was weighed and mixed with 100 mL 
of 80% methanol, leaving on mechanical agitation for 30 min. The extract was filtered through Waltham paper (No. 
41); 10 mL was extracted and passed through a C18 silica column, from which 25 μL were taken and injected in 
triplicate to the chromatograph. The mobile phase was composed of water, methanol and acetonitrile (60:20:20 v/v/v). 
The fluorescence detector at a excitation length (λ 360 nm) and emission (λ 440 nm), with a mobile phase flow of 1 mL 
per minute. The calibration curve (y = 3128699.71x + 218056.30) showed a significant linearity (p <0.05) in a range of 
0.10; 0.25; 0.5; and 1 μg / mL with a regression coefficient of 0.99. The limits of detection and quantification were 
0.241 and 0.43 μg/kg, respectively. The recovery (accuracy) was 87%. In addition, two samples were collected from 
Hidalgo State, and the rest directly from maize producers in Mexico City were analyzed by UHPLC/MS/MS [16].    
 Twenty five samples were analyzed for fumonisins in a lateral flow immunoassay technique, starting from 5 g of the 
sample and an extraction with 50 mL of the buffer solution (PBS), the suspension was mechanically mixed for two 
minutes and the supernatant was placed in the immunological strip where the Ag-Ac reaction concludes, by identifying 
two bands as positive test. The quantification was done by inserting the strip into reader [17].   

3. Results and Discussion  

The presence of pathogenic fungal flora in white maize adapted to areas with a tropical and subtropical climate 
indicates the susceptibility of genotype maize to Fusarium sp, as Fusarium proliferatum, F. roseum, F. oxysporum and 
F. poae and other fungus, in low incidence, as Alternaria sp or Penicillium sp, in samples from Hidalgo. The results of 
fumonisins contamination in twenty nine maize samples are presented in Table 1, where it is observed that all the 
samples presented fumonisins contamination. The white maize with levels of 0.37 mg kg, with a minimum value of 
0.23 mg kg and a maximum of 1.20 mg kg, in yellow maize with an average level of 0.51 mg kg, with a minimum of 
0.23 mg kg and a maximum of 1.7 mg kg; being the P 2844 and P4032 genotypes of the greater contamination. 
Fumonisin contamination has been linked to esophageal cancer and neural tube defects [18].   
 The aflatoxins contamination was found in both genotypes, yellow with  a mean of 8.16 µg kg and 6.7 µg kg for 
white maize. The NB genotype was the most contaminated from the state of Morelos; all within the national regulation 
for aflatoxins, however outside the European regulation, which is 5 μg kg. On the other hand, observing the co-
contamination of both toxins, it suggests a synergistic effect between the hepatotoxic activity of aflatoxin and the cancer 
promoting effect of fumonisins, coupled with the daily exposure due to tortilla consumption, probably the maximum 
intake (IDA), would be achieved and may be a factor to be considered for the development of liver cancer in the 
Mexican population [19].       
 In the two samples analyzed by UHPC/MS/MS, 22 mycotoxins with an average content of 956.9 μg kg were 
detected, of which 55.38% corresponded to mycophenolic acid (530.7 μg kg), 20.58% to trichothecenes A and B 
(Nivalenol, DON, NEO, Fusarenone X, DAS, HT-2, T2, Zearalenone, Zearalenol), 13.77% to fumonisins and the rest to 
Ochratoxin A with 8.90 μg kg, total aflatoxins 17.0 μg kg,  being AFG2 the highest with 8.5 μg kg, Sterigmatocystine 
with 6.50 μg kg, Roquefortine C with 3 μg kg, Enanthyne 8.65 μg kg, alternarol 17.4 μg kg, methyl alternariol 16.7 μg 
kg. The micophenolic acid is synthesized by Penicillum sp., which can be considered as an emergent mycotoxin, that 
has recognized immunosuppressive activity [20].        
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 In table 3 it is observed that the mycophenolic acid was the mycotoxin with the highest concentration in both 
evaluated samples, also the aflatoxins levels between both samples was very similar and those levels are within the 
national regulation. It is observed that fumonisins levels are within the permitted levels by the European Legislation.  
 The level of fumonisins and aflatoxins detected in genotype white and yellow maize was variable, in no case outside 
the national maximum allowable limit for aflatoxins, but it is important to be controlled both mycotoxins due their 
capacity to affect the biochemical process, in breast cells, even in small amounts and the co-exposure to develop 
hepatotoxicity; also the unbalance of ceramide has been related by the presence of fumonisins with a greater resistance 
to insulin, so it can be considered a risk in the development of type 2 Diabetes [21].  

4. Conclusions 

The presence of Fusarium verticillioides, Aspergillus flavus, Penicillium sp, Alternaria sp in maize from Hidalgo, a 
central state of Mexico, was demonstrated in two agricultural cycles.  
 The co-contamination of aflatoxins and fumonisins total, had been demonstrated in maize from central states. In 
addition, the mycophenolic acid as the principal fusariotoxin, present in maize was detected for the first time in the 
region.  
 It is necessary to continue the study of the fusariotoxins in maize for human consumption and its interaction with the 
metabolic syndrome in the Mexican population, since it is suspected that the contamination by fumonisins favors insulin 
resistance and the development of type 2 Diabetes. 

Table 1   Total fumonisin content in 29 samples of white and yellow corn. 

Maize genotype Adaptation zone Total fumonisins (mg kg) Variety Aflatoxins  (µg kg) 

NB-1 Tropical/subtropical  0.54 white 12 

NB-11 Tropical/subtropical 0.54 white 17.7 

Eros Tropical/subtropical 0.23 white 2.1 

Py063 Tropical/subtropical 0.23 white  4.0 

Zapata Tropical 0.23 white 3.0 

Costeño Tropical/subtropical 0.23 white Nd 

P4052 Tropical 0.23 white 8.0 

Orion Tropical 0.23 yellow Negative 

NA-35 Tropical 0.23 yellow Nd 

AmCC Tropical/subtropical 0.40 yellow Nd 

305-49 Tropical/subtropical 0.23 yellow 8.5 

H-443 Tropical/subtropical 0.23 yellow 2.1 

P-2844 Tropical/subtropical 1.70 yellow  15.2 

Tundra Tropical/subtropical 0.35 yellow  Nd 

H382 Tropical 0.23 yellow 15.0 

P4032 Tropical 1.0 yellow  Nd 

H-515 Tropical 0.23 white 4.5 

H-516 Tropical 0.79 white 1.8 

30A60 Tropical 0.23 white 14.5 

P3055 Tropical/subtropical 0.23 white 5.0 

V5335 Tropical/subtropical 1.20 white 6.33 

H-377 Tropical/subtropical 0.23 white  2.5 

H-374-c Tropical/subtropical 0.23 white 3.5 

ARES Tropical/subtropical  0.23 white Negative 

San Andrés  Tropical/subtropical  0.43 white Negative 

P-4082 Tropical/subtropical  0.23 white 5.0 

30V46 Tropical/subtropical  0.37 white 2.5 

Oso Tropical/subtropical  Nd white 13 

Leopardo Tropical/subtropical  Nd white 13 
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5. Statistic analysis 

Table 2   Total fumonisin content in white and yellow native maize. 

Maize variety 
Total Aflatoxins Total fumonisins Ppm ̅ d.e ̅ d.e 

Yellow (n=9) 8.16 7.06 0.51 0.51 

White (n=20) 6.23 5.26 0.37 0.26 

P  <0.01 ̅ = Mean. s.d.= Mean Standard deviation, P=probabilty, 0.05. ppm=parts per million 

Table 3   Multimycotoxins analysis. 

Sample 
Fumonisin 
(μg/kg) 

Ochratoxin A 
(μg/kg) 

Aflatoxin 
(μg/kg) 

Trichothecenes 
(μg/kg) 

Mycophenolic acid 
(μg/kg) 

1 139.30 8.90 16.4 242.90 581.8 

2 132.97 8.90 17.7 271 479.7 

 

Fig. 1   Immunochromatographic strip . 

 a)  b) 

Fig. 2   Auto-Scaled HPLC Chromatograms. 
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Bacteriophages (also called ‘phage’) were first time isolated in early 1900’s. Until late 1930s, they were used to treat 
infectious diseases in different parts of the world. Improper use of phages and understandable formulations of phage 
particles reduced the use of phage therapy association with discovering the antibiotics.  In recent years, antibiotic 
resistance is widespread in the world. Also, an increasing resistance to multiple antibiotics has been noted. Phage therapy 
has again taken into consideration due to the alarming spread of antibiotic resistance. The phage treatment is a new and 
effective hurdle to control food-borne pathogens including Listeria monocytogenes, Campylobacter jejuni, Escherichia 
coli O157: H7, Staphylococcus aureus, and Salmonella spp. Food-borne diseases are among the most serious and costly 
public health concerns worldwide. In despite of good manufacturing, quality control, and hygiene-safety concepts, food-
borne illnesses still increased over the past decade. Among food preservation technologies such as physical treatments 
(heat, pressure, UV, and pulsed light) or chemical sanitizers, phage application has been gained particular interest. One 
advantage of the phages is that bacterial populations can be controlled selectively in the complex food systems. Phages can 
be very host specific and also are common in the environment and present in many foods. Phage treatments on food to 
control of pathogens are to extend shelf-life, to enhance hygienic quality, minimizing the impact on the nutritional and 
organoleptic properties of perishable food products as they are natural, non-toxic and specific to the bacterial species they 
infect. Many studies have described the phage biocontrol of these pathogens in a range of foods. This review is a summary 
of the phage-based strategies for control of food-borne pathogens.            

Keywords: biocontrol; food-borne pathogens; phage  

1. Introduction 

Bacteriophages (also called ‘phage’) are viruses that specifically infect bacteria. They can be found in every 
environment where their bacterial hosts are present. They were first discovered independently by Frederick Twort in 
1915 and by Felix d'Herelle in 1917 [1, 2, 3]. The global phage population is estimated to be more than 1030 [4]. A 
phage can only attach to a bacterial cell with a specific cell surface receptor. Once attaching to a susceptible cell, phage 
may undergo one of the two different life cycles (virulent or temperent) [5]. While virulent or lytic phage will enter the 
cell and then hundreds of copies of the original phage are released, temperate or lysogenic phages do not lyse the host 
cell and their DNA integrates into the genome of the bacterial cell. Temperate phages can undergo lytic cycles and pick 
up bacterial host genes including virulence genes and antibiotic resistance genes, so they transfer them to a new 
bacterial host. For this reason, temperate phages are not selected for phage therapy. Due to their remarkable 
antibacterial activity, virulent phages have been used as biological tools in humans, animals and plants, particularly 
against multidrug-resistant bacteria [6, 7].  
 The food industry has interest in finding alternative approaches to inactivate bacterial pathogens. The use of phage 
to control pathogens in foods has emerged as a promising tool for food safety in all stages of the food production chain 
(from farm to folk). Phages may be suitable: i) to prevent or reduce colonization and diseases in livestock (phage 
therapy), ii) to decontaminate carcasses and other raw products, iii) to disinfect equipment and contact surfaces (phage 
biosanitation and biocontrol), iv) to extend the shelf life of perishable manufactured foods as natural preservatives 
(biopreservation), and v) to improve strains used for production, and strain typing. Phages should also be considered in 
hurdle technology in combination with different preservation methods [8]. In comparison to biocontrol, application of 
phages for improvement and selection of industrial strains has been poorly described [9].  
 Phage therapy was first developed early in the last century and showed much promise. One of the most important 
problems in the phage therapy is the emergence of resistant bacterial strains. These bacteria have always been perceived 
as a potential obstacle. Most phage resistant cells exhibit changes in their membrane components responsible for 
specific phage binding. Alteration or deletion of phage receptors from the cell surface protects bacteria from phage 
attack [10]. In addition, phage preparation can readily be modified in response to changes in bacterial pathogen 
populations [11]. Development of bacterial resistance and the modification of phage preparations can be managed by 
using phage cocktails with different combinations of phages that target different receptors on the host bacteria [12].   
 Phages have been isolated from a wide range of foods like ground beef, pork, chicken and other meat products, 
chilled and frozen crabmeat, fermented dairy products like cheese and yogurt, and from lettuce and mushrooms. Briefly, 
phages can be considered a part of the natural microflora of foods [13].  
 In this review, we aimed to discuss phage application and summarize the current literature on phage based 
biocontrol to reduce food-borne pathogens in food. In addition, we focused on reducing Listeria monocytogenes, 
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Campylobacter jejuni, Escherichia coli O157:H7, Salmonella spp. and Staphylococcus aureus on food via phage 
application.  

2. Application of phage in food system  

The ideal phages for use as biocontrol agents on pathogenic bacteria must meet some criteria before being considered as 
suitable candidates. These are: i) their ability to infect specific bacterial target cells and their ability to infect eukaryotic 
cells, ii) phages generally do not cross bacterial species or genus barrier, and therefore do not affect desirable 
microorganisms commonly present in foods, gastrointestinal tract or the normal bacterial microbiota, iii) Producing 
progeny phage without the capacity to integrate into the bacterial genome or transduce bacterial genes from one cell to 
another, iv) not including virulence genes and antibiotic resistance genes, v) having a broad host range, vi) determined 
the complete genome sequence of phages, vi) phages being stable over storage and application, vii) phages being 
amenable to scale up for commercial production, viii) oral feeding studies show no adverse effect, ix) the generally 
recognized as safe (GRAS) approval for use in foods [13, 14, 15, 16]. Phages should also possess physical 
characteristics. The stability of phages in foods is important because they may need to be stable under physiochemical 
conditions of the food to which they are applied. These conditions should be food pH, ion content and osmolarity, 
thermo tolerance, visible and UV light, osmotic shock, pressure, and processing environments [17].       
 Inoculum size, timing, phage host range, phage adsorption rate, burst size and density of target bacteria are key 
elements in the success of phage therapy against food-borne pathogens. There are two ways of bacterial reduction of 
phages. Passive reduction refers to the reduction of bacteria by the initial phage dose. Therefore, it implies a high 
number of applied viruses per bacterial cell. In contrast, active reduction can take place with a lower initial dose when 
phages reach sufficient numbers for bacterial reduction by replication. There are some challenges of phage application 
on pathogen bacteria. Firstly, a threshold density of bacteria is necessary. It is hard to estimate the time when threshold 
levels are met. Another challenge is that phages are highly specific for the certain host. Very few phages are able to 
infect different species, and the host range of most of them includes just a number of strains of one bacterial species [12, 
18, 19].  
 Most phage application studies on food have focused on main emergent food-borne pathogens, such as L.  
monocytogenes, C. jejuni, E. coli O157:H7, S. aureus, and Salmonella spp. in meats, fruits, vegetables, dairy products 
and ready-to-eat foods. Contaminating bacteria can get access to food during slaughtering, milking, fermentation, 
processing, storage or packaging [20]. Bacterial reduction from 0.9 to 6.8 log10 CFU or even their complete elimination 
in many studies was reported [1]. Phage treatment may also help prevent an incidence of food-borne diseases, reducing 
food processing (e.g. temperature application) and use of chemical additives (e.g. sulphite and nitrate) [8].    
 Phage biocontrol has been shown to be more effective in liquid foods than in solid foods [8, 21]. In liquids, even a 
very small initial number of phages can cause completely lysis of the bacteria in a relatively short time [22]. On the 
other hand, on solid foods diffusion is limited. Also a greater concentration of phages may be necessary to achieve the 
same result as in liquid foods. As a conclusion, the concentration of the phages must be sufficiently high to enable 
contact and subsequent infection, even when bacteria are present at very low numbers. However, there are also some 
other problems to inhibit food-borne pathogens via phages. The most relevant is the food-matrix [22, 23]. This is a 
decisive parameter which physically limits the distribution of phage particles in order to reach all targeted bacteria. 
Moreover, targeted bacteria may be embedded within the rather complex food matrix, thereby shielding them from 
phage particles. On these grounds, a greater biocontrol effect may be achieved by modifying phage application [21, 23].  
It has been suggested that phages can be added by dipping or spraying or as a liquid to a large volume of food. These 
methods may not be ideal, as they could be wasteful and lead to the potential inactivation of the phage particles. 
Moreover, when phages are added directly to a batch of food, two major problems may be occurred: 1) the dilution of 
phages, and 2) the evaluation of bacterial resistance. To overcome of these problems, the addiction of large numbers 
and volumes of phages using phage cocktails and the regular disinfection of the equipment using effective protocols 
might help. In addition, immobilized phage may also help to solve these problems [24].           
 Although phages represent a novel approach, there are no reports of their industrial use to improve safety, even if 
this “new, ecological and safety” technology may be cheaper than older technologies, since phages can be isolated from 
the environment and are self-replicating entities [23]. There are several phage preparations commercialized and 
marketed so far, such as ListShieldTM LMP102 (Intralytix, USA), EcoShieldsTM (Intralytix, USA), SalmoFreshTM 

(Intralytix, USA), and ListexTM P100 (Micreos Food Safety, The Netherlands) [22]. The first formal approval of a 
phage–based preparation developed for food safety came during August 2006, when The Food and Drug Administration 
(FDA) cleared ListShieldTM LMP102 for use an antimicrobial agent against L. monocytogenes contamination of ready to 
eat foods [25]. ListShieldTM LMP-102 containing a cocktail of six phages is also used for surfaces in food production 
facilities [26]. Shortly after that approval, during October 2006, a single phage containing preparation (designated 
ListexTM P100) was approved by FDA for another L. monocytogenes-specific phage [4, 25, 27, 28]. The FDA issued a 
‘no abjection’ letter for GRAS designation for both of two commercial anti-listerial phages.  Also afterwards, in 
February 2013, SalmoFreshTM was also approved by as GRAS to control Salmonella enterica by the FDA and US 
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Department of Agriculture (USDA) [28]. Finally, EcoShieldTM (ECP-100) is a FDA-cleared commercial phage cocktail 
of three bacteriophages. It is used to eliminate or reduce food contamination of E. coli O157:H7 [3].  

2.1   Phage to control Esherichia coli O157:H7 contamination 

E. coli serogroup O157:H7 known to cause bloody diarrhea and hemolytic uremic syndrome in humans was identified 
in 1983 [10, 29]. It is a highly virulent food-borne pathogen with an infective dose of ~ 100 cells in humans [30]. 
Outbreaks have been attributed to food, water, and person-to-person and direct fecal contact. They can be isolated from 
many foods of animal origin [21]. More than 60 phages specific E. coli O157:H7 have been reported.  The commercial 
EcoShieldTM is based on ECP-100 and contains a phage concentration of at least 1011 PFU/mL [31]. This phage 
preparation was approval by FDA as commercial phage cocktail of three bacteriophages to eliminate or reduce food 
contamination of E. coli O157:H7 [3].      
  Phages DT1 and DT6, either alone or mixed in a cocktail, were evaluated for their efficiency to inhibit the growth 
of E. coli strains during milk fermentation by Tomat et al. [16]. In absence of phages, bacterial strain reached 4-6 log10 
CFU/mL at 5-6 h. E. coli DH5α and O157:H7 STEC strains were rapidly and completely inactivated by phage DT1, 
while 0157:H7 STEC was completely inactivated either by DT1 or by DT6 after 8 h. By the way, pH values evolved 
falling to 4.5 at 8 h and 4.0 at the end of the fermentation process. All phage titres excluding the phage cocktail constant 
or increased slightly throughout the first 8 h, with a subsequent decrease between 8 and 24 h. The authors have said that 
the low pH and accumulated lactic acid might be related the partial phage inactivation. 
 Mclean et al. [21] also studied that three phages were investigated for their ability to inhibit the growth of three 
strains of E. coli in ultra-high-temperature treated and raw bovine milk. A cocktail of the three phages completely 
inhibited E. coli ATCC 25922, E. coli O5: H- and E. coli O127:H6 in UHT milk at 25 °C. Similar results were obtained 
from raw milk. No re-growth of bacterial strains was observed in any of the phage treated milk samples. Under 
refrigeration temperatures, the phage cocktails inhibited all three strains of E. coli to below the level of detection within 
24 h of incubation. Furthermore, phage titers did not fluctuate by more than 1 log10 PFU/mL. The phage cocktail 
containing two phages eliminated ATCC 25922 and O127:H6 in raw milk within 3 h and 6 h of incubation, 
respectively, at 25 °C and in refrigerated samples. Furthermore, phage titers did not fluctuate by more than 0.5 log10 
PFU/mL. In contrast, the phage cocktails completely inhibited O5: H- in UHT milk at both temperatures. In raw milk, 
this phage cocktails initially inhibited growth of O5: H- but re-growth occurred for 9 h at 25 °C. The researchers have 
demonstrated that differences in milk composition (proteins or oil globules), microbiota, and lower target cell and phage 
concentrations are effective on phages against O5: H-.      
 Tomat et al. [23] evaluated that the reduction of viable cells of E. coli O157:H7, and enteropathogenic E. coli strains 
on meat after exposure to phage applications at 5 °C and 24 °C for 3, 6, and 24 h. Two phages (DT1 and DT6) were 
selected. When enteropathogenic E. coli and O157:H7 strains were tested, viable cell reduction of 0.67 log10 and 0.77 
log10 after 3 h incubation and 0.80 log10 and 1.15 log10 after 6 h. They implied that higher reductions were observed at 
higher temperature, probably due to the active growth of bacteria allowing an efficient phage replication. In addition, 
the phage cocktail at a higher number of different phages was able to of further reduce viable cell counts of O157:H7 
than individual phages on meat products.   
 The ECP-100 was examined for its ability to reduce experimental contamination of hard surfaces, tomato, spinach, 
broccoli, and ground beef by Abuladze et al. [27]. Treatments (5 min) of the contaminated hard matrices with the ECP-
100 preparation containing different concentrations of phages (1010, 109, 108 PFU/mL) resulted in significant reduction 
of 99.99%, 98%, and 94%, respectively. Samples of broccoli, tomato, and spinach, and also ground beef samples were 
contaminated with 710, 650, 14000 and 3400 CFU of O157:H7/g, respectively. The observed reduction ranged from 
94% (at 120 h post-treatment tomato samples) to 100% (at 24 h post-treatment of spinach samples). The authors found 
that naturally occurring phages may be useful for reducing contamination of various food samples by O157:H7.  
 O’Flynn et al. [29] were identified that two distinct lytic phages and a cocktail of three phages were evaluated to 
lyse the E. coli O157:H7. Phages resulted in a 5 log10 unit reduction of pathogen numbers in 1 h at 37 °C.  In an initial 
meat trial experiment, the phage cocktail completely eliminated O157:H7 from the beef surface. Similarly, single phage 
application caused a 3 log10 unit reduction in the number of viable cells within 2 h at 37 °C. When incubated at 37 °C 
for all phages when they applied individually or as a cocktail, the culture started to grow again within 2 to 3 h. But, this 
re-growth was not observed for incubation at 30 °C.             
 Sharma et al. [32] determined that the efficacy a mixture of three O157:H7 specific phages (ECP-100) in reducing 
the number of viable E. coli O157:H7 on contaminated fresh cut iceberg lettuce and cantaloupe. Bacterial strain was 
spot inoculated on lettuce pieces with a population of 3.76 log10 CFU/ cm2, allowed to dry, and then sprayed ECP-100 
to deliver 7.98 log10 PFU/cm2 to lettuce stored for 2 days at 4 °C. Spraying reduced the number of viable of O157:H7 on 
fresh cut lettuce. Furthermore, bactericidal effect occurred very quickly after spraying. Cut pieces of cantaloupe were 
also spot inoculated with O157:H7 (4.55 log10 CFU/mL) and treated with ECP-100 (6.69 log10 PFU/mL) and then 
stored at 4 °C or 20 °C for up to 7 days. Populations of O157:H7 on lettuce treated with ECP-100 on 0, 1, and 2 days 
(0.72, <0.22, and 0.58 log10 CFU/cm2 of lettuce) were significantly lower than those treated with the control (2.64, 1.79, 
and 2.22 log10 CFU/cm2), respectively. Populations on cut cantaloupes treated with ECP-100 on days 2, 5, and 7 (0.77, 
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1.28, and 0.96 log10 CFU/mL) and then stored at 4 °C were significantly lower than those treated with the control (3.34, 
3.23, and 4.09 log10 CFU/mL), respectively.  

2.2   Phage to control Salmonella contamination    

Salmonella is a gram negative, rod-shaped bacterium. Salmonellosis is one of the most commonly reported zoonotic 
diseases in many countries [13]. Animal-derived food, including eggs, egg products and raw or undercooked meats are 
the principal source of infection. Vegetables products are also been reported [1]. Although more than 2500 serovars of 
Salmonella enterica have been identified, the human infections are caused by a limited number of serovars S. enteritidis, 
S. newport and S. typhimurium belong to the most common serovars [33, 34]. According to the most recent report, 
approximately 1.4 million infections per year are estimated, resulting in 400-600 deaths. Therefore, the development 
and evaluation of new strategies for the control of Salmonella are urgently needed [13, 35]. Apart from the traditional 
use of heat and chemicals, many emerging technologies, phages were reported to be successful against Salmonella [33, 
35]. Among the phages to inhibit Salmonella enterica, SalmoFreshTM and SalmoLyseTM were approved by as GRAS by 
the FDA and US Department of Agriculture (USDA) [28].  SalmoFreshTM is prepared with a cocktail of naturally 
occurring lytic phages and inhibited Salmonella including strains belonging to the most common pathogenic serotypes: 
Typhimurium, Enteriditis, Heidelberg, Newport, Hadar, Kentuck and Thomson. SalmoLyseTM is a reformulated phage 
cocktail derived from SalmoFreshTM in which two of six phages in the original cocktail have been replaced [31]. Most 
of the many studies have focused on the use of phage to reduce carriage of Salmonella in poultry rather than as a food 
additive [36].      
 Galarce et al. [1] evaluated the effectiveness of five phages applied as a cocktail to reduce the counts of S. enterica 
serotype enteritidis (SE) in the two types of processed meat products. Each sample was contaminated with SE, treated 
with a phage cocktail and then incubated for ten days at 18 °C and 4 °C. A significant reduction in bacteria was 
obtained on days 3, 6 and 10 incubated at 18 °C (from 0.48 to 2.12 log10 CFU/g) and at 4 °C (from 0.23 to 2.06 log10 
CFU/g). They implied that the bacterial reduction obtained in their study was lower using the same phage cocktail in 
fresh chicken and turkey breast. Industrial processing of the food, changes the chemical composition, moisture, water 
activity and pH, bacterial growth and phage activity are responsible for these differences.  
 Guenther et al. [13] evaluated the reduction of S. Typhimurium in different ready-to eat-foods by virulent phage 
FO1-E2. Samples were inoculated with 103 CFU/g Salmonella cells and treated with 108 PFU/g phage and incubated for 
6 days at 8 °C or 15 °C. At 8 °C, no viable cells remained following phage application, corresponding to a more than 3 
log10 unit reduction. At 15 °C, application of phage lowered S. Typhimurium counts by 5 log10 units on turkey deli meat 
and in chocolate milk and by 3 log10 units on hot dogs and in seafood. They observed that phage resistant Salmonella 
strains appeared at the end of the incubation period. They stressed the environmental condition with an incubation 
temperature of 15 °C.  

Hungaro et al. [34] studied that five phages with inoculating in chicken skin used to reduce S. enteritidis at 37 °C 
and 25 °C. The chicken skin sections exhibited natural contamination of approximately 105 CFU/cm2 of S. enteritidis. 
All five phages were able to reduce S. enteritidis growth at 109 PFU/mL in both temperatures evaluated. The phage 
cocktail at 109 PFU/mL applied to chicken skin for 30 min achieved significantly reduction in S. enteritidis counts.  
When S. enteritidis was challenged with phages at 103 PFU/mL and 106 PFU/mL, no reduction in bacterial growth were 
observed. They demonstrated that bacterial growth inhibition was clearly phage concentration-dependent.    

Four phage treatments were used against Salmonella from poultry carcass rinse samples by Higgins et al. [37]. In the 
first two experiments, the highest concentration of phage (1010 PFU/mL) applied significantly reduced S. enteritidis 
recovery between 50 and 100% as compared with the control rinse water sample. In the experiments 3 and 4, broiler 
carcasses were inoculated with 31CFU/g S. enteritidis, sprayed with selected concentrations of phage. Similarly results 
were found that application of 108 or 1010 PFU/mL phage reduced the frequency of pathogen counts. They suggest that 
the treatment with large number of phage is desirable.  
  The effectiveness of a phage cocktail was determined in four different food matrices (pig skin, chicken breast, fresh 
eggs and packaged lettuce) contaminated with S. typhimurium and S.enteritidis by Spricigo et al. [38]. A significant 
bacterial reduction (˃4 and 2 log10/cm2) was obtained in pig skin sprayed with the phage cocktail and then incubated at 
33 °C for 3 and 6 h. These times were chosen because both of them are the duration of the pre-slaughter withdrawal 
period. Chicken breast were dipped for 5 min in a solution containing the phage cocktail and then maintained for 7 days 
at 4 °C. By day 7 of treatment, S. typhimurium concentration was 2.2 log10 CFU/g lower than the initial concentration 
whereas the reduction in S. enteritidis counts was greatest on day 5 post-treatment. Only a minor reduction of the 
bacterial concentration (0.9 log10 CFU/cm2 in the concentration of both Salmonella serovars) was achieved in fresh eggs 
sprayed with the phage cocktail and then incubated at 25 °C for 2 h. Likewise, there was a reduction of the Salmonella 
concentration in lettuce. The cocktail was more effective in S. typhimurium, with a decrease of 3.4 and 3.9 log10 CFU/g 
after 30 and 60 min than in S. enteritidis, in which a significant reduction of 1.9 and 2.2 log10 CFU/g after 30 and 60 min 
of treatment respectively was observed.  
 Wong et al. [39] showed that inoculation of 1012 PFU/mL of the phage in the chickens challenged with 1010 

CFU/mL of S. typhimurium was able to reduce the S. typhimurium. The Salmonella count reduced to 2.9 log10 
CFU/mL within 6 h of post-challenge. Zinno et al., (2014) focused on the use of phage P22 to eradicate S. typhimurium 

Science within Food: Up-to-date Advances on Research and Educational Ideas (A. Méndez-Vilas, Ed.)__________________________________________________________________________________

56



 

 
 

in different foods. Bacterial growth was monitored for 24 and 48 h at 4 °C. The cell loads at the initial time of in 
different treated foods did not show significant differences. On the contrary, significant difference in the mean value of 
viable count at 24 and 48 h was shown. When 104 CFU/g host inoculums were used, 2 - 3 log10 bacterial inactivations 
were detected in all food matrices after 48 h. Their results also showed that in liquid foods there was a significant 
reduction of the bacterial population after 48 h, while in other foods the cell loads were not affected. They emphasized 
that phage application was not enough to inactivate the entire population of pathogen bacteria. So, combination of 
phage with other natural antimicrobials such as bacteriocins or essential oils should be encouraged. In addition, their 
results indicated that phage ability against the pathogen bacteria is more effective in liquid foods than the solid.    

2.3   Phage to control Listeria monocytogenes contamination    

Listeria is ubiquitously found in the environment, and transmission usually occurs via contaminated food and water [22, 
31]. Among the Listeria species, L. monocytogenes are the greatest concern, owing to grow at low temperatures, survive 
in high salt environments and produce biofilms. Because of these properties, it is a high risk organism for food 
production [40]. Listeriosis is associated with mortality rates up 30%. To date, more than 500 Listeria phages have been 
isolated and characterized. Phage ListexTM P100 has received GRAS status by FDA/USDA for use in food materials. 
P100 was isolated from a sewage effluent sample of a dairy processing plant in Germany [41]. In addition, the phage 
preparation LMP-102 has been commercialized as ListShieldTM LMP-102 containing a cocktail of six phages. It has 
been shown to be effective against 170 different strains of L. monocytogenes, reducing significantly from 10 to 1000 
fold [31]. It was also approved FAD and USDA for application on food and surfaces in food production facilities as 
microbial pesticide [42].  
 Soni et al. [4] studied that the influence of phage dose, phage contact time, and storage temperature on the 
listericidal activity of phage P100 in reducing L. monocytogenes loads on the surface of fresh channel catfish fillet. The 
fresh catfish fillet samples inoculated with ~ 4.3 log10 CFU/g of a two serotype mix of L. monocytogenes cells and then 
surface treated with phage P100. The effect of phage P100 concentrations of 103, 105, and 107 PFU/g against L. 
monocytogenes on catfish fillet pieces within 2 h at room temperature. P100 treatment of 107 PFU/g resulted in an 
average of 1.6 log10 CFU/g reduction in L. monocytogenes counts. At density of 105 PFU/g of phage, there was a slight 
reduction of 0.4 log10 CFU/g reduction in L. monocytogenes loads. But, there was no reduction in L. monocytogenes 
counts at 103 PFU/g of phage P100 dose. The reduction in L. monocytogenes counts with the phage P100 dose of 2x107 
PFU/g (7.3 log10 PFU/g) was 1.4-2.0 log10 CFU/g at 4 °C, 1.7-2.1 log10 CFU/g at 10 °C, and 1.6-2.3 log10 CFU/g at 22 
°C on raw catfish fillet. The phage contact time of 30 min was adequate to yield greater than 1 log10 CFU/g reduction in 
L. monocytogenes, whereas 15 min contact time with phage yielded less than 1 log10 CFU/g reduction of L. 
monocytogenes loads on catfish fillet. The authors suggested that P100 titer was stable on catfish fillet samples, and the 
cell counts were still maintained over 10 day shelf life at 4 °C or 10 °C by P100 treatment.        
 Oliveira et al. [22] investigated that the efficacy of phage P100 to control L. monocytogenes growth on melon, pear, 
and apple products (juices and slices) stored at 10 °C. Phage treatment was effective on melon followed by pear, but no 
effect on apple products was observed. Reduction of about 1.50 and 1.00 log10 CFU/plug for melon and pear slices were 
found. In juices, higher reductions were obtained in melon (8.00 log10 CFU/mL) followed by pear (2.10 log10/mL) after 
8 days of storage. The bacterial cells in apple juice was unaffected by phage treatments. Consequently, phage treatment 
decreases L. monocytogenes growth on fruit slices and juices. However, these reductions were greater in fruit juices 
than fruit slices. The authors said that the pH differences may be a major factor contributing to the differences in the 
bacterial populations on the fruit slices and juices. In addition, phages are seemingly immobilized after addition to solid 
surface. Therefore, they could not come into contact with the surviving bacteria through limited diffusion.               

Bigot et al. [43] were aimed to control of L. monocytogenes on ready to eat foods. First of all, broth assays showed 
that A511 phages added at 5.2x107 PFU/mL prevented the growth of L. monocytogenes (108 CFU/mL) at 30 ° for 7 h. 
In the presence of phages, there was a reduction of cell concentration after four to five hours of incubation, but re-
growth occurred after 24 h. At the same temperature, but on the surface of vacuum-packed ready to eat chicken breast 
roll, there was an immediate 2.5 log10 CFU/cm2 reduction in pathogen concentration following addition of phages and 
then re-growth. However, when similar experiments were performed at 5 °C, there was an initial 1.5 log10 CFU/cm2 
reduction in host cell concentration. In addition, re-growth of bacterial cell was prevented over 21 days incubation. 
 Guenther and Loessner [44] showed that two different soft-ripened cheese models (white mold and red-smear) were 
established in the laboratory to evaluate the potential of A511 phage for controlling L. monocytogenes on the cheese 
surfaces. The surfaces of cheese were inoculated with 101-103 CFU/cm2 bacterial cells. Phage was applied at defined 
time points at thereafter, in single or repeated treatments, at 108 or 109 PFU/cm2. With 103 CFU/cm2 of bacterial cell 
concentrations and a single dose of A511 (108 PFU/cm2) on white-mold cheese samples, viable counts dropped 2.5 logs 
at the end of the 21 day ripening period. Repeated phage application did not further inhibit the bacteria. A single higher 
dose (109 PFU/cm2) was found to be more effective. On red-smear cheese ripened for 22 days, Listeria counts were 
down by more than 3 logs. Repeated application of A511 further delayed re-growth of Listeria, but did not affect 
bacterial counts after 22 days. With a lower initial Listeria contamination, viable counts dropped below the limit of 
detection.    
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 Rossi et al. [45] investigated that L. monocytogenes 1/2a was inoculated in Brazilian fresh sausage (2.1x104 CFU/g) 
with a phage P100 added thereafter (3x107 PFU/g). Samples were analyzed immediately and then stored at 4 °C for 10 
days. P100 reduced bacterial cell counts by 2.5 log10 units at both 0 and 10 days. In spite of this, the bacterial cells 
increased over the 10 day storage. This result demonstrated the psychotropic characteristic of the bacteria.         
 Soni et al. [46] analyzed that phage P100 was evaluated against L. monocytogenes cold growth in queso fresco 
cheese. When 9 log10 CFU/mL of stationary phase cells of L. monocytogenes exposed to P100, there was a 3 to 5 log10 
CFU/mL reduction after 24 h at 4 °C in vitro study. In cheese samples, the bacterial population increased from the 
initial 3.5 log10 CFU/cm2 to 7.7 log10 CFU/cm2 in 28 days at 4 °C. Treatment with 7.8 log10 PFU/cm2 of phage P100 
showed strong listericidal effect initially by reducing L. monocytogenes counts by 2 to 3.5-4 log10 CFU/cm2.   

2.4   Phage to control Campylobacter jejuni contamination    

Campylobacter was first described in 1880 by Theodore Escheric. These bacteria are curved, S-shaped or spiral gram 
negative rods, which can only multiply in warm blooded animals such as poultry, pigs, cattle and wild birds. C. jejuni, 
C. coli and C. lari are the most frequently reported in Campylobacter species [47]. In the developed world, C. jejuni is a 
leading cause of food-borne gastrointestinal disease [48]. Human infections arise from uncooked poultry meat, hand-to-
mouth transfer in the kitchen, and cross-contamination of other foods [19]. A significant traceable source of human 
infection is poultry. Cooking is the key to eliminating the risk of Campylobacter enteritis from poultry dishes. To safely 
cook such dishes, critical core temperature of 68-70 °C must be reached and held for periods as long as 45 min which 
can result in unacceptable sensory characteristics. The use of organic acid was found to cause a colour change or 
bleaching of the lever surface [49]. More useful mechanisms to control Campylobacter is the use of host-specific phage 
[50]. Campylobacter phages have been isolated from several different sources such as sewage, pig and poultry manure, 
abattoir effluents, broiler chickens and retail poultry [51]. From the intestinal content of poultry, purified phages may be 
transferred to the surface of poultry meat, at slaughter. They are able to survive for more than 10 days and naturally 
present on foods for human consumption. Campylobacter specific phages offer the prospect of a sustainable measure to 
reduce the numbers of Campylobacter colonization in poultry [52]. This is promising and results have indicated 
Campylobacter reductions of up to three log10 units have been achieved by phage application [53]. To date, there are 
more than 170 phages of Campylobacter species reported [36].  There are only a few reports on phage biocontrol against 
Campylobacter, with all the studies being conducted on poultry [51].  
 El-Shibiny et al. [18] also studied the effect of phage CP220 on C. jejuni and C. coli colonized broiler chickens. A 2 
log10 CFU/g decline in cecal Campylobacter counts was observed after 48 h in birds colonized with C. jejuni HPC5 and 
administered with a single 7 log10 PFU oral dose of CP220. To achieve a similar reduction in Campylobacter reduction 
in C. coli OR12-colonized birds, a 9 log10 PFU dose of CP220 was required.  
 Kittler et al. [19] used to a phage cocktail of Campylobacter reduction on three commercial broiler farms. One day 
after phage application, Campylobacter counts were reduced under detected limit (<50 CFU/g) in fecal samples. At 
slaughter, a significant reduction of ˃log10 3.2 CFU/g cecal content was detected. They also revealed that maximum 
reduction of Campylobacter at the slaughterhouse might be achieved by phage application 1 to 4 days prior to slaughter.  
 Fischer et al. [47] inoculated commercial broilers with 104 CFU/bird of a C. jejuni field strain. Then, each group of 
birds was treated with 107 PFU/bird of a single phage or four phage cocktails. Finally, they demonstrated that the 
Campylobacter load was permanently reduced by the phage cocktail as well as by the single page. The reduction was 
reached a maximum of log10 2.8 CFU/g cecal contents. 
 Firlieyanti et al. [49] showed that the application of broad host range phages (8 log10 PFU/g) to liver homogenates 
containing C. jejuni strains of diverse origin at 4 °C resulted in modest but significant reductions in the viable counts 
ranging from 0.2 to 0.7 log10 CFU/g. 
 Atterbury et al. [50] observed that the enumeration of campylobacters from chicken ceca in the presence of phage 
(mean log10 5.1 CFU/g) was associated with a significant reduction in numbers compared to samples with 
Campylobacter alone (mean log10 6.9 CFU/g). The detection limit was determined as log10 2.0 PFU/g Campylobacter 
CFU/g of cecal contents and similarly for phage log10 2.0 PFU/g of cecal contents.  
 Carvalho et al. [51] studied the efficacy of a phage cocktail in reducing the levels of colonization by both C. coli and 
C. jejuni in broiler birds. They showed that approximately 2 log10 CFU/g reduction of both Campylobacter strains was 
occurred. They also implied a 30 fold reduction in the incidence of campylobacteriosis associated with consumption of 
chicken meals could be leaded according to mathematical models. 
 Atterbury et al. [54] determined the efficacy of phages to reduce the number of recoverable C. jejuni on artificially 
contaminated chicken skin. A high concentration of the phage (107 PFU) was found more effective in reducing the 
recoverable C. jejuni in frozen chicken. The researchers in the study recommended combining freezing and phage 
treatment are ensured further falls in Campylobacter prevalence on broiler carcasses.  
  Carrillo et al. [55] determined that CP8 and CP34 were applied at different dosages, to 25-day-old broiler chickens 
experimentally colonized with the C. jejuni broiler isolates. Phage treatment of C. jejuni resulted in Campylobacter 
counts falling between 0.5 and 5 log10 CFU/g of cecal contents compared to untreated controls over a 5-day period post 
administration. The optimum dose for phage therapy was reported to be 7 log10 PFU, with the higher (9 log10 PFU) and 
lower doses (5 log10 PFU) of phage being generally less effective.    
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2.5   Phage to control Staphylococcus aureus contamination    

S. aureus has been responsible for outbreaks associated with milk and dairy products. In addition, particularly these 
strains can able to produce heat stable enterotoxins [56]. This strain is dependable for the 1-9 % outbreaks [57].  
Biocontrol of staphylococci has focused considerably on the prevention and treatment of mastitis and improvement of 
animal health [40].   
 Bueno et al. [56] studied that two S. aureus lytic phages were evaluated for their potential as biocontrol agents 
against this pathogenic bacteria in both fresh and hard-type cheeses. Pasteurized milk was contaminated with pathogen 
(about 106 CFU/mL) and a cocktail of the lytic phages (about 106 PFU/mL) was also added. In both types of cheeses, 
the presence of phages resulted in a notorious decrease of S. aureus viable counts during curdling. In fresh cheeses, a 
reduction of 3.83 log10CFU/g of S. aureus in 3h and viable cells were under the detection limits after 6 h. At the end of 
the curdling process, the pathogen strain was undetected and no re-growth was occurred during the cold storage. In hard 
cheeses, the presence of phages resulted in a continuous reduction of S. aureus counts. In curd, viable counts of S. 
aureus were reduced 4.64 log10 CFU/g. The authors also emphasized that starter strains were not affected by the 
presence of phages in the cheese making processes and cheese maintained their expected physic-chemical properties.  
 Garcia et al. [57] determined the ability of specific phages of S. aureus growth in curd manufacturing processes. A 
cocktail of two lytic phages produced a complete elimination of 3 x 106 CFU/mL of the pathogen in ultra high 
temperature whole milk at 37 °C. Furthermore, the frequency of emergence of phage insensitive mutants was reduced 
up to 200-fold in the presence of phage cocktail. In acid curd, the pathogen was not detected after 4 h of incubation at 
25 °C, whereas pathogen clearance was achieved within 1 h of incubation at 30 °C in renneted curd. The authors 
indicated that even though the phage cocktail was partially inactivated by low pH, it was able to completely eradicate 
viable S. aureus cells in curd made of heavily contaminated milk.         
 Haddad et al. [58] selected two anti S. aureus phage cocktails, each containing three phages. The use of these phages 
did not trigger over production of S. aureus enterotoxin C. Cocktail 1 was first tested against S. aureus on Cheddar 
cheese and the latter inoculated at 106 CFU/mL of milk. At the initial milk maturation and coagulation steps, no 
significant bacterial reduction was observed. Reduction of 1 and 2 log10 units of the staphylococcal counts were 
observed from the initial step until the coagulation step. At the coagulation step, the whey removal and the cheddaring 
step helped increase phage efficiency and dropped the staphylococcal concentration by 1.3 and 4 log10 units per g of 
curd. After a 14 day ripening, all cheeses with added phages did not containing S. aureus cells. For the cocktail 2, a 
significant decrease in the concentration of pathogen began at maturation. Similarly to the phage cocktail 1, no cells 
were detected above the limit of detection of 100 CFU/mL in all cheeses with the added phage cocktail 2 after 14 days.          
 Tabla et al.  [59] researched a cocktail of two phages performance against S. aureus in milk by high hydrostatic 
pressure (HHP) treatments. Four hundred MPa was found to be most suitable pressure to be used in combination with 
these phages. Two different levels of bacterial initial contamination (104 and 106 CFU/mL) were tested, and a 
synergistic effect between HHP and phages was observed in both cases. The combine treatment was able to reduce the 
initial pathogen contamination below the detection limit. The authors particularly emphasized that phages can be 
regarded as a valuable hurdle on minimally processed food.       

3. Conclusion    

Recently, there has been an increased interest in application of phage as an alternative antimicrobial chemotherapy in 
various fields such as human infections, food safety, agriculture and veterinary sciences. The scientific literatures 
demonstrate that phages have been suggested as an alternative approach to effectively reduce the amount of food-borne 
pathogens in food safety. It is necessary to determine the criteria for application of phages in the control of pathogen 
bacteria in food and therefore, all newly isolated phages with the potential application in antibacterial therapy should be 
characterized in detail.  
 Latest developments in genome sequencing and bioinformatic technologies have allowed a large number of phage 
studies to be carried out at the genomic level. These studies are provided further opportunities for applications in novel 
biocontrol agents and phage therapy. The results of such studies appear to be encouraging. But research is still needed 
to thoroughly because there are many questions that remain to be answered through the collection of scientific data such 
as phage-bacteria interactions and ecology, phage efficacy, under different environment conditions of food producing, 
and phage resistance.     
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Conventional lipid modification processes are able to redesign oils and fats depending on the desired functionality profile 
and the intrinsic characteristics of the raw materials by chemical modification of the fatty acids (hydrogenation); by 
reversing the ester linkage (hydrolysis); by physically separating triacylglycerols from glycerol with distinct melting points 
(fractionation) and rearrangement of fatty acids in the triacylglycerols main chain (interesterification). Although these 
processes are technologically functional, the substitution of fats in food products is a challenge because is difficult to 
obtain the satisfactory characteristics when there is no trans fatty acids and with reduction of saturated fatty acids. Thus, 
organogels technology appears with a new range of lipid structures capable of forming a three-dimensional network that 
immobilizes liquid oil, resulting in lipid bases with distinct macroscopic characteristics, rich in unsaturated fatty acids that 
shows potential for substitution of the technical fats obtained by the conventional processes of lipid modification, aiming 
at industrial products of better nutritional profile. 

Keywords: Lipid modification; Organogel; Structuring lipids 

1. Introduction 

The imbalance in lipoprotein metabolism caused by dietary habits with high intakes of saturated and trans fats and 
cholesterol causes increased concentration of total cholesterol and low density lipoprotein (LDL), reducing the fractions 
of high density lipoprotein (HDL), affecting the LDL/HDL ratio, which favors the onset of cardiovascular diseases. 
Conventional lipid modification processes are able to redesign oils and fats depending on the desired functionality 
profile and the intrinsic characteristics of the raw materials by chemical modification of the fatty acids (hydrogenation); 
by reversing the ester linkage (hydrolysis); by physically separating triacylglycerols (TAG) from glycerol with distinct 
melting points (fractionation) and rearrangement of fatty acids in the TAG main chain (interesterification). Although 
these processes are technologically functional, the substitution of fats in food products is a challenge, since 
technologically satisfactory crystallization and consistency properties are difficult to obtain when there is no trans fatty 
acids and reduction of saturated fatty acids. As a consequence, public policies that directed the food industry to change 
the lipid raw materials conventionally employed, aiming for greater consumer health, were implemented. Thus, the 
technology of organogels appears with a new range of lipid structures capable of forming a three-dimensional network 
that immobilizes liquid oil, resulting in lipid bases with distinct macroscopic characteristics and obtained with raw 
materials free of trans fatty acids and rich in unsaturated fatty acids. Organogels, viscoelastic materials composed of 
structuring agents and an apolar liquid phase, show the potential for substitution of the technical fats obtained by the 
conventional processes of lipid modification, aiming at industrial products of better nutritional profile. 

2. Lipids  

The term lipid is derived from the Greek lipos, which means fat. However, a number of compounds can be 
accommodated in this group: oils (mixtures of TAGs in liquid form at room temperature), fats (TAG blends in solid 
form at room temperature), waxes (esters formed by fatty acids with long-chained alcohols), as well as soaps, steroids, 
detergents and bile salts [1]. 
 Lipid-forming fatty acids are hydrocarbon derivatives and have a very low oxidation state, similar to the 
hydrocarbons present in fossil fuels, which means that fatty acids are highly reduced. In addition, they may have chains 
of 4 to 36 carbons, saturated or unsaturated. Frequently occurring fatty acids in nature have even numbers of carbon 
atoms in an unbranched chain containing from 12 to 24 carbons. Likewise, in the unsaturated fatty acids, the double 
bond is generally located at carbons 9 and 10 and are separated by methylene groups, that is, for the most part, 
unconjugated double bonds occur [2]. 
 According to the primordial chemical structure of lipids, these can be classified as acylglycerols, which have fatty 
acids esterified to a glycerol molecule. The number of esterified fatty acids classifies acylglycerol in monoacylglycerol 
(one esterified fatty acid), diacylglycerol (two esterified fatty acids) and TAG (three esterified fatty acids). Natural fats, 
such as vegetable oils and animal fat, correspond to complex mixtures of simple and mixed TAGs containing a variety 
of fatty acids that differ in chain length and degree of saturation [2]. 
 From a dietary and nutritional point of view, edible oils and fats are essential nutrients in the human diet, playing a 
vital role through the delivery of essential fatty acids and energy. In addition to the nutritional qualities, oils and fats 
provide consistency and melting characteristics specific to the products that contain them as well as acting as a mean of 
heat transfer during the frying process and as carriers of fat-soluble vitamins and aroma [3].   
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3. Saturated fats 

All humans need a lipid source in their diet. However, the increasing incidence of cardiovascular diseases in the last 
century has led to a great search for the risk factors related to its development. Thus, several studies have found that the 
relatively high intake of saturated fat (approximately 17% of total energy) is an important contributor to the high 
incidence of coronary heart disease [4]. Unbalance in lipoprotein metabolism and dietary habits are major risk factors 
for cardiovascular diseases. Western diets, with high concentrations of saturated fats and cholesterol, increase the 
concentration of total cholesterol and low-density lipoprotein (LDL). The activity of the hepatic LDL receptor is 
generally the main factor controlling plasma LDL, dietary cholesterol and saturated fats, since they suppress this 
receptor by increasing plasma cholesterol concentrations[1,5].  
 Saturated fatty acids are naturally present in oils and fats of plant and animal origin, and may produce interesterified 
or fractionated fats [6,7]. However, when this saturated fat is replaced by a source rich in polyunsaturated fatty acids, a 
reduction in the plasma cholesterol concentration associated with LDL also occurs, as well as anti-inflammatory actions 
on the vascular cells, since these fatty acids inhibit the expression of proinflammatory endothelial proteins [4,8].  

4. Trans fats 

The trans fatty acids (TFA) are geometric and positional isomers of natural unsaturated fatty acids. In this configuration, 
two hydrogen atoms attached to the carbon atoms forming the double bond are located on opposite sides of the carbon 
chain, forming a linear and more rigid molecule. Because of their structural characteristics, trans fatty acids have a 
higher melting point than when compared with their corresponding cis isomer [9]. 
 TFAs are naturally present in fats from ruminant animals as a result of the biohydrogenation process in the microbial 
flora of the rumen. However, TFAs also originate from partial catalytic hydrogenation of vegetable or marine oils. 
About 90% of TFA in food derives from this process. Hydrogenation is carried out with the aim of modifying the 
composition, structure and consistency of an oil. This results in the reduction of the degree of oil unsaturation and 
increase of its melting point, associated with the increase in the oxidative stability and functionality of the semisolid 
fractions produced [10]. 
 The TFAs are included among dietary lipids that act as risk factors for coronary artery disease, modulating the 
synthesis of cholesterol and its fractions and acting on eicosanoids. Several studies have suggested a direct relationship 
between TFA and increased risk of vascular diseases [5,10–12]. The excess of TFA, from the biological point of view, 
favors the production of eicosanoids without biological activity, since it has priority of desaturases enzymes [1]. In 
contrast to all other fatty acids, the trans isomers imply a decrease in high-density lipoprotein (HDL) and an increase in 
LDL cholesterol, affecting the LDL/HDL ratio unfavorably compared with the modification caused only by saturated 
fatty acids [13].    

5. Regulatory aspects 

Due to the harmful effects of TFAs and saturated health, several actions have taken place from both Health Regulatory 
Agencies and Societies responsible for the elaboration of Nutrition Guidelines, in order to recommend the reduction of 
consumption of these fatty acids by the world population. Thus, public policies that directed the food industry to change 
the lipid raw materials conventionally employed, aiming for greater consumer health, were implemented [8]. 
 Regarding international bodies, the Food and Drug Administration (FDA) requires that trans fats be declared in the 
nutritional information on the label of industrialized products since 2006. Recently, in June 2015, a new resolution 
called for the complete removal of trans fats in processed foods. This measure was taken aiming to reduce the incidence 
of cardiovascular disease and prevent thousands of fatal heart attacks that occur every year in the United States of 
America. In addition, the TFAs were also excluded from the GRAS ("generally recognized as safe") classification food 
safety indicator for human consumption [14].  
 As a precautionary measure, the FDA has also developed consumer guidelines recommending the choice of non-fat 
trans and reduced in saturated fat food products. The recommendation also warns about the minimum levels of TFA, 
since products with contents less than 0.5g of TFA in the portion do not have this component declared in the nutritional 
information. Therefore, it is recommended to check the listing of ingredients and if there is presence of partially 
hydrogenated fat, rich in TFA [14].  
 In Europe, however, the body responsible for food regulations is the European Food Safety Authority, which has 
warned about the increased risk of death from cardiovascular disease when daily intake of TFA exceeds 2% of total 
energy value. However, Europe does not have standard legislations for the whole continent – each country has the 
authority to set limits and recommendations. Possible approaches for European countries to limit the levels of TFA in 
food can be divided into legislative actions and voluntary measures. Legislative actions define limits (either at the level 
of ingredients or in the final product) or recommendations on the consumption of TFA in nutritional information and 
was adopted by Austria, Denmark, Latvia and Hungary. In other countries, there is voluntary inclusion of the trans fat 
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content in nutrition information, with Belgium, Denmark, the Netherlands, Poland, the United Kingdom and Greece are 
making their own regulations; While Bulgaria, Malta, Slovakia, the United Kingdom and Finland included dietary 
recommendations and Estonia changed the criteria for producing food products. Studies have noted that legislative 
actions were more effective in eliminating TFA in food than voluntary measures [15].   
 From these considerations, the field of knowledge in lipid technology has sought alternatives to reduce the amount of 
saturated and trans fats in foods, as well as reducing the caloric intake associated with the lipid content in processed 
products.   

6. Lipid modification processes 

Most natural oils and fats have limited application in their unaltered forms, imposed by their particular composition in 
fatty acids and TAGs. However, in the last decades there has been an increasing interest in the technology of 
modification of oils and fats. This trend can be attributed mainly to the fact that these materials are obtained from 
natural sources and are used as important raw materials for the food, chemical and pharmaceutical industries. Therefore, 
the industrial sector of oils and fats has developed several processes to alter the composition of TAG mixtures [16].   

6.1   Conventional processes 

In conventional lipid modification processes the basic structure of oils and fats can be redesigned depending on the 
desired functionality profile and the intrinsic characteristics of the raw materials by chemical modification of the fatty 
acids (hydrogenation); by reversing the ester linkage (hydrolysis), by physical separation of phases of fatty acids (TAG) 
from glycerol with distinct melting points (fractionation) and rearrangement of fatty acids in the TAG main chain 
(interesterification) [3].  
 Hydrogenation is a process of modification of oils aimed at obtaining fatty bases for the formulation of several food 
products. Partial hydrogenation modifies the plasticity of the lipid base and generates trans fatty acids. The reaction 
occurs at the active sites of the catalyst, usually nickel, where the gaseous hydrogen comes in contact with the double 
bonds of the unsaturated fatty acids present in the oil or fat, giving rise to saturation or isomerization reactions. The 
double bonds can be repositioned (position isomerization) or modified from the cis configuration to a 
thermodynamically more stable form, by the trans-isomerization mechanism [16]. In turn, total hydrogenation promotes 
the saturation of all the double bonds of the fatty acids of the starting raw material  without forming trans isomers [17].  
 Interesterification is a process of modification of oils and fats that promotes a redistribution of fatty acids in the 
chains of glycerol. The reaction begins when the catalyst is added to the oil or fat, promoting the cleavage of the TAG 
ester bonds. The fatty acids in the free form are re-esterified intra- or intermolecularly, usually resulting in products 
with distinct melting and crystallization characteristics of the original raw materials [18]. Although interesterified fats 
are free from trans isomers, fatty acid distribution may occur at the 1, 2 and 3 positions of the glycerol molecule, whose 
alterations may induce an increased risk of developing cardiovascular diseases [5].   
 Data from the literature show controversial results regarding the action of these fats on the lipid profile, since 
different types of fatty acids can be used in their formulation. Thus, it is necessary that studies evaluate not only the 
action of the various saturated fatty acids used, but also the possible metabolic implications resulting from the 
modification of the position of these fatty acids in the glycerol molecule [8].   
 The fractionation process, in turn, consists of the thermomechanical separation in two steps: partial crystallization in 
liquid phase and filtration.  In the first step, the molten fat is cooled and maintained at the desired crystallization 
temperature until partial crystallization of the higher melting point TAG occurs. At the end of the crystallization step, 
the two phases are separated by filtration to give stearin (solid phase) and olein (liquid phase). The stearin consist of 
TAGs rich in saturated fatty acids, SSS (saturated saturated-saturated) and SSU (saturated-saturated-unsaturated) types, 
while olein is TAG-rich UUU (unsaturated-unsaturated) and UUS (unsaturated unsaturated) [3].  
 Fractionation and the use of blends, that is, mixtures of fats with different physical properties, represent alternatives 
for obtaining fatty bases with physical properties and plasticity suitable for use in several products, although with 
limited potential by the chemical composition of the raw materials themselves [19].   
 Although the processes of interesterification, fractionation and mixing are very technologically functional, the 
substitution of partially hydrogenated or interesterified fats in food products is currently a challenge, since appropriate 
characteristics of crystallization and consistency are difficult to obtain when there is absence of trans fatty acids and 
saturated fatty acids [20].  

6.2   Lipids structuration 

In recent years, interest in the influence of specific additives or minor components in oils and fats on the physical 
properties of fatty systems has significantly increased [21]. Modification of physical properties of lipid matrices has 
been a strategic subject for the processing of high-fat foods, aiming at product suitability, cost reduction, quality 
improvement and increased applicability and stability of different lipid raw materials [21–23]. Different materials have 

Science within Food: Up-to-date Advances on Research and Educational Ideas (A. Méndez-Vilas, Ed.)__________________________________________________________________________________

64



 

 
 

been evaluated, such as trisaturated TAGs, free fatty acids, partial acylglycerols (monoacylglycerols and 
diacylglycerols), phospholipids, phytosterols and emulsifiers [24].    
 Generally, the structuring of oils and fats is carried out through the organization of the TAG in the initial stages of 
the solidification process forming a network of small crystals in the oil. The size and shape of these crystals can be 
controlled by the shear rate and degree of cooling, determining the mechanical properties of the crystalline lattice [25].  
 The range of publications available to date indicates that the various components, either natural or added to the lipid 
matrix, act at the molecular or sub-micron level on the overall structuring process, involving nucleation, crystalline 
growth, morphology, thermal behavior and polymorphic stability. Similarly, the effects of these modifiers at the 
macroscopic level, such as visual appearance, melting profiles, rheology and consistency, have also been the subject of 
further studies [24]. 
 In this context, in addition to the conventional structuring of TAG, studies on a new range of lipid structures have 
shown several effective compounds for the formation of a three-dimensional network able to immobilize the liquid oil, 
forming lipid bases with distinct macroscopic characteristics as an alternative to the conventional structuring agents rich 
in saturated fatty acids or trans fatty acids. Products of this new technology have been denominated organogels or 
oleogels [26].  

7. Organogels theory 

By definition, organogels are semi-solid systems, where the oil phase is immobilized by a self-sustaining three-
dimensional network formed by the structuring agents [22,24–27]. 
 The organogel-forming structuring agents are characterized as lipid materials capable of capturing a large amount of 
liquid oil, and can be classified into two groups: self-assembling systems (self-assembly) or crystalline particle systems. 
Both structuring agents act as building blocks forming three-dimensional networks in liquid or semi-solid oils. The size 
of the structuring agents and their interactions may determine the final structure of the product and its characteristics 
(Figure 1) [25,27]. The structuring can be achieved by dispersing the structuring agents in the continuous phase. These 
structuring agents may be macromolecules, such as proteins or polymers, or low molecular weight compounds such as 
fatty acids, fatty alcohols or TAGs. The interaction between them can be of different natures through covalent bonds, 
electrostatic forces, hydrogen bridges or Van der Waals forces. Generally, a small amount of structuring interacting 
with the continuous phase is sufficient for forming a network [25].   

 

Fig. 1   Different structuring mechanisms obtained in organogels. 

 The structuring agents of the crystalline particles type form colloidal crystalline lattices inducing the crystallization 
of the TAGs, which when subjected to cooling, limit the solubility of the higher melting molecules leading to the 
nucleation events. In this system, the crystals grow and interact with each other through non-covalent forces forming a 
continuous three-dimensional network. After completion of the crystallization, the crystals aggregate forming larger and 
larger agglomerates from weak bonds, and give rise to the final macroscopic characteristics [25].   
 The self-sustaining promoter structures may be represented by macromolecules, low molecular weight compounds 
such as fatty acids and fatty alcohols, mixtures of phytosterols-oryzanols, sorbitan monostearate, sorbitan tristearate, 
mixtures of lecithin and waxes. Using these agents, liquid or semi-solid vegetable oils can be structured as gels, forming 
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continuous networks, micelles or fibrillary networks from aggregates of micelles, developing inverse bilayer structures 
in the form of rods, characterizing the materials recognized as organogels or oleogels [21,25].   
 When the structuring agents used are of lipid origin, the formation of the gels occurs through an extension of the 
conventional crystallization process, the type, morphology and mode of growth of the crystals being distinct from the 
conventional crystallization mode, resulting in networks through the oil-structuring bonding capacity [28].   
 In gels added with only one component, as in the case of waxes in oil, this structuring intensifies linearly to the 
length of the acyl chain, which suggests an alignment of the structures forming a network stabilized by intermolecular 
hydrogen bonds. In mixed systems (lipid and emulsifying materials, for example), gelation is influenced by changes in 
the microstructure induced by heterogeneous nucleation, high crystallization kinetics, polymorphic habit modification 
and higher mesh density. Such changes in crystallization characteristics result in distinct networks capable of 
immobilizing the continuous lipid phase and originating the organogels [28].  
 Depending on the type of structuring element and the connections made for network formation, organogels with 
different properties can be formed affecting the characteristics of the product in which it is applied. The size and shape 
of the crystals formed by TAG can be controlled through cooling and shear and the interactions determine the 
mechanical properties of the network. When a large amount of structuring agent is used, a firm and dense network can 
be formed according to the desired profile, as well as the fluid texture organogels, whose production is made with the 
interaction of high and low melting TAGs [25].   
 The use of diacylglycerols and monoacylglycerols results in softer organogels, and, regardless of the compound, the 
longer the chain length, the greater the firmness of the gel obtained. Waxes, for example, have long chains and, a small 
amount of the material is already capable of forming a three-dimensional self-sustaining network. In addition, 
emulsifiers such as sorbitan monostearate, lecithin and sorbitan tristearate produce viscous solutions in edible oils, and 
viscosity increases with increasing concentrations of structuring agents [25].  
 Organogels demonstrate the potential to improve the physical characteristics of a product for industrial use without 
increasing the content of saturated fatty acids or trans fatty acids, making possible the development of products with 
reduced levels of saturated fatty acids, maintaining their sensory characteristics of texture and taste [21].    
 In addition, another interesting application of the organogels relates to the inhibition of the migration of oil into food 
products containing solid and liquid lipid phases such as in chocolates. It is expected that, through the immobilization of 
the liquid fraction, the mobility of the TAG is reduced, avoiding the modification of polymorphic forms, as occurs in 
the phenomenon of fat bloom, in bars and chocolate fillings [22].   

7.1   Organogels rheology 

Rheology is the branch of physics that studies the properties of flow and deformation of matter. The formulations of 
some materials cannot be differentiated into solids or liquids with clarity, so that the rheological property of interest in 
these cases is viscoelasticity, which occurs in the case of organogels, which are difficult to characterize materials, as 
they have solid and liquid properties at the same time. The determination of the rheological parameters can help in the 
characterization of the materials produced and in the understanding of the physico-chemical nature, besides allowing 
the understanding of the effects of the components of the formulation and the temperature used in the stability of the 
material [29].  
 Analysis of rheological behavior can be performed through parallel plate or cone-plate systems, with a small amount 
of sample deposited between the plates, one of which rotates and the other is fixed. Such a configuration enables to 
control the rotation and the calculation of the shear rate. The material then exerts a force of resistance to movement, 
which is measured as torque by the equipment [30].   
 Fluids may have newtonian, pseudoplastic, dilatant or plastic characteristics according to their behavior in relation to 
deformation or flow (Figure 2) [31]. 

 

Fig. 2   Fluids classification through the behavior in relation to shear rate and shear stress (A) and shear rate and viscosity (B). 
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 In a study performed by WRIGHT; MARANGONI [32], the profile of a vegetable-oil-based organogel, added with 
ricinoleic acid, was evaluated through the characterization of crystallization kinetics, microstructure, X-ray diffraction 
and the rheology of the gel . With the latter, it was possible to classify and identify the influence of various 
concentrations of ricinoleic acid on the behavior of the gel, which, between 1 and 5% (m:m) of concentration of the 
structuring agent, allowed to characterize the organogels as viscoelastic. In the study, the authors observed that changes 
in the rheological properties of the gel are more dependent on the structuring agent concentration than on the analysis 
temperature.  
 Lupi et al. [33] evaluated the influence of different types of oil phase (medium chain TAG and long chain TAG) on 
the process of gelling organogels with beeswax. Results showed that the increase in wax concentration led to higher 
values of storage and loss modulus (G', G'') and complex modulus ( *) of the organogels, which is associated with the 
net force formed between the oil and the structurant, increasing the strength and firmness of the gels.  
 Ramírez-Gómez et al. [34] produced high oleic safflower oil (OCAO) organogels containing candelilla wax (CC) and 
fully hydrogenated soybean oil (OSTH) as structurants in the proportions 1:15, 1:10, 2:15, 1:5, 3:10 , 2:5, 3:5 (m:m), or 
isolated, and evaluated them according to parameters of thermal behavior, polymorphism, microstructure and rheology. 
The rheological characteristics observed in systems consisting of 1% to 3% of isolated CC and 5% to 15% of isolated 
OSTH in OCAO classified these gels as viscoelastic. In addition, organogels with smaller crystals (high concentrations 
of CC) presented increase of G' compared with those structured with large spherulites (OSTH) while gels structured 
with interlaced platelets (2-3% CC) practically did not recover. This recovery effect to the initial state is desired for 
application in foods such as whipped cream and puff pastry.   

8. Materials of interest for composition of organogels 

8.1   Fully hydrogenated palm oil 

Among the possible modifications in edible oils, total hydrogenation eliminates the double bonds of unsaturated fatty 
acids, forming hardfats or fully hydrogenated vegetable oils, materials used as crystallization additives in vegetable oils 
that may be capable of altering the polymorphic habit and crystallization behavior of the lipid matrix [17].   
 Hardfats play important role in the structuring of TAGs due to their insolubility, or limited solubility, and the ability 
to form a solid crystal lattice. The hardfat origin may affect its composition, but, in general, all the hardfats have similar 
melting characteristics, with a high melting point and a crystalline matrix that withstands high temperatures [24,35].  
 The hardfat of palm oil is characterized almost exclusively by palmitic (C16:0) and stearic (C18:0) acids, with 
approximate concentrations of 44 and 54%, respectively [3]. High-melting TAGs, present in fully hydrogenated palm 
oil, cause increased crystallization velocity, since the fatty acid chains present are average (C16:0 and C18:0) and have 
a high melting point, near at 65°C [35]. The presence of trisaturated TAGs and the predominance of fatty acids of 
higher chains enable to reduce the induction time of crystallization by acting as preferential crystallization nuclei. 
Hardfats obtained from rapeseed, soybean and palm oils are usually used in concentrations up to 5% in addition to the 
continuous lipid phase to increase the rate of crystallization [17].  
 Oliveira et al. [36] evaluated the behavior of fully hydrogenated palm, soybean, cotton and crambe oils at various 
concentrations added isolately in palm oil. As a result, they observed that the addition of these hardfats reduced the 
induction time of crystallization in all of the blends, while increasing the thermal resistance of the obtained lipid bases.   
 Santos [37] evaluated the performance of the palm oil hardfat at the concentrations of 1, 3 and 5% and of soy lecithin 
(1%) in the crystallization profile of refined palm oil and mixtures of palm oil with palm olein (25, 50 and 75%) and 
observed that the palm hardfat reduced the induction period with consequent acceleration of the crystallization rate and 
from the synergism between soybean lecithin and palm hardfat in the consistency, both acting positively as structuring 
agents.  
 The palm hardfat is allowed for use as a structuring agent in foods, however, due to its composition of saturated fatty 
acids (palmitic and stearic acid), it should be added in small proportions in such a way not to increase the saturated fatty 
acids content in the organogel and in the final product.  

8.2   Candelilla wax 

Vegetable waxes are defined as a mixture of long chain non-polar compounds, including primarily fatty acid esters with 
long chain alcohols and only one functional group [38,39]. Waxes may be natural or synthetic, and the natural waxes 
are found on the surface of plants, protecting them, and they are approved for use in food as ingredients or additives 
according to the Food and Drug Administration [40].    
 The candelilla wax, Euphorbia cerifera, of the Euphorbiaceae family, originates from shrubs in northern Mexico and 
southwestern United States of America. The shrub is rarely attacked by pests and diseases and much of its production is 
directed to the market. The wax present in candelilla provides moisture barrier, being of paramount importance to 
prevent the dehydration of xerophytic plants. Their composition has 49-50% of n-alkanes having 29-33 carbon atoms, 
20-29% high molecular weight esters, 12-14% sterols and alcohols and 7-9% free fatty acids [41,42].    
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 Because it is a vegetal product, the wax extracted from the candelilla can present variations due to the seasonality and 
characteristics of the planting site. A 1995 study compared candelilla waxes grown in Texas (USA), Arizona (USA), 
Chihuahua (Mexico) and Durango (Mexico). The waxes showed diverse composition in hydrocarbons, being the 
biggest difference observed in the plant harvested in Arizona. In general, waxes have from 45 to 52% hydrocarbons 
predominating with alkanes and alkenes; and the remaining material is composed of esters, alcohols and resins [42].   
 The presence of n-alkanes in candelilla wax is what guarantees its structuring property, since these compounds act as 
self-assembly agents in several apolar arrays, forming crystalline networks with chips format. These chips are joined 
and form the three-dimensional network that confers the macroscopic characteristics of the obtained organogels [43].  
 Candelila wax is mainly used in the cosmetics industry for the production of lip protectors and lotions in bars and in 
the paint industry for the manufacture of varnishes. In addition, it has been used to replace carnauba wax and beeswax 
in different food systems, due to its composition that allows the development of edible organogels through dispersions 
of candelilla wax in vegetable oils [39,44].    
 Vegetable waxes, mainly candelilla and carnauba wax, are promising structuring agents for liquid oils, as they are 
commercially available and result in low cost, considering the amount needed for gelation. The three-dimensional 
network formed by candelilla wax presents small crystals with low spatial distortion, larger surface area and small pores 
capable of immobilizing the oil phase. In addition to the concentration and the particularities of the waxes, external 
factors, such as shear and cooling rate, affect the formation of the network and the ability to bond between wax and oil. 
However, due to the versatility and thermal reversibility of organogels obtained with wax, its use has been exploited in 
different applications such as fat reduction in ice cream, margarine and other food systems [20,45,46].  
 In recent studies on the structuring property of candelilla wax, Toro-Vazquez et al.[44] evaluated the incorporation of 
about 1% of wax in safflower oil, analyzing later the thermodynamic properties of the mixture. Hwang et al. [47] 
observed that candelilla wax associated with rice bran wax showed good structuring properties, further revealing that 
small amounts of vegetable waxes can replace lipid raw materials with high trans or saturated fat contents. In recent 
studies, Hwang et al. [48] analyzed the formation of organogels in soybean oil using sunflower wax and concluded that 
the esters present in the wax were important contributing factors for the construction of the formed three-dimensional 
network.  
 Rocha et al. [39] compared the effect of adding sugarcane wax and candelilla wax to 4% soybean oil concentration. 
Both showed the capacity to form organogels, however, the rheological properties and the compression/extrusion 
analysis showed that the organogel formed by candelilla wax had higher mechanical resistance even under shear, which 
could be proved by microscopy under polarized light in which the organogel presented a more organized network. The 
authors attributed the results to the differentiated chemical composition of the waxes used, especially in relation to 
chain size and the presence of alcohols that can affect the interaction of the structurant with the liquid phase.  
 Consumption of candelilla wax is allowed within the limits of the legislations, because its ingestion is considered of 
low toxicity since the wax compounds are absorbed through normal metabolic pathways, without there being 
accumulation in the body. Hence, recent studies have indicated that candelilla wax is safe for human consumption [49].  

8.3   Sorbitan monostearate 

Sorbitan monostearate (SMS) is a non-ionic hydrophobic surfactant, produced by esterification of sorbitol with stearic 
acid.  SMS is characterized as a granular solid that is dispersed in organic phases by heating to 60ºC, resulting in an 
opaque, whitish suspension with smooth textured gel. In cooling, the affinity between the solvent and the SMS 
decreases allowing the self-assembly mechanism of the system, in which the molecules of the emulsifier aggregate 
forming a three-dimensional network that immobilizes the solvent and is therefore able to form organogels in a variety 
of vegetable oils. In microscopic analysis performed by MURDAN; GREGORIADIS; FLORENCE [50] the SMS 
presented aggregates of tubular structures, cylindrical and elongated. 
 The addition of SMS in organogels as structuring agent has been made in formulations for the pharmaceutical, 
cosmetic and food industry. For food purposes, the use of SMS is allowed by the FDA as a food additive with a 
maximum content corresponding to 1% of the weight of the finished product and guarantees greater thermodynamic 
stability for long periods [14,21].  
 Sorbitan esters are generally composed of a mixture of fatty acids of different chain lengths and sorbitol molecules, 
as shown in Figure 3. Through this configuration, SMS is considered an emulsifier capable of influencing the delay of 
the polymorphic transitions in the crystallization of TAG [51].  In initial studies with oils and fats, which present a 
complex mixture of TAGs, the addition of 5% sorbitan esters to cocoa butter promoted the polymorphic transition from 
the β-form to the βV form and prevented the transition from βV to βVI, making possible a cocoa butter with presence of 
polymorph βV, which is of great importance to control the visual defect denominated fat bloom that occurs in 
chocolates [24,52].   
 In an in-depth study on the effect of the addition of SMS as a crystallization modifier on chocolate production, 
MASUCHI [53] observed that with the addition of SMS, even at minimum concentrations (about 0.5% m:m) it was 
possible to significantly modify the crystallization and microstructure of the cocoa butter, being effective in the 
modulation of the crystallization and delaying the appearance of fat bloom.   
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 From the mechanism of co-crystallization, SMS acts as a modulator of the crystallization due to the molecular 
similarity with the TAGs of the cocoa butter, which are composed mainly of palmitic, oleic and stearic acids. When 
evaluated with continuous lipid phase, after heating to about 60°C, the cooling of the system decreases the solubility of 
the SMS in organic solvents as the lipid phase, forming gel structure [53,54]  
 Recently, SAGIRI et al. [55] described the effects of the addition of SMS to the mustard oil. Concentrations of 1 to 
22% of  SMS were used and with this, it was verified that the minimum required concentration of isolated SMS to 
immobilize the mustard oil was 17% (m:m), being able to render the system semi-solid. The density of the net formed, 
observed by microscopy, was proportional to the amount of structuring agent added to the oil, that is, the higher the 
SMS content, the denser the network. Such modification also ensured an increase in the mechanical stability of the 
organogels produced.  
 STAHL [56] analyzed the effect of incorporation of SMS associated with hardfat of soybean oil in blends of linseed 
oils with palm oil in different proportions. Both structuring agents, at 3% concentration, demonstrated the ability to 
structure lipid matrices with high levels of unsaturated fatty acids, with positive effects on solids content, crystallization 
kinetics, consistency, thermal behavior, microstructure and polymorphism. Such an effect can be attributed to the 
presence of stearic acid in the SMS which could favor its co-crystallization with TAG by incorporation on the surface of 
the crystals, limiting subsequent agglomerations.  
 OLIVEIRA et al. [57], in turn, observed the combined effect of structuring agents of the self-assembly  type, in this 
case the SMS, with crystalline particle-type structuring agent, represented by the fully hydrogenated canola oil (hardfat 
of canola oil). In the work, mixtures containing palm oil and canola oil were made in proportions of 100:0; 75:25 and 
50:50 (w:w) with subsequent addition of 6% structuring agents (50:50 OCTH:SMS), resulting in increased thermal 
resistance and consistency of lipid bases, which showed synergism and efficacy of OCTM and SMS. The authors 
verified that the association of self-assembly and crystalline particles structuring agents leads to an optimization of the 
lipid structuring process, allowing a reduction in the amount of each structuring element, obtaining real organogels.  
 The consumption of this structuring agent is allowed according to the National Library of Medicine of the United 
States of America (NLH), it is considered a non-carcinogenic compound that is not retained by the body and is 
eliminated through the urine [58].   

9. Application of organogels in food 

The application of organogels has been studied for some years. In the food industry, organogels have the potential to be 
applied in order to minimize the migration of oils into multi-component foods such as filled chocolate, margarines, 
baked goods (such as biscuits and cookies), puff pastry and spreads, in addition to ensuring adequate texture and 
consistency without the addition of saturated or trans fatty acids [21,22].   
 In 2013, HWANG et al. [59] have developed organogels of vegetable waxes and soybean oil for application in 
margarines. The waxes used were candelilla wax, rice wax and sunflower wax, in isolation. The study demonstrated the 
efficacy of the use of oils rich in unsaturated fatty acids, such as soybean oil, ensuring greater wholesomeness to 
margarine and spreads obtained with the addition of waxes.   
 CHAVES [60] produced reduced margarines in saturated fatty acids (from 17% to 36% reduction in final product 
compared with the conventional) with addition of soybean oil organogels or high oleic sunflower oil containing 
candelilla wax, interesterified fat and monoacylglycerols. The produced margarines presented greater stability in 
comparison with the commercial margarines and the use of candelilla wax was essential to obtain this result, since the 
test with absence of candelilla wax showed oil exudation. In general, the parameters of consistency, spreadability, 
emulsion stability in relation to temperature fluctuations and hardness were similar to commercial margarines.   
 In similar study, YILMAZ; OGUTCU [61] produced organogels from hazelnut oil and olive oil using bee and 
sunflower waxes as structuring agents, also for margarine application. In this case, the authors achieved characteristics 
very similar to commercial margarine. The sensory evaluation of the final product indicated that about 50% of the 
testers would possibly buy the product.   
 Also using waxes as a structuring agent, ZULIM BOTEGA et el [62] have developed organogels to replace the lipid 
fraction in ice cream. Blends containing 10% wax (from candelilla, rice or carnauba) were evaluated with 90% high 
oleic sunflower oil and glycerol monooleate as emulsifier. In this case, the use of organogels as lipid fraction was able 
to confer adequate structure to the ice cream, characterizing it as similar to conventional.   
 The substitution of shortenings by organogels in bakery products has also been performed to reduce the saturated and 
trans fat content.  In studies performed by JANG et al. [63], the lipid fraction of cookies was replaced by organogel 
from canola oil and candelilla wax, whose hardness was lower than that of conventional shortening at room 
temperature, as well as the results observed in rheological parameters. When added to the cookies, the organogel 
product generated less bursting strength, resulting in greater softness, a feature different from that desired for 
commercial cookies. However, the fatty acid composition indicated that with the substitution of shortening, there was a 
92% increase in the content of unsaturated fatty acids.   
 In a similar study, organogels containing 5% candelilla wax in sunflower oil were also added in cookies resulting in 
very similar parameters, with softer, less crunchy cookies and with changes in the rheological parameters, 
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characterizing them as more fluid, and expressive increase of the content of unsaturated fatty acids [64]. In both studies, 
the cookies sensory analysis test was not performed.  
 BEMER et al. [65], produced organogels with soybean oil and 10% structurants (rice wax or ethylcellulose) for 
application in cream cheese. In relation to the conventional product, to that added organogel resulted in a reduction of 
90% in the content of saturated fatty acids. The rice wax provided a texture very similar to the commercial cream 
cheese and, in contrast, the organogel with ethylcellulose showed lower adhesiveness and modulus of elasticity than the 
commercial parameters. Thus, the study evidences the applicability of organogels containing vegetable wax to the 
development of healthier products.  
 Therefore, it is observed that studies on the application of organogels are still scarce, but extremely current and 
relevant in the area of lipid technology. The development and characterization of organogels are therefore an important 
technological alternative for obtaining lipid bases with a technological profile suitable for the application in several 
food, free from trans isomers and with a reduction in saturated fatty acid content.   

10. Conclusion 

Due to the deleterious effects attributed to the high consumption of saturated and trans fatty acids, organogels present 
themselves as a potential technological alternative suitable for application in food products, minimizing the migration of 
oils into multi-component foods, guaranteeing the desired technological characteristics in products such as filled 
chocolate, margarines, ice cream, spreads, cream cheese and baked goods such as cookies, and puff pastry. These 
applications, already described in the literature, were able to reduce the content of saturated fatty acids, without the 
presence of trans fatty acids, demonstrating the wide diversity for the application of organogels in food products 
according to the characteristics of the obtained systems.  
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Nowadays, there is a concern about the methods used for food preservation. One of the most important is that the food 
industry has been using additives to extend the shelf life of products, which at times, does not turn out to be quite safe, 
because of the assumption that most of them have health risk associated with cancer, asthma, cardiovascular diseases, 
allergies, etc. So, their use is justified for the simple fact of reducing costs because of lack of awareness of the producer. In 
addition, the amount of food waste has increased annually, exacerbating the situation and therefore, increasing the concern 
of finding the best way to preserve food without changing its physical and nutritional properties at the lowest price. 

The use of edible films in the food industry has evolved. Today, the impact they generate, as a means of conservation, is 
great, because they are composed of polymers, with specific characteristics, of natural origin. They can be 
polysaccharides, animal and vegetable proteins and lipids, which, when added to food reduce the loss of moisture, also 
they act as a barrier for CO2 and O2 movement through the food product, and improve they mechanical, physical and 
nutritional properties of food. On the other hand, they serve as active vehicles for bacteriocins, probiotics, antioxidants and 
nutrients, each of them having specific benefits in the proper functioning of the organism, optimizing the product for 
human consumption. Therefore, the present review article has as main objective to highlight the importance of edible films 
as packages and their application as vehicles of various bioactive compounds, and discuss whether in the future, they 
would be one of the best sustainable alternatives for the conservation and commercialization of processed foods. 

Keywords: edible films; edible coating; edible packages; active films 

1. Why use edible films? 

One of the main concerns of the food industry is to find suitable packages to market the food and to keep it in good 
condition for longer. These packaging are intended to be practical and malleable but with sufficient permeability to 
prevent food contamination by microorganisms, dust, gases or moisture. 
 Such packaging is expected to prolong the life of the product on the shelf and at the same time retaining its 
organoleptic properties. Due to increasing pollution and deterioration of resources worldwide in recent years, the 
industry has opted for organic materials and made from renewable resources to pack their products. 
 Edible films in the food area function as selective barriers for the transference of gases, moisture and nutrients; Are 
used because they greatly help to reduce the deterioration of foodstuffs caused by environmental factors. Likewise, it is 
sought to avoid or reduce the oxidation and loss of volatile compounds responsible for specific flavors and properties of 
food, therefore, the main objective of this chapter is to discuss if edible films made especially for fresh produce 

2. What we know? 

Nowadays, most consumers are worried about, not just what they eat and its nutritional characteristics, but also, they are 
worried about if the food that they eat contains some type of hazardous materials and even more, they are worried about 
its sustainable characteristics. 
 As consumers, we all want to eat fresh products, but what we don´t know is how far is the food from the place that 
has been picked or obtained directly. Now, the time that takes our food to get to our home and to our mouth, could be 
from hours to days, and this is how the “problem” begins. As soon as the fruit, vegetable, meat or any animal products 
are obtained, its aging starts. 
 But, how do we know that some products are fresh? the answers is in its flavor, its appearance and its texture. 
Therefore, food scientists are focused on generate technologies that maintained product’s “fresh like” characteristics for 
large periods of time. 
 People have been used some of these technologies for ages. Examples involve, increasing temperature to eliminate 
pathogens (pasteurization), decrease temperature to prevent bacteria and mold growth (refrigeration and freezing), 
adding salt or sugar also to prevent bacterial growth (salting and crystallization), etc. The issue with these technologies 
is that all of them affect either way sensorial quality of food products.  
 So, as an intent to decrease these changes, producer from China in the year 1100, and to maintain Emperor’s food 
fresh (especially citrus fruits) they used molten wax to cover them for long journeys [1] . Latter, this practice was 
extended through Europe, known as “larding”, in which they also used fats to prevent spoilage, nevertheless, this form 
to preserve fruits, altered its taste and texture [2] 
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 Then, Japanese used a coat obtained in the processes of boiling soy milk (named yuba) preserving overall quality of 
food [3]. Later, other technologies came along, such as, smoking, cooling (in iceboxes) and the used of heat. However, 
coating of products was always a cheap way to maintain their safety and quality. 
 We could now stablish that an edible film is any primary package (in direct contact with food) used to extend food 
product shelf life with its quality and sensory characteristics unchanged, with the unique characteristic that could be 
eaten with the food that contain them. The difference between an edible film and an edible coat is that the first is made 
to function as a wrap or a bag to cover the product and is usually from 50 to 250 mm thick. On the other hand, edible 
coating is formed in the product and it could be applied by a variety of method like, brushing, spraying, or dipping. 
 Edible films and coatings have several applications: they could serve as a barrier against the movement of molecules 
such as water vapour, ethylene, carbon dioxide, odor molecules, among others. They also could be used as carrier of 
active compounds like nutrients, antioxidants agents, pigments, antibacterial components to add beneficial effects to the 
food. The other important property of the edible films is to enhance of food’s sensory properties [4] 
 Food’s characteristics determined the type of edible films that can be applied, for instance, polysaccharides and 
protein based films are used as to carry nutrients and additives due to their bonding capacity, but they could not be used 
to avoid water loss because of their hydrophilic condition. Fat based edible films tend to break easily due to their no 
polar solubility but, also because of this, they are very good as water barrier [5] 
 Protein are a well-known material for films production since they can interact with several components through their 
amino acid chains creating a cohesive and stable film or coat [6] 
 Some of the protein used are: casein, whey, gelatin, soy protein, keratin, egg albumen, wheat protein, corn zein and 
depending on the ingredient the preparation could change. 
 Gennadios et al. [7] observed that gelatin could be used as a barrier to reduce oxygen, moisture and oil transfer when 
applied to meat products, but also its applicability is limited because is considered as a hydrophilic material, which 
means that it doesn’t work as a good water vapor barrier. In another research made by Guilbert [8], it was probed that 
zein has an excellent films formation protein and that it has better water vapor barrier characteristics in comparison with 
films produced with other protein, it reduces moisture loss and delay color change when applied in fresh fruit. But at the 
same time, the films made with this protein, need to be combined with fatty acids or with cross-linking reagents to 
improve its barrier properties. 
 Gennadios and Weller [9] worked with gluten based films, and they concluded that films made only with gluten, 
present low flexibility, thus the need to add plasticizer (glycerin), although, they reduce their water vapor barrier 
characteristics, its strength and elasticity. 
 In another research conducted by Zhang et al. [10] in which they worked with soy protein, they observed that the 
films have a high level of stiffness, tensile strength and developed films that are inexpensive and nutritional. On the 
other hand, casein films showed good free standing formation characteristics, but poor water vapor properties, they also 
transparent and flexible [11] 
 When films are produce with polysaccharide gums and naturally depending on the material used, they present certain 
and specific characteristics, such as plasticity, tensile strength, clarity and solubility due to the hydrogen bonding [12] 
Some of the gums used in film forming process are methylcellulose, alginate, carboxymethylcellulose, carrageenan, 
gellan, locust bean, agar, among others. 
 Nieto [12] concluded that films made with agar are clear, strong, insoluble to water and form stable networks that 
could be peel off improving its manageability however, they are brittle and with reduce elasticity properties. 
 Murray [13] showed that films with methylcellulose could be peel off and that they have high levels of tensile 
strength but it is a unique material since the process must have such heating controls for the gel phase to hold. Similarly, 
Konjac gum is a hydrocolloid obtained from the common Chinese plant known as Amorphophallus spp., according to 
Takigami [14], this gum produces strong films, due to its possibility to increase viscosity at low concentration, however, 
this property is could be too the downside for used Konjac gum, making solutions too viscous. 
 Yuen [15] worked with pullulan, a polysaccharide obtained from fungus Aureobasidium pullulans, and observed that 
the compounds formed a clear, strong and like synthetic polymers, their used in food products is due to its low 
permeability to oxygen and its high solubility in water. 
 According to Donati et al. [16] alginate associated with calcium form heat stable gels which also form films with 
increased tensile strength. Nevertheless, their negative charges, could decreased tensile strength and increased water 
solubility. On the other hand, Carrageenan, which is also a polysaccharide extracted from a seaweed, possess three 
different conformation; kappa, iota and lambda each with different characteristics: kappa formed the strongest films of 
all [17]. Similarly, Gellan gum (obtained from the fermentation process of Sphyngomonas elodea, can be classified in 
two; high acyl (with high flexibility, soft, and transparent) and low acyl (hard and non-elastic gels). Gellan gum form 
weak films, with low tensile and puncture strength but they are also clear and insoluble in cold water [18]. 
 Pectin has shown to require certain specification to fully hydrate hence, to create gel and films, such as sugar content 
(from 20 to 55%), pH (as low as 3.5) and temperature of process (from 50 to 85ªC). Pectin films are weaker than 
alginate films [19]. Chitosan, the principal material of the exoskeleton of crustaceans, formed films strong enough to 
made plastic wraps for fresh produce, they have high tensile and puncture strength [20]. 
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 Fats also are used as ingredient in film production because they are very effective barriers against moisture, meaning, 
water cannot enter or get out of the food [21] Some of this components are: waxes, margarine, lacs, shortening, resins, 
essential oils, fatty acids, among others.   
 Although most of the ingredients by themselves could be used to elaborate edible films, there’s some problems or 
weak points in each of them (Table 1).  

Table 1   Advantages and disadvantages of some of the most used ingredients in edible films. 

 Material Advantages Disadvantages 

Protein   

Casein [22] Good barrier to oxygen Tend to shrink, brittle 

Whey [23] 
Water insoluble, flavorless, flexible, high 
clarity,  

Need a process of crosslinking, texture depends 
on the aminoacid composition 

Gelatin [24] Odorless, cheap, transparent, tasteless 
Water soluble, hence limited used in food 
industry 

Gluten [3] 
Good oxygen barrier, good tensile strength and 
elongation break 

Poor water vapor barrier, opaque films, 

Soy [10] Inexpensive, environmental friendly, nutritional Poor moisture barrier, brittle and stiff. 

Zein [25] Flexible, smooth, cheap, good oxygen barriers 
water solubility, poor mechanical properties, poor 
heat sealability 

Polysaccharide   

Alginate [26] 
Strong films, low permeable to oxygen, 
tasteless, odorless, glossy 

High water vapor permeability 

Carrageenan [27] 
Solid films, low permeability, high tensile 
strength 

Opaque, low values of elongation at break, poor 
heat sealability 

Gellan [28, 29] 
Thermal stability, resistant to acid, clear films, 
poor solubility in water, clear 

High water sorption capacity, brittle and hard 

Agar [30] 
Good mechanical properties, transparent, 
flexible, clear 

Only soluble in hot water, high swelling capacity 

Carboximethylcellulose 
[31] 

Smooth, low water vapor permeability. 
Low elongation at break point, low tensile 
strength 

Pullulan [32] 
High gas barrier, glossy, water soluble, odorless, 
tasteless. 

Could become sticky, easily soluble at high levels 
of relative humidity 

3. Novel composite films 

Now, since any material alone does not have all the properties that consumers want; low water vapor permeability for 
fresh produce, high flexibility, high tensile and puncture strength and biodegradability, researcher have been studied the 
combination of two or more materials, composite films. The material, concentration and application mode depends 
entirely upon the type of food.  
 Many are the research that have been conducted in composite films; according to Galus and Lenart [33] a composite 
film made with alginate and pectin shows higher values of tensile strength and elongation at break rather than the 
ingredients individually. Also, they proved to generate clear and homogeneous films that also had lower water vapor 
sorption in comparison with alginate only films. 
 In another work conducted by Otoni et al. [34], they evaluated the properties of a soy protein-oil film and they found 
that the water barrier properties increased when oil is added to the soy protein solution, in addition, total pore volume 
decrease. Alvarado-Gonzalez et al. [29] work with a blend of Aloe vera and gellan gum to improve their physical and 
chemical properties, and they found that the combination shows higher levels of transparency, water sorption capacity 
and water vapor permeability were enhanced. In the same way, Eghbal et al. [35] probed that when sodium caseinate 
and pectin, tensile strength and elongation at break improved and water sorption decreased. 
 However, not all blends improve films properties. One example is the research conducted by Jridi et al. [36],  they 
observed that when combined gelatin and chitosan, the composite films shows no significant different in transparent and 
tensile strength than the observe in chitosan films. 
 Other researches have been investigated the blend of more than two materials; Tong et al. [37], studied the effect of 
combine Pullulan, alginate and carboxymethylcellulose in edible films properties. The resultant films had better 
mechanical, barrier and water solubility properties. Similar research made by Taqi et al. [38] probed that when apple 
pectin, cassava starch, essential oils and oleic acid are combined, its chemical and physical properties were changed; 
tensile strength decreased and the elongation at break point increased.  
 Composite edible films in food industry have been used to maintain fresh fruits microbial, physical and chemical 
properties. Some other works are show in the list below (Table 2) 
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Table 2   Recent research on composite edible films. 

Ingredients Changes observed Reference 
Cutin/pectin Lower water uptake, lower solibility [39] 

Kappa carrageenan/sorbitol/glycerol 
Higher tensile strength, higher elongation at break, 
increased moisture content, water solubility and water 
vapor solubility 

[27] 

Gelatin/curcumin Film change color with pH [40] 
Aloe vera/plpantain flour Smoother, clear, rigid and plastic films [41] 

Whey protein/pectin/transaglutaminase 
Prevent weigh loss of fresh cut produce, prevent 
microbial growth 

[42] 

Mesquite seed gum/palm fruit oil 
Decrease water solubility, decreased water vapor 
permeability, improve tensile strength 

[43] 

Moringa leaf extract/chitosan/carboxymethylcellulose Lower mass loss, lower respiration rate [44] 

Chitosan/gum Arabic 
Lower mass loss, lower respiration rate and ethylene 
production 

[45] 

Pomegranate peel pectin/montmorillonite 
Improve tensile strength, water vapor permeability 
decrease 

[46] 

Shellac/gelatin 
Decrease weight loss, maintain post harvest quality of 
banana for more than 30 days 

[47] 
 

Gelatin/defatted soy protein 
Increase color properties, tensile strength, water 
permeability, water solubility 

[48] 

Water chestnut starch/chitosan/glycerol monolaureate/ 
nisin/pine needle essential oil 

Lower water absorption expansion, tensile strength 
elongation and puncture strength 

[49] 

Rice starch/L-carrageenan 
Improve tensile strength and elongation at break, 
better solubility enhance water vapor permeability 

[50] 

Beeswax/hydroxypropyl methylcellulose 
Reduce oxygen barrier, reduce mechanical resistance, 
improve moisture barrier, reduce weight loss 

[51] 
 

Nanoclay/quince seed mucilage 
Improve tensile strength, increase elongation, improve 
gas barriers 

[52] 

4. Active films 

So far, information about edible films and coating with improve physical and chemical properties have been well 
studied, however, recently, researches has taken notice in the importance and application of bioactive compounds added 
to edible films. The purpose is to enhance antioxidant, antimicrobial or even nutritional characteristic of the food that 
contain them, hence, its name “active films”.  
 One of the most studied bioactive component is essential oil to prevent microbial growing. Hashemi and Khanaghah 
[53] added oregano essential oil to basil seed gum based edible films and observed antibacterial activity with 2-6% 
content of oregano essential oil against Escherichia coli, Salmonella Typhimurium, Pseudomona aureginosa, 
Staphylococcus aureus and Bacillus cereus. Another research conducted by Kazerani et al. [54] they probed 
antibacterial effects against Staphylococcus aureus and Escherichia coli when Zataria multiflora essential oil was 
added to cress seed gum based edible films, also, they found that the addition of essential oil caused a change in glass 
temperature transition of the film. 
 Not only antibacterial effect has been studied, also work about antifungal effect of some bioactive component has 
been made, Bahram et al., [55] evaluated the effect of cinnamon essential oil against Candida albicans, when applied to 
whye concentrate edible films and the concluded that the film exhibited good inhibitory effect against fungi. Also, 
Gniewozs et al., [56] showed that with 0.12% of added Caraway essential oil to Pullulan based edible films, Aspergillus 
niger was inhibited along with the population of Salmonella enteriditis, Staphylococcus aureus, Saccharomyces 
cerevisae in fresh baby carrots. 
 The impact of probiotics in human health have been extensively studied, due to the increased interest of consumer in 
wellness therefore biopolymeric matrices have been added with probiotics as an alternative to enhance food safety and 
health.  Soukoulis et al. [57] estudied the viability of Lactobacillus rhamnosus incorporated in edible films, and 
concluded that two blends; high viscosity alginate/whey protein and k-carrageenan/locust beam gum/whey protein had 
the best mechanical and barrier properties. In the same way, pullulan and pullulan /potato starch are the best carriers for 
Lactobacillus plantarun, Lactobacillus reuteri and Lactobacillus acidophilus with 80% of viable cells and after 2 
months of storage [58],  Lopez de Lacey et al., [59] also probed that biopolymers are excellent carriers for probiotics, 
they incorporated Lactobacillus acidophilus and Bifidobacterium bifidum in gelatin and observed that probiotic 
decreased in less that 2 log cycles. 
 According to Percival [60] an antioxidant compound is the one that “are capable of stabilizing and deactivating free 
radicals before they attack cells. Antioxidants are absolutely critical for maintaining optimal cellular and systemic 
health and well-being”. Because of the edible films are good carriers for these compounds, giving a functional property 
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to the food matrix. Suppakul et al. [61] evaluated the radical scavenging and ferric reducing antioxidant power and 
observed that when combined Indian Goosberry extract to a composite Indian Goosberry puree/methylcellulose based 
films, it showed the higher antioxidant activity during 90-day storage. Antioxidant compounds are found mainly in 
plants, such as sage and laurel, which when incorporate to whey based edible films, contribute to the oxidative stability 
of frozen meatballs [62]. 
 Finally, it could be also incorporate other type of nutrients such as vitamins and minerals; this is the case of the 
research made by Bilbao-Sainz et al. [63] were they added vitamin D2 to an edible mushroom chitosan based edible 
films. Another vitamin that was incorporated to edible films is vitamin E or tocopherol and when added to chitosan 
edible films, decreased film’s solubility and increased significantly its drying rate [64].  

5. A green option: Edible packages 

Other used that has been given, and recently is getting importance from the consumer, is the “green” side of apply them 
as a wrapping or as a package that would reduce plastic waste. Plastic take thousands of years to break down, 
meanwhile it would become a contamination problem affecting all types of living beings. So, to counteract the problem, 
experts proposed two options; to recycle plastic or to gradually change to biodegradable materials. However, recycling 
involves transporting and sorting costs leaving biodegradable materials in first place to a cost-effective solution. Still, 
biodegradable material should be created from raw ingredients that would be disposable in other product manufacture.  
 So, the material used should be safe and nutritious for the people not to dispose any wrapping or packaging material 
when eating food.  
 A great example of this is protein based film which have been proven to be biodegradable and compostable source 
giving nitrogen to the soil to fertilized it [65] being casein a waste product in dairy process. Semolina loaded with nano 
kaolin have been probed to also make a suitable material for biodegradable edible package [66]. 
 Recently, certain companies launched products with edible packages; Saltwater Brewery ®, create from beer by-
products and edible ring used in their beer’s six packs, these rings feed marine animals instead of killing them [67]. 
 In the same way, Rodrigo García González a postgraduate student of the Royal College of Art innovate with egg yolk 
a package that could allegedly, replace water bottles. The design consists in a sphere like package containing water 
(with the appearance of a jellyfish), that could be thrown away or could be eaten [68] 
 Is worth mention that not only small producers are interested in this type of packages; for instance, KFC®, 
introduced a tortilla based bowl “Rice bowlz” as an Indian product, the good news is that this product was well adopted 
by consumers, this was a initiative that begins when the government of Bangalore banned plastic [69]  
 Wikicells® is another innovative way to package foodstuff, the brand was invented by Dr. David Edwards whose 
ideas came from the model of “nature to wrap food”. This type of wrapping involves several plastic-like ingredients 
such as cookie dough, cocoa powder and chia to contain from frozen yogurt to gaspachio [70]. 

6. Conclusions 

After all the facts that were mentioned above, we could conclude that edible packages are now the ultimate way to 
present processing food. It can be used several ingredients; polysaccharides, proteins and lipids or fats. 
 Researches have turn around their eyes to this opportunity area of create a new, innovative way to package food, 
incorporating ingredients that the food does not have such as antioxidants, probiotics, vitamins flavor among others. 
Many times, ingredients by themselves don’t have the properties that the science looking for to contain different types 
of food, so, composite films (combinations of two or more components) are the best way, to improve material’s 
characteristics such as tensile strength, odor, taste, water sorption, water permeability, flexibility, etc. 
 Now, small and big companies are seeking out the best, low cost, greener way to sell their products being in recent 
years when investigations of this type have pay out. 
 So, we can say that eventually, and hopefully, edible and functional packaging would be the only way in which food 
would be commercialized to; improve health, lower contamination damage (to us and to the environment), increased 
product’s shelf life and finally increase cost-benefit ratio of foodstuff. 
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Factors that influence color degradation in extra virgin olive oils 

A. Mondragón-Valero, D. Salazar Hernández, I. Rodríguez Guillamón, G. Hernández Hernández and I. 
López-Cortés 

Departamento Producción Vegetal. Universitat Politènica de València Camino de Vera s/n, 46022 Valencia, Spain 

Nowadays olive oil is considered a global consumption product recognized by the numerous benefits it confers to human 
health. Its quality is regulated by the International Olive Council that establishes parameters concerning free acidity, 
peroxide index and organoleptic characteristics based on sensations perceived by the senses. Color is one of the most 
immediate organoleptic properties of olive oils determinant in consumer’s choice. As olive oil is a natural product, 
pigments are affected and partially destroyed by the oxidative and degradation processes that the oils suffer over time 
during the conservation prior to consumption. This alteration of is therefore perceived today as one of the most important 
changes affecting the organoleptic quality of the product. The objective of this chapter is to contrast the color changes 
experienced by different virgin olive oils subjected to standard storage conditions and evaluate the relationship between 
the color alteration and the alteration of its chemical composition. 

Keywords: Extra Virgin Olive Oil; Storage; Color degradation; Chemical Composition 

1. Intoduction 

 
Extra virgin olive oil (EVOO) is an important component of the praised Mediterranean diet, which is attracting 
increasingly the interest of scientists due to the health benefits it can provide [1]. This is due to its complex chemical 
composition which comprises various antioxidant substances that can be both nutritional and therapeutic. Polyphenols, 
sterols and fatty acids are the most influential constituents in terms of health benefits that can be found in considerable 
quantities in olive oil and that play a major role in human metabolism being simultaneously influent in factors such as 
stability, flavour and color of the oil [2].  
 Olive oil currently represents a small share of the whole vegetable oil market but its use is gaining ground, increasing 
worldwide, thanks not only to its potential health benefits but also to its unique sensory and nutritive qualities, since it is 
the only oil that is consumed by direct obtaining. Consumers are increasingly demanding least-processed high quality 
foods, and requiring quality to be maintained during a long period between purchase and consumption. Food must not 
only remain safe but also minimise the unwanted changes produced during the storage in the sensory quality, so it is 
important to evaluate the variations in a natural product as EVOO is.  

2. Quality criteria in virgin olive oils 

2.1   Chemical analysis 

According to the International Olive Council (IOC) [3] virgin olive oils are the oils obtained from the fruit of the olive 
tree (Olea europaea L.) solely by mechanical conditions, paying particular attention to the thermal conditions, that do 
not lead to alterations in the oil, and which have not undergone any treatment other than washing, decantation, 
centrifugation and filtration. Olive oils fit for consumption as they are include: 
 Extra virgin olive oil: virgin olive oil which has a free acidity, expressed as oleic acid, of not more than 0.8 grams per 
100 grams, and the other characteristics of which correspond to those fixed for this category in the IOC standard. 
 Virgin olive oil (VOO): virgin olive oil which has a free acidity, expressed as oleic acid, of not more than 2 grams 
per 100 grams and the other characteristics of which correspond to those fixed for this category in the IOC standard. 
 Olive oil: olive oil which has a free acidity, expressed as oleic acid, of not more than 3.3 grams per 100 grams and 
the other characteristics of which correspond to those fixed for this category in the IOC standard. This designation may 
only be sold direct to the consumer if permitted in the country of retail sale. If not permitted, the designation of this 
product has to comply with the legal provisions of the country concerned. 
 The EU regulation [4] establishes upper limit values for different oxidation indexes which are shown on Table 1.  
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Table 1   Particular characteristics of olive oils according to ICO trade standard 2015 [3] and Commission Regulation 1348/2013 [4]. 

European Commission Regulation /International Olive Council trade standards 

Parameter Extra virgin olive oil  Virgin olive oil Olive oil 

Free acidity (as oleic acid) ≤ 0.8 g % w/w ≤ 2.0 g % w/w ≤ 3.3 g % w/w 

Peroxide value ≤ 20 meq O2/kg oil ≤ 20 meq O2/kg oil ≤ 20 meq O2/kg oil 

K232  ≤ 2.50 ≤ 2.60 - 

K270 ≤ 0.22 ≤ 0.25 ≤ 0.30+¡ 

ΔK ≤ 0.01 ≤ 0.01 ≤ 0.01 

 The regulation also establishes other chemical parameters related to the quality criteria of the EVOO such as the 
content of volatile matter or impurities and the content of phenols not detailed in this chapter. 

2.2   Sensory analysis: the relevance of color 

Color and appearance constitute the first contact we have with food determining our preferences and influencing our 
choices. Color is one of the first sensory attributes of food valued by consumers, especially in EVOO, and it can be 
considered a quality parameter that highly influences its acceptance and preference [5].  
 EVOO is obtained by simple pressing of olive fruit (Olea Europaea), as a natural product, it has its own color 
ranking from dark green to pale yellow depending on the olive variety [6, 7], the agricultural practices such as irrigation 
[8], the maturation index on ripeness [9] or the oil extraction process [10]. Olive fruit color suffers changes as it grows, 
ripens and matures moving from deep green to yellow- green and then to purple and black. The green color of the tissue 
is provoked by chlorophyllic and carotenoid pigments, and their concentration decreases progressively during ripening 
that gives way to the synthesis of anthocyanins which first appears as spots on the skin, covering later more and more of 
the fruit surface dyeing it in purple until full maturation, where it becomes black. Anthocyanin synthesis produces 
finally the pigmentation of the whole fruit invading the interior of the pulp. Only chlorophylls and carotenoids, which 
are fat soluble, are transferred to the EVOO, giving its highly valued natural color [15].  
 The extraction process of olive oil entails, to a lesser or greater extent according to the extraction conditions, a loss of 
pigments, which in terms of total pigment content, affects the chlorophyll pigments more than the carotenoids. 
Although chlorophylls and carotenoids in food are mainly valued for its chromatic function, recent research has 
demonstrated that these compounds can be considered as quality indicators for the end product. The pigments detected 
in EVOO can be divided in the ones coming from the fresh fruit as chlorophylls a and b, lutein, β-carotene, 
violaxanthin, neoxanthin, antheraxanthin, and β-cryptoxanthin, and those formed during the extraction process, 
pheophytins a and b, luteoxanthin, auroxanthin, neochrome, and mutatoxanthin. The formation of these pigments is due 
to the fact that during the milling process a series of acids is released from the tissues of the fruit, which in the 
malaxation and centrifugation period favors the pheophytinization of chlorophylls and the isomerization of the 
carotenoids [16].   
 Many factors, both agronomic and technological can affect the EVOO pigment profile to the point that color has 
been proposed by some authors as a characterizing factor used as quality index related to olive variety and oil extraction 
method [16, 17].  
 The objective measurement of color is of great importance for food producers due to the relationships between such 
attribute and the acceptability of food by consumers [14]. Despite its importance as a sensitive attribute, no objective 
standardized method for measuring EVOO color has yet been established. The most accepted system in worldwide 
industries seems to be the CIELAB colorimetric system, its application to EVOO samples provides better results than 
those obtained by visual methods [15]. 

3. Factors that influence the alteration of extra virgin olive oil quality during storage 

The assurance of stability and quality of food products is therefore a matter of great importance for industrial producers. 
EVOO has generally a relatively long shelf-life, regulation considers periods between 12 to 18 months as the maximum 
storage period from bottling to consumption during which only minor changes of sensory characteristics occurs [16]. 
EVOO‘s nutritive properties, taste, aroma and color distinguish it from other edible vegetable oils, hence, if the 
worldwide prestige of EVOO is to be sustained, its quality needs to be maintained and assured throughout its 
commercial shelf life. It is a matter of great concern for the olive oil industry to preserve the positive attributes of oil 
during the time elapsing from production to bottling, and up to purchasing and consumption.  
 Several accelerated oxidative stability tests have been developed for fats and oils in order to obtain analytical results 
in a short period of time. Although these methods are useful for determining the relative oxidative stability of products, 
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the main drawback of the accelerated assays is that the autoxidation process takes place under drastic conditions, quite 
unlike those typically occurring under normal storage conditions. In fact, there is generally a lack of correlation between 
the VOO stability measured by means of accelerated tests and under normal storage conditions or shelf life [17].  
 During storage, the quality of EVOO may deteriorate because it can undergo both biological and chemical processes 
due to the hydrolysis of triglycerides caused by enzymes or/ and a chemical oxidation of fatty acids, promoted by the 
presence of oxygen and free radicals which is the main cause of EVOO degradation, resulting in the development of 
unpleasant odors, flavors, and on the long term a loss of nutritional quality [18] that could reduce its commercial value. 

3.1   Hydrolysis of triglycerides 

Hydrolysis usually produces an alteration of oil when enzymes and water are present. Under these conditions, the 
aqueous phase, consisting of a small quantity (approximately 0.5 %) of vegetation water, contains enzymes and, in 
particular, lipase, which is able to hydrolyse triglycerides to release free fatty acids and, as a consequence, increases the 
acidity of the oil. That reaction is promoted by storage temperatures higher than 18–20 °C [11]. If, in mill, olive oil is 
not separated from the sediment as quickly as possible the small drops of the emulsified water slowly settle on the 
bottom of the container forming a layer of sediment that contains sugars, proteins and enzymes which can ferment 
producing mostly short-chain fatty acids that provoke the organoleptic defect of muddy sediment or putrid.  

3.2   Oxidative rancidity 

Oxidative rancidity development has been recognised as the predominant cause of oil deterioration during storage [16]. 
Autoxidation is reaction between unsaturated fatty acids, regardless of whether they are in their free state or esterified as 
a triglyceride molecule, and oxygen.  
 The main compositional factors of olive oils that determine their susceptibility to oxidation are the fatty acid 
composition and inherent antioxidant compounds. The types of fatty acids present in the oil, and in particular their 
number of double bonds, determine the type and extent of chemical reactions that may occur during the storage period.  
 The oxidative deterioration of EVOO can be delayed by employing suitable methods like maintaining cool and stable 
storage temperature conditions and avoiding light exposure, but oxidation cannot be avoided [19]. Furthermore, EVOO 
provides a rich source of natural antioxidants. Polyphenols, sterols and fatty acid are present in considerable quantities 
in olive oil and play a major role in human metabolism, being simultaneously influent in factors such as stability, 
flavour, and color of the oil [6]. These include carotenoids, tocopherols and phenolic compounds which may act, by 
different mechanisms, to confer an effective defence system against free radical attack. Some authors have estimated 
their contribution to oil stability, that of phenolic compounds being around 30%, fatty acids 27%, α-tocopherol 11% and 
carotenoids 6% [20]. EVOO differ from other edible oils in the abundance of oleic acid (monounsatured), a medium 
content of palmitic and stearic acids (satured) and a low percentage of polyunsatured fatty acids like linoleic and 
linolenic. Polyunsatured fatty acids are oxidised faster than monounsatured ones, this explains the higher stability of 
EVOO in comparison with other vegetable oils where the percentage of polyunsatured fatty acids can reach levels 
above 40%.  

3.2.1   Influence of temperature and oxygen concentration 

It is not easy to differentiate the individual effects of temperature and oxygen on the oxidation process as strong 
interactions exist between them [22]. A temperature higher than 20–22 °C is dangerous because it increases the risk of 
oil autoxidation. The speed of fatty acids oxidation in the oil depends, in fact, on the storage temperature, which must 
be controlled between 13–18 °C. The most dangerous risk factor for oxidation of EVOO is however contact with air. 
During storage, in the presence of oxygen, the oil can be oxidised because of the activity of the lipoxidase enzymes or 
by a chain reaction due to free radicals. Data derived from Di Giovacchino et al. [23] indicates that the risk of oxidation 
is greater when the oil occupies only a small part of the container, thus favouring continued solubilisation of oxygen in 
the oil and, therefore, reactions with fatty acid radicals and the formation of hydroperoxides.  

3.2.2   Light exposure 

Natural or artificial light exposure is a risk factor in EVOO stability. Light may stimulate some photosensitizers able to 
produce singlet oxygen which promotes a rapid polyunsaturated fatty acid oxidation. 
Chlorophylls and pheophytins have a prooxidant action in the presence of light; they act as catalysts in the formation of 
singlet state oxygen, which can react directly with the double bonds of oleic, linoleic, or linolenic fatty acids, thereby 
generating reactive species of oxygen. Thus, chlorophylls and their derived pigments enhance the early phases of the 
process of autoxidation and generate allyl hydroperoxides. [20] 
 It has been demonstrated that oils stored in light displayed significantly lower tocopherol, carotenoid and chlorophyll 
contents than the oils kept in the dark [18]. The oils kept in the dark mainly contained products of primary oxidation, 
while the oils kept in the light contained products of secondary oxidation, describing light as the main cause for the 
increase in absorbance at 270 nm and especially for the loss of oil color. In addition, the oils kept in the light showed 
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significantly higher values of triglyceride oligopolymers which are considered to be good indices of the level of 
oxidation of edible oils and fats owing to their high stability and low volatility.  
 As expressed above to reduce the speed of oil oxidation, it is recommended to store the oil in a fully filled container 
where the volume of air must be below 3–5 % of the total volume, well closed, in the dark and at a temperature between 
13 °C and 18 °C.  

4. Relationship between color degradation and oxidative deterioration 

Lipid oxidation has been acknowledged as the major problem affecting edible oils, as it is the origin of important 
deteriorative changes in their chemical, sensory, and nutritional properties [24]. As lipids oxidize, they may form 
hydroperoxides, which are susceptible to further oxidation or decomposition into secondary reaction products such as 
aldehydes, ketones, acids, and alcohols. In many cases, these compounds adversely affect flavour, aroma, taste, 
nutritional value, and overall quality [25].  
 The EVOO used for this autoxidation and color degradation study were selected between 16 spanish olive oils 
varities cultivated in the west Mediterranean area (Alfafarenca, Arbequina, Arbosana, Carrasqueña, Changlot, Cuquillo, 
Dotó, Dulce, Farga, Llumero, Menuda, Morruda, Picual, Rojal, Serrana,Villalonga) on the basis of their color 
degradation due to storage time. In a previous research we found that the varieties mentioned above could be classified 
according to their color degradation after 3 years of storage in the dark and with a room temperature varing from 18 ºC 
to 26ºC in 3 groups: group nº 1 encompassed the varieties Arbequina and Cuquillo, group nº 2 Changlot and Menuda, 
and group nº 3 the rest of oils. Varieties Cuquillo, Farga, Menuda and Serrana have been chosen in this study as a 
representative sample of each group given their conditions of homogeneity in the group to which they belong 
 The color differences between fresh oils and oxidized oils are represented in Fig. 1. Values of the chromatic ordinates 
L*, a* and b* of the selected oils are shown in Table 2. Luminosity values (L*) increased slightly for Cuquillo and 
Menuda oils while no difference was found in this parameter for Farga and Serrana samples.  
 The storage appear to have a significant effect on the chromatic ordinates a* and b* for all the tested oils which 
correspond to the green/yellow zone in CIELAB space. The more negative the value of a* coordinate the greener the 
color of the oil, and the more possitive the value of b* the yellower the color of the oil. Values of both a* and b* above 
-10  and below 10 respectively shows oils with very litlle coloration, almost transparent. As we can see in Fig. 1 and 
Table 2. all oils except Cuquillo presented after 3 years of dark storage values of a* and b* between -10 and 10, that’s 
to say, all samples except Cuquillo have lost the caractheristic color that identifies EVOO. Although there is no general 
agreement about the visual threshold for a normal observer to appreciate the CIELAB color difference it is ussually 
considered that changes in oil color could become noticeables between changes of 1 and 3 units. In our study, Farga is 
the less colored oil with the higher value of a*combined with the lower value of b* (chroma = 5,37), followed by 
Serrana that reached a chroma value of 7,99, on the other side, Cuquillo presents after the storage a chroma value of 
31,33.  
 
 
 
 
 
 

 

 

 

Fig. 1   Dispersion diagrams of CIELAB coordinates (L, a, b) for year 0 (oil extraction year) and year 3 (after 3 years of storage in 
darkness). 

Table 2   CIELAB coordinates for 4 different oil varieties measured in the year of the oil extraction (L0, a0, b0) and after 3 years of 
storage in darkness (L1, a1, b1) (n = 5; mean value ± standard deviation). 

Variety L0 a0 b0 L1 a1 b1 

Cuquillo 86,61 ± 0,09 -14,52 ± 0,07 58,79 ± 0,14 87,40 ± 0,19 -8,72 ± 0,26 30,10 ± 1,48 

Farga 89,99 ± 0,12 -8,60 ± 0,03 22,18 ± 0,16 89,88 ± 0,23 -2,54 ± 0,12 4,74 ± 0,42 

Menuda 94,20 ± 0,05 -14,51 ± 0,18 81,45 ± 0,11 97,31 ± 0,31 -8,89 ± 0,37 5,50 ± 0,22 

Serrana 90,72 ± 0,05 -6,84 ± 0,11 15,51 ± 0,25 90,76 ± 0,17 -5,75 ± 0,02 5,56 ± 0,14 

86 88 90 92 94 96 98 100
L

-15-13-11-9 -7 -5 -3 -1

a

0

20

40

60

80

100

b

Year 0 

87 89 91 93 95 97 99 101
L

-15-13-11-9 -7 -5 -3 -1

a

0

20

40

60

80

100

b

Variety
Cuquillo       
Farga            
Menuda       
Serrana        

Year 3 

Dispersion diagrams of CIELAB coordinates 

Science within Food: Up-to-date Advances on Research and Educational Ideas (A. Méndez-Vilas, Ed.)__________________________________________________________________________________

84



 

 
 

 Storage has not only produced a variation of the coloration of the oils but also a change on their chemical 
composition as the parameters of oxidation demonstrate (Table 3).   
 The biologically synthesized fat is neutral, that’s to say the contained oil in the healthy olive that is in the tree has 0% 
of free acidity. The presence of free fatty acids is, therefore, a resultant abnormality, among other factors, of the poor 
state of the fruits, poor treatment, or poor conservation of the same. A very low acid percentage corresponds with a high 
quality oil. Values close to 0.1 indicate a perfect state of the olive and a correct manipulation of the fruits during the oil 
extraction. The current regulation considers the limit for EVOO in 0.8º. It is, however, very frequent to find commercial 
oils below this limit (usually two to five tenths of acidity). As shown on Table 3, all the samples had initially very low 
values of free acidity expressed as percentage of oleic acid, three years after, all oil varieties except Menuda showed 
acidity levels below the 0,8º required by the regulation for EVOO. Menuda oil has deteriorate its quality from according 
to this parameter from EVOO to VOO. 
 Fats oxidize on contact with oxygen in the air, when a vegetable fat begins to oxidize various compounds are formed; 
among them are peroxides, which are considered the first oxidation products. The peroxide value determines the 
primary oxidation state of an oil before the smell and stale taste is appreciated. In our study, after 3 years of storage the 
peroxide value for the oils of Farga and Serrana varieties are far above the limit of 20 meq of O2/kg set by de European 
Union and by the International Olive Oil Council (Table 3), and therefore would not meet official quality standards for 
EVOO.  
 K232 value indicates the initial oxidation process of a vegetable oil. As it occurred with the peroxide value, the 
samples that have shown higher K232 values are Serrana (7,24) and Farga (3,81) with values that exceed the threshold 
established by the regulation for virgin oils. These data go hand in hand with those obtained for the level of peroxide 
 K270 parameter detects a more advanced oxidative state. As the oxidative process progresses, the peroxides are 
modified obtaining components that absorb ultraviolet light at a different wavelength (270 nm) than the hydroperoxides. 
Following the criterion of K270 value, Serrana was the oil which has suffered more secondary oxidation followed by 
Farga and Menuda, all of three showed values above the limit indicated by the olive oil regulation after 3 years of 
storage. Secondary oxidation compounds are usually thought to be the most detrimental to human health [26], which 
makes K270 one of the most important quality parameters. 

Table 3   Quality parameters for 4 different oil varieties measured in the year of the oil extraction (t0) and after 3 years of storage in 
darkness (t1)  (n = 5; mean value ± standard deviation). 

Variety 

Free 
acidity t0       

(as oleic acid 
%w/w) 

Free 
acidity  t1      

(as oleic acid 
%w/w) 

Peroxide 
value t0  

(meq O2/kg 
oil) 

Peroxide 
value t1   

(meq O2/kg 
oil) 

K 232 t0 K 232 t1 K 270 t0 K 270 t1 

Cuquillo 0,23 ± 0,01 0,34 ± 0,01 12,63 ± 0,13 20,30 ± 0,21 1,90 ± 0,03 2,37 ± 0,12 0,12 ± 0,01 0,17 ± 0,02

Farga 0,20 ± 0,06 0,56 ± 0,03 4,34 ± 0,06 42,15 ± 1,20 1,57 ± 0,05 3,81 ± 0,09 0,07 ± 0,01 0,24 ± 0,03

Menuda 0,19 ± 0,02 1,19 ± 0,02 4,30 ± 0,08 17,33 ± 0,84 1,59 ± 0,05 2,14 ± 1,31 0,07 ± 0,01 0,23 ± 0,03

Serrana 0,20 ± 0,01 0,61 ± 0,02 4,43 ± 0,21 66,81 ± 0,66 1,50 ± 0,08 7,24 ± 0,09 0,12 ± 0,02 0,35 ± 0,01
Free acidity, Peroxide value, expressed as milliequivalents of active oxygen per kilogram of oil (meq O2/kg), and K232and K270 
extinction coefficients calculated from the absorption at 232and 270 nm, respectively, were measured following the analytical 
methods described in European Regulation EEC 2568/91 and later amendments.  

 Both polar phenols content and tocopherol have been successfully correlated with olive oil stability [27-28]. In our 
study, as a result of oxidation, is predictable that oils coming from Serrana and Farga fruits have reduced its polar 
phenols and tocopherol contents.  
 By relating the results obtained in the color measurements with the results of the chemical analyzes we can observe a 
parallelism between the values of a* and b* and the level of primary and secondary oxidation of the EVOO after three 
years of storage. The most chemically modified EVOO (Farga and Serrana), with higher values of peroxides and K232 
and K270 indexes coincide with the oils with lower chroma, higher values of a* and lower values of b*.  On the other 
side, the EVOO of Cuquillo, the only EVOO that still suitable for consumption after three years of storage according to 
European Regulation, is the EVOO that has presented the higher chroma and higher b* value. No correlation has been 
found between the increase of the luminosity (L*) and the chemical quality of the EVOO.  
 The course of time worsens the quality of the EVOO. To delay at maximum the EVOO color degradation and 
chemical oxidation, it is recommended to store the oil in a fully filled container, well closed, in the dark and at a 
temperature between 13 °C and 18 °C and consume it before 18 months of bottling. 
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Food additives are used to protect food, increase quality and extend shelf life in many stages, from production to 
consumption of food. Additives used in the food industry are added to the food during preparation, production, packaging 
and storage stages. Colorants added by food producers to color food or to adjust the color to desired level are among the 
commonly used food additives. Considering today's developing production technologies, foods fade or discolor at various 
stages of processing, storage, and sale due to physical and chemical conditions such as heat, light, pH and oxygen. 
Colorants are used to regain these color losses, to enhance weak colors, to give color to the food that is actually colorless, 
and to win back the favor of customers by hiding low quality. Colorants are used in the production of soft drinks, candies, 
bakery products, canned and vegetable products, dairy products, and meat and fish products.  

Keywords: food additives; food technology; colorant; E code 

1. Introduction 

The need of using additives in the food industry arises from technological requirements. In addition, factors such as the 
increase in the world population, the decrease in raw material resources, and the tendency of people to raise the living 
standards are affecting technological developments. Different production techniques, diversification of products, 
increase in the tendency of seasonal foods to be consumed in every period of the year, extension of shelf life of the 
products and necessity of quality standardization have made the use of food additives compulsory in food sector [1]. 
The colorant additives used in the food industry are added in order to add color to the food during processing and 
storage [2-3].  Colorants differ from each other by various physical and chemical properties such as chemical structures, 
sources and usage purposes. In this paper; information on food additives, colorants and general properties of colorants, 
usage purposes and health issues is provided. 

2. Food additives and their usage purposes 

Food additives are added in various stages of food production with two main purposes; one is to make food safe by 
preventing bacteria growth, oxidation formation and other chemical changes and the other is to improve consumer's 
taste by enhancing the organoleptic properties such as color, appearance, flavor and smell of the food [4-5] . 
 Some of the additives are produced from natural sources such as corn, beet and soybean, while others are artificial or 
synthetic. Nowadays, many consumers prefer to buy convenience food rather than preparing food at home. 
Convenience food containing additives and preservatives are not spoiled by bacteria and yeast, thus the quality and taste 
are preserved. There are more than 3000 antioxidants and preservatives having antimicrobial activity in the food 
industry. Salt and sugar are the most commonly used additives [3]. Spices and sulphites are also additives that have 
been used since ancient times in order to maintain the desired properties in the food production. With the development 
of the food industry in the 20th century, the use of new food additives has become inevitable for the production of many 
convenience foods [6].  
 Food additives are used in various processed foodstuffs such as non-perishable food, chips, ketchups, sauces, 
chocolates, puddings, colored candies, powdered drink mix, processed meat and dairy products, canned and fermented 
products, and  instant soups [5]. The International Codex Alimentarius Commission (CAC), established by the joint 
efforts of the World Health Organization (WHO) and the Food and Agriculture Organization (FAO) defines food 
additives  as “any substance not normally consumed as a food by itself and not normally used as a typical ingredient of 
the food, whether or not it has nutritive value, but added to the food with the intention of achieving a specific purpose,  
known for having safe dose levels and subjected to legal permission”. Food additives are substances added in the 
production, processing, preparation, packaging, wrapping, transport, preservation and storage stages [7,4,5-8]. 
 It is known that salt was used for curing meat products in 3000 BC and human used to benefit from salt and wood 
smoke as food preservation method around 900 BC [7]. In general, additives have functions such as extending shelf life, 
increasing product quality and variety, making food production quick and easy, reducing costs, and achieving the 
production standards. Some additives are used to attribute new features to food while some are used to preserve their 
existing properties [4-5]. 
 If a substance is added to food for a specific purpose, this additive is called the direct additive substance. For 
example, xanthan gum is a direct additive added to salad dressing, chocolate milk, bakery fillings, puddings. Usually 
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direct additives are written in the contents of the food label. Indirect food additives are substances that are added to food 
in trace amount during packaging, storage and other processes [5]. 
 
Classification of food additives according to purpose of use [5-9]. 
1. Extending the shelf life by protecting quality (Preservatives)  

Antimicrobial substances: (nitrite, nitrate, benzoic acid, propionic acid, sorbic acid)  
Antioxidant substances: (BHA, BHT, gallates) 

2. Improving food structure, preparation and cooking  
pH regulators 
Anti-caking agent (silicate, magnesium oxide, magnesium carbonate)  
Emulsifiers (lecithin, mono and diglycerides)  
Stabilizers, thickeners, sweeteners  
Fermentation agents  
Moisture regulators  
Maturing agents  
Bleaches, fillers, foam conditioners, polishers  

3. Improving color and flavor  
Flavor enhancers (MSG)  
Condiments (flavour substances)  
Colorants (tartrazine, indigotine)  
Protecting and improving nutritional value (nutritional elements)  
Replacing missed nutrients during processing (B1, B2, niacin)  
Adding nutritional elements that might be lacking in the diet (A, D vitamins)  

2.1   Legal regulations on food additives  

In order to make the relevant legal regulations it is crucial  to classify the additives used in processed food production 
by analyzing their health conditions and decide whether they are favorable to use or not. For this reason, the legal use of 
food additives in food is regulated by the joint efforts of the World Health Organization (WHO) and the Food and 
Agriculture Organization (FAO). The Codex Alimentarius Commission (CAC) was established in 1963 to carry out the 
joint work of these two institutions. The task of this commission is to regulate the standardization of food-related 
practices across the world in terms of health and technology. Documents prepared by this commission with this purpose 
are accepted as a reference for safe food production in all countries of the world. Codex Committee on Food Additivies 
and Contaminants-CCFAC and Joint Expert Committee on Food Additivies - JECFA are the two institutions working 
on food additives within this commission [7].  
 JECFA conducts studies on the safety of additives on human health and prepares lists of additives which are 
determined to be safe for use at certain doses. These committees investigate all scientific data of the food additives in 
their agendas, make evaluations, and identify ADI values by various means. The committees examine the food 
contaminants, naturally occurring toxic substances and veterinary drugs and determine the ADI and maximum residue 
limits (MRL) [3]. 
 ADI (Acceptable Daily Intake): As a result of long-term and detailed toxicological studies carried out by experts 
working in the JECFA commission, the acceptable dose of additives for experimental animals is determined. This value 
for humans is calculated as follows; one mg per kilogram of body weight is determined first and this number is divided 
by 100, which is accepted as safety factor by the commission, in order to decide on Acceptable Daily Intake.  The name 
of the additive and the maximum acceptable amounts in different food are determined in the lists prepared using this 
data. ADI is the maximum acceptable consumption amount of an additive per day. ADI values do not differ from 
country to country as they are stated as international standards. ADI values are not written on food labels. These values 
are stated in the relevant legislation and should be known by food producers [10]. 
 E code: Each food additive that is permitted for use in the European Union countries is given an "E" code. The "E 
code" used to identify food additives, inform consumers and prevent any confusion, consists of the letter E of the 
European Union (EC) and three digit numbers. More than 8.000 food additives are available today. Only 350-400 of 
them have the "E" code. All chemicals that are defined as additives and used in food, whether natural or synthetic, are 
within this coding system. Food additives are sometimes written with their original names, sometimes only with "E" 
codes, sometimes with both. In addition to this code, there are also other internationally recognized numbering systems 
such as the INS (International Numbering System) or CAS (Chemical Abstract Service) [4, 3-11]. 

3. Color and colorants in foods 

Usually the properties of food such as shapes, colors, tastes, smells and textures are improved to satisfy consumer 
expectations.  Color is one of the most significant factors that directly affects consumers' food choice and eating desires 
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[12]. Color is a visual feature that arises from the spectral distribution of the light. The formation of light occurs from 
the interaction of matter and light, and humans see wavelengths between 380-770 nm. As for the other matters in 
nature, the colors of the food are also based on this basic principle [13]. Color that affects taste recognition and product 
acceptability might has influence on both actual and perceived nutritional value of food [8].  
 Color additives are any dye, pigment or substance that are capable of coloring (either alone or by reacting with other 
substances) when added to food, medicament, cosmetics, or applied to the human body [5]. Today, due to the 
development of the food industry, the need to colorize food products has increased for various reasons. The Codex 
Alimentarius Commission (CAC) defines colorants as substances added to color food or to correct the color of the food. 
In addition, the colorants are added to restore the natural color lost during processing and storage of the food, to 
enhance the existing color, to strengthen the weak color, to color the food which is actually colorless and to win 
consumers by hiding low quality [13, 2-3].  
 Colorants are usually added to processed food such as candies, snacks, margarine, cheese, soft drinks, jam/jelly, 
gelatin, pudding and pastry fillings [5]. It is known that in medieval ages nitrate was used to enhance the color of meat 
and to prevent botulism apart from salt and smoke that were used as preservatives. In addition, food colorants were used 
by Egyptians in 400 BC to regulate the color of wine and confectionery products [7]. Among the natural colorants 
added to food around the mid-1800s were vegetable-derived products such as saffron, carrot, mulberry and flower, 
various animal originated pigments, and minerals from copper and iron. The first synthetic dye obtained from organic 
coal tar was used in butter and cheese around the end of the 19th century [14]. 

3.1   Classification of colorants  

Directives on colorants are examined in 3 groups. These are as follows: 
 1. Colorants whose ADI values are determined and allowed for use, 
 2. Colorants permitted to use only for special purposes (such as surface finishing) (CaCO3, aluminum, silver, gold), 
 3. Colors that are only allowed to use in some foods (Titanium dioxide, vegetable carbon, red beet)  
 The use of colorants outside of this classification is banned.  Furthermore, despite the ban on the addition of 
colorants to products such as mineral waters, milk, flour and tomato paste, different implementations are applied in 
national legislation [15]. Colorants differ from each other by various properties such as chemical structures, sources, 
and purpose of use.  As it is difficult to classify the colorants according to these properties, they are divided into two 
groups based on their sources as natural and synthetic [13].  

3.1.1   Natural colorants 

The use of natural colorants is known to date back 2600 BC and written records have been found in China. It has been 
reported that food colorants were used in Europe during the Bronze age [16]. Natural food colorants, which continue to 
be used worldwide and known to have significant benefits when consumed, are demanded by people for their long or 
short-term effects as well as for their reliability, functionality, biological potential and health effects. Consumers 
perceive natural colorants as safer than to synthetic colorants which are thought to be harmful [12].  
 Many consumers associate good and natural looking food and drinks with high quality while they think the other way 
around when it comes to faded and artificial shining products. In addition, the production of colorants from known 
sources such as beetroot, grape, cabbage and paprika makes the consumer feel safe and makes it easier to familiarize 
and accept the product [17]. Natural colorants are less stable to heat, light or pH, and their production is inadequate to 
meet industrial demand. They quickly fade when exposed to light and shows low resistance to acidity and high 
temperature. For example, Annatto turns to pink from yellow at low pH and chlorophyll turns to brown from green [15]. 
This makes natural origin colorants more expensive. For example, natural red and yellow colorants may cost 100 times 
more than synthetic products with the same effect [8]. Natural coloring matters are synthesized by plant and animal 
organisms or microorganisms and they naturally exist in them. Pigments produced by modification of living organism 
materials such as caramel, vegetable carbon and Cu-chlorophylline (vide infra) are accepted as natural although they are 
not found in nature (except carbon). Nature identical colors are man-made pigments found in nature. Carotene, 
canthaxanthin and riboflavine are nature identical colors [2]. The most notable colorants obtained from animal sources 
are Natural Sepia (cuttle fish), Crimson (Kermes Louse) and Tyrian purple (Murex shellfish) [16]. 

3.1.1.1   Organic natural colors  

Anatto: Annatto is one of the oldest known natural carotenoids used as food colorant. Tropical annatto is a pigment 
derived from the pericarps of Bixa orellana L. tree seeds [18]. Having yellow-orange food colorant property, annatto is 
used in smoked fish, various beverages, bakery products, and dairy industry. [19]. It has also been reported that annatto 
is used especially in cheese, butter, margarine and snacks [20]. 
 Anthocyanins: Anthocyanins are natural polyphenolic pigments group responsible for various colors of many fruits 
and vegetables ranging from red to blue. Typically, the most common sources of anthocyanins used in food industry are 
grape, elderberry and blackcurrant. Anthocyanins are also found in red beets, black carrots and so forth [17]. 
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Anthocyanins are not only vegetative as plant roots, flowers, leaves and plant matrices are. Algae/microalgae, 
fungi/yeast and aquatic animals are also used as raw material to extract carotenoid pigments [12]. 

 

Fig. 1   Chemical structure of Anthocyanins [16]. 

 B-Apo-8'Carotenal and Carotenoic Acid Ethyl Ester: Existing in 
the form of crystals or powder crystals and having a color of dark 
and red violet with a metallic lustre [13], they are used in the 
production of soft drinks, confectionary, coatings, soups, sweets and 
sauces [4]. 
 Vegatable Carbon (Vegetable Black): Carbo vegetabilis or carbon 
black is the only natural color that provides shades of black or gray.  
It is used in candies, ice-creams and frozen sorbet [17].  

 Caramel:  Caramels constitute more than 80% of all food colorants and are classified according to their production 
methods [19]. The distinctive taste, odor and the amber color that come out when heated is called caramel. Although not 
obtained from plants or animals, the caramel produced by heating the sugars is used in various food products. Sufficient 
pressure and temperature conditions must be provided during the caramel production process [21]. 
 Carotenes: As they are added to foods with high fatty acid content, carotenoids are preferred in various food 
production. The main coloring substance of carotenes, β-carotene, is yellow and red [12]. 
 Chlorophyll: Chlorophyll is common substance in nature which is a green pigment occurring as a result of vegetable 
and fruit plants photosynthesis [22]. Chlorophyll is used in bakery products, dairy products, candies, cereals, jams and 
jellies to give green color. Chlorophyll is also used as a complementary color when it is needed to dim off the yellowish 
cheese milk color [17]. 
 Carmine (Natural Red 4): Dactylopius coccus (Cochineal) is a local insect in South America and Mexico. The 
pigment obtained from this insect and its egg is carminic acid [16]. Carmine is a compound that carminic acid creates 
with aluminum pigment. Since it is an expensive substance as a color additive it is not economical to use in food 
industry. Carmine is used to give pink color in dragee coatings and protein food as the use of  FD&C pigments is 
unfavorable for protein food [23]. 

 

Fig. 2   Chemical structure of Carmine [16]. 

 Sepia officinalis L. (Female Cuttlefish): This pigment, called 
Sepiaxnthine, has a concentrated orange-red color. It is used as 
colorant and sweetener in pasta and sauce production. Usually, 
the ink of the cuttlefish is used in black pasta production. The 
most important colorant sources obtained from animals are 
Natural Sepia, Crimson (from Kermes Louse) and Tyrian purple 
[16]. 
 Curcumin (Turmeric): Turmeric is a plant that is cultivated 

in many tropical countries, especially Curcuma longa and India. Curcumin is the main coloring pigment of turmeric 
which is used as a spice for thousands of years and is one of the main components in curry sauce [17]. Curcumin is 
mainly used in dairy products, beverages, cereals, mustard, food concentrates, pickles, sausages, confectionery, ice 
cream and bakery products. Mixed with annatto, it is also added to the seasonal sauces, mayonnaise sauces and butter 
[16-21]. 

 

Fig. 3   Chemical structure of Curcumin [24]. 

 Lycopene and Lutein: Lycopene, the main coloring 
substance of red tomato, is a carotenoid class colorant. 
This substance is dark red and viscose. Lutein, another 
colorant in the carotenoid class, is the main coloring 
substance of xanthophylls and gives yellow color [13]. 
 Beetroot Red: The color pigments exist in the redbeet 
are red and yellow pigments. Redbeet is used in the 

production of ice cream, dairy products, jams and jellies and give strawberry color in confectionery that are not exposed 
to high temperature [16]. 
 Paprika Extract: The important pigments found in red pepper are a mixture of capsanthin and capsorubin. Both are 
carotenoids responsible for the red color of the dye [19]. 
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 Riboflavin: Riboflavin (vitamin B2), used as a yellow food colorant, is banned in most countries. It is used in many 
food products such as sorbet, various drinks, sweets and ice cream. Riboflavin is preferred in the production of cereal-
based products, but its use is limited due to its mild odor and naturally bitter taste [2]. 
 Monascus purpureus: Red pigments produced by the fungus named Monascus purpureus are used in traditional 
products in some countries due to their various properties. The use of these pigments has not yet been legally regulated 
in the European Union, the United States, Brazil, the Philippines and Taiwan. This pigment, which is soluble in water, 
has been used in confectionery and red rice wine production in Japan for many years. Additionally, this pigment has 
cholesterol-lowering properties [16]. 

3.1.1.2   Inorganic natural colorants 

Aliminium dust and silver for silver gray color, gold for real gold color, iron oxides for yellow, red, brown or black 
colors, titanium dioxide for white color and calcium carbonate for opaque appearance are important inorganic natural 
colorants [13]. These colorants are used in the production of confectionery coating, liqueur decoration, chocolate, 
calcium carbonate, gum and bread [4]. 

3.1.2   Synthetic colorants 

The substances which are not found in nature due to chemical structures and obtained by chemical synthesis are known 
as synthetic colorants [1]. The first synthetic organic color obtained is the purplish lilac color discovered by William 
Henry Perkin in 1856.  It was obtained from the organic coal tar. Synthetic colorants have many advantages over natural 
colorants. Synthetic food colorants surpass natural colorants due to their high coloring ability, various color tone, 
homogeneous color distribution, brightness, stability, and ease of application [14]. With high water and oil dissolution 
properties, shelf life of the synthetic colorants are quite long.  Chemical solubility matters when making a classification. 
Synthetic colorants are divided into three groups according to their solubility; [13]. 
 1- Water soluble synthetic colors 
 2- Fat soluble synthetic colors 
 3- Lake colors 

3.1.2.1   Water soluble synthetic colors 

Allura Red AC:  This synthetic colorant, generally known to be derived from insects, is actually produced from coal tar. 
Allura Red AC is used in the production of food like carbonated drinks, gums, snacks, sauces, soups, wine and 
especially apple wine. While European Union affirms its use; Denmark, Belgium, France, Switzerland, Austria, Norway 
and Sweden have banned it [3]. 
 Amaranth: This substance gives reddish brown color and it is water soluble [13]. 
 Sunset Yellow: Sunset yellow, which is orange red color, is usually used for food such as bread, drinks, cereals, sweet 
powders, ice cream and snacks [8]. 
 Brilliant Blue FCF and Brilliant Black BN: Available in blue and black colors, it exists in powder and granular form. 
It is easily soluble in water while being less soluble in ethanol [13]. Brillant black is used in the production of various 
cheese, wine, sauce and beverages [12]. 
 Tartrazine: Tartrazine is used to obtain lemon yellow color and is added to food products such as bread, beverages, 
cereals, peanuts, confectionery, cream, ice cream and canned food [8-5]. 
 Erythosine: Being a xanthen-class colorant in the structure of benzoate, erythosine exists the form of red powder or 
granules [13]. It is added to flavored milk and puddings, ice products, chewing gum and candies, jelly and drink 
powders [15]. 
 Quinoline yellow: Quinoline yellow is a synthetic substance used to obtain a greenish yellow color. It is used in soft 
drinks, jams and canned foods, edible ice, sweets, candies, pickles, sauces and spices [4].  
 Brown FK and Brown HT: Brown FK is used in smoked and cured fish, meat and chips, while Brown HT is used in 
various biscuits, chocolates and cakes [12]. 
 Other water soluble synthetic colorants are Green S, Indigotine, Patent Blue V, Litolurubin BK, Red 2G, Ponso 4R 
and Azorubin [13]. 

3.1.2.2   Oil soluble synthetic colorants 

Artificial colorants soluble in oil or organic solvents are insoluble in water as they do not contain groups capable of 
forming salt form as in water-soluble colorants. This group of colorants are not allowed to be used for food coloring 
because of their toxic properties. For example, the use of oil-soluble Penso SX for the coloring of butter and margarine 
was banned in 1976. Oil Red XO, Yellow AB used in the coloring of orange peels and Yellow OB are not allowed to 
use because of their toxic properties [13]. 
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3.1.2.3   Lake colorants 

Lake colorants are water-insoluble precipitation of aluminum hydrate substrate and are produced in the form of very 
fine powders. The dye content and particle size determine the color tone of the powder [25]. As they are not soluble in 
water, oil and other solvents, they are dispersed in food and produce color. They are used in cakes, biscuit fillings, 
confectionery, powder drinks, sweets, soups and spice mixtures [13]. 

3.2   Colorants used in food industry 

The European Union has identified 43 colors and each of which is given an E number as a food additive. Of these, 17 
are synthetic pigments and 26 are natural pigments [25]. Natural colors have always been part of the nutrition. 
Chlorophylls, carotenoids and anthocyanins are consumed with the food we eat every day [14]. Coloring of food with 
natural resources is thought to be healthier than coloring with synthetic dyes.  For this reason, natural color formulations 
need to be developed for the use of food additives such as emulsifiers, carriers and antioxidants [26]. 
 Non-alcoholic beverages: The non-alcoholic beverage industry has a significant share in the sales of food colorants. 
The coloring of soft drinks makes drinks more attractive and increases consumer perception of the overall fruit content 
and quality. All coloring categories such as synthetic, nature identical, natural and caramel colors (for coke) are used in 
non-alcoholic beverages [25]. In addition, Quinoline Yellow, Sunset Yellow FCF, Orange Yellow S and Brilliant Blue, 
banned in many European countries, are also used in non-alcoholic beverages [3]. Penso 4R, Brown HT, Brilliant Blue 
FCF, Green S, Quinoline Wax, Indigo Karmin are also used in soft drinks. While synthetic colorants are used in many 
fruit flavored soft drinks, cola and beer are colored with caramel [13]. Sunset Yellow is used in orange juice, Tartarizine 
in lemon juice, Penso 4R in cherry juice, Carmoisein and Sunset Yellow in strawberry juice, Carmoisin and Penso 4R in 
raspberry juice [15]. Allura red and Brillant Black are used in wine production [12-3]. 
 Sugar products: Usually Amarant, Penso 4R, Allure Red AC, Sunset Yellow FCF, Tartarizine and Karmoicine as 
well as Brown HT, Black PN, Brilliant Blue, Patent Blue, Erythrocin and Indigo Karmin are used in confectionery 
products. The amount of colorant added depends on the preferred color tone. Excessive coloring causes non-attractive 
dull color. The use of Lake colorants is recommended to use in chewing gums, bonbons and dragées in order to make 
synthetic colors leave color on mouth [13]. In addition, inorganic natural colorants such as Gold, Silver, Aluminum 
powder and Iron oxides are used in confectionery surface coating, chocolate and liquor decoration [4]. 
 Bakery products: Colorants are widely used in dough products, biscuits, cake creams and coatings. Caramel and 
carbon black are used in combination with synthetic colorants. Caramel is crucial in the coloring of rye bread. Allure 
Red AC, Sunset Yellow FCF, Brown HT, Tartarizine, Penso 4R are the most preferred colorants in baked products [13]. 
Tartarizine, Penso 4R, Sunset Yellow FCF are also used in chocolate cake, breakfast snacks, plain cakes and wafers 
[15]. 
 Canned food and vegetables:  The colorants to be added to canned food must be resistant to sterilization or high 
cooking temperature and acidic environment conditions. Amarant, Penso 4R, Allure Red AC, Sunset Yellow FCF, Red 
2G and Indigo Karmin are the most commonly used synthetic colorants in canned fruit. Anthocyanins, β-carotene, 
Carminic acid and Chlorophyll are natural colorants used in canned fruits and vegetables [13]. 
 Dairy products: The addition of liquid dyes to ice cream is done after pasteurisation.  Some cheeses and butter are 
colored with β-carotene and anatto [15]. In addition Sunset Yellow FCF, Penso 4R, Indigo Carmine, Erythrocin, 
Tartarine, Amarant and Allure Red are also frequently used in dairy products. Almost all kinds of ice cream are added 
with synthetic colorants.  Sunset Yellow FCF and Tartarissin color mixtures are widely used in ice cream cones [13]. 
Sunset Yellow FCF and Carmosine are used in yogurt production [3].   
 Meat and fish products: Carmosine, Erythrocin, Tartaricin, Allure Red AC and Red 2G are widely used colorants in 
meat and fish products. Water-soluble colorants suitable for pickling conditions are required for fish products produced 
by curing or smoking. For these practices, it is stated that Brown FK is particularly favorable, and in some cases 
mixtures of Carmosin, Tartarizin and Sunset Yellow FCF are also used [13]. 

3.3   Legal regulations on colorants 

Today, in all countries of the world, food additives and especially colorant-related regulations are in focus. Moreover, 
despite global cooperation and harmonization efforts, these regulations vary from country to country [27].  The 
European Food Safety Authority (EFSA) and the Food and Drug Administration (FDA) are the most important 
regulatory bodies authorized to protect and improve human health, as well as to ensure the quality and safety of food 
products [12]. 
 The FDA has primary legal liability for determining and regulating the safe use of food additives. Food 
manufacturers must first get approval from the FDA to use a new colorant in food production [5]. In developed 
countries, the use of colorants in the food industry depends on a number of toxicity tests (such as detection of the acute, 
subchronicand chronic toxicity, carcinogenicity, mutagenicity, teratogenicity, reproductive toxicity, accumulation in the 
body, bioenergy effects and immune effects) [28]. Currently, 16 natural color pigments and synthetic origin 9 color 
pigments including lutein are allowed to use in European countries but vegetable carbon, aluminum, silver and gold, 
chlorophyllsand and chlorophyllins and calcium carbonate are not allowed in the USA [27]. The natural colorants 
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permitted to use are betaines-betaines, quinones-cocineal, flavonoids-anthocyanins, isoprenoids-carotene, annatto 
(bixin, norbixin), red pepper extract, lutein, canthaxanthin, porphyrins-chlorophylls chlorophyllin of these compounds 
and copper complexes, caramels and curcumin [21]. 
 To distinguish food colorants from other colorants, an FD&C number is issued by the FDA to the colorants permitted 
under the Food, Drug and Cosmetic Act. Similarly, the European Union has also given the E code number to the 
colorants allowed to use. For this reason, in some cases there might be 3 different code numbers for the same colorant in 
the literature. For example, the CI number is 15985, the FD&C number is Yellow 6, and the E code is E110 for Sunset 
Yellow [13]. 

3.4   Colorants in health aspects 

Different views emerge when the food additives are assessed in terms of health risk. Most people think that food safety 
regulations are inadequate for consumer protection [29]. Consumers see naturalness as an important property and 
natural foods are considered to be safer and even healthier than artificial food [30].  
 It is known that children are always interested in foods and drinks with vibrant colors.  For this reason, adding 
attractive colors to the food is thought to increase the taste and appetizing properties of food and drinks for consumers 
[31]. However, it has long been argued that synthetic food colorants and other food additives have an adverse effect on 
children's behavior. The effects of these substances can manifest as behavioral disorders, hyperactivity and attention 
deficits that show significant individual differences on children [32, 33-28]. In a study conducted, it is reported that 
Brilliant Blue, Tartrazine FD&C Yellow No 5 cause hyperactivity disorder [3]. In addition, six of the most common 
synthetic food colorants that are reported to have negative effects on attention deficit and hyperactivity are tartrazine 
(E102), quinolone yellow (E104), sunset yellow FCF (E110), carmoisine/azorubine (E122), Ponceau 4R (E129) and 
Allura Red AC (E129). These products are especially exist in sugary products and beverages [12]. Especially Allura 
Red AC can cause cancer, chromosomal aberration, developmental toxicity, DNA damage, genotoxicity, hyperactive 
behavior in children, neurotoxicity, psychotoxicity, reproductive toxicity [34]. 
 In recent years, an increase in the incidence of allergies and asthma has been observed in humans, and this increase 
has been associated with food additives, especially with colorants [28]. Synthetic food additives have been shown to 
increase the urticaria and asthma in some individuals [35].  It has been reported Allura Red, one of the colorants, 
increases asthma and urticaria while Tartarin causes asthma and migraine [3]. 
 In addition to the negative effects of synthetic colorants on health, colorants that affect health in a positive way are 
also available. The positive relationship between health and carotenoids has been found by the discovery of β-carotene, 
an important pigment in skin protection and cell growth [19]. Lycopene, a natural pigment found in tomatoes, is 
effective in reducing all types of cancer, especially the risk of breast, prostate and cervical cancer [25-24].  
 It has been determined that curcumin is a powerful antioxidant and protects against oxidative damage in cellular 
components and is effective in the treatment of wounds and burns. Curcumin has been found to prevent cancer 
formation and progression, increase the activity of certain enzymes responsible for digestion, promote detoxification of 
liver which acts as an antibacterial agent and even have anti-HIV properties [25-36]. Antioxidant activity of 
carotenoids, having coloring property, pre substance of vitamin A, protects against oxidative damage and is evaluated 
positively for health [25]. 

4. Conclusion 

Today, factors such as increase in food production variety, diversification of technological developments and changes in 
consumer nutrition habits have increased the number of processed foods. In many countries, the use of food additives 
has been compulsory to ensure the quality characteristics of processed foods and to extend shelf life. In particular, the 
coloring additives used in color formation, which plays an important role in consumer preferences, are added to give 
color to the food and to win the consumers.  Colorants are used in many food industries, such as the production of soft 
drinks, confectionery, bakery products, canned and vegetable products, dairy products and meat and fish products.  
When evaluated in terms of health aspects; the use of additives must be performed within the limits and to fulfill a 
certain function within the legal framework. 
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Food analysis, in the 21st century, demands the development of more robust, efficient, sensitive, and cost-effective 
analytical methods to assure safety, quality, and traceability of food according to legislation and consumers’ demands. 
Computer vision is a fast, non-invasive low-cost method for evaluating food quality. Regarding to food composition, 
analysis by instrumental methods such as chromatographic, spectrophotometric, gravimetric, fluorimetric, rheological, 
mass spectrometric and more recently NIR and FTIR technologies are available. Food flavour analysis, using a variety of 
techniques, has been conducted for many years to help in the development of new products, to study shelf-life, and to 
maintain food quality. Flavour analysis usually takes one of two forms, sensory or instrumental. The measurement for the 
sensory aspects of flavour or aroma is descriptive sensory analysis, using a trained sensory panel and a number of sensory 
lexicons have been published recently. Thus, this chapter presents a review of analytical techniques used for food analysis, 
namely for structure, composition, sensory evaluation and a brief overview on foodomics. 

Keywords: Chemometric approaches; chromatographic analysis; consumer behavior; microscopy; sensory analysis 

1. Food analysis, from flavour to foodomics 

The major factors that influence consumer's perception of food quality are the external appearance and the flavour 
compounds which are food aroma and taste. Understanding the nature of flavour compounds and their effects on human 
sensory responses is important and flavour analysis is an intimate part of the process. 
 While taste can basically be characterised as being salty, sour, sweet [1] bitter/astringent [2], umami [3] or fat – fat 
taste [4], the sensations caused by aroma compounds are considerably more complex. The number of volatile and semi-
volatile compounds in foods ranges from 50 to 250 compounds in fresh fruits and vegetables to more than double of 
these numbers in thermally processed foods such as roast beef [5, 6]. Moreover, humans may or may not have the 
ability to differentiate these odorous constituents. The odour-active compounds are usually found in very low 
concentrations - hundred parts per million (ppm) for strongly flavoured foods to less than 10 ppm for weakly flavoured 
foods. In addition, many of these flavour compounds are highly reactive and thermally labile [6]. Thus, food analysis 
are continuously requesting the development of more robust, efficient, sensitive, and cost-effective analytical 
methodologies to guarantee the safety, quality, and traceability of foods in compliance with legislation and consumers’ 
demands. From the so-called “wet chemistry” used at the beginning of the 20th century [7], current powerful 
instrumental techniques are now being used in food laboratories. This improvement has led to significant enhancements 
in analytical accuracy, precision, detection limits, and sample throughput, thereby expanding the practical range of food 
applications [8]. The modern global food distribution system heavily relies on food analysis as a tool for new product 
development, quality control, regulatory enforcement, and problem-solving. Several methodologies have been 
developed to cope with the complexity and to resolve practical problems related to food analysis.  

1.1   Sample preparation and quantification techniques 

Schematically, sample preparation can be performed in two basic steps: (i) extraction of target analytes; (ii) removal of 
interfering substances. Only occasionally can food samples be analysed directly: in most cases they need a sample 
clean-up step, necessary to remove interfering substances. Sometimes, this becomes a necessary step to make the 
analysis itself possible, as in the case of samples that need to be treated with derivatizing agents (e.g. methylation of 
free fatty acids prior to Gas Chromatograph - GC analysis). 
 Thus, sample preparation is one of the key steps for the development of any analytical method and an effective 
sample preparation is essential for achieving good analytical results, especially if analytes of interest are present in 
complex matrices. Advances in sample preparation aim to minimize laboratory solvent use and hazardous waste 
production, save employee labour and time, and reduce the cost per sample, while improving the efficiency of the 
analytes isolation [8] without compromising the integrity of the extraction process. Sample preparation methods include 
liquid-liquid extraction (LLE), solid-phase extraction (SPE) and solid-phase microextraction (SPME). SPME is a very 
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simple and efficient, solvent less sample preparation method, started in 1989 by Pawliszyn [9] and is ideally suited for 
coupling with mass spectrometry (MS). According to Pollnitz et al. [10], this technique resulted in clear 
chromatograms, but with lower sensitivity than obtained from organic solvent extracts. However, in other cases, the 
proposed SPME strategies were not suitable for the analyses of the most polar compounds, in particular from wine [11]. 
For example, using the SPME extraction followed by the volatile compounds analysis by gas chromatography coupled 
to mass spectrometry (GC-MS), Fernandes et al. [12] analysed grape leave extracts infusions prepared from vine leaves 
collected 30 and 60 days after grape harvest of two Portuguese red grape varieties (Touriga Nacional and Tinta Roriz). 
Using this analytical technique these authors showed that the volatile compounds existing in vine leaves infusions were 
dependent on the harvest time, with significantly higher volatile concentration in vine leaves collected after 30 days of 
harvesting. They identified twelve volatile compounds in vine leaves infusions (6-methyl-5-hepten-2-one; 1-undecene 
Z-citral; cedrenol; DL-limonene; 2,4-hexadien-2-ol; benzaldehyde; heptane-1,2,4,6-tetraene; cyclohexene 1-methyl-4-
(1-methylethyl); 1,6-octadien-3-ol; 3,7-dimethyl; 5,9-undecadien-2-one-6,10-dimethyl-(5E) and α-cedrol) (Figure 1A). 
Previously, Jordão et al. [13] studied the volatile composition by SPME of oak wood used in cooperage for barrel 
making and it was possible to quantify a great number of volatile compounds as a result of the different oak wood 
species analysed. 
 Anthocyanins are the phenolic compounds responsible for the colour of red wines. For the analysis of the red wine 
anthocyanin profile using high performance liquid chromatography with diode array detector (HPLC-DAD) no sample 
preparation is necessary. Anthocyanins from wine obtained from Vitis vinifera grape varieties are all monoglycosides, 
and glucose is attached to the 3-hydroxyl group of the aglycone [14]. In addition, the glucosides of the anthocyanins can 
be acylated at position 6 of the sugar, with organic acids (acetic, p-coumaric or caffeic acid) which are linked to 
anthocyanin glycosyl units through an ester bond. Anthocyanins in wines obtained from Vitis vinifera grape varieties 
occur as 3-O-glucosides, from an anthocyanidin (malvidin, delphinidin, peonidin, petunidin or cyanidin), being the 
anthocyanin, malvidin-3-O-glucoside the most abundant [15] (Figure 1B). Consequently, malvidin is also the reddest 
individual anthocyanidin [16]. The hydroxylation pattern of the B-ring of anthocyanins is important for their colour and 
stability. Some anthocyanins are more stable than others, depending on their molecular structure. The increased 
hydroxylation of the aglycone stabilized the anthocyanidin, therefore trihydroxylated anthocyanins (delphinidin-3-O-
glucoside, petunidin-3-O-glucoside, and malvidin-3-O-glucoside) are more stable than dihydroxylated ones (cyanidin-
3-O-glucoside and peonidin-3-O-glucoside) [17]. Also, cyanidin, delphinidin and petunidin which enclose the O-
diphenol structure on the B ring are more sensitive to oxidation, since the adjacent hydroxyl groups of O-diphenols are 
more sensitive to enzymatic and non-enzymatic oxidation to create O-diquinones, or even O-diphenol dimmers [16]. 
Methoxylated as well as acylated anthocyanins are also more stable [17]. 

 (A) (B) 

Fig. 1 Chromatogram representing the volatile profile obtained from vine leaves infusions using SPME-GC/MS (A) and 
chromatogram representing the anthocyanin profile obtained from red grape extracts using HPLC-DAD by direct injection (B). 

1.2   Recent food analysis techniques 

Computer vision (CV) is a multi-disciplinary field in which many of the supporting technological areas are developing 
rapidly, such as computer science, artificial intelligence and mechanical engineering and its application in industry has 
increased considerably in recent years. In fact, CV is a fast, non-invasive low-cost method for evaluating food quality 
[18]. Image processing systems can be used to several food and agriculture products such as meat, bakery products, 
dairy products, vegetables, cereals but especially in fruits. Mainly investigated topics are size and shape based 
classification, colour, texture, defects detection, microbial safety, quality grading and variety determination [19, 20]. 
 Some of the automatic inspection techniques of food products are based on the analysis of images acquired in the 
visible spectrum but also on images obtained by ultraviolet induced fluorescence (UVIF) spectrum or acquired in the 
near infrared (NIR) spectrum. There are four standard measurement modes for the acquisition of NIR spectra from a 
sample: transmission, reflection, transflection, and interaction (interactance). The selection of measurement mode 
depends on many factors like sample type that could be classified into three groups by the state of the sample: (i) liquid 
samples, (ii) ground and relatively small solid samples, and (iii) relatively large samples that require nondestructive or 
non-invasive measurement [21].  
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 Recently, artificial neural networks (ANNs) have been introduced in food analysis [22]. ANNs are a set of 
mathematical methods, which attempt to imitate the functioning of the human brain [23]. They consist of sophisticated 
non-linear computational tools that are capable of modelling extremely complex functions. There are some examples of 
usage of ANNs for olive oil classification according to geographical origin, year of production, merceological category, 
adulteration, processing, and blending. Generally, in those works ANNs have been built using only one kind of 
analytical data, such as data obtained through mass spectrometry [24], NIR [25], electronic sensors [26], NMR [27, 28], 
or traditional standardized methods [29, 30].  
 Due to the increasing ease in which data can be obtained, data fusion is an expanding trend. The main goal is to 
optimize the information obtained in order to exploit the synergies in individual information provided by the different 
techniques (Figure 2) [31]. 

 
Fig. 2   Data fusion scheme. Adapted from Borrás et al. [31]. 

 Other advanced techniques are the hyperspectral-image analyses which are also very important since they allow 
researchers to expand the scope of the inspection of food products to their internal quality characteristics. Many 
approaches and applications have shown the usefulness of hyperspectral imaging in the food industry. For example, in 
recent years, hyperspectral imaging is used as a method to evaluate the state of the fish freshness, for apple bruise 
detection, for quality inspection of citrus fruits and to predict the sugar content distribution in melons [32]. 

2. Microscopy techniques 

The history of food microscopy dates back to 1850, when Arthur Hassall used a microscope to distinguish coffee from 
chicory [33]. Hassal’s results were crucial and used by other authors in the ensuing years. Nowadays, the great concern 
with quality control due to new market restrictions has become so important that it has demanded a technology of 
process geared toward more reliable tests and new methods of monitoring product quality [18]. Microscopy techniques 
vary in method of image production, resolution and type of signal detected, and give a particular type of structural 
information that is unique to the technique used.  
 Studies suggested that foods having similar structures can be loosely grouped together as foods that have similar 
textures. Most foods have biological origin, but are processed to several degrees, sometimes to such an extent that their 
biological origin is not readily apparent, for example, grain vs. bread, muscle vs. salami or milk vs. cheese. Visual 
changes due to processing (e.g. milling of grain, gelatinization of starch, and comminution of meat, heat denaturation of 
proteins, gelation of milk and proteolysis of proteins) are the results of changes at the microscopic and molecular levels. 
Imaging techniques can be used to help evaluate such changes in terms of morphology and composition [34]. On the 
other hand, there are an increased interest in the role that some nutrients play in preventing or ameliorating the effect of 
major diseases (for example, some types of cancer, cardiovascular diseases, eye disorders, among others). In this 
respect, the bioavailability or the proportion of an ingested nutrient that is made available (that is, delivered to the 
bloodstream) for its intended mode of action is more relevant than the total amount present in the original food. 
Disruption of the natural matrix or the microstructure created during processing may influence the release, 
transformation, and subsequent absorption of some nutrients in the digestive tract [35], Figure 3. 
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Fig. 3   Some structuring mechanisms of food components. Adapted from Aguilera [36]. 

 Different imaging techniques are now available for microscopic determination of food components. Among the most 
widely used are light microscopy (LM) to study the microstructure, transmission electron microscopy (TEM), as well as 
scanning electron microscopy (SEM) with higher magnifying (imaging) powers. To study the ultrastructure of foodstuff 
it can also be used the confocal laser scanning microscopy (CLSM) [37]. Other techniques, such as atomic force 
microscopy (AFM), ultrasound and magnetic resonance imaging (MRI) are used for specific food applications. The 
most commonly used method is LM with transmitted light in the visible spectrum of light. Thus, the microscopes used 
in LM are composed of a beam of visible light (photons) that represents the illumination source, a system for focusing 
the source onto the sample, a location to place the sample and the objectives and oculars [34]. 
 Although the magnification of this equipment is reduced if compared with the electronic microscopes, the LM works 
with samples prepared by specific or basic staining to differentiate the individual internal structures [37]. The basic 
staining is normally used to enhance all structures present in the final product, which are then identified by their 
morphological characteristics (shape, size and the mutual cell configuration, the presence of crystals, grains, or other 
elements). The CLSM is a rather new technique for structural analysis of biological and food material. In contrast to 
conventional light microscopy, the light source is replaced by laser, a scanning unit and a pinhole in the back focal 
plane, which improves the limited depth of focus. The primary value of the CLSM to research is its ability to produce 
optical sections through a three-dimensional (3-D) specimen, for example a piece of tissue or other thick objects [38]. 
 Since in electron microscopy the illumination source is a focused beam of electrons, the resulting micrographs cannot 
be in colour but various shades of gray. Colour can be distinguished thanks to the differences in their affinity for various 
heavy metals such as osmium and uranium. Electron microscopy can be divided into SEM and TEM. These two types 
of electron microscopes differ from each other in the way in which the image is formed. The TEM works exactly as a 
light microscope, allow electrons to transmit through the material forming a two-dimensional image, whereas the SEM 
presents 3D-looking images of the specimen surface, since the electron beam only sweeps the surface of the sample, not 
through it. Thus, in TEM, the samples must be very thin, with 50-100 nm, while samples for SEM can be thicker, 
because the SEM visualizes the surface of three-dimensional objects. 
 LM, SEM and TEM can be used to put in evidence different aspects of particulate structures. For example, in a study 
on microporous, particulate gels [39], LM was used to visualize pores, TEM was applied to evaluate particle size, and 
SEM allowed to detect how the particles were linked together, that is, the three dimensional structure. CLSM represents 
a suitable alternative method in food microstructure evaluation because it requires a minimum sample preparation. 
Indeed, the examination of the three-dimensional structure of the protein network of pasta samples [40], or high fat 
foods [41] that cannot be prepared for conventional microscopy techniques, without the loss of fat, can be prepared, 
with success, for CLSM technique [42], Figure 4. 
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Fig. 4   Visualizing food structures in scanning electron microscopy (SEM). A- Microporous structure of soluble coffee; B- Micro-
structures in ice cream; C- Micro-structures in chocolate; D- micro-bubbles of air in mayonnaise. Adapted from Aguilera [36]. 

3. Foodomics 

The application of “omics”, the new science, called foodomics is an interesting new approach for performing food 
analysis. Foodomics studies the food domain as a whole with the nutrition domain to reach the main objective, the 
optimization of human health and well-being. In the past 20 years, omics technologies presented a great development in 
different fields such as genomics, transcriptomics, proteomics, and metabolomics. An emergent variety of omics sub-
disciplines (epigenomics, lipidomics, interactomics, metallomics and diseasomics) has also appeared. With the omics 
approach, researchers are now facing the possibility of connecting food components, foods, diet, individual, health, and 
diseases. However, this broad vision needs the application of advanced technologies, and the ability of looking at the 
problem with a different approach, a “foodomics approach”. Foodomics has been previously defined as a discipline that 
studies the Food and Nutrition domains through the application of omics technologies [43]. In this context, 
nutrigenomics and nutrigenetics have been considered as a part of the more general foodomics term [44]. Foodomics is 
the comprehensive, high-throughput approach for the exploitation of food science in the light of an improvement of 
human nutrition. 
 Since 2009 that foodomics received the interest of scientists, with different cultural backgrounds. This phenomenon 
occurred at the time of the first international conference about foodomics, held in Cesena, Italy (foodomics.eu). The 
purpose of the conference was to promote a multidisciplinary environment where specialists in omics sciences were 
invited to contribute to the holistic definition of food and to trace a possible way to exploit this view in the nutrition 
field. 
 The knowledge that metabolic pathways may be altered in individuals with genetic variants in the presence of certain 
dietary exposures offers great potential for personalized nutrition advice [45]. MicroRNAs profiling and genome-wide 
association studies have also contributed. Since nutritional effects of complex diets emerge only if dietary assessments 
are validated, nutrimetabolomics offers the validation tools on the basis of food intake biomarkers [45]. 
 Nowadays, foodomics constitute one of the most relevant and fast developing areas in food science. The worlds of 
food technology, microbiology, nutrition, genomics, proteomics, glycomics, phosphoproteomics and other methods 
dealing with posttranslational modification of proteins; and metabolomics, have started to interact. The aim of this 
cooperation is to improve the food quality and safety, and to prevent food adulteration [46]. The rights of consumers 
and genuine food processors in terms of food adulteration and fraudulent or deceptive practices in food processing are 
set out in the European Union regulations regarding food safety and traceability. This system was developed in order to: 
(1) encourage diverse agricultural production; (2) protect product names from misuse and imitation; (3) help consumers 
by giving them information concerning the specific character of the product [47]. The potential use of foodomics in their 
development pathway for food production, assessing the safety, originality and quality is shown in Figure 5. 
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Fig. 5   Use of foodomics in the development pathway for food production and assessing food safety, originality and quality. Adapted 
from Gašo-Sokač et al. [48].  

4. Sensory and instrumental flavour analysis 

As it was mentioned before, the primary measurement for the sensory aspects of flavour or aroma in food is descriptive 
sensory analysis, typically with trained sensory panels. Descriptive sensory analyses are used for quality control, for the 
comparison of product prototypes to understand consumer responses in relation to products' sensory attributes, and for 
sensory mapping and product matching [49]. This technique may also be used to track product changes over time with 
respect to understanding shelf-life and packaging effects, to investigate the effects of ingredients or processing variables 
on the final sensory quality of a product, and to investigate consumer perceptions of products. 
 In descriptive sensory analyses are always used a sensory lexicon. A huge number of sensory lexicons have been 
published recently, for diverse food products, from drinks - such as Pink Port Wines [50], coffee [51], and pomegranate 
juice [52], to different king of food, from cereals like rice [53] to processed tomatoes [54]. 
 A flavour lexicon is a simple set of words used to describe the flavour of a product. A lexicon is then applied during 
descriptive sensory analysis techniques and provides a source list to describe a category of food products. Although the 
descriptive panel generates its own list to describe the product array under study, a lexicon provides a source of possible 
terms with references and definitions for clarification [50]. 
 A well-developed flavour lexicon is also suitable for scientific inquiry. There are three things about the lexicon that 
are fundamentally different from other sensory evaluation tools [51]: (1) It is descriptive and it doesn’t have categories 
for “good” and “bad” attributes, nor does it allow for ranking food quality. It is purely a descriptive tool, which allows 
us to say with a high degree of confidence that a food tastes or smells like X, Y, or Z; (2) it is quantifiable. It should 
allow us not only to say that, for example, a given food has vanillin flavour or aroma, but that it has vanillin at an 
intensity of 4 on a 5-point scale [50, 55]. This methodology allows us to compare differences among foods with a 
significantly higher degree of precision; (3) it is replicable. When is used properly by trained sensory professionals the 
same food evaluated by two different people—no matter where they are, what their prior taste experiences is, what 
culture they originate from, or any other difference among them—will achieve the same intensity score for each 
attribute. 
 According to Lawless and Heymann [1], descriptive sensory tests are amongst the most sophisticated tools in the 
arsenal of the sensory scientist that use flavour lexicons. The qualitative aspects of a food product include aroma, 
appearance, flavour, texture, aftertaste and sound properties, which distinguish it from others. Sensory judges then 
quantify these product aspects in order to facilitate description of the perceived product attributes [1]. 
 A major strong point of descriptive analysis is its ability to allow relationships between descriptive sensory, 
instrumental and consumer preference measurements. Knowledge of “desired composition” allows for product 
optimisation and validated models between descriptive sensory and the relevant instrumental and/or preference 
measures are highly desirable and increasingly, are being utilised within the food industry [56]. 
 Nowadays, there are several different methods of descriptive analysis, including the Flavour Profile Method [57, 58], 
Texture Profile Method [59, 60], Quantitative Descriptive Analysis™ [61], the Spectrum™ method analysis [62, 63], 
Quantitative Flavour Profiling [64], Free-choice Profiling [65, 66] and generic descriptive analysis [56]. Reviews of 
descriptive analysis have been published by several authors, since 1965 to 2014 [56, 63, 67]. 
 A number of different techniques, ranging from conventional solvent extraction and distillation to the newly 
developed direct thermal desorption (DTD) and solid-phase microextraction (SPME) are available for isolating flavours 
from diverse food systems. However, instrumental flavour analysis will not give a flavour isolate truly representative of 
the flavour profile in the food. Sensory techniques, coupled with a technique known as gas 
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chromatography/olfactometry (GCO), (Figure 6), make it possible to elucidate the relative impacts of various volatiles 
on the flavour characteristic of a food [68]. CharmAnalysis and aroma extract dilution analysis (AEDA) are also two 
popular methods to measure the potency of flavour components [68]. However, these two methods are inconsistent with 
psychophysical views. An alternative method named Osme overcomes this problem. It is a quantitative bioassay method 
used to measure the response to odorants on a time–intensity scale. For accurate quantification, a stable isotope dilution 
assay (IDA) should be used to target specific compounds [6]. 

 

Fig. 6   Gas Chromatography-Olfactometry (GCO) is an analytical tool that uses the human nose as a chromatographic detector in 
parallel with a conventional one, providing simultaneously both instrumental and sensory results. Therefore, the odour-active 
compounds among the whole volatile fraction of a sample can be detected. Adapted from iSens [69]. 

4.1   e-noses 

It was in the 80s that artificial olfaction sensor technology had its beginnings, with the invention of the first gas 
multisensor array in 1982 [70]. Advances in aroma-sensor technology, biochemistry, electronics, and Artificial 
Intelligence (AI) made it possible to develop devices capable of quantify and characterize volatile aromas/flavours 
released from a multitude of foods and food products. These devices, known as e-noses (electronic noses), were planned 
to mimic human olfactory system, within an instrument able to obtain repeatable measurements, while eliminating 
operator fatigue [71]. Hundreds of different prototypes of e-noses devices have been developed to discriminate complex 
vapour mixtures containing many different types of Volatile Organic Compounds (VOCs) [72, 73]. So, in accordance 
with biological odour sensing system, an e-nose, which mimics the perceptional mechanisms of biological olfaction, is 
defined as the instrument that involves an array of various types of electronic chemical gas sensors and a pattern 
recognition system to detect and distinguish odours in complex samples [47, 74]. 
 An e-nose system consists of three major parts: Sample Delivery System - a multisensory array; a detection system - 
an information-processing unit such as an Artificial Neural Network (ANN); and a computing system - software with 
digital pattern-recognition algorithms, and reference-library databases [75], Figure 7. 

 

Fig. 7 Analogy between the biological (A) and e-nose systems (B). Adapted from Turner and Magan [76]. 

B 

A
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 The e-nose sensors look like the primary neurons with different sensitivity to different odours (Figure 7). Through 
chemical interactions between odour compounds and the sensors, a change in either physical or chemical properties 
takes place, giving rise to electrical signals which are recorded by a computer system. Consequently, the signals from 
the individual sensors, involved in the system, show a pattern unique to the compound used and is, afterwards, analysed 
using chemometric tools. When the sensor patterns for a series of samples are compared, the acquired differences can 
be correlated with the perceived sample odour or aroma [77-79].  

4.2   e-tongues 

Electronic tongues (e-tongues) have been used to obtain data for sourness, bitterness and astringency for foodstuffs such 
as beers and wines [80, 81]. This accomplishment involved detecting polyphenols and predicting sensory attributes of 
bitter, sweet, sour tastes and fruity, caramel, artificial, burnt flavours, intensity and body (mouth-feel) using 
potentiometric/amperometric chemical sensors along with the same pattern recognition techniques described for e-nose 
technology [82]. Taste sensation/perception is the result of physico-chemical interactions of food molecules with a 
complex system of hundreds of cell buds located randomly all over the tongue [1, 2]. The principle for the e-tongue is to 
combine signals from specific, non-specific and overlapping sensors with pattern recognition. There are four classes of 
amperometric sensors: metal, conducting polymer, phtalocyanine film and biosensors [83], Figure 8. 
 Parra et al. [84] developed, for wine, a custom-designed e-tongue with a hybrid sensor array based on 
phtalocyanines, perylene derivatives and conducting polymers; voltammetric electrodes modified chemically with 
different electro-active substances (polymerized aqueous solution of pyrrole using six doping agents). With this sensor 
they were able to discriminate and recognize among 12 Spanish red wines based on denomination, origin, grape variety 
and vintage. 

 

Fig. 8 Schematic representation of a comparison between the transduction mechanism of human taste receptor cells and 
amperometric sensors of an e-tongue. E-tongue allows analysing taste responsible compounds such as sugars, acids, alcohols, 
polyphenols and glutamate. Adapted from iSens [69]. 

5. Final remarks 

Food is a complex and a heterogeneous mixture of vastly numerous and diverse biochemical substances. Thus, food 
products are analysed for a variety of reasons: compliance with legal and labelling requirements, detection of 
adulterations, determination of nutritive value, composition and safety, product quality including sensory profile, 
consumer acceptability and also research and development for new products manufacture. In this context, food analysis 
is constantly in progress and its concepts have driven change during the last decades from classic analytical methods 
(titrimetric or gravimetric analysis) to new innovative methodologies by the use of instrumental and biochemical 
methodologies (such as chromatography, biosensors and spectroscopy) because of the new qualitative and quantitative 
information provided. In addition, the new consumers’ tendencies also induced an improvement of the sensory 
methodologies. Another challenge is the development of rapid and non-destructive analytical techniques in industrial 
process and laboratories to promote advances in food analysis. 
 Thus, despite the availability of modern techniques of separation and identification and also to describe the sensory 
properties showed in this chapter, rarely is it possible to load a syringe with a food sample, and directly analysis it into 
an analytical instruments to obtain a sensible result, because of the diversity of food products and the variety of 
analytical methods depending on the intended application, procedures for preparation of different food sample 
categories need to be developed, evaluated as an integral part of any analytical methodology. 
 So, this whole area of food analysis methods will be constantly evolving, trying to meet the increasing demands of 
producers, the certification and regulation institutions, and also of course the requirements of the market, and in 
particular the increasingly consumers demanding and informed decision making . 
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Food consumption, especially when nutritionally balanced, is crucial to survival and healthy living of individuals across 
the globe. As a result, accessibility and affordability of quality food by households becomes essential, particularly in a 
developing country like Nigeria, where food supply is inadvertently inadequate due to poor system of agricultural 
practices, postharvest handling and poor-resource status of most of the households in the country. This notwithstanding, 
efforts are made to ensuring availability of food resources of various kinds for households consumption. Commonly 
available crop-based food in the country include fruits, vegetables, grains, legumes, tubers, roots, and meat sources, 
namely fish, snails, poultry and beef, and other animal products. Consumption of these classes of foods are though 
processed or prepared into dishes of different kinds, attendant challenges in consumption of the available food resources 
include heavy dependent of most households on carbohydrate-laden foods with less consumption of protein and vitamin-
rich foods, and poor quality of the food for safe consumption. The resultant effect of this is poor health condition often 
reflected in form of undernourishment and malnutrition. In children is a reflection of stunt growth and underweight. For 
the poor feeding condition to be alleviated, it becomes essential to have the households educated on nutritional values of 
food and pattern of consumption. Food education, which entails provision of technical information on nutritional content 
of specific food sources, is meant to give the needed insight to households on the specific kind of food or combination of 
foods to be consumed on daily and regular basis. Such educational provision, not only serves as enlightenment of the 
households on food nutrition, but empowers them to cognitively take the initiatives for food selection for safe consumption 
with a view to enhancing their health status. 

Keywords: Food resources; food nutrients; food education; safe and quality food consumption; Nigeria 

1. Introduction  

Among the basic and essential needs of life, food outstandingly remains the prime of them all on the ground that it is 
crucial, not only to man’s survival but his quality living. The value of food is obviously reflected in its necessity for 
growth and maintenance of the body; it provides the body with needed calories for energy building and strength 
development for body fitness.Food provides essential nutrients to keep the body healthy and as well enhances the 
physiological functioning of the body in terms of maintenance of the heartbeat, homeostasis, and brain and organ 
activities[1]. Derivation of energy from food is brought about by breakdown of the food molecule in the process of 
digestion. The energy, which is then converted to glucose, fuels the operation of the body cells and organs as a system. 
Emphasising the importance of food, it was stressed that nutritional value of food cannot be replicated by nutritional 
supplements on the ground that proper foods provide calcium to build and strengthen bones, protein and iron for muscle 
maintenance and other nutrients that allow the optimal functioning of the body's organs. In view of this submission, it 
suffices to say that, food should not just be adequately available to mankind at all times and at affordable rate, but 
should be nutritionally-rich for a guaranteed healthy and quality living.  
 Agriculture however remains the main source food for mankind and this may be gotten directly from farms or 
markets in the raw form and in the processed form from open markets and stores. In this wise, man’s efforts had largely 
been directed at ensuring sustainable food production, widespread distribution, accessibility and affordability for regular 
consumption and derivation of physiological, psychological and social benefits. To boost agricultural production, 
investment in agricultural research and development has been on the increase with a view to developing new or 
improved technologies and practices for farmers’ adoption and adaptation in their farming environment. Alongside 
research and development in agriculture is dissemination and sharing of agro-knowledge on production technologies 
and innovative practices among the farmers, and development of production capacity of the farmers.The cumulative 
result of agricultural research is increased agricultural productivity [2]. On this account, the whole world is no longer 
short of food as agricultural development has been able to respond to the rising demand for both crop and animal-based 
foods [3]. 

2. Food situation in Nigeria  

Nigeria though runs an oil-based economy; agriculture equally plays significant roles in the nation’s economy 
accounting for 40% of the nation’s Gross Domestic Product (GDP) and provides employment, both formal and 
informal, for about 60% of the Nigerian population. Commonly produced crops and farm animals are however 
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determined by the agro-ecological features of the different regions of the country. With farm enterprise production 
across the country, the nation has the potentials for feeding of its teeming population, producing as much as 6.7milliom 
tons of rice; 70, 000 tons of wheat; 10.7million tons of maize; and 679, 000 tons of soybean; and 50million tons of 
cassava as at 2014, largely for both home consumption and to some extent [4] [5]. Alongside crop production is 
livestock production in the country where farm animals such as cattle, sheep, goats, poultry, pigs and fish are largely 
reared for home consumption. The rural environment though constitutes the main base of agricultural production in 
Nigeria; field observation shows that agricultural practice is fast growing in urban environment, with the average to low 
income earning households cultivating food crop of choice and farm animals at subsistent level for meat, milk and egg 
production in the country. 
 Given the agricultural production efforts in Nigeria, it is unfortunate that the mode and status of agricultural 
production in the country has not really transform the country into a food secure nation; and as such the home-based 
food supply system has not kept pace with the growing population. In the light of this, Nigeria is said to be food 
insufficient given that the nation’s average growth rate of food demand is 5% per annum against the annual growth rate 
of food supply at 3%. In addition, about 5% Nigerians are food secure, 65% are semi-food secure and 30% are food 
insecure. In addition to farming for food production in Nigeria, the country had equally resorted to food importation 
with a view to meeting the food demand of its teeming population [6].  
 Notwithstanding the state of Nigerian agriculture and production system, the nation has resorted to food importation 
as alternative to taking care of shortfall in home production. Nigeria spent about US$11billion (N3.1trillion) on 
importations of four major food sources, which are rice, wheat, sugar and fish annually [7]. In line with this, the country 
is known to have spend a whopping $2billion dollars importing about six million tons of wheat, $750 million on rice 
$700 million on sugar and $500 million on milk and other dairy products [8]. As at 2013, Nigeria’s food imports, was 
2.187million metric tons of rice, 4.356million metric tons of wheat, 1,200 metric tons of maize and 12, 757metric tons 
of soybean [9]. Reflecting on the estimates of food importations in 2010, Nigeria spent as much as US$635 billion on 
wheat, US$356 billion on rice, US$217 billion on sugar and US$97 billion on fish as at 2010 [10]– a trend that has not 
abated till date due to poor state of the country’s agriculture.  
 Nigeria’s dependent on food importations may though be of great implications for the country’s economy, 
particularly affecting the average to low-income earning households in the face of global rise in food prices; the 
resultant effect of the importations, alongside the home food production is sustained food supply system in the country; 
which has thus bailed the nation out of the prospect of large scale famine. In the light of this, Nigeria is though food 
deficient. it has not suffered any major catastrophe that could precipitate scourges of famine, mass hunger and food 
crisis [8]. 

3. Food types and their nutritional values in Nigeria  

Given that efforts are ever geared toward improved agricultural production in Nigeria, and coupled with food 
importation in the country, it suggests that food production and distribution remained sustained in the country. In other 
words, every inhabitants of the country could in one way or the other have access to food for consumption. Such foods, 
which are available in various kinds, could be sourced either directly from farms or purchase in the open markets. The 
commonly available food in the country thus cut across the six classes of food groups, namely carbohydrates, protein, 
fats and oil, mineral, vitamins and water. In the light of this are the following commonly available food types and 
categories in Nigeria: 

• Tuber crops: cassava, yam, potatoes and cocoyam (taro) 
• Cereals: maize, rice, wheat, millet and guinea corn  
• Legumes: cowpea, soybean and groundnuts  
• Fruits: banana, mango, cherry, pine apple, almond, pawpaw, watermelon, citrus, apple, carrots, sugar cane, garden 

egg, cucumber  
• Vegetables: amaranths, waterleaves, pumpkin leaves, cabbage, jute mallow, okra, Ogbono (African bush mango) 
• Oil-based foods: palm oil, groundnut oil and melon oil 
• Spices: pepper, onions, tomatoes, iru (Parkia biglobosa) 
• Meat sources: cattle, sheep, goats, poultry, pigs and fish 
• Animal products: meat, milk and eggs  
• Other common food resources: Bread, macaroni/pasta, semovita, yoghourt, fruit juice  

 The food resources are however processed into different dishes for consumption. For instance, cassava may though 
be consumed as tuber when boiled; it is largely processed into local food stuffs such as gari (granular in texture), elubo 
lafun (powdery in texture), fufu (paste or powdery in texture) and tapioca which are then process into consumable 
dishes such as eba, amala, fufu and tapioca pap. These dishes constitute staple foods in Nigeria, particularly in southern 
region of the country, where cassava is widely cultivated and locally consumed. These cassava-based foods are however 
often consumed with stew of various kinds. On a similar note, yam is consumed when boiled, fried, roasted or prepared 
as porridge. Boiled yam is consumed with either palm or groundnut oil or fried egg. It could as well be pounded or 
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prepared; and where yam has been processed into yam flour, locally referred to elubo isu, it is prepared as amala, 
particularly among the Yoruba tribe in the country. Pounded yam and amala are thus consumed with stew of various 
kinds as may be desired by individual or households. While amala may be common to southwest Nigeria, eba/gari and 
fufu are common to both southwest and southeast regions of the country. Cocoyam is equally common to both regions 
where it is consumed boiled, fried or pounded. Potato is however common to all regions of the country where it is 
largely consumed in boiled or fried forms. Among all the available food resources for consumption in Nigeria, cassava 
and cassava-based foods are cheapest food resource and serves as hunger-relieving food. 
 Following tuber crops is wide consumption of cereal crops such as maize, rice, wheat, millet and guinea corn across 
the country. Among these grains, rice stands out as the most widely consumed of them all. It constitutes a major staple 
that alternates between tuber crop-based foods on daily basis. Rice is most prepared and consumed as white rice, jollof 
rice, fried and coconut rice. The white rice is mostly taken with pepper stew and sometimes with fried plantain, locally 
referred to as dodo in southwest Nigeria. In northern part of the country, white rice is pounded to form tuwon shinkafa, 
which is taken with a bit of powdery pepper and groundnut oil. In southwest and southeast regions, rice, to a lesser 
extent, is grinded into powdery form – grind rice, such that its preparation for consumption takes the same form as 
amala or eba and thereof taken with stew of choice. Maize on the other hand is mostly consumed as boiled maize 
around the country; and sometimes allowed to dry and grinded to powdery form for preparation of pastry food locally 
referred to tuwo in southwest Nigeria and tuwon masara in northern region. Other food sources from maize when 
fermented include eko and ogi (pap), but these are less taken as part of normal meal. Wheat is mostly taken in different 
forms which are wheat pap – when fermented, and wheat amala – a solid food similar to amala made from cassava and 
yam powder and consumed with stew of choice.  Millets and guinea corn or sorghum are mostly processed into pap, 
after fermentation, in southern part of Nigeria while they are processed into fura, often consumed with local milk 
commonly known as nono, largely in the northern region of the country or among the Hausa tribe.  
 Among leguminous crops, cowpea stands out as the most widely consumed across Nigeria. It is prepared by boiling 
either with a mixture of pepper and palm oil or without any mixture in which case fried pepper stew is prepared to 
garnish the beans for consumption. Bean preparation may also be in mixture of plantain or yam thereby forming a 
resemblance of porridge. On another note, cowpea may be prepared as stew often referred to as gebgiri, among the 
Yoruba tribe in Nigeria. Such bean stew is often used to spice amala for consumption, mostly in southwest region of 
Nigeria. In addition to this is processing of cowpea into other food resources such as moinmoin, ofuloju and akara when 
grinded into paste form.  While moinmoin and akara are often consumed with pap and eko, moinmoin may be 
consumed with rice and bread. Groundnuts, whether boiled or roasted, are often taken as refreshment rather foods in 
Nigeria, hardly is soybean consumed as food except for consumption as soymilk. In northern part of the country, 
groundnuts, on extraction of oil (groundnut oil) is processed into groundnut cake, locally referred to as kuli or kulikuli, 
which is as well consumed as refreshment.  
 Vegetables, oils, spices, meat and fish are other essential food resources of value in the Nigeria’s context. These food 
resources serve as component of most of the staple foods consumed by most households in Nigeria. For instance, staple 
foods such as eba, amala, fufu, semovita and pounded yam are consumed with stew mostly prepared from vegetables 
and pepper. Vegetables, which may be amaranths, waterleaves, pumpkin leaves, is on the other hand prepared as stew 
by adding vegetable of choice to the same mixture of condiment as used for pepper stew. This may however be 
garnished with dry fish and/or crayfish, iru and other seasonings. In place of preparation of vegetable as the main stew, 
it is prepared in small quantity with a view to serving it alongside pepper stew. Alternative to vegetable stew as support 
to pepper stew is jute mallow, okra or Ogbon, which are commonly referred to as draw soup due to their caustic or 
elastic nature. Stew is mostly prepared at interval of three to four days and kept fresh and tasty for the days it may last. 
With regular availability of stew at home, it becomes possible for households to have something to eat on daily basis as 
this is essential to consuming most food resources in the country.  
 Fruits such as banana, mango, cherry, pine apple, almond, pawpaw, watermelon, citrus, apple, carrots, sugar cane, 
and garden egg are readily available across Nigeria. Although, fruits do not constitute staple food in Nigeria, they serve 
as supplements to the main staple foods and are consumed as may be available and affordable among the Nigerian 
households. Fruits are however seasonally available in the country, with some kind of fruits available at a particular 
period of the year. In essence, all through the year, at least one or two kinds of fruits will certainly be available for 
consumption by Nigerians. In addition to availability of raw fruits across the country is availability of fruit juice either 
produced by home industries such as FUMAN, Chi Industry, Nigerian Bottling Company, or imported from other 
countries. Such fruit juice comes in various brands and sizes and are widely available both in the open and super 
markets across the country. On another note is availability of milk and milk produces such yoghurt, canned milk, fan 
ice, powdered milk, which of course are mainly produced by milk industries. Yoghourt and fruit juice are however 
consumed to spice up the staple food or at any other time as refreshment. This of course is largely common among the 
affluent ones and those with high paying jobs as result of high cost of acquiring these food resources.   
 Other food resources of high value in Nigeria are bread, macaroni/pasta, noodles and semovita which are largely 
industrial-based foods. These set of foods, which are more common among the urban dwellers, are gotten from open 
markets or supermarkets in the country. Bread, which is outstandingly common and regularly consumed by households 
across the country, even in the rural areas, is a product of baking industries produced from wheat flour, and more 

Science within Food: Up-to-date Advances on Research and Educational Ideas (A. Méndez-Vilas, Ed.)__________________________________________________________________________________

108



 

 
 

recently from High Quality Cassava Flour, and mixture of other baking ingredients. Based on high demand, bread from 
fine flour is commonly available in the country; while the whole wheat bread, which is specially demanded for by those 
who value the product, is less available in the country. Macaroni/pasta and noodles of various brands are made by large 
food industries in the country and are widely available for purchase and consumption. These set of foods are though 
quickly prepared in a lesser time, their consumption depends on both tastes and economic status of households as they 
are relatively expensive in comparison with other non-industrial staple food resources which are mostly gotten either 
directly from the farm or in the open markets for home processing and preparation for consumption.  
 The highlighted food resources in Nigeria suggest that available food types in the country are rich in different 
nutritive values. For instance tuber crops are known to be energy-giving foods, rich in carbohydrate but low in protein 
content. Root and tuber crops are low in sulphur-containing amino acids and also deficient in most vitamins and 
minerals. Tuber crops such as cassava, potato and yam are however rich in vitamin C with the yellow varieties of sweet 
potato, yam and cassava rich in carotene or pro-vitamin A and significant amount of dietary fibre [11.12]. In general, 
cassava provides 160 calorie per 100g with about 69% sucrose and 16-17% amylase. In the same vein, yam, which is 
made up of 72.5% water, contains 16.8% crude fibre, 9.02% carbohydrate, 6.8% iron, 2.06% Ash and 0.83% protein. 
Given the nutritional value of yam, more than average energy requirement for human adult could be  gotten from yam 
as consumption of 100gm of the tuber gives 93.6% calorie/kg of energy; and can as well sustain the daily iron 
requirement of all age group with provision of 6gl/100gm [13]. Eba, a heavy food resources made from cassava and 
often referred to as swallow, is 99% carbohydrate and provide about 360 calorie [14]; pounded yam provides 400 
calorie, amala isu (made from yam flour) provides 250 calorie, 2% vitamin A and 70% iron; and amala lafun (made 
from cassava flour), as highlighted by has 1.2% protein, 1.6% crude fibre, 0.4% fat, 0.8% ash and 13% moisture [15].  
 Cereals or grains related food resources such as rice, maize, wheat, millets and guinea corn/sorghum are equally rich 
in carbohydrate and which is approximately 75% of their nutritional value. Cereals are major sources of carbohydrate, 
protein, B vitamins and minerals for the world’s population [16]. The protein content ranged between 6–15% [17]; and 
are important sources of most B vitamins, especially thiamine, riboflavin and niacin and appreciable amounts of vitamin 
E [18]. Cereal-based foods are equally rich in minerals such as potassium and wholegrain cereals contain considerable 
amounts of iron, magnesium and zinc, as well as lower levels of trace elements such as selenium. Rice contains the 
highest level of selenium among the cereal grains, providing between 10 and 13μg per 100g [15]. Furthermore, about 
28.7g and provides130 calorie per 100g; it has protein and fat contents of about 2.4g and 0.2g respectively. It however 
lacks most vitamins but contain 1% calcium. Maize or corn 60-70% starch and vitamins B group, D, E, K and pro-
vitamin A [18]. Corn is also rich source of minerals such as potassium, sodium, calcium, magnesium, iron, copper, 
manganese, phosphorus, selenium, zinc and iodine. While cereals generally lack vitamin A, yellow corn is rich in 
yellow corn, no beta carotene.  
 Wheat contains a lot of starch or carbohydrate, 11% of protein, 2% of fat, 13% of fibre, 1% of mineral (iron, 
phosphorus, potassium, magnesium, calcium, zinc, manganese) and also high amount of vitamins of B group and 
vitamin PP. Wheat germs are rich in vitamin E and enzymes. Millet though contains about 63.2% starch, it is a good 
source of protein, containing about 13.6% crude protein, and essential amino acids, with exception of lysine and 
threonine, [19, 20]. The grains also contain 3.6 to 4.8% fat, vitamins B3, A, PP, as well as mineral salts such as 
magnesium, potassium, phosphorus, silicon, iron and copper; but do not contain gluten. Sorghum nutritional contents 
consist of 70% of carbohydrates (mainly starch), and 18% protein, with significant share of lysine and tryptophan, about 
5% fat, vitamins (mainly groups B), minerals, especially magnesium, calcium and iron. However, cereals lack some 
vitamins such as vitamin C, vitamin B12, vitamin A and, apart from yellow corn, no bet-carotene; and also low in 
mineral like sodium. 
 Leguminous-based food resources are on the other hand rich in protein, fibre, iron and potassium but low in calorie 
and fat. Legumes contain complex carbohydrates, protein with a good amino acid profile, important vitamins – B 
vitamins, folates, ascorbic acid and tocopherols, minerals antioxidants, polyphenols and numerous other phytochemicals 
with useful biological activities [21, 22]. In addition, legumes are good sources of water-soluble vitamins, particularly 
thiamine (Vitamin B1), riboflavin (Vitamin B2), niacin (Vitamin B3), pyridoxine (Vitamin B6), foliate and excellent 
sources of minerals such as calcium, copper, iron, magnesium, phosphorus, potassium and zinc. In addition to high 
protein content of legumes, leguminous crops such as beans and cowpea (pulses) store high level of carbohydrate in 
their dry seed but low lipid or fat content; while  soybean and groundnuts (oilseeds) store high lipid content but low 
carbohydrate. Legumes in general are however poor sources of fat-soluble vitamins and vitamin C; and also low in 
sodium minerals.  
 Most food from roots and tubers are often consumed with stew in Nigeria with such stew made from pepper, 
vegetables and spices.  Stew sources such as vegetables, specifically amaranth, pepper, jute and cabbage, are highly rich 
in vitamins particularly vitamin A and C [23]. In addition, amaranth, jute and cabbage were indicated to be rich in iron 
and calcium. In addition, all green, yellow and orange vegetables are rich in vitamins and minerals such as calcium, 
magnesium, potassium, iron, beta-carotene, vitamin B-complex, C, A and K. Melon (egusi) soup enriched with 
stockfish and meat provides about 700 calorie and about 60% fat. Stew, be it pepper or vegetable, are often prepared 
with vegetable fruits or spices such as red pepper, usually in form of chilli, scotch bonnet and bell types of pepper; 
onions and tomatoes. These are known to be rich in vitamins C, A, B6 and magnesium. Onions however lack Vitamin 
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A. Palm oil and/or groundnut oil, with which stew is generally prepared, are largely rich in fat and have high calorie 
content. Both types of oils are however devoid of vitamins and minerals. In addition to the use for stew preparation is 
the use of the oils for frying food resources such as meat, fish, egg, yam, plantain, akara (bean cake); and mixed with 
bean past for production of moinmoin.  
 Alongside the nutritive value of vegetable or pepper-based stew is the nutritive value of fresh fruits. Fruits are are 
rich of simple sugar, fibre, enzymes, minerals and vitamins, particularly vitamin C, calcium and phosphorous. They are 
also energy-giving foods but have low carbohydrate, protein, fat and fibre contents [24]. Nutritive value of fruits 
however varies from fruit to fruit. Given the nutritive values of different fruits, guava and citrus are rich sources of 
vitamin C at 299 and 63-68mg/100g respectively, while banana, cashew, apple and almond are rich sources of vitamin 
B1 at 150, 230, 120, 240mg/100g respectively [25]. Riboflavin or vitamin B2 is readily found in papaya 
(200mg/100g) and pineapple (120mg/100g). Vitamin A could be readily derived from mango (4800 i.e., per 100 g) and 
papaya (2020 i.e. per 100g).  
 Food resources such as bread, macaroni/pasta, noodles and semovita are equally energy-giving foods but are rich in 
some nutrients given the crop produce from which they are produced. About 40% of bread is carbohydrate, foliate 
(25μg/100g), calcium (177mg/100g) and 8–9% is protein but is low in fat (less than 3 g of fat/100 g) [15]. Fibre content 
of bread is however significantly higher in wholemeal and brown bread than white bread. Pasta, which is traditionally 
made from very hard (durum) wheat, though contains about 22% carbohydrate; it is high in protein content at about 
3g/100g and calcium (7mg/100g). It is however low in fat, thiamine and iron. Animal food resources, such as meat, fish, 
milk and milk product are highly rich in protein, calcium.  

4. Food accessibility and consumption pattern in Nigeria 

Food is known to be crucial to life and as such its need for consumption cannot be taken for granted. Emphasis in this 
regard is underscored by a dictum in Nigeria that says, a food secured person never lies in poverty. Consequently, 
humans in general make frantic effort to ensure that food is regularly and adequately available for consumption. In 
Nigeria, food is generally gotten in two main ways; which could either be by direct harvest from personal farms and by 
purchase from markets or farm gates. Farm production, be it in rural or urban areas, provided the farming households 
direct sources of food for home consumption and where possible, have the excess for marketing. This creates an 
opportunity for the non-farming households to have access to food by purchase. Food purchase from the markets could 
either be in raw form which is then processed or prepared at home for household consumption or from street food 
vendors and restaurants or fast food restaurants. While the street food vendors are mostly patronised by average to low 
income earners, restaurants and fast foods centers are largely patronised by high income earners. In addition to farming 
for food production in Nigeria, the country had equally resorted to food importation with a view to meeting the food 
demand of its teeming population. In view of farm cultivation and massive food importation, nationwide distribution of 
the available foods through the local marketing structure has made food of various kinds available in the country for 
purchase and consumption by individuals and households at any point in time.  
 The extent to which food becomes accessible to households in Nigeria however depends on their production 
resources and/or their economic status. In views of this, socioeconomic status of individuals or households constitutes a 
major determinant of their level of food security [26]. Consequently, the poor-resource farmers largely produce at 
subsistence level for home consumption, with less quantity available for sales, while the highly resourced-farmers 
produce on commercial scale and as such consume from the available surplus. Economic implication of this is that, 
those that consume the larger proportion of food produced than what is available for marketing are usually left with the 
least disposable income to cater for other basic needs of life [27]. In the same vein, expenses on food by households 
cost as much as 60 – 70% of the annual income of most them. This situation accounted for the increased state of poverty 
in country. In attempt to wriggle out of poverty condition, most households, particularly the low to average income 
earners in the country, have resorted to reducing expenditure on food whereby they either consume less expensive food 
resources, which are mostly carbohydrate-laden or skip at least one meal per day. This goes in line with the submission 
that limited income causes people to restrict the number, quantity and quality of meals they consume, reduce the dietary 
variety, and look for inexpensively processed food resources [28]. 
 In view of this, a survey on rural households’ food structures shows that they consumed N3, 465.13 worth of 
carbohydrate foods; N750.54 of proteins and N191.43 of vitamins; and on the average consumes N1469 worth of food 
per month [27]. The authors however stressed that the consumed food resources were in the short falls of 18% 
carbohydrate and 11% protein intake over three years. A similar study on food consumption pattern among adolescent 
in selected southwest Nigerian secondary schools reveals a higher daily energy intake among 66% of the adolescents 
and higher carbohydrate intake among 62% of them against the lower intake of fat and protein among 51% and 42% of 
the adolescents, respectively but low iron intake [29]. In addition to this is skipping of breakfast with less consumption 
of fruits and vegetables; and milk and milk products. In line with this is the submission that most Nigerian households 
lack nutrition-oriented food for consumption as their meals are largely characterized by low intakes of protein, energy, 
iron, calcium, zinc, thiamin, and riboflavin in almost all age groups and in both sexes [30]. In view of this state of food 
consumption as observed among the Nigerian households, it suffices to say that food consumption by most households 
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is underscored by the need to satisfy hunger rather than the need to meet the body’s nutrition requirement for healthy 
living. This chosen food consumption pattern accounted for widespread of malnutrition among the nation’s citizens, 
particularly among the children under age five.  

5. Health implication of food consumption pattern in Nigeria  

Food consumption, as often reflected by individuals and households, is not necessarily meant for satisfaction of hunger, 
but for nourishment and enrichment of body’s physiological and psychological functions. Adequate consumption of 
safe and quality food not only reduce the burden of non-communicable diseases but enhances and ensure physical 
growth and development of the body physiology, muscles and tissue repair, cell growth, healthy brain and organs. It 
also enhances strong bones and teeth, good eyesight, gives energy, prevents and fights off body disease. Poor feeding 
pattern however results in malnutrition underlined by either outright lack of or inadequate consumption of essential 
nutrients required for proper functioning and healthy maintenance of the body. Malnutrition, largely characterised by 
protein–energy malnutrition and micronutrient deficiencies, continues a major health burden in developing countries 
where hundreds of millions of pregnant women and young children particularly affected [31]. Evidence of short-term 
and long-term consequences of malnutrition include increased risk of morbidity, mortality and proneness to infectious 
diseases; hindrances of good physiological development and impaired cognitive or behavioural development in children 
[32, 33]; and in adulthood are reduced educational and productive capacity, and ill-health [34]. Other health related 
matters reflected by adults as a result of poor feeding pattern include obesity and diet-related diseases such as diabetes, 
hypertension or high blood pressure and heart disease [35].  
 On another note, marasmus and kwashiorkor, constitute the major manifestation of protein–energy malnutrition in 
children whereby the affected children are underweight, stunted and wasting [31]. With deviation from normal weight 
and height in relation to age as the standard measurement of protein–energy malnutrition in children – ie weight for age 
(underweight), height for age (stunting) and weight for height (wasting) [36], were able to ascertain that about 31% of 
all children in developing countries are underweight, 38% have stunted growth and 9% show wasting. As further 
stressed by the authors, the malnutrition may be severe in some children and this typified by wasting, edema or both. 
Most children with severe protein–energy malnutrition have asymptomatic infections because their immune system fails 
to respond with chemotaxis, opsonization and phagocytosis [31]. Severe protein–energy malnutrition also causes fatty 
degeneration of diverse organs, particularly the liver and heart; and chronic hypovolemia, which leads to secondary 
hyperaldosteronism. This status of malnutrition is usually manifested early in children between 6 months and 2 years of 
age as a result of early weaning, delayed introduction of complementary foods, a low-protein diet and severe or frequent 
infections [37, 38]. 
 In addition to the health implications of the protein-energy malnutrition, poor dietary intake is known to result in 
micronutrient deficiency in most households around the world, particularly in the developing the countries. Such 
micronutrients include iron, iodine, vitamin A and zinc [31]. Iron is crucial to blood cell formation in the body and its 
deficiency thus results in anaemia – an ill-health situation that is characterised by deficient red blood cells or 
haemoglobin, or both [39]. This health condition becomes manifested in the wake of excessive bleeding, inadequate 
production of red blood cells, or excessive destruction of red blood cells. Iron deficiency, which rated as the most 
prevalent micronutrient deficiency around the world affects about 2billion people globally with about 70% of such ones 
in the developing countries. Furthermore, the underlying cause of poor iron intake, particularly in the right quantity and 
quality, is poverty status of most households. Arising from poor dietary and iron intake, about half of the pre-school 
children in developing countries are anaemic. 
 Vitamin A deficiency, which though impairs clear eyesight and proper functioning of the immune system, also 
contributes to anaemia by immobilizing iron in the reticuloendothelial system thereby reducing hemopoiesis and 
increasing susceptibility to infections [40]. On another note, diarrhea and related mortality has clearly been shown to be 
associated with vitamin A deficiency [41, 42]. Lack of iodine reduces the production of thyroid hormone and increases 
that of thyroid-stimulating hormone [43, 36]. In view of this, the thyroid gland becomes hyperplastic and goitrous 
leading to hypothyroidism develops. Zinc deficiency interferes with a variety of biological functions, such as gene 
expression, protein synthesis, skeletal growth, gonad development, appetite and immunity [44, 38]. Deficiency of this 
element is also a major determinant for diarrhoea and pneumonia. 
 Based on the foregoing, both children and adults in Nigeria are experiencing ill-health or abnormal health condition 
as a result of poor feeding pattern and inadequate micronutrient consumption. Effects of malnutrition though vary from 
city to city and between urban and rural areas, the degree of variation is found to be correlated with socioeconomic 
status of the households in Nigeria [45]. With regional and social disparities in Nigeria, malnutrition is prevalent in the 
northeast and northwest and much more among the poorest quintile [46]. In view of the criteria for the measure of 
protein-energy malnutrition, the observed status of malnutrition among the Nigerian households ranged between stunted 
(low height-for-age) and undernourished (low weight-for-age). In the same vein, about 11 million children under the 
age of five are stunted; and was further stressed that stunting happens when a child’s brain and body do not get the right 
kind of food or nutrients in their first 1,000 days of life. With about half the children aged 6 to 59 months not receiving 
vitamin A supplementation, deficiency of this nutrient results in child growing up with lower immunity, and this readily 
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triggers frequent health problems and poor growth. In view of the correlation of malnutrition to child mortality is an 
indication that about 52% of child’s death in Nigeria is attributable to malnutrition and 80% of the nation’s children 
experienced moderate-to-mild malnutrition rather than severe malnutrition [47].  

6. Food education practice in Nigeria 

It is a known fact that food is crucial to both physiological and psychological growth of man; and enhances proper 
functioning of individuals’ physiological make up and good health status. These functional roles of food are certainly 
accomplished only when man is placed on adequate and quality foods. In this wise, food consumption needs to be rich 
in all nutrients for real benefit to the body. It is however certain that a single set of food resources never contain all the 
required nutrients – water, carbohydrate, protein, fat, minerals and vitamins; but variety of food resources. In addition to 
quality food consumption is the need for safety of the food for safe consumption. For individuals or households to be 
conscious of the need for quality and safe food consumption, it becomes essential to have them educated on nutritional 
values of different food resources and proper handling of the food for safe and quality consumption. Where such food 
education is not in place, individuals or households become tilted toward consumption of junk or unhealthy foods. The 
rising case of epidemic of childhood obesity in the United States is due to consumption of non-healthy foods and to 
correctly solve this nutritional problem is the need for nutrition education.  
 Nutrition education is any type of actions designed to change knowledge, attitudes and behaviours of individuals, 
groups of individuals or populations to contribute to the prevention and control of malnutrition in all its forms, and any 
erroneous food consumption, including of course the economic aspect [48]. It as a set of planned educational activities 
targeted at certain population groups and aimed at acquiring healthy nutrition behaviours [49]. On a similar note is 
conceptualisation of nutrition education as any combination of educational strategies designed to facilitate voluntary 
adoption of food choices and other food- and nutrition related behaviours conducive to health and well-being [50]. 
American Dietetic Association – ADA conceived nutrition education as instruction or training intended to lead to 
acquisition of nutrition-related knowledge and/or skills and be provided in individual [51]. A common trend across 
these definitions is that nutrition education has to do with influencing the food consumption behaviour of certain group 
of people through instructional education. In essence, food or nutrition education may be described as conscious or 
deliberate efforts to provide certain set of people with technical information on variety of nutritious food resources and 
safe handling of the food with a view to influencing their food consumption behaviour toward becoming mindful of 
quality and safety of food types for consumption. The main goal of nutrition education  is to make people aware of what 
constitutes a healthy diet and understand ways to improve their diets and their lifestyles [52]. The resultant effects of 
this is that, nutrition education helps individuals, families, and communities make informed choices about food and 
lifestyles that support their physiological health, economic, and social well-being. 
 Nutrition education generally takes place in schools, targeting young children basically because food habits in early 
stages of life is believed to determine practices and preferences in adulthood [52]. This is a similar experience in 
Nigeria where nutrition education takes place in schools for the purpose of educating school pupils and students on 
nutritious food and good eating habits. Teaching nutrition to children throughout their educational experience is a key to 
developing healthy eating habits [53]. Consequently, food nutrition takes place in Nigerian schools, though as part of 
health education curriculum for pupils in primary schools and part of home economics, health science and biology in 
secondary schools, for the purpose of influencing their eating behaviours toward safe and healthy food consumption. In 
higher schools, nutrition education is thought as course of discipline for development of professional food and nutrition 
practitioners. As reflected by the West African Examination Council’s Syllabus for secondary school students 
(www.myschoolgist.com.ng), the nutrition education in Nigerian Secondary Schools aims at ensuring that the students 
acquire basic knowledge about food and nutrition; understand the relationship between nutrition and health; develop the 
ability to apply the general principles underlying meal planning, selection, preparation and serving of food to feed 
family and other consumers for different occasions; acquire research skills and use the information to experiment, 
develop and improve local dishes. But the fact that home environment extremely influences a child’s eating behaviours 
[53] emphasises the need for extension of nutrition education beyond the classroom to the home environment using 
multiple channels of communication in the educational delivery. As further stressed by the author, integration of 
teachers, foodservice professionals, and family members in nutrition education strategies plays important roles in 
promoting life-long healthy eating habits. Consequently, schools need to reach out to parents with nutrition education 
with a view to shaping the parents’ food consumption behaviours and reinforce the thought lessons on food nutrition in 
the school learners for healthy living of all.  
 Although, teachers and food nutrition professionals engaged pupils and students on food and nutrition education 
either in school environment, organised food conferences/workshop or hospitals, the practice is hardly linked with the 
home environment in Nigeria. That is, no conscious or deliberate nutrition education effort is put in place for education 
of homes and parents, but largely in formal school setting. In view of this, individuals and households in Nigeria have 
largely relied on their age-long food resources types and consumption pattern, as may have been inherited from parents 
or dictated by culture, to guide their food nutrition practise. In addition to this is informal nutrition education practice 
whereby people generally share information on food nutrition with one another either by physical contact or through the 
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internet and social media. In this wise, people are taking to different ways of improving their nutrition by exploring 
available food resources in the country to improve the nutritional status and healthy living.  Instances in this regard are 
online information on food constituents, food resources and their characteristic nutrients, food combination for 
consumption, meal time, meals for children and other age groups. While some individuals or households with higher 
level of education have had taken it upon themselves to explore available nutrition information from the Internet or 
social media, and in some cases from radio and/or television broadcast as may be presented by resource persons on food 
and nutrition, to guide their food consumption and eating habits; it is extremely difficult for the less educated ones to do 
so, particularly for those in rural areas on account of outright absence of or poor development of basic infrastructure or 
communication facilities for information sourcing. This accounted for why cases of malnutrition or poor feeding pattern 
are higher in the Nigerian rural areas than its urban counterpart. 
 On another note is the value of nutrition education on food safety for safe consumption. This is underlined by the fact 
that nutritionally rich food does imply safe food as nutritionally rich food may not be safe for consumption. In this wise, 
part of the Nigerian education curriculum for students in schools centres on safe handling of food items particularly 
during preparation. The consulted West African Examination Council’s Syllabus reveals objectives of the safe food 
education to include ability to apply the general principles underlying meal planning, selection, preparation and serving 
of food to feed family and other consumers for different occasions; understand the need for planning an efficient and 
safe kitchen; choose, use, care and store kitchen equipment and tools effectively; appreciate the importance of sanitation 
in the kitchen food preparation and service; apply basic principles underlying food processing, storage and preservation; 
acquire basic knowledge in consumer education; and acquire research skills and use the information to experiment, 
develop and improve local dishes. Education on safe consumption thus exposes the in-school learners to developing 
personal and kitchen hygiene in terms of general cleaning, waste disposal, pests and pest /control, as well as food 
hygiene in terms of food handling, identification and guard food borne diseases and food sanitation laws.  
 In similar way to educational dictates of food nutrition, home and environment hygiene is culturally dictated in 
Nigeria with the dictums: hygienic practises override illnesses; cleanliness is next to godliness. In this wise, Nigerian 
households and individuals are highly conscious of the need for maintaining hygienic environment and food 
consumption; and these accounted for less cases of food borne diseases in the country. Occasionally is information from 
the food regulatory agency in Nigeria – National Agency for Food, Drug and Administration Control (NAFDAC), on 
unhygienic and unsafe food resources that might be in circulation in the country for guidance of consumers and 
prevention of food-related diseases. This notwithstanding, it is obvious that most of the less educated and poor-resource 
households are less concerned with cosmetic appearance of food resources, particularly fruits, as they readily consumed 
dented or spotted fruits whether washed or unwashed; consumed dead animals on the ground that intensive cooking 
destroys germs and pathogens in foods. This suggests the need for further and strengthened food and nutrition education 
in the country. 

7. Implications of food education for dietary behaviours of the Nigerian households 

Given the role of food and nutrition education in stimulation of healthy eating behaviours and prevention and control of 
malnutrition in human society, its effective implementation potentially enhances improved dietary practices and 
motivate participants’ change of dietary behaviours using the acquired knowledge and skills on how to make healthy 
food choices in the context of their lifestyles and economic resources (Food and Nutrition Service, 2010). In view of the 
mode of food education practice in Nigeria, field observation shows that individuals and households in the country have 
been exploring such information for improving their nutritional intake. For instance, many of the pregnant women and 
nursing mothers, who are mostly educated on food nutrition during the antenatal period in hospitals and health centres 
in the country, have taken informed decisions to ensure adequate and quality feeding during pregnancy and to the 
practice of exclusive breast feeding for the first six months of birth as way to nourish the child for healthy growth and 
psychological development; and thereafter ensure that the infants are placed on quality foods.  
 On weaning, the wealthy households may able to afford canned baby foods, the poor-resourced ones often resort to 
cheap and less nutritionally rich food for their feeding their babies, particularly pap (ogi) – fermented corn as meal. 
Realisation of this fact has brought about education of the poor-resourced households on fortified pap such that a 
number of grains, namely, wheat, guinea corn, millets and soybean are jointly fermented with maize and thereafter 
grinded to form a fortified pap or ogi for onward feeding of the infants. And if at all pap is to be solely made from a 
single type of grains it should rather be millets or guinea corn instead of maize due to high nutritional value the grain. 
This practise of fortified pap, which outstandingly recommended, is based on the fact that the included grains are high 
in protein content, which is essential to enhancing infant’s growth and development.  
 Food consumption is a daily venture with individuals and households consuming between two and three meals per 
day. Of all the daily meals, field observation reveals breakfast as the most crucial given that the consumed morning 
food replaces the lost energy overnight as a result ‘fasting in sleep’ thereby re-energising the body and the brain for the 
day’s activities. For the school-age children is also the provision of breakfast as a way to strengthen their health and 
ensure concentration during school learning. Although the quality and quantity of food given to a child or consumed by 
households is largely determined by the economic status of the child’s household, the impact of food education is that 
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most households have found it necessary to provide breakfast, as least for the kids, and in most cases for the 
adolescents, if at all the adults may not take breakfast.   
 Most foods consumed by households often undergo one form of processing or the other in the cause of preparation 
for household consumption. Such preparation process causes the loss or reduction of the amount of nutrients in food, 
particularly processes that expose foods to high levels of heat, light, and/or oxygen. In this wise, some of the Nigerian 
households have taken to careful boiling or frying of foods to prevent the loss of food nutrients. For instance, against 
the traditional practice of parboiling or washing vegetables with hot water before cooking is now the informed practice 
of washing vegetables with clean but cold water and slightly cooked as stew as a way prevent the loss or reduction of its 
nutrition contents. Foods to be preserved, particularly fruits and vegetables, are also known to be blanched by briefly 
boiling or steaming with a view to killing enzymes that would otherwise cause unwanted changes to the food color, 
flavor, texture and nutrient density during preservation and storage. Although the rate of nutrient loss from food storage 
and preservation is dramatically reduced by blanching, the heating practice equally causes some nutrient loss, 
particularly a reduction in water soluble nutrients [54]. On a similar note is the practice of less heating of cooking (palm 
and vegetable) oils against the age-long practice of overheating which nutrition education has revealed to breakdown 
quality fats into harmful trans fats and some oils do turn rancid at high temperature. 
 Against the backdrop of consumption of oily and fatty foods and heavy or carbohydrate-laden, which has in turn lead 
to obesity heaviness of the body, is the avoidance of  such types of food for fruits and lighter foods for consumption. 
Field observation shows that the option of fruit and light food consumption is referred to keto – which simply means 
keep-to-fit. The nutrition guides have largely been drawn from online media and sharing among friends. The resultant 
effect of such dietary behaviour is significant loss of weight to a desired level by individuals who had undergone such 
dietary practice. The loss of weight is believed to be crucial to preventing cardiovascular disease which is often 
manifested as high blood pressure, high cholesterol, and Type 2 diabetes [55]. 
 Water and drinks are also essential component of nutrition and dietary intake. On this account is the influence of 
educative information on clean and adequate water consumption for physiological and metabolic functioning of the 
body system. Interactions with some individual on water intake behaviour reveals that some have made it a habit to take 
one or two glasses of water just before going to bed and first thing  on waken up in the morning. This is based on the 
information sufficient water in the body system lowers blood pressure, prevents heart attack, activate internal organ and 
aid digestion. With regards to drinks is avoidance too much juicy and very cold drinks in order to guard against 
lowering the blood temperature and prevents pneumonia. 
 Hygienic practice is crucial to ensuring safe food consumption. With food education on safe food handling for safe 
consumption is the informed choice of mindful of food handling by individuals and household in Nigeria. Interactive 
with some households in southern part of Nigeria reveals that they maintain the hygiene of the kitchens, cutting and 
cooking utensils, and also have their hands washed before touching foods in order to avoid food contamination. Rather 
than leaving food opened they ensured that all foods are covered or kept in the fridge or safe places. On another note is 
consciousness of some individuals about the safety of the food items they are purchasing based on NAFDAC 
sensitisation of the public on need to cross check manufacture and expiry dates on food and drink products. With this, 
many Nigerians become sure that they are consuming safe foods and drinks.  

8. Conclusion  

It is an established fact that food is of great value to man in that it sustains life, nourishes the body and supports healthy 
living. On this account a great deal of effort is made by man to ensure that food is readily available in sufficient quantity 
and quality for consumption. Farm cultivation though constitutes the primary source of food production, it becomes 
accessible to man either directly from cultivated farms or by purchase from the from the farm gates/markets. The value 
of food however goes beyond the satisfaction of hunger to nourishing the body for proper physiological growth and 
proper function of the body system. In this wise, nutritionally rich food becomes essential. That is, food to be consumed 
by individuals and/or households must be variety of food resources rich in carbohydrate, protein, fats, minerals and 
vitamins, coupled with sufficient water. While a larger proportion of the residents of the developed and affluent 
countries might have access to variety of foods, even in sufficient quantities, it is not the same case with most people in 
the developing countries as result of poor agricultural development and poor economic status of most individuals and 
households in the area. In Nigeria for instance, studies have revealed that most households in the country heavily relied 
on carbohydrate or energy-giving food due to poor state of the country’s agriculture, low-income earning and poverty 
status of most households of its citizens. In addition to this is rationing of food by skipping one or two meals per day as 
a way to cope with food shortages or inability to afford adequate food for consumption. Thus, food consumption among 
most households in Nigeria is meant to satisfy hunger rather than nourish the body. On this account, the common 
dictum that ‘a secured food person is out of poverty’, is born out of the need to have something to eat, so far it is not a 
poison, rather than have nutrient-rich food to eat for nourishment of the body. In addition to this, the country generally 
lacked officially institutionalised food education programme for homes and families except subject of taught in formal 
school setting for education of school pupils and students at the basic education level and for training and development 
of food and nutrition professionals, most of whom end up working in hospitals and food industries as career officers or 
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personnel rather than food and nutrition educators for homes and families. In place of this, the age-long food 
consumption practice and traditional knowledge of food value and nutrients becomes the information-base for guiding 
food and nutrition education of the less educated individuals and households in Nigeria, while the Internet platform 
becomes the information source on food and nutrition for educated individuals and family care-giver that care to know 
about food and its nutritional value to man. On this, account, even though a large proportion of the Nigerian citizens or 
households lived below the poverty line and the country lacked sufficient food, appropriate development of food and 
education programme, coupled with integration of impactful teaching strategies, will go a long way to guide Nigerian 
on right choices of food selection and development of healthy food consumption behaviours. In this wise, conscious and 
critical look should be given to following food and nutrition education strategies for formal implementation in the 
country. The nutrition education strategies which are broadly classified as individual, group and environment 
approaches under the California Women, Infant and Children (WIC) Program include: the learner-centred approach, 
educator-centred counselling/advising, motivational interviewing, and self-learning/self-study strategies as the 
individual learning approach; child-centred approach, family-centred approach, interactive activities, role play, video 
presentation, facilitated group discussion, lectures, lectures with discussion, panel of experts and guest speaker 
strategies as the group approach; and the use of bulletin boards, educational material rounders/racks, music, posters, 
props and waiting room videos as the environment approach. Implementation of any of these food and nutrition 
education strategies requires proper planning  
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Mentoring in learning has been adopted lately as one of the near-work education method. In the virtual mentoring, either 
individual or group mentoring, the learning and development of the actors, mentees, may increase a lot with the help of 
other participants and their experiences. [1] The mentor-actor relationship can supervise the actor to a path that fulfils the 
wishes and future for a remarkable goal of career [2]. The pedagogical strategy framework was used to find the critical 
points of the structure in the learning process and to find the best digital methods to use in the chosen team learning 
system.[3,4] The knowledge of food sciences of the mentors teaches the profession of, for instance, the food chemistry and 
engineering for the actors. The peer group mentoring (PGM) is a tool to the career development [5]. The networking and 
mentoring improves training, develops competencies and new learning environments, as well as the collaborative 
relationships between novice and experienced actors.  

Keywords: professional education, mentoring, PGM, food  

1. Introduction 

As work is changing, also the education methods and learning spaces as well as facilities must provide new possibilities 
for the modern education systems. The staff in food industry is widely spread around in the countryside, also in the 
cities. This causes needs for flexible learning in several locations at the same time. To reach proper education in food 
sciences means that the education methods must meet the needs for several varieties of skills. Digital learning methods 
together with novel pedagogical methods are expected to bring for the younger Y-, Z-generation, and the present 
generation, easier ways to reach the needed education. 
 Web-based learning methods have developed fast the last decades. The social media tools and hardware development 
has challenged the pedagogical side to find the best learning ways to enhance good competences in food sciences. 
Project and team learning, with the help of mentoring, is an easy application for the use of new tools, mobile centers 
and new digital hardware. The diginatives have special expectations for learning methods independent on place.  
 It is a challenge to ensure teaching and mentoring quality in new types of learning environments keeping up the 
standard of professionals also in the 21st century. New food factories and new learning environments have created a 
huge variety of job opportunities for newly qualified professionals. eMentoring is a vehicle to sharpen ones’ 
professional skills. [6] There is a difference between the idea of benefits in relationships between mentors and mentees. 
Mentees’ benefits are clear, but the mentees do not find the benefits for the mentors. [7] Mentoring as a tool in 
educating in higher education institution courses has not been published a lot, yet. 

2. Methods 

In methodology we need to separate two definitions: coaching and mentoring. Here, coaching is understood to include 
active guidance to lead to one’s career path, where mentoring is more following the actor, mentee, and giving advice 
when needed in a form that the mentee needs to find the solution him/herself. The mentor gives examples from real life 
that has happened and what has been the consequence of such case and helps in, for instance, making analyses by 
making questions. The tools used in mentoring are pair meetings, seminars, visits to different organisations, peer 
mentee group evenings, round table discussions, and thematic workshops.[2]  
 The pedagogical strategy framework was used to find the critical points of the structure in the learning process and to 
find the best digital methods to use in the chosen team learning system. Options of using digital tools like mobile center 
was the mentees’ own choice. Only the learning platform was fixed by the mentor/teacher and institute. Feedback was 
used for developing the course in the future. The motivation of students was measured by interviews. Those not willing 
to learn new tools were also activated by other team members. [3,4] The method was used for Food Industrial Plant 
Design course with 6 groups. 
 Peer group mentoring (PGM) has also been a tool for teacher career development.[5] In the action research the 
newcomers and experienced educators were mixed in the same group to give the possibility to develop by peer group 
mentoring. The new teacher will be boosted into creating new infrastructure for modern learning purposes. The method 
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was used in food chemistry course carried out with 10 teachers of 2 experienced and 6 newcomers. Both type of 
teachers participated in equal conditions during the sessions. 

3. Results 

Mentoring in learning has been adopted lately as one of the near-work education method. In the virtual mentoring, 
either individual or group mentoring, the learning and development of the actors may increase a lot with the help of 
other participants and their experiences. [1] The mentor-actor relationship can supervise the actor to a path that fulfils 
the wishes and future for a remarkable goal of career [2]. The knowledge of food sciences of the mentor teaches the 
profession of, for instance, food chemistry and engineering for the actor, mentee. 
 It is important to remember that the mentor does not necessary need to know everything, and this is why uncertainty 
is a common feeling. The mentee needs to be active with questions, bringing up both positive and negative things 
during the process. It is important to make a good plan for the meetings like in Table 1, to get an efficient mentoring 
session, as time is a limiting factor. The goals in learning must be defined in the beginning of the mentoring 
programme. 
 In the peer group mentoring system the teacher students developed some question at the beginning. They wanted to 
find out first the theoretical principles, the relations between the experiment and course programme, and the goal of the 
experiment. An important role was also with the human and cost resources and logistic and time needed. Most 
important was the safety conditions to consider when food chemistry was the subject. All these matters were widely 
discussed during the practical experiment in the mixed peer group mentoring (PGM).  
 In the team learning system, a web-based course in food process design was produced. The food industry was 
interviewed to find the needs in present knowledge and in the near future (soft system methodology), suitable to be 
solved during the study course of food industry plant design. The pedagogical strategy framework was used to define 
the critical points in the designing process and to find the best digital methods to use in the system, shown in Table 1. 
The students from two universities were given options of using tools like dropbox, facebook, and digital tools like 
mobile center of their own choice. The learning platform was fixed by the teacher and institute. Feedback received from 
6 study groups of 8 students in 3 years was: first year depressing (too much work), second year active, and third year 
constructive and willing to continue the method and development. The groups were each year different and the 
information from the previous years’ groups, also the influence of the attitude change on new study methods probably 
revised some of the opinion. The motivation of students increased and those not willing to learn new tools were also 
activated by other team members. 

Table 1   The pedagogic plan for the Industrial Food Process Design e-course [3, 8].  

The aim of the 
course 

Contents 
Learning, the 

student 
performance 

Steering and 
feedback, the teachers 

performance 

References of 
knowledge 

The tools for eworking

Aims as 
competences 

Description of the 
contents 

How does the student 
learn this? LbD. 

How and when the 
work is being 
supervised? 
(pedagogic, social, 
administartive and 
technical support)? 
Supervision throught 
moodle or webex. 
Meetings e-conference 
or face-to-face. 
Seminars throught 
webex (camera and 
mic). 

Produced before or 
during the process? In 
advance will be given 
the frame of the task in 
parts according to the 
project schedule. Also 
the students study 
information and collect 
material for the task. 
Finally there will be a 
final report collected 
from information in the 
intermediate reports. 

What net tools to use to 
support the work? First 
finding out what tools are 
available and suitable to 
use? Moodle and cad and 
other programmes, 
ebeam, webex (acp), 
skype, confluence-wiki, 
mobile center, free social 
media tools, webropol, 
etc.  

Aim 1: Knows 
how to design a 
preparatory 
plan. 

Content 1: Basic 
knowledge for 
designing the 
preparatory plan, 
working hour 
plan for follow up 
in schedule 
control. 

How does the student 
work? Team working 
and in smaller 
groups. Networking. 

Who supervises and 
gives feedback? The 
teachers give oral 
feedback during the 
meetings. 

Ready printed material 
or teacher written 
material? Both. 

The learning platform and 
its tools? Moodle, real-
time net tools for 
communication, blogs, 
wikis, intranets; sms, e-
mail, phones/mobiles, 
skype, mobile center 

Aim 2: Knows 
how to read and 
draw process 
diagrammes 

Content 2: 
Drawing process 
diagrams, making 
lists and 

What kind of learning 
assignments? Larger 
project work divided 
into smaller parts. 

Planning the teachers' 
and tutors' time 
schedule and amount 
of work. 

How to use different 
media elements: text, 
sound/voice, picture, 
grafics, animation, 
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and understands 
their 
differences. 

specifications and 
writing 
intructions. 

video, database? Plenty 
of database, pictures in 
diagramme production. 

Aim 3: How a 
larger project is 
performed in a 
team. 

Content 3: 
Dividing work, 
taking in account 
expertise of 
others, reporting. 

The students and the 
groups performance? 
Team work, team 
leader and secretary 
in each turn, learning 
meeting technology. 

The teacher working 
hours according to 
face-to-face meeting 
sessions, theory lessons 
and practises. 

How to use study 
sources? The project 
will be done in parts and 
will be presented as a 
seminar and a final 
report. 

  

    The plan of students' 
time schedule and 
amount of working 
hours? This plan will 
be created at the 
beginning of the 
course: Estimate and 
implementation table.

      

4. Conclusion 

Peer Group Mentoring (PGM) can be used to develop the careers of food science experts. PGM shows how networking 
and mentoring can improve the training of experts in food sciences. They can develop competencies, build new learning 
environments and study the quality for analysis, logistics, and skills needed for risk assessment. The pilot case was 
studied among food chemistry technicians. The participants recognized the importance of collaborative work for the 
actor. 
 In food industries where changes in the organisations are needed, it is easier to fulfil the tasks with educated 
employees who have learned the similar view of the consequences. 
 In team learning system the motivation of students was higher than in individual learning methods and those not 
willing to learn new digitools were also activated by other peer team members. The competence learning was deeper 
and more efficient and economical. The earlier used study systems and methods, as well as the previous study groups 
opinions gave some influence on the feedback.  
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1. Microbiota 

Microbiota is a community of microorganisms that populate a certain environment and specially the population of 
microorganisms inhabiting in or on the human body. Human body forms a platform on which diverse microbial 
ecosystems are established. After the birth of a mammal, a life-long process of colonization by foreign microorganisms 
that inhabit most environmentally exposed surfaces such as the skin, mouth, gut and vagina is initiated [1, 2]. The 
human microbiota involves more than 1014 symbiotic microbial cells [3] and 1015 viruses [4] harbored by each person, 
predominantly bacteria in the gut; the human microbiome consists of the genes these cells harbor [5, 6]. In short, the 
microbial population that inhabits in and on the human body establish our microbiota, and the genes they encode are 
defined as our microbiome. This complex community involves bacteria, eukaryotes, viruses, and at least one archaeon 
that interact with one another and with the host, greatly impacting human health and physiology. Cultivation of these 
microorganisms are difficult and only small number of them can be cultured. However, culture-independent high-
throughput sequencing provides a great information about these microorganisms [3, 7]. Many samples can be 
characterized and compared rapidly by the highly multiplexed studies [8, 9]. These studies enable the detection of 
spatial, temporal, and disease-associated patterns in human microbiota. In humans, the microbiota plays a significant 
role in health and disease and it can be occasionally referred to as our ‘‘forgotten organ’’ [10]. The microbiota takes a 
role in energy harvest and storage, besides its fundamental role in a variety of metabolic functions such as fermenting 
and absorbing undigested carbohydrates [11]. Most significantly, the gut microbiota interacts with the immune system 
and provides signals for the maturation of immune cells and the normal development of immune functions [12]. 

2. Gut Microbiota 

The microbiota colonization occurs on every surface of the human body that is open to the external environment. 
Microorganisms live in our skin and in the genitourinary, gastrointestinal, and respiratory tracts [13-15]. The 
gastrointestinal tract (GIT) is the most colonized organ; only the colon contains more than 70% of all the 
microorganisms in the human body [1, 3]. The human gut has 200 m2 surface [16] that represents a significant surface 
for microbial colonization. Moreover, the GIT is a favored surface for colonization since it provides a variety of 
nutrients for microbes. Strict anaerobes are dominant in gut microbiota with respect to the facultative anaerobes and 
aerobes [17-19]. The gut microbiota of healthy individuals is composed of six bacterial phyla: Firmicutes, 
Bacteroidetes, Proteobacteria, Actinobacteria, Fusobacteria and Verrucomicrobia [20]. However, only the 
Bacteroidetes and the Firmicutes dominate in the human gut microbiota [21]. Variety of bacterial species in the human 
gut reaches as much as 35,000 species [22].  
 The GIT has non-homogenous microbiota. The number of bacterial cells in stomach, duodenum, jejunum, ileum and 
column are approximately 101, 103, 104, 107 and 1011 bacteria per gram, respectively [10]. Furthermore, the 
composition of microbial community differs in different parts. Biopsy samples from colon and small intestine of healthy 
people were compared and enrichment of different bacterial communities were observed at these two sites [22]. Bacilli 
class of the Firmicutes and Actinobacteria were dominant in small intestine, however; Bacteroidetes and the 
Lachnospiraceae family of the Firmicutes were enriched from colonic samples. Furthermore, there is also difference in 
microbiota of intestinal lumen between attached and embedded in the mucus layer which separates intestinal epithelium 
from the lumen. For example, Bacteroides, Bifidobacterium, Streptococcus, members of Enterobacteriacea, 
Enterococcus, Clostridium, Lactobacillus, and Ruminococcus were all detected in feces, on the other hand, only 
Clostridium, Lactobacillus, and Enterococcus were found in the mucus layer and epithelial crypts of the small intestine 
[23]. 
 Bacteria in the GIT can be divided into two main groups: useful bacteria (good bacteria) and harmful bacteria (bad 
bacteria) which must be kept in the intestine (Fig. 1). Numerous factors can affect gut flora and it has been linked to 
various diseases including obesity, inflammatory bowel disease (IBD), irritable bowel syndrome (IBS), non-alcoholic 
steatohepatitis (NASH), colon cancer, liver cancer, type II diabetes mellitus, allergic diseases and cardiovascular 
diseases [24, 25] 
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Fig. 1   Bacterial flora of gut. 

 Formation of microbiota in the human 
gut starts with the birth. During the canal 
of birth, infants are exposed to varying 
microbial groups [26] in the vaginal 
microbiota of their mothers, similarity 
between microbiota of infants intestine and 
that of mother vagina is an evidence for 
this colonization in the infant during the 
birth [27]. Moreover, different microbial 
populations were observed from the infants 
delivered through cesarean section [28]. 
Microbiota of intestine during the first year 
of baby is very simple, but it can change 
from individual to individual and from time 
to time. However after the first year, gut 
microbiota of baby becomes stable and 
similar to that of a young person [27, 29]. 
Microbial community of individual GIT 

was affected by many other factors such as host physiology, genetics, and environmental factors [30, 31]. Increasingly, 
diet is recognized as a key environmental factor that mediates the composition and metabolic function of the 
gastrointestinal microbiota [32]. Indeed, consumption of specific dietary ingredients, such as fiber and prebiotics, is an 
avenue by which the microbiota can be modulated. 

3. Dietary fibers and prebiotics 

Dietary fibers are defined as [33]: carbohydrate polymers with ten or more monomeric units, which are neither digested 
nor absorbed in the human small intestine and belong to the following categories: (i) edible carbohydrate polymers 
naturally occurring in foods as consumed, (ii) edible carbohydrate polymers which have been obtained from food raw 
materials by physical, enzymatic, or chemical means and which have a beneficial physiological effect demonstrated by 
generally accepted scientific evidence, and (iii) edible synthetic carbohydrate polymers which have a beneficial 
physiological effect demonstrated by generally accepted scientific evidence. Prebiotics are also classified as dietary 
fibers. Prebiotics are recently defined as according to International Scientific Association of Probiotics and Prebiotics 
(ISAPP) [34]: “selectively fermented ingredient that results in specific changes in the composition and/or activity of the 
gastrointestinal microbiota, thus conferring benefit(s) upon host health.”   
 Target genera of prebiotics are dominantly Lactobacilli and Bifidobacteria. When two genera were compared, 
changes were observed more often in Bifidobacteria since more Bifidobacteria usually reside in the human colon than 
Lactobacilli, and they exhibit a preference for oligosaccharides [35]. To classify an ingredient as a prebiotic, it should 
resist gastric acidity, be hydrolyzed by mammalian enzymes, absorbed in the upper GIT, be fermented by the GIT flora, 
selectively stimulate the growth/activity of GIT bacteria potentially associated with health and well-being. The known 
health benefit for prebiotics intake is rather limited than for dietary fibers. However, it has been put forward that 
prebiotic intake may ; reduce inflammation and inflammatory bowel disease symptoms, duration and frequency of 
antibiotic-associated diarrhea, lower the risk of cardiovascular diseases, protect against colon cancer,  enhance 
absorption  and bioavailability of calcium, magnesium, iron minerals and prevent obesity while supporting weight lost 
and satiety [35]. 
 New technologies in molecular and computational studies show the effect of diet on composition and function of GIT 
microbiota. For instance, metagenomics provide the information for gastrointestinal microbiome which is 150 fold more 
than genome of the human [11]. Most fibers and prebiotics cannot be digested by the human enzymes, less than 20 
glycosidases involved in digestion of dietary polysaccharides have been recognized in the human genome [36]. From 
this perspective, metabolization of dietary polysaccharides by the gastrointestinal bacteria is an example of the 
symbiotic relationship between the host and the microbiota. Furthermore, this relationship provides an opportunity for 
dietary modulation of the microbiota since microbial growth and metabolism depend on substrate availability, i.e., the 
type of dietary fiber or prebiotic consumed by the host. 

4. Fructans as prebiotics 

Fructans are non-structural carbohydrates that occur in bacteria, algae, flowering plants and mosses [37]. Fructans are 
fructose-based oligo- and polysaccharides containing maximal one glucose unit [38]. They are the most common and 
known group among prebiotics and can be divided into five main groups based on their chemical structure. (i) inulin 
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with β-(1-2)linked fructose residues, (ii) neo-inulin with two β-(1-2)-linked fructose chains attached to the sucrose 
starter unit, (iii) β-(2-6) linked levan, (iv) neo-levan with internal glucose residue and (v) graminans (mixed fructans) 
consist of β-(2-6)-linked fructose residues with β-(1-2) branches [37, 39].  
 Fructans provide improvement of blood parameters, resistance against intestinal and extra-intestinal pathogens, 
modulation of immune system and reduced allergies [40]. The intestinal benefits of fructans as well as their symbiotic 
association with probiotic bacteria, encompass prevention and treatment of infectious diseases, including viral or 
bacterial diarrhea, and chronic inflammatory diseases such as ulcerative colitis [41]. It is known that their prebiotic 
activity changes with structural features like; composition of monomers, type of glycosidic linkage, degree of 
polymerization (DP) and degree of branching [42].  
 Prebiotic fructans cannot be digested in stomach and small intestine on the other hand, might be partially hydrolyzed 
due to acidic environment [37]. When they reach colon, glycoside hydrolase (GH32) secreting bacteria degrade them 
and they serve as bifidogenic factor on beneficial probiotic bacteria  and  can be used as carbon and energy source  [43] 
At the  end of this metabolic activity, short chain fatty acids (SCFAs) like butyrate, propionate, acetate, lactate and 
hydrogen, methane, and carbon dioxide are produced. SCFAs are used as carbon and energy source for bifidogenic 
bacteria and play important role in the enhancement of host health through enhancing immune system, facilitating 
mineral uptake, neuronal and hormonal feedbacks [40, 43]. Butyrate is known to increase growth of Lactobacillus and 
Bifidobacteria [44]. Moreover, butyrate plays important role on epithelial cell proliferation and differentiation [37]. 
Acetate join circulation and goes to liver and it is used as energy source while propionate is absorbed and metabolized 
aerobically and play key role in many mechanisms for instance appetite regulation. [45, 46]. It is reported that FOS play 
a key role in production of butyrate and propionate in high amounts [47]. Long term effects of FOS consumption is 
studied by Le Blay et al. [48], and rats fed with diet containing FOS (9-10 g/day ) during 27 weeks and they reported 
transitory increase in lactate and constant increase in butyrate. 

4.1   Inulin 

Inulin is a β-(1-2) linked fructose polymer generally with terminal glucose and its DP varies from 2 to 60 units [49, 50]. 
Inulin can be synthesized enzymatically from sucrose or extracted mainly from plants. Inulin type fructans are generally 
obtained from chicory (Cichorium intybus L) or artichoke (Helianthus tuberosus) but recently Agave cactus and oats are 
also considered as rich soruce of inulin fructans [51, 52]. It is reported that inulin based dietary fiber should contain at 
least 3-6 g /100 g inulin while 3-8 g of inulin per portion should be consumed for bifidogenic activity [47].  

4.2   Fructooliosaccharides 

Fructose oligomers with low DP are called as fructooligosaccharides (FOS). FOSs originate from sucrose molecules 
and main monomeric units are fructose [47, 53]. Inulin type FOS and levan type FOS are two different types of FOS 
[54]. Partially hydrolysis of FOSs generate oligofructoses like glucopyranosyl-(fructofuranosyl)n-1fructose (GFn) and 
fructopyranosyl-(fructofuranosyl)n-1 fructose (Fn) with different DP degrees (1-4) [55]. 1-kestose (GF2), nystose 
(GF3), fructofuranosyl nystose (GF4) are also called FOS because of fructose monomers present in their composition 
[56]. Oligofructans are synthesized by hydrolysis of long fructan chains or sucrose based enzymatic synthesis. Inulin 
type oligofructans can be obtained from hydrolysis of inulin by endo-inulinase (EC 3.2.1.7) [57] or synthesized from 
sucrose by Aspergillus aculeatus derived fructosyltransferase (EC 2.4.1.9) [58] , Aspergillus niger derived β-
fructofuranosidase (EC 3.2.1.26) enzymes (58). FOSs can be found commonly in chicory, Jerusalem artichoke, 
asparagus and onion family members [59]. Daily consumption amount for bifidogenic activity is reported as 2-10 grams 
[60]. FOS can be used for prevention of intestinal infections and intestinal infections; inhibition of pathogens, ordering 
intestinal flora; regulation of intestinal immune system; enhancement of immune response; stimulation of probiotic 
growth of Lactobacilli and Bifidobacteria species; optimization of colonic function and metabolism; production of short 
chain fatty acids; increase of mineral absorption; reduction of food intake and obesity management and control of 
diabetes type 2 and prevention of cancer [41, 54, 61-72]. 

4.3   Levan 

Levan is β-(2-6) linked fructose polymer commonly found in nature. Water soluble, nontoxic and strongly adhesive 
polymer have many application fields such as pharmacy, food, chemistry, medical and cosmeceutical industries [73]. It 
is produced extracellularly from sucrose based substrates by various microorganisms including first extremophilic levan 
producer Halomonas smyrnensis AAD6T [74]. Several studies with levan as antioxidant, anticancer, anticoagulant, 
biocompatible microcarrier for peptide and protein drugs, adhesive multilayer films, bioactive surfaces, anti-irritant, 
prebiotic activities, antidiabetic and lipid metabolism regulator are reported by various researchers [74, 75]. Levan is a 
non-toxic soluble dietary fiber and hydrolysates of levan improve function of gut. Linkage type, length of 
polysaccharide and branching are significant physiological parameters that affect fermentation of levan in GIT. In vitro 
studies indicate enrichment of Bifidobacterium adolescentis, B. pseudocatenulatum, B. breve, B. longum, Lactobacillus 
plantarum and Pedicoccus pentosaceus with levan oligosaccharides [66, 76]. 
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5. Fructans rich diet in health 

5.1   Studies on prebiotic activity of fructans 

Prebiotics are reported as more effective and simpler modulators on gut microbiota compared to probiotics because they 
stimulate the life cycle of the resident gut microbiota [37]. Fructans show their prebiotic activities through toll like 
receptors (TLR) and their fermentation products show their activity through AMPK and/or nuclear factor kappa B (NF-
κB) signaling pathways [40]. Effect of inulin type fructan rich Jerusalem artichoke tuber  on 72 wistar rats for 12 weeks 
is investigated by Samal et al. [77].  Increase of beneficial bacteria in colon and rectal digesta (Lactobacillus spp. and 
Bifidobacterium spp.), acetic acid, propionic aicd and total SCFA concentration and improved fiber digestibility 
observed. Chung et al [78] studied  prebiotic effect  of  inulin and apple pectin  in- vitro. Increased Bacteroides, 
Eubacterium eligens is observed for inulin. Prebiotic effect of  Agave inulin (BIOAGAVE) (0, 5, 7.5 g/day) on 29 
healthy humans for 3 weeks is observed by Holscher et al. [79]. Concentration dependent increase in Bifidobacterium 
adolescentis, B. breve, B. longum, and B. pseudolongum is observed while Desulfovibrio and Clostridium sp. decreased.  
Majid et al. [80] studied prebiotic activity of  oligofructose and inulin containing fiber-prebiotic enriched solutions (7 
g/day)  (Nutrison Protein Plus Multifibre, Nutricia UK) on 22  diarrhea enteral nutrition fed patients  for 7 days. No 
bifidogenic effect is observed but Faecalibacterium prautsnizii and Bacteroides/Prevotella decreased in fecal samples. 
Bacillus subtilis natto CCT 7712 FOS is investigated by  Silva et al. [81] for its prebiotic activity. FOS was recorded as 
a good energy source.  Highest growth on FOS was observed for Lactobacillus plantarum ATCC 14917 followed by 
Lactobacillus casei (LC-1). Study concluded that FOS and probiotics (Lactobacillus casei and Lactobacillus 
plantarum ATCC 14917) could be used as symbiotic in foods. Martine-Gutierrez et al. [82] investigated prebiotic effect 
of Agave salmina fructooligosachharides  and inulin (ORAFTI®). Growth of Lactobacillus acidophilus is observed at 
the highest level in presence of Agave salmina FOS with lowest pH and highest lactate production. Porras-Dominguez 
[83] investigated prebiotic activity of levan-type oligofructans hydrolyzed by endo-levanase (EC 3.2.1.65) and high 
molecular weight levan and reported that levan-type oligofructans improve growth of Bifidobacteria more in 
comparison to levan. Commercially available branched levan (from Erwinia herbicola and Lactobacillus 
sanfranciscensis LTH 2590) were investigated for their prebiotic activities and L. sanfranciscensis levan showed 
bifidogenic activity [84, 85]. Prebiotic activity of inulin, Agave tequilana fructan and Halomonas levan were 
investigated by Arrizon et al [86]. Growth of Lactobacillus species was observed in all fructans. On the other hand, 
inulin and levan increased also growth of Bifidobacteria. Moreover, growth of pathogenic bacteria (Salmonella 
typhimurium, Listeria monocytogenes and Clostridium spp.) decreased by inulin and Halomonas levan while Agave 
tequilana fructan had no effect. Adamberg et al. [87] studied effects of levan on gut microbiota and enriched 
Bacterioides, Escherichia, Streptococus and Faecalibacterium is observed. Mardo et al. [88] investigated biochemical 
properties of endolevanase BT1760 on six bacterial levan synthesized by levan sucrase Lsc3 of Pseudomonas 
syringae pv. Tomato, mutant Asp300Asn mutant type, levan from Zymomonas mobilis, Ervinia herbicola and 
Halomonas smyrnensis levan and timothy grass isolated levan degradation into fructooligosaccharides. BT1760 
degraded levans into FOS with DP 2 to 13. All levans were hydrolyzed successfully by BT1760 at body temperature 
(37°C) and pH between 5-6 and study concluded that plant or bacteria derived levan serve as a prebiotic for 
B. thetaiotaomicron and promote SCFA synthesis by gut microbiota. Enzymatically derived low molecular weight 
oligosaccharide β-(2-6) (FOS) from levan is investigated as a new carbon source for bifidobacterial growth 
(Bifidobacterium adolescentis, B. longum, B. breve, and B. pseudocatenulatum ) by Marx et al [66] and formation of 
SCFAs were different between species and highest SCFA production is observed in B. adolescentis. Zhao et al [89] 
investigated effect of levan on 96 pigs for 6 weeks and concluded that levan decreased E. coli count and increased 
growth of Lactobacillus.  

5.2   Immunity and gut barrier function 

Barrier function of gut is important for health of host and generally maintained by epithelial barrier. Corruption of 
epithelial barrier or failure in barrier function may result with several diseases like pathogen infection, obesity, 
necrotizing enterocolitis, irritable bowel syndrome, inflammatory bowel disease and diabetes [90]. Prebiotics effect host 
immunity via interaction with immune system cells. Various surface receptors of immune system cells like T and B 
lymphocytes recognize several carbohydrate structures and some of them bind to those structures of fibers. Neutrophils, 
macrophages, and dendritic cells have several carbohydrate receptors like Ca+ dependent mannose receptor and langerin 
and Ca+ independent Dectin 1 and Dectin 2. Most of those receptors belong to C type lectin (CLR) family that have 
conserved residues for recognition of carbohydrates [47]. β-glucan groups of carbohydrates have ability to bind directly 
to macrophage, monocyte, neutrophil and dendritic cell receptors [37] Dectin-1 receptor binds β-glucan structures of 
fibers and stimulate immune response via cytokine secretion from dendritic cells and stimulates secretion of IL-2, IL6, 
IL-10, IL-12 and TNF-α [37, 91, 92]. Dectin-1 also play role in TLR related inflammatory signal production via 
inducing inflammatory gene expression through protein kinase and phosphatase signaling [47]. Endocytosis and 
phagocytosis is initiated by activation of Dectin 1 [37]. Prebiotic and antipathogenic activities of levan was studied by 
Yang et al [93, 94] and they reported that enterotoxigenic E.coli adhesion to the mucosa is decreased while growth of 
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beneficial bacterial populations was increased. Fooks and Gibson [95] searched effect of several prebiotics on probiotic 
and pathogen bacteria and indicated that FOS, inulin, XOS and their mixture inhibited pathogens (E.coli, C. jejuni and 
S. enteridis) greater than lactulose, lactitol, starch and dextran. It is reported that β-(2-1)-fructans improve intestinal 
epithelial cell barrier function through Toll-like-2 (TLR-2) receptors. TLR activity and cytokine production is related 
with chain length of β-(2-1)-fructans and short chain β-(2-1)-fructans are reported to induce regulatory cytokine 
secretion (IL-10 / IL-12 ratio) more compared to long chain β-(2-1)-fructans [96]. Vogt et al. [96] studied effect of 
different chain length β-(2-1)-fructans on T84 human intestinal epithelial cell line in-vitro and found that time and chain 
length dependent cell barrier protective effect is maintained on T84 cells via TLR-2 and this showed that β-(2-)1-
fructans might target mainly TLR-2 receptor and less TLR-4, 5, 6, 7, and 8 on epithelial cells that result in NF-κB/AP-1 
activation to improve host health on TLR-2 dependent mechanisms. Fransen et al. [97] investigated effect of  short and 
long chain β-(2-1) fructans  (Frutalose® OFP and Frutafit® TEX)  on conventional and germ free mice for  5 days. .Long 
and short chain fructans increased T-helper cells, enhanced 2-alpha-l-fucosyltransferase 2 expression and IL- 22 
dependent genes in conventional mice ileum. Long chain fructans affect B cell response in germ free mice while short 
chain fuctans increased T regulatory and dendritic cells.  Enhanced immunity is observed in germ free mice thus study 
concluded that immunity is partially dependent to microbiota in a chain length independent manner. Li and Kim [98] 
investigated effect of levan-type fructan (0, 0.05, 0.1 and 0.2%) on growth, blood profile and fecal microbiota on 80 
growing pigs for 42 days. Lactobacillus is increased in tract while weight gain is also improved. E. coli LPS injection 
induced blood lymphocyte, serum cortisol level, IL-6, TNF-α increase and levan-type fructan fed pigs showed decrease 
in these levels at the time dependent interval. Study concluded that 0.1 % levan type fructan supplementation can 
enhance growth, digestibility, fecal Lactobacillus count and immune response in inflammation. Effect of inulin and 
short chain FOS on gut epithelial barrier  function was investigated by Wu et al. [99] in- vitro. They concluded that 
barrier function enhancement can be maintained by activating host epithelial cell signaling through protein kinase C 
(PKC) δ-dependent mechanism and tight junction induction. Effect of inulin type fructan  (DP 10-60, DP 25) on 
immunity   was investigated by  Voght et al [100] in- vitro  and in- vivo with  40 heathy human subjects vaccinated 
against hepatitis B. Development of  Anti-HbsAg-titer and lymphocyte are investigated.   Th-1 cell increase and TLR-2 
stimulation is observed for inulin type fructans (DP 10-60) better than DP 2-25 in in- vitro studies. DP 10- 60 increased 
anti- HBsAg titer, Th-1 cell and transitional B cells. Both fructans increased cytokine production and NK- cells time 
dependent. Results concluded immunity against pathogenic hepB epitopes was only supported by long chain fructans. 
Thick mucus layer of gut epithelium with digestive enzymes, antimicrobial peptides and immunoglobulins protect host 
from pathogens [37]. It was reported that gel- like chemical barriers formed by higher amount of mucin inhibit 
translocation or colonization of pathogens such Salmonella spp., Shigella spp. Vibrio cholerae and E.coli [37]. Acetate 
protects organism from lethal infections through epithelial cell defense by binding G protein couples receptors on 
immune cells and regulate immune response [37]. Butyrate is known to induce expression of antimicrobial peptide 
LL37 that prevent bacterial infections while supplying energy for colon epithelium and increasing proliferation of those 
cells during injury and reduce colonic inflammation [37, 101, 102]. Rodriguez et al. [103] investigated symbiotic effect 
of FOS (Beneo®-95) and resistant starch (RS) (Fibersol®-2) on healthy and trinitrobenzenesulphonic acid-(TNBS) 
colitic rats and found that symbiotic consumption increased Lactobacilli and Bifidobacteria furthermore increase 
expression of MUC2 in colon and TNBS models anti-inflammatory activity in the colon.  

6. Fructans rich diet in disease 

6.1   Colorectal Cancer 

Consumption of prebiotics like β-glucans, dietary fibers, fructans and resistant starch play important role in prevention 
of colorectal cancer through production of SCFA (acetate, butyrate, and propionate), modulation of gene expression in 
tumor cells, decreasing activity of cancer triggering bacteria, action as diluting agent to reduce interaction of mutagens 
and carcinogens with epithelial cells. Production of SCFAs decrease pH in the colon which result in increased mineral 
solubility like calcium, magnesium, and iron. By the increase of calcium absorption pathogen growth can be prevented. 
Increased calcium absorption also reduces the risk of osteoporosis via bone calcium depletion [37]. Butyrate induces 
cell apoptosis, differentiation and reduces proliferation of malignant cells through initiation of cell cycle arrests at phase 
G1. It also stimulates protein synthesis like alkaline phosphatase, hormone receptors and glycoproteins and act on 
colonocytes to reduce colorectal cancer [37, 45]. Bolognani et al. [104] investigated effects of oligosaccharides and 
lactic acid producing bacteria on early neoplasia precursor aberrant crypt foci (ACF) induction by carcinogens on ACF 
induced rats. L. acidophilus or inulin fed rats showed significant ACF decrease and protection from colorectal cancer. 
Taper and Roberfroid [105] investigated role of inulin and oligofructose (15%) on transplantable mouse tumor and 
showed that tumor growth is inhibited by supplementation of inulin and oligofructose. Synergy 1® (chicory inulin) and 
Metlin® (Mexican agave inulin) are tested against colon cancer and bone calcium metabolism in mice and rats with two 
different models by Riviera- Huerta et al. [106]. Results indicated that inulin inhibited dextran sulfate sodium induced 
colitis and colon cancer development in mice through reducing concentration of TNF-α (tumor necrosis factor alpha). 
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Formation of polyps and villous atrophy and lymphoid hyperplasia are prevented. Studies with rats showed increase of 
bone densitometry in femur and vertebra.  

6.2   Irritable Bowel Syndrome and Inflammatory Bowel Disease  

Irritable Bowel Syndrome (IBS) is a gastrointestinal disorder which results in abdominal pain, discomfort and change in 
stool characteristics and frequency. IBS is related with gut barrier function [90]. Butyrate is known to have positive 
effect on reducing symptoms of IBS [107] and improving gut barrier function via epithelial proliferation. Symbiotic 
approach to reduce symptoms and improve health of IBS patients via increasing production of lactic acid and butyrate is 
reported by various studies [90]. Beneficial effect of inulin-type fructans and FOS on IBS disease is reported [108]. 
Inflammatory Bowel Disease (IBD) is the general name of two inflammatory gut related diseases; Chron’s disease (CD) 
and Ulcerative colitis (UC) and mucosal inflammation and impaired barrier function is observed in IBD patients [109] 
CD is a transmural mononuclear inflammation and generally effect colon and terminal ileum while UC only effect 
colon. Loss of goblet cells, epithelial cell damage and neutrophil infiltration occurs in UC [90]. Gut microbiota, barrier 
function of gut and mucus secretion play important roles in reducing symptoms of IBD thus prebiotic support to 
improve gut microbiota may be beneficial in reducing IBD symptoms while improving quality of life in those patients. 
Lactobacillus GG is reported beneficial in Children Chron’s disease by improving gut barrier function [110]. Paineau et 
al [111] investigated effect of short chain fructooligosaccharides (sc-FOS) on patients with functional bowel disorders 
and improved daily activity, and life quality is reported thus, consumption of FOS may improve digestive comfort due 
to their prebiotic activities. Ulisse et al [112] investigated effect of probiotic mixture VSL#3 on biopsy specimens of 
pouchitis patients and cytokine secretion (IL-10 ) was increased. Cox et al investigated [113] effect of fermentable 
carbohydrates on functional gastrointestinal symptoms (FGS) in IBD. Patients with IBD and FGS get fructan (12g/day), 
Galactooligosachharide (GOS) (6 g/day), Sorbitol (6 g/day) and glucose placebo (12g/day). Fewer patients reported 
relief of FGS in fructan diet while GOS and sorbitol exacerbated symptoms of FGS in IBD. 

6.3   Metabolic Syndrome, Diabetes, Obesity, and Cardiovascular Diseases  

Diabetes, obesity, cardiovascular diseases, and metabolic syndrome are closely related and recently increasing disorders 
and one can trigger another. Side effects of drugs and increased popularity on prebiotic consumption as a treatment for 
such diseases made researchers investigate effects of prebiotics in disease and their interaction with host and 
microbiota. Glucose intolerance, insulin resistance, hyperinsulinemia, hypertension, dyslipidemia and impaired fasting 
glycemia together with obesity refers to metabolic syndrome [114]. It is reported that metabolic syndrome have risk for 
development of type 2 diabetes, atherosclerosis and hypertension [115]. Development of metabolic syndrome could be 
reduced by consumption of prebiotics (oligosaccharides) to improve gut microbiota, gut barrier function and reducing 
oxidative stress [114]. Diabetes mellitus (DM) is an insulin metabolism related disease where body cannot use or 
produce insulin effectively (type 1 and type 2) [116]. Diabetes may result in dementia, kidney and cardiovascular 
diseases, increased mortality and morbidity , hypertension and steatosis hepatis and cancer [117].  
 Risk of heart diseases can be increased with plasma LDL cholesterol levels and dietary content can reduce plasma 
cholesterol levels via production of SCFAs. Especially propionate inhibits cholesterol synthesizing enzymes, arrange 
distribution of cholesterol from plasma to liver, improve secretion of bile acids [37, 118]. Lowering blood lipid and 
cholesterol levels, reduction of obesity and diabetes and improving absorption of minerals could reduce the risk of 
hypertension and hearth diseases [108]. 
 Obesity is an impaired lipid metabolism related disease and increase in serum triglycerides and cholesterol is 
observed [119]. It is known hat obesity can trigger hypertension [120], myocardial infarct [121] and diabetes [122]. Gut 
microbiota play crucial role on obesity and related metabolic disorders. Nutrition is important for establishment of this 
microbiota. Indirect effect of colonic fermentation is on the pancreas and adipose tissue hormones which have role 
energy metabolism thus, colonic fermentation, microbiota and prebiotics are associated with obesity [45, 123].  
 Effect of inulin type fructans (oligofructose and inulin) on metabolic syndrome is investigated by Rault-Nania et al 
[124] on fructose fed metabolic syndrome rat model for 4 weeks. Inulin type fructan supplemented diet prevented 
induction of high blood pressure, heart peroxidation susceptibility and renal damages and hypertriglyceridemia. 
Increased levels of oxidative stress and lowered AMPK activity is also observed which promote metabolic syndrome. 
Parnell et al [125] investigated effects of oligofructose  supplementation  on 37  obese subjects (BMI 30.4 kg/m2) for 12 
weeks. Study concluded that obesity related inflammation markers might be mitigated by oligofructose supplementation 
via reducing PAI-1, risk factor for thrombosis, and metabolic endotoxemia through reducing plasma lipopolysaccharide 
levels. Effect of oligofructose enriched inulin (8 g/day)  on body composition, markers of inflammation, fecal bile acid 
levels and microbiota composition is investigated by  Nicoloucci et al.[126] on obese children for 16 weeks. Decreased 
body weight, percent body fat, percent trunk fat, reduction in IL-6, serum triglycerides is observed. Bifidobacterium and 
Bacteroides vulgatus increased in fecal samples and bile acid concentration if fecal samples only in placebo group. 
Dalzenne et al [127] investigated metabolism on FOS (20% of body weight ) and inulin (10% body weight)  fed rats for 
30 days. Decreased serum and liver triglyceride level is observed in FOS while no change on cholesterol levels. Only 
the ratio of HDL and LDL cholesterol is increased. Seric and hepatic lipid modifications observed both groups. Kok et 
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al. [128] investigated effect of fructooligosaccharides (Raftilose ®) (100g/kg) on rats for 30 days and found that FOSs 
reduced de-novo fatty acid synthesis in liver and lowered serum insulin levels. Propionate inhibits de-novo synthesis of 
fatty acids, hepatic gluconeogenesis in hepatocytes, suppress plasma triacylglycerol, control blood glucose level that 

play role in insulin resistance, and show anti-inflammatory effects [45, 129]. Patent application of Haber et al [130] 
claimed role of levan in treatment for hyperlipidemia and hypercholesterolemia and as an arteriosclerosis reducing 
agent. Yamamoto et al [131] studied 1-5% high molecular levan containing cholesterol free diet fed rats for 1 month and 
results showed increased fecal sterol and lipid excretion which may conclude sterol absorption preventing activity of 
levan while decreased serum cholesterol level is also observed. Regulation of appetite through hormones and diet play 
important role in body weight reduction, blood glucose level regulation and obesity. Appetite can be modulated with 
prebiotic supplementation by increasing plasma gut peptide concentrations and SCFAs in gut like acetate, butyrate, and 
propionate. Propionate is known to reduce body weight through stimulation of leptin. SCFAs can suppress appetite 
through hormonal stimulation like Glucagon like peptide- 1 (GLP-1) and Peptide YY in gut lumen secreted by L 
colonocytes [46]. Appetite regulation of acetate through parasympathetic nervous system and stimulated insulin, leptin 
and ghrelin secretion is reported by Perry et al [132]. A study about appetite, inulin and FOS relationship is reported by 
Cani et al [133]. 10 healthy adults received 16 grams of prebiotics for 2 weeks and results showed that lowered hunger 
and appetite is observed. Plasma GLP-1level increased while postprandial plasma glucose response is decreased. Cani 
et al [134] investigated effect of oligofructose (Orafti, Belgium) on obese mice and results showed that prebiotic 
modulation increased bifidobacteria, and increased gut barrier function via GLP-2. Effect of oligofructose (Orafti, 
Belgium) on high fat diet fed mice is also investigated by Cani et al [135]. It is concluded that oligofructose uptake 
reduces the development of diabetes and obesity via glucagon like 1 receptor. GLP-1 receptor play important role in 
decreasing blood glucose level and steatosis in obesity and diabetes [136]. Kang et al [137] studied effect of Zymomonas 
levan on obese and hyperlipidemia suppressed lab rats. Reduced daily weight gain even on high fat diet fed rats is 
observed. Hyperinsulinemia, hyperglycemia, levels of free fatty acids serum triglycerides, serum cholesterol, unilocular 
fat tissue improvement and adipocyte hypertrophy is reduced in dose depending manner. Parnel et al. [138] investigated 
effect of fructooligosaccharides (21g/day) for 22 weeks in obese adults and enhanced weight loss and improved blood 
glucose level is observed. Oh and Lee et al [139] searched anti-obesity activity of fermented red ginseng, levan and their 
combination for 11 weeks on high fat diet fed mice. Combination of levan and red fermented ginseng consuming group 
showed decreased body weight gain, white adipose tissue weight, insulin resistance, leptin, and fasting blood glucose 
level. Energy intake and appetite control in oligofructose enriched inulin supplementation (8 g/day) is investigated by 
Hume et al [140] in 42 overweight and obese children (7-12 y) for 16 weeks. Feeling of fullness, fasting adiponectin and 
ghrelin increased in prebiotic consumption while prospective food consumption at breakfast buffet, energy intake and 
BMI is decreased. 
 Kazak et al. [141] investigated antidiabetic activity of Halomonas levan on pancreatic INS-1E pancreatic cell line in-
vitro. Decreased reactive oxygen species (ROS) generation and apoptosis is observed. Bacillus levan containing diet  
decreased plasma glucose and serum lipid levels and increased glycogen level on diabetic rats [142].  Gao et al [143] 
studied effect of butyric acid (5% wt/wt) on dietary-obese high fat diet fed mice and found that prevention of insulin 
resistance formation is prevented by butyrate while fatty acid oxidation and thermogenesis, mitochondrial function and 
biogenesis are enhanced and adiposity is reduced. Another study about HDL cholesterol increasing and LDL cholesterol 
lowering effect of Bacillus levan on cholesterol rich diet fed diabetic rats for 2 months is reported by Belghith et al 
[144]. Gobinath et al [145] investigated antidiabetic effect of xylooligosachharides and fructooligosaccharides (10% 
w/w) on diabetes induced rats for 6 weeks. Hyperglycemia and cholesterol levels are reduced and body weight is 
improved and Bifidobacteria and Lactobacillus is increased in both samples. Activity of antioxidant enzymes (catalase 
and glutathione reductase) increased in the blood of diabetic rats. Glycation end products, glycosuria, proteinuria, 
diabetic neuropathy and concentration of blood creatinine and urea reduced. Chen et al. [146] investigated effect of 
inulin type fructans;  (DP 2-25 and  DP 10-60) on gut barrier function related type 1 diabetes  (TD1) in nonobese 
diabetic rats. Long chain fructans reduced the incidence of TD1and increased CD25+, FoxP3+, CD4+ and decreased IL-
17A, CD4+, Th 17 cells, cytokine production in pancreas, spleen and colon is observed. Fructans also enhanced tight 
junction proteins ocludin, claudin-2, antimicrobial peptides defensin-1 and cathelicidin related peptide production.  
Result concluded that long chain fructans delay development of diabetes via modulation of gut and pancreatic 
immunity, barrier function and microbiota. Oligofurctose containing  a yogurt drink (Orafti® P95) and inulin containing  
fruit jelly (Orafti® GR) is investigated  on 40 -42 healthy adults  by Lightowler et al. [147] and Inulin consumption 
lowered glycemic response in higher amount than Oligofructose consumption. In both studies insulin response is 
lowered. Study concluded that substitution of glycemic sugar by inulin or oligofructose reduce blood glucose response 
to foods.  

7. Conclusions and future perspectives 

The complex and diverse gut microbial communities play crucial roles in human health due to their metabolic, 
immunologic, and protective properties in a number of diseases. To improve bacterial community and their functions, 
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dietary approach play significant role. The most important dietary strategy is to modulate metabolic function of 
microbiota via consumption of dietary fibers and prebiotics [148]. Carbohydrate polymers are called dietary fibers or 
prebiotics if they cannot be digested by human alimentary enzymes and absorbed in colon. Therefore these 
carbohydrates are selectively fermented in colon by gut microbiota and generate short chain fatty acids (SCFAs) like 
butyrate, acetate and propionate [35, 149]. Among prebiotics most known group is fructans that are found commonly in 
nature. Recent studies put forth that use of fructans as prebiotic is beneficial to human health and may counteract the 
development of various diseases such as metabolic syndrome, diabetes, obesity, cardiovascular diseases, colorectal 
cancer, irritable bowel syndrome and inflammatory bowel disease. Although fructans are valuable functional food 
ingredients, they requires further research. In further studies, derivatives of fructans and their combinations both with 
each other and with natural fructans can be investigated for their healing effects in various diseases. 
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There is no doubt that the need to improve agricultural productivity and enhance its sustainability is one of the most 
significant challenges facing humanity. In order to feed the dramatically growing global population, food production must 
increase by 70 percent. The damage caused by insect pests is one of the most important factors leading to the reduced 
production of major crop plant species. With this projection, combined with increasing demand for sustainable agricultural 
practices, research is required in order to produce more toxicologically and environmentally benign pesticides to sustain 
future agricultural production and global food security. Synthetic chemicals are generally used to control insect pests, 
which cause harmful impacts on the environment and non‐target living systems including human beings. For these 
reasons, biopesticides are gaining increasing importance as they are alternatives to chemical pesticides and are a major 
component of many pest control programs worldwide. The most important biopesticides on the market in commercial 
terms are microbial pesticides, pyrethrum, rotenone, neem oil and various essential oils. This chapter details the benefits of 
biopesticides, offering a full spectrum and review of the process to identify, evaluate, and develop new biopesticides. It 
describes the range of oil and plant extracts that may be used in the biological control of insects, and their modes of action. 
Finally, the chapter describes new opportunities for developing biopesticides. 

Keywords: Pest management; Pesticide; Biopesticides; Extracts; Microbial; Sustainable development 

1. Introduction 

Agriculture is an important resource to sustain global economical, environmental and social system. There are estimated 
to be around 67 000 different crop pest species (including insect, plant pathogen and weed pests) and together destroy 
about 30-40% of world’s food production [1]. Pesticides are often the only practical way to control pests before they 
harm us or our crops from time immemorial. The term pesticide is defined by FAO (1990) as chemicals designed to 
combat the attacks of various pests and vectors on agricultural crops, domestic animals and human beings, and this 
broad term include terms insecticides, herbicides, fungicides, rodenticides, wood preservatives, garden chemicals and 
household disinfectants [2]. For centuries humans have used natural or synthetic preparations as pesticide, and their use 
has become more pronounced with time due to increased population paralleled with decreasing soil fertility, however 
their use does not always decrease crop losses. For example, despite the more than 10-fold increase in insecticide use in 
the United States from 1945 to 2000, total crop losses from insect damage have nearly doubled from 7 to 13% [3]. 
Agriculture will increasingly be expected to provide not only food for a world population continuously growing, but 
also crops for their conversion into renewable fuels and chemical feedstocks. For these reasons, there is no doubt that 
this problem impacts the worldwide economy, with the increasing pressure to improve agricultural productivity in a 
sustainable manner. For  this  reason, the  global  challenge  is  to  secure  high  and  quality yields and to make 
agricultural production environmentally compatible.  
 In the 20th century synthetic insecticides have replaced natural ones, and appeared great numbers of effective 
compounds as organophosphate insecticides (1960s), carbamates (1970s), pyrethroids (1980s) and herbicides and 
fungicides (1970s–1980s). Current insecticides act primarily on four nerve targets, which are present in animals but not 
plants: acetylcholinesterase (organophosphorus and methylcarbamates), voltage-gated sodium channels across the nerve 
membrane (pyrethoids and DDT), acetylcholine receptor (neonicotinoids), γ-aminobutyric acid receptor and glutamate-
receptor chloride channels (polychlorocycloalkanes, avermectins, and spinosyns) [4-6]. In the case of bioinsecticides, 
their mechanisms of action are extremely variable and it is not always understood [7].   
 However, the intensive and indiscriminate use of pesticides has resulted in some detrimental consequences on 
environment such as groundwater pollution, river eutrophication, toxicity to non-target organisms, and the selection of 
strains not only resistant to the selecting compounds but also cross-resistant to other pesticides acting at the same target. 
Many of the pesticides currently being used have the tendency to survive in plants for a long time. They also enter the 
food chain and are found in meat and dairy products and remain as residue in the soil and ecosystem for long periods of 
time [8-9]. It also has negative impact on health with human poisonings and their related illnesses [10]. Keeping all 
these facts in mind,  together with the new regulatory requirements and the demand of the public for safer foods, should 
stimulate the development of eco-friendly alternatives to chemical pesticides to generate higher quality and greater 
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quantity of agricultural products in a sustainable mode. These new products must be effective, biodegradable, 
environmentally safe and innocuous. 

1.1   Biopesticides 

In 2003 the Advisory Committee on Pesticides (ACP) investigated the prospects for developing alternatives to 
pesticides in the UK. The report recognised that while there are a number of difficulties in developing alternatives to 
pesticides, many of these alternative methods are viewed favourably by large sections of the general public, and 
therefore this presents a strong argument for their development and wide usage. However, from the farmers’ and 
retailers’ point of view their benefits are less certain. Their efficacy is often lower than conventional pesticides, and 
they are more variable in effect than conventional pesticide sprays (Advisory Committee on Pesticides, 2003) [11].   
 In this context, biopesticides are a particular group of crop protection tools used in an integrated pest management. In 
very general terms, according to the United States Environmental Protection Agency, it could be defined as living 
organisms and/or their natural products that prevent, control or suppress pest populations by nontoxic mechanisms, 
which pose less threat to the environment and to human health. 
 Some common benefits and disadvantages of biopesticides in comparison with conventional pesticides are shown in 
the table below (Table 1) [12]. In sum, biopesticides tend to be less toxic, more quickly biodegradable, and more 
targeted to the specific pest. Biopesticides are often designed to control a pest population to a manageable level rather 
than completely eradicate a target pest. These technical differences translate into benefits to humans and ecosystems 
including increased food safety, worker safety, and reduced concerns for development of pest resistance to existing 
control tools. 

Table 1   Pros and cons of biopesticide active ingredients in comparison with conventional pesticides. 

Benefits Disadvantages

Less toxic and less environmental load 
Reduces their impact on beneficial and non target 
organisms. 

Toxicity  
Several botanical insecticides are more toxic to humans and fish than a 
number of synthetically derived insecticides. 

Rapid biodegradation 
Rapid degradation under environmental conditions such as 
sunlight, humidity, and rainfall. 

Limited field persistence and a short shelf life 
More frequent applications may be necessary. Have relatively critical 
application times. 

More targeted to specific pest 
Generally nontoxic to humans, mammals, and bees. 

Narrower target range 

Specific mode of action 
Generally affect only the target pest and closely related 
organisms, in contrast to broad spectrum pesticides. 

Specific mode of action 
Care to choose the product that targets the pest you need to control. 

Manage rather than eradicate 
Maintain ecological balance. Suppress, rather than 
eliminate, a pest population. 

Slower acting 
The time from exposure to morbidity and death of the target insect may 
be 2 to 10 days. 

Often effective in very small quantities and often 
decompose quickly 
Thereby resulting in lower exposures problems. 

Costs and availability 
Generally more expensive than synthetically derived insecticides. Lack 
of sales and problems associated with providing consistent product. 

Minimal impacts on plants 
Most botanical insecticides are not harmful to plants when 
applied according to the label directions. 

Lack of efficacy data  
Insufficient data exist on botanical insecticides, both in terms of 
effectiveness and chronic toxicity. 

 A general classification of biopesticides is based in three different categories according to the type of active 
ingredient used: (i) plant-incorporated protectants, (ii) microbial pesticides, and (iii) biochemical pesticides [13]. In 
general, there are significant differences in the mode of action between microbial and biochemical (Table 2) [14]. The 
majority of the biopesticide market, approximately 90%, are living organisms. These include biofungicides 
(Trichoderma), bioherbicides (Phytophthora) and bioinsecticides (Bacillus thuringiensis).  
 A more recently introduced term is biocontrol agents instead of biopesticide, which are classified into four groups: (i) 
macrobials, (ii) microbials, (iii) natural products, and (iv) semiochemicals (insect behavior-modifying agents). Among 
all the biocontrol agents, the most important products are microbials (41%), followed by macrobials (33%), and finally 
other natural products (26%) [15]. 
 In addition to being categorized by the active ingredient, biopesticides can be categorized by the target pest, such as 
insecticides to manage insect populations and fungicides to manage fungus.  
 The need for more environmentally-friendly forms of pesticide is therefore greater than ever. Therefore, biopesticides 
have gained increasing importance due to their potential in developing environmentally friendly and safe approaches 
and tactics for pest management, in particular for the development of products that could replace synthetic chemical 
pesticides [16]. 
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Table 2   Categories of biopesticides [19]. 

Types Actives Ingredients Mode of action Examples [13] 

Plant-incorporated 
protectants 

Genetic material added to the plant, 
which is commonly known as a 
transgenic crop or a genetically 
modified organism. 

Plants themselves can 
produce the proteins and 
protect themselves from 
insects without any external 
pesticide. 

Coat protein gene of Plum 
Pox virus 
Bacillus thuringiensis 
Vip3Aa20, Cry1A.105 and 
Cry2Ab2 

Microbial pesticides Naturally occurring or genetically 
controlled microorganism.  
The active ingredient can be either the 
spores or the organism itself. 

Relatively specific for its 
target pests. Act by 
exploitation, competition, 
antibiosis, lysis and/or 
induced resistance.  

Ulocladium oudemansii 
Bacillus thuringiensis 
Beauveria bassiana 
Trichoderma asperellum 
Trichoderma gamsii 

Biochemical pesticides Chemicals either extracted from natural 
sources or synthesized to have the same 
structure and function as the naturally 
occurring chemicals. They control pests 
by non-toxic mechanisms. 

Act by contact, ingestion, 
systemic action, suffocation 
and/or attraction/repulsion. 
Include substances that 
interfere with growth or 
mating, such as plant growth 
regulators, or substances that 
repel or attract pests, such as 
pheromones. 

They include substances, 
such as insect sex 
pheromones, as well as 
various scented plant 
extracts, or fatty acids. 
Cold pressed Neem Oil 
Extract of Chenopodium 
ambrosioides 
Saponins of Quillaja 
saponaria 

 The term “natural” conveys a sense of wholesomeness or safety, however it is important to indicate that based on the 
LD50, a number of registered botanicals are toxic to fish, beneficial insects and mites, and mammals. In fact, several 
botanical insecticides have a lower LD50 than the synthetically derived insecticides carbaryl (Sevin) and malathion 
(Table 3). Although naturally occurring insect toxins are extracted from plants, “natural” does not necessarily imply 
“safe” or “nontoxic.” For example, arsenic, strychnine, lead, mercury, nicotine, and other similar compounds used 
historically as pesticides technically qualify as natural. Today no one considers these compounds wholesome or safe. In 
most cases, botanical insecticides are less toxic to humans than synthetically derived insectides [17]. For example, 
Nicotiana tabacum is the most toxic of the botanical insecticides, with an LD50 between 50 and 60 mg/kg. It is 
extremely harmful to humans. Nicotine, a fast-acting nerve toxin, works as a contact poison. 
 Biopesticides offer an environmentally sustainable approach to increase crop production and health. There is a 
tremendous amount of work and research occurring in this field. The topic of genetically modified organisms is a broad 
topic that warrants its own investigation, and will not be covered in this report. In this chapter, we intend to present an 
overview of the most significant advances described in the latest literature concerning the challenges and opportunities 
for the development of biopesticides. We mainly focus on Biochemical pesticides, including the progress achieved in 
the discovery process of new potential biopesticides. For the purposes of this report, biopesticides have been 
categorized in a manner similar to that used by the EPA. 

Table 3   Ranking of pesticide with each other and commonly used synthetically derived insecticides, based on their toxicity rating 
(oral LD50).* 

Common Name Active compounds 
Acute Oral 
LD50 

Acute Dermal 
LD50 

Bees Type of pesticide 

Allium sativum Allicin 3034 – 
Non-
toxic 

Insecticide 

Bacillus 
thuringiensis – >5,000  >2,000 

Non-
toxic 

Insecticide 

Capsicum annum Capsaicin 148-161  >512 Toxic Insecticide 

Citronella oil Citronellal, geraniol 7200 4700 
Low-
toxic 

Insecticide, Herbicide 

Citrus oil Limonene, linalool 4,000-5,000  
Low-
toxic 

Insecticide 

Clove essential oil Eugenol 2650 – 
Low-
toxic 

Insecticide, Herbicide 

Kinoprene – 4,950                9,000 
Non-
toxic 

Insecticide 

Neem oil  Azadirachtin, dihydroazadirachtin 4,200  2,000 
Low-
toxic 

Insecticide, Acaricide, 
Fungicide 
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Nicotiana tabacum Nicotine 55                     – 
High-
toxic 

Insecticide 

Pyrethrin 
Esters of chrysanthemic and 
pyrethric acid 

1,500                >1,800 
High-
toxic 

Insecticide, Acaricide 

Rotenone Rotenone, deguelin 350                   940 
High-
toxic 

Insecticide, Acaricide 

Ryania speciosa Ryanodine, 9,21-dehydro ryanodine 750 – 
Low-
toxic 

Insecticide 

Sabadilla Cevadine, veratridine 5,000 – 
High-
toxic 

Insecticide 

Warfarin – 3 – 
Non-
toxic 

Rodenticide 

DDT  – 113 2,510 
High-
toxic 

Insecticide 

Malathion – 2,800  4,100 
High-
toxic 

Insecticide 

Carbaryl – 246-283           4,000 
High-
toxic 

Insecticide 

* LD50: It is the amount of a material, given all at once, which causes the death of 50% of a group of test animals. LD50values are 
expressed as milligrams per kilogram (mg/kg), which means milligrams of chemical per kilogram of body weight of the animal. 

2. Living organisms as Insecticides 

Microbial products may consist of the organisms themselves and/or the metabolites they produce to control of pest 
insects, plant pathogens and weeds. Over 400 species of fungi and more than 90 species of bacteria which infect insects 
have been described. These microorganisms, are legally considered biopesticides and are regulated as such [13]. In the 
case of although multicellular organisms such as nematodes, they are not regulated as pesticides. The advantage to 
using biological products is their higher selectivity, therefore they are lower or no toxic to non pathogenic organism, to 
wildlife, humans, and other organisms not closely related to the target pest, in comparison to conventional chemical 
pesticides. A limitation of several types of microbial insecticides is that heat, desiccation or exposure to ultraviolet 
radiation reduces their effectiveness, and consequently, proper timing and application procedures are especially 
important for some products [18]. Bacteria, fungi, oomycetes, viruses and protozoa are all being used for the biological 
control. In Table 4 we described some special characteristics of these types of microbial insecticides. 

Table 4   Types of microbial insecticides [19-21]. 

Bacteria 

Uses Bacterial biopesticides are the most common and cheaper form of microbial pesticides. They are effective against a 
wide spectrum of plant diseases, nematodes, insects, and weeds. 

Mode of 
action  

Must be eaten to be effective. Bacteria disrupt the digestive system by producing endotoxins that are often specific to 
the particular insect pest. 

Examples Bacillus sphaericus used to control certain mosquito species.  
Bacillus subtilis and Bacillus pumilus increase yield and prevent plant diseases by outcompeting plant pathogens in the 
rhizosphere, producing anti-fungal compounds. 

Fungi 

Uses Useful to control plant diseases caused by other fungi, bacteria or nematodes, as well as some insect pests and weeds. 
They may be applied in the form of conidia or mycelium which sporulates after application. Very useful for insecticide 
resistant management. 

Mode of 
action 

The mode of action is varied and depends on both the pesticidal fungus and the target pest. One advantage of fungal 
biopesticides is that they do not need to be eaten to be effective. 

Examples Trichoderma spp. colonize plant roots, without harming the plant. It can out-compete pathogenic fungi for food and 
space, and in the process can stimulate plant host defenses and affect root growth. 
Beauveria bassiana is effective in controlling troublesome crop pests such as aphids, thrips and whitefly – even 
chemical pesticide-resistant strains such as Q-Biotype Whitefly. 
Have been reported the use of Metarhizium anisopliae against adult Aedes aegypti and Aedes albopictus mosquitoes. 

Protozoa 
Uses Protozoan pathogens, single-celled eukaryotic organisms, naturally infect a wide range of insect hosts. 
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Mode of 
action 

Must be eaten to infect an insect. They enter the insect via the gut wall, spreads to various tissues and organs, and they 
multiply, sometimes causing tissue breakdown and septicemia. One important consequence is a reduction in the number 
of offspring produced by infected insects. 

Examples Nosema locustae infects at least 90 species without affects to humans and other mammals, as well as the over 250 
natural predators of grasshoppers. 
Nosema pyrausta infects several insect species, including European corn borer, for which it can be an important natural 
control.  
Vairimorpha necatrix has a wide host range among caterpillar pests, including corn earworm and European corn borer, 
various armyworms, fall webworm, and cabbage looper.  

Viruses (baculoviruses) 
Uses Baculovirus is the main virus that is commercially used. It is a special family of naturally-occurring viruses, to which 

about 100 insects and some related arthropods are susceptible. They are very specific. Baculoviruses used consist of 
DNA surrounded by a protein coat (nucleocapsid), which is itself embedded in a protein “microcapsule” or occlusion 
body (OB) that provides some protection from degradation in the environment. 

Mode of 
action 

Upon ingestion by a susceptible caterpillar, OBs are dissolved within the alkaline midgut, releasing nucleocapsids that 
infect the cells lining the midgut. The viral DNA replicates in the nuclei of the host cells and then spreads throughout 
the body of the larvae. The infected insect stops feeding within a few days, dies and disintegrates. 

Examples The granulovirus of the codling moth Cydia pomonella, it is the active ingredient of about a half-dozen products sold 
worldwide, and limits codling moth populations and damage in pome fruits while preserving beneficial insects and 
minimizing chemical residues. 
Preparations of Heliothis zea nucleopolyhedrovirus infects many species of Helicoverpa and Heliothis genera. These 
products provided control of not only cotton bollworm, but also of pests belonging to these genera attacking soybean, 
sorghum, maize, tomato and beans.  
Anticarsia gemmatalis nucleopolyhedrovirus control the velvetbeen caterpillar in soybean. 

Yeast 
Uses Cryptococcus and Candida species have been investigated for their usefulness in controlling plant diseases. 
Mode of 
action 

Works primarily through competition for nutrients and pre-colonization of plant wound sites. It exist evidence that it 
produces enzymes that can degrade fungal cell walls and stimulate plant host defence pathways in freshly harvested 
fruit. 

Examples Candida oleophila (strain O) is an effective biopesticide for the control of post-harvest fruit rots. It is applied to apples 
and pears after harvest — but before storage — to control particular fungal pathogens. The yeast serves as an antagonist 
to fungal pathogens such as gray mold (Botrytis cinerea) and blue mold (Penicillium expansum), which cause post-
harvest decay. 

 We refer to data published annually by the State of California’s Department of Pesticide Regulation to discuss the 
extent to which each of the more important botanical insecticides are used [22].  At present Bacillus thuringiensis is the 
most studied entomopathogenic species and some of its crystal producing strains have certainly represented the main 
active substances used for the microbial pest management during the last decades. Additional microorganisms as 
Beauveria bassiana have limited use in various countries (table 5).  

Table 5   Microbial treatment most often used against insect pests. 

Bacillus thuringiensis (Bt) [1, 23-24] 

Active compounds Bt is a ubiquitous Gram-positive, rod-shaped and sporulating bacterium that synthesize crystal (Cry) and 
cytolytic (Cyt) toxins, (also known as δ-endotoxins), at the onset of sporulation and during the stationary 
growth phase as parasporal crystalline inclusions.  

Mode of action Once ingested by insects, these crystals are solubilized in the midgut, the toxins are then proteolytically 
activated by midgut proteases and bind to specific receptors located in the insect cell membrane leading to cell 
disruption and insect death. The δ-endotoxins are host specific and can cause host death within 48 h. 

Uses The most world-wide used biopesticide. Microbial Bt biopesticides consist of bacterial spores and δ-
endotoxins crystals mass-produced in fermentation tanks and formulated as a sprayable product. It feeds on 
the larval stages of insect pests such as mosquitoes, Colorado potato beetles, and cabbage loopers. It has been 
used for pest management on fruit and vegetable crops such as maize, soya bean and cotton.  

Advantages It does not harm vertebrates and is safe to people, beneficial organisms and the environment. High level of 
selectivity, so different strains of Bt are effective against specific pests. For example, Bt. var. kurstaki kills 
caterpillars, while Bt. var. israelensis is for mosquitoes and other fly larvae. Useful where resistance to 
synthetic chemical insecticides is a problem. 

Disadvantages B. thuringiensis products can be sensitive to sunlight, giving them a very short period of effectiveness, so 
multiple applications are often needed for adequate management of the pest. Bt is only effective when 
ingested.  

Total pesticide used 
in California (2014) 

Bt (berliner), subsp. kurstaki, strain SA-11: 80,311 lb (36,428 Kg) 

Bt, subsp. aizawai, strain abts-1857: 48,784 lb (22,128 Kg) 

Bt, subsp. israelensis, strain am 65-52: 42,746lb (19,389 Kg) 

Bt, subsp. kurstaki, strain abts-351: 111,273lb (50,472 Kg) 
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Beauveria bassiana[1, 25-26] 

Active compounds The key secondary metabolites produced by Beauveria bassiana, a soilborne fungus, are beauvericin, 
bassianolide, bassianin, tenellin and cyclosporin A. 

Mode of action B. bassiana can be applied as a spore. Once the spores have contact with the insect exoskeleton, they grow 
hyphae (long, branching vegetative appendages) that secrete enzymes, which in turn dissolve the cuticle 
(outermost layer of the skeleton). These fungal hyphae then grow into the insect, feed on its body tissue, 
produce toxins, and reproduce. It takes up to seven days for the insect to die. 

Uses Effectively to control thrips, aphids, whitefly, caterpillars, beetles, and subterranean insects like ants, spider 
mites and termites. 

Advantages It does not harm vertebrates and is safe to people, beneficial organisms and the environment. The strain used 
and sold commercially does not affect honey bees 

Disadvantages B. bassiana can be sensitive to sunlight, giving them a very short period of effectiveness. Its spores will infect 
many non target beneficial insects too. Toxic metabolitesof B. bassiana may enter the plants. In minor cases 
conidia of B. bassiana have allergenic potential. 

Total pesticide used 
in California (2014) 

Beauveria bassiana strain GHA: 2,746lb (1,246 Kg) 

3. Plant Extracts as Natural Insecticides 

In the search for alternative solutions to crop protection problems, the interest in plants extracts has increased. 
Throughout evolution plants have developed an effective defence system against microbial attack or insect/animal 
predation, including the production of low molecular mass secondary metabolites with antimicrobial activity, which are 
synthesized de novo after stress and are collectively known as phytoalexins, which have toxic, repellent, and/or 
antinutritional effects on pest [27-28]. This plethora of chemical-defensive compounds include alkaloids, phenolics and 
terpenoids, and could be used to combat insect pests and disease pathogens. Their mechanisms of action can vary, 
especially when the activity is due to a complex mixture of compounds that can be toxic or repellent to the target 
organisms and cause developmental changes including sterility, reduced growth, and altered behavior. Till date, over 
2000 plant species have been  known  to  produce  secondary  metabolites  of  value  in  biological pest control 
programs, and many of these plants are used by farmers in developing countries. Only a small percentage of plants have 
been screened for pesticidal activity, thus potentially useful biological compounds remain undiscovered [29-30].  
 Of particular interest are essential oils, which are generally composed of complex mixtures of mono and 
sesquiterpenes. In the nature those compounds plays an important role in the protection of the plants against bacteria, 
fungi, virus, insects and others herbivores. For these reasons, certain essential oils are considered to be an alternative 
means of controlling many harmful insects, especially against small, soft-bodied insects and mites that are immobile or 
slow-moving (e.g., aphids, scales, leafhopper nymphs, whiteflies). Essential oil products are generally considered as 
broad spectrum because of the presence of several active ingredients that operate through several modes of action, 
including larvicidal and antifeeding, inhibit molting and respiration, reduce growth and fecundity, and display 
phototoxicity [31-33]. 
 Humans have made use of botanical insecticides to control pests for hundreds of years. These products can be 
marketed in one of three ways: (1) preparations of the crude plant material, ground into a dust or powder; (2) extracts 
from plant resins, formulated into liquid concentrations; and (3) isolation of the pure chemicals obtained from plants by 
extraction or distillation. 
 We refer to data published annually by the State of California’s Department of Pesticide Regulation to discuss the 
extent to which each of the more important botanical insecticides are used [22]. In the present there are four major types 
of botanical products used for insect control (pyrethrum, rotenone, neem, and essential oils), along with three others in 
limited use (ryania, nicotine, and sabadilla). Additional plant extracts and oils (e.g., garlic oil, Capsicum oleoresin) see 
limited (low volume) regional use in various countries (table 6) [34]. 

Table 6   Alternative plant extracts options for control of insect pests. 

Neem-based insecticides [35-36] 

Active compounds Limonoids, mainly azadirachtin A and B, obtained from different parts of the plant (mainly the seed) of the 
neem tree (Azadirachta indica A. Juss). The best solvents for the extraction of azadirachtin A are water and 
methanol. 

Mode of action Antifeedancy, fecundity suppression, ovicidal and larvicidal activity, growth regulation and repellence, also at 
low dosages. Azadirachtin reduces the level of the insect hormone Ecdysone, which affect corpus cardiacum 
and block reproductive and growth processes in most insects causing sterility in females and degenerative 
changes in male testis due to disturbance in insect metabolism. 
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Uses For more than 400 insect pests of medical, veterinary and agricultural importance including pests species 
belonging to Lepidoptera, Diptera, Coleoptera, Homoptera and Hemiptera. Range of crops. 

Advantages Non-toxic to humans and animals, including useful insects like bees, exhibits fewer chances of resistance, due 
to its multiple mode of action on insects, and have no residual effect on agricultural products. In most tests 
neem products performed equally or sometimes better than synthetics. Neem based pesticides are easy to 
prepare, cheap and highly effective.  

Disadvantages Limited outdoor crop studies. 

Total pesticide used 
in California (2014) 

Clarified hydrophobic extract of neem oil: 196,906 Pounds (89315 Kg) 

Margosa Oil (Obtained from the fruits and seeds of neem: 22,547 Pounds (10227 Kg) 

Azadirachtin: 3,999 Pounds (1814 Kg) 

Garlic essential oil [37-38] 

Active compounds The principal biologically active compound produced by garlic (Allium sativum) is allicin, a sulphur 
containing (thiosulphonate)  

Mode of action Some studies have proved that garlic oil has fungicidal, repellent, insecticidal, nematicidal, and antibiotic 
properties. 

Use It is used on a wide range of pests, including aphids, thrips, leafhoppers and caterpillars. Crops: avocados, 
citrus, ornamentals. 

Advantages Garlic exhibits antibacterial, antifungal, amoebicidal and insecticidal qualities. Garlic is not persistent in the 
environment. 

Disadvantages Toxic to bees and fish. Degradation rapid due to sunlight and ultraviolet light. Thus, it is not recommend as an 
all-purpose spray for outdoor use. Limited studies. 

Total pesticide used 
in California (2014) 

Garlic essential oil: 1,392 Pounds (631 Kg) 

Chenopodium ambrosioides near ambrosioides[39-40] 

Active compounds Terpenes: α-terpinene, d-limonene and p-cymene 

Mode of action The active ingredient is lipophilic; attracted to the oily outer surfaces of target pests, and works to kill target 
pests in three ways: 1. Collapses trachea causing asphyxiation; 2. Destroys cuticle layer causing desiccation; 
3. Anti-feeding properties. 

Use Controls soft-bodied sucking pests including thrips, whiteflies, aphids, mites, leaf hoppers, leafminers, and 
psyllid, in high-value fruits and vegetables. It also deters feeding and reduces the spread of viruses. 

Advantages Resistance development reduced/unlikely due to three different modes of action. Active against all lifecycle 
stages – eggs to adults. Safe for workers, the environment, and neighbours. Field trials confirm safety on Bees 
(Apis mellifera). 

Disadvantages Good coverage is essential. Nil/Limited outdoor field studies. 

Total pesticide used 
in California (2014) 

Chenopodium ambrosioides near ambrosioides essential oil: 17,504 Pounds (7940 Kg) 

Canola oil [41] 

Active compounds Refined vegetable oil obtained from the seeds of four species of rape plants of the family Cruciferae (mustard 
family): Brassicanapus, B. juncea, B. rapa and B. campestris. 

Mode of action Repels insects by altering the outer layer of the leaf surface or by acting as an irritant. 

Use Citrus, corn, fruit trees, nut trees, sugar beets, soybeans, tomatoes, vegetables, figs, melon, olives, small fruits, 
alfalfa, bedding plants, ornamentals, and houseplants. 

Advantages The oil is biodegradable and leaves little residue and does not taint the crops. 

Disadvantages Application when temperatures are high (above 30–35°C) and/or humidity is low may cause leaf scorch and 
interfere with plant respiration. Reapplication may be necessary depending on weather conditions. Limited 
outdoor crop studies. 

Total pesticide used 
in California (2014) 

Canola oil: 34 Pounds (16 Kg) 
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Oriental Mustard Seed Allyl isothiocyanate [42-43] 

Active compounds Seeds of brown or oriental mustard (Brassica juncea),with high concentrations of sinigrin (ally lglucosinolate, 
S-glucopyranosyl thiohydroximates). 

Mode of action The glucosinolates present in the Brassica species are hydrolyzed, upon contact with water, by 
thioglucosidases called myrosinases to isothiocyanates, which have been proven toxic against insects, fungi 
and nematodes. 

Use Wide spectrum of anti-microbial effects and repellents against certain species of insect. Insecticidal. 
Nematicidal activity on Heterodera glycines, Pratylenchus neglectus, Heterodera schachtii, Pratylenchus 
penetrans, Meloidogyne incognita, Meloidogyne hapla and Caenorhabditis elegans in the laboratory; and on 
Pratylenchus penetrans on sweet corn in a greenhouse. 

Advantages The oil is biodegradable and leaves little residue and does not taint the crops. 

Disadvantages The effectiveness of these practices in suppressing nematode populations in soil has not been conclusive.  

Total pesticide used 
in California (2014) - 

Pyrethrum [44-45] 

Active compounds Oleoresin extracted from the dried flowers of Tanacetum cinerariaefolium. Two pyrethrins are most 
prominent, pyrethrin-I and pyrethrin-II. The pyrethrins have another four different active ingredients, Cinerin I 
and II and Jasmolin I and II. 

Mode of action They are contact poisons which induce a quickly neurotoxic effect in insects. They delay the closure of 
voltage-gated sodium ion channels in the nerve cells of insects, resulting in repeated and extended nerve 
firings. This hyperexcitation causes the death of the insect due to loss of motor coordination and paralysis. The 
mechanism is qualitatively similar to that of DDT and many synthetic organochlorine insecticides. 

Use Broad spectrum of insect pests of medical, veterinary and agricultural importance.  

Advantages They are one of least toxic domestic insecticides available (rat oral acute LD50value∼1500 mg kg−1). Broad 
spectrum of insecticides.  

Disadvantages Pyrethrin is extremely toxic to aquatic life. Natural pyrethrins are highly fat soluble, but are easily degraded 
and thus do not accumulate in the body. These compounds are toxic, and affect their feeding behavior. 
Pyrethrins are degraded by the combination of sunlight and air, and therefore present low persistence. 

Total pesticide used 
in California (2014) 

Pyrethrum accounted for 80% of all botanicals used that year, but only 27% of that amount was used in 
agriculture. 

Heliopsis longipes [46-47] 

Active compounds Alkamides as N-isobutil-2E,6Z,8E-decatrienamide and N-isobutil-2E,6Z,8E-decatrienamide  

Mode of action Similarly to pyrethrins, it is a potent voltage-dependent blockers of sodium channel, with paralyzing effects. 

Use Control populations of insect vector transmitters of several diseases that affect the human health as Anopheles 
albimanus (LC50 4.24mg/L) and Aedes aegypti (LC50 7.38 mg/L). 

Advantages Non-toxic to humans and animals, including useful insects like bees. 

Disadvantages It is too unstable to be used as products directly. Limited outdoor crop studies. 

Total pesticide used 
in California (2014) - 

4. Process to identify, evaluate, and develop new biopesticides from natural products 

Development of new and useful biopesticides has continued to increase rapidly since the mid-1990s. Cantrell et al.  [48] 
found that from the years 1997−2010, 277 new active ingredients (NAI) were registered as conventional pesticide or 
biopesticide for the United States Environmental Protection Agency (EPA). When examining conventional pesticides 
and biopesticides combined, and considering that natural products, synthetic natural derived, and biological all have 
origins from natural product research, it can be argued that their combined impact with the EPA from 1997 to 2010 
accounted for 69.3% of all NAI registrations. It shows clearly that natural products play an important role in discovery 
and development of new products. However, nature’s diversity has not been efficiently explored for discovery of new 
natural-product pesticides. 
 Different approaches to discovery and development of pesticide compounds using higher plants can be distinguished: 
a. random selection followed by chemical screening; b. random selection followed by one or more biological assays; c. 
follow-up of biological activity reports; d. follow-up of ethnobotanical information [49]. Once the interest 
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lignocellulosic materials is chosen, new active substances should be isolated and identificated. Bioassay-guided 
fractionation has proven successful as a well-established platform to isolate and characterize active constituents present 
in natural product extracts; however, sometimes such an approach requires multiple chromatographic steps and large 
amounts of biological material. It is necessary to develop new technologies to accelerate this phase. Process such as 
automated separation techniques, high-throughput screening and combinatorial chemistry are revolutionizing lead 
compounds discovery. Metabolomics offers a new way of studying complex molecular problems and is particularly 
applicable for natural products research. [50].    
 The most common factors affecting extraction processes are matrix properties of the plant part, solvent, temperature, 
pressure and time. Traditional techniques such as solid-liquid or Soxhlet extractions have been used for many decades, 
but they are time-consuming and require relatively large quantities of solvents. Also, due to the common extractive 
steps used by these techniques, including heating, boiling, or refluxing, a loss of metabolites due to ionization, 
hydrolysis, and oxidation occurs during the procedure [51].  In recent years, some new more selective and 
environmentally friendly techniques were successfully proposed for extraction of metabolites. Non-conventional 
methods, which are more environmental friendly due to decreased use of synthetic and organic chemicals, reduced 
operational time, and better yield and quality of extract. They include ultrasound, pulsed electric field, enzyme 
digestion, extrusion, microwave heating, ohmic heating, supercritical fluids extraction, and accelerated solvents have 
been studied [52].   
 After the active ingredients with crop protection properties have been purified, and its structure have been 
determined by spectroscopic techniques, their biological activity must be supported by numerous bioassays both in vitro 
and in vivo. In vivo screens give an early realistic read-out of efficacy in the practical context and in vitro tests have 
particular utility in unearthing new mode of action targets. Criteria that distinguish good bioassays are: reproducibility; 
linearity over a reasonable dose or concentration range; and predetermined endpoints. However, after the new 
compound has demonstrated in vitro activity against the insect, other numerous criteria must be satisfied. It is essential 
to determinate the chemical, toxicological, mode of action and environmental properties of new compounds in the 
development process, and before trying to commercialize them [53]. 
 The final step is scale-up of the production. Botanical extracts are well-recognized sources of active molecules. 
However, botanical extracts are not always well accepted because of issues concerning active compound 
standardization, and quality control. Standardization of herbal medicines is the process of prescribing a set of standards 
or inherent characteristics, constant parameters, definitive qualitative and quantitative values that carry an assurance of 
quality, efficacy, safety and reproducibility. It is of great interest to develop well-characterized extracts in order to 
achieve biochemical and functional consistency between batches [54].  However, several problems not applicable to 
synthetic drugs often influence the quality of herbal drugs, for instance: Herbal drugs are usually mixtures of many 
constituents; the active principle(s) is (are), in most cases, unknown; selective analytical methods or reference 
compounds may not be available commercially; plant materials are chemically and naturally variable; chemo-varieties 
and chemo cultivars exist; the source and quality of the raw material are variable. The deployment of modern analytical 
tools in testing the various quality parameters for an effective quality control herbal product cannot be over emphasized. 
The assurance of the safety and efficacy of an herbal drug requires monitoring of the quality of the product from 
collection through processing to the finished packaged product [55].   
 Finally, it is important to note that the formulation of the pesticide determine the overall efficacy, increase product 
stability and viability of the chosen substance once applied in field conditions. In order to choose the correct 
formulation one must take into account several factors such as physicochemical and biological properties, mode of 
application, the crop to be treated and economic considerations. Several commonly used biopesticide formulations 
include dry and wet powder, granules and pellets. Granules can protect the active agent from desiccation and also 
provide basic food for the agent, however powder is easy to apply by suspending it in water and also can cover a wide 
area of application. 
 At the present it is fundamental the development of new formulations to improve the potency, stability, and the safety 
of these systems to humans and the environment. The use of nanotechnology and controlled-release formulations could 
offer a way of developing new formulations with smaller quantities of active compound to be used more effectively 
with a minimization of environmental damage [56-57]. 

 5. Conclusions and new opportunities for developing biopesticides 

Today, biopesticides are an emerging technology. Worldwide there are about 1400 biopesticide products being sold, 
which are based on 68 active substances registered in the EU and 202 in the USA, with global market of approximately 
$3 billion in value, with a compound annual growth rate (CAGR) of 8.64% (compared with 3% for synthetic pesticides) 
which is expected to produce a global market of $10 billion by 2017. It is clear that the development of the 
biopesticides market depend on economic terms: a. Company producing these products should have profits; b. The 
comparative efficacy and the cost:benefit ratio of natural and synthetic insecticides should be favorable to the first one 
[1, 58]. We show in the table 7 various features which could be fundamental for the development of this technology. 
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Table 7   Features which could be fundamental for the development of this technology. 

Advantages 

Lower development price [58]. 
The costs associated with the development of a novel synthetic pesticides typically requires $250 million and nine years of research 
and regulatory approval, while a biopesticide needs less than $10 million and four years for the same process. 
Emerging resistance in insects to conventional agrochemical insecticides [59].  
Resistances to pesticides currently available are wide spread, while it takes longer for insects to develop a resistance to biopesticides 
because they have new and multiple modes of action. 
Disadvantages 
Regulatory barriers to biopesticide commercialization [1]. 
It is very expensive to prepare the biopesticide registration data portfolio, which includes information about mode of action, 
toxicological and ecotoxicological assays or host range testing, among others. 
High competition with synthetic pesticides. 
It is fundamental to carry out in vitro, in vivo and field tests, to demonstrate the effectiveness of the product. 
Highly specific activity.  
These products have a smaller market than those for products with broad spectrum activity, as chemical substance or some 
biopesticides (e.g. Bacillus thuringiensis, azadirachtins, etc.). This problem often forces biopesticide use in conjunction with 
conventional agrochemicals. 

 There is an increasing global search for environment friendly agrochemicals. However, the biopesticide production 
must overcome important problems which include slower pest control and higher manufacturing costs compared with 
conventional agrochemicals, as well as regulatory problems for their commercialization. Production technology of 
biopesticides should be improved, along with the implementation of quality systems for the standardization and 
uniformity of the process. The commercial biopesticide must be reliable, specific, indigenous, and replicable in its 
activity. Moreover, extensive research should be conducted in the formulation of the product to prevent degradation in 
the environment and to extend the shelf life of the biopesticide. Topics of current scientific interest in formulation 
involves lyophilized preparations of biopesticides, or the development of oil-in-water microemulsions as a nano-
pesticide delivery system, in order to improve the field persistence, reduce the use of organic solvent and increase the 
dispersity, wettability and penetration properties of the droplets. Developed formulation should allow for long storage 
periods, and it should be compatible with crop production practices and equipment.  
In conclusion, if the industry can obtain high quality products with the ability to act for long time in field conditions, the 
bioinsecticides will be able to compete with the agrochemical insecticides currently available and gradually overtake the 
market. 
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How to perform properly statistical analysis on food data? 
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Many scientists have problems and difficulties in making a statistical analysis of their data, which they need to interpret 
their results. One problem is that applying a statistical method requires knowledge of the conditions (assumptions) about 
the data that must be met in order to apply it. These initial conditions are not usually checked and researchers simply apply 
a statistical method, in most cases taken from a similar published work, which is unsuited to their data set. As a result, 
their conclusions can be incorrect. This kind of misunderstanding is all too common in the research community. To 
become familiar with statistical methods, we provide a short tutorial on how to perform statistical analysis of food data. 
The study uses authentic food data on fatty acid profiles and the isotope composition of milk samples. In addition, we 
present an in-house developed and freely available e-learning tool for advanced statistics in natural sciences and 
technologies that has the benefit of checking the required conditions of each statistical method and offering only those 
methods that are appropriate for analysing the experimental data. 

Keywords: statistical analysis; e-learning tool; food data analysis 

1. Introduction 

Many researchers have problems and difficulties performing a statistical analysis of their data, which is often crucial in 
interpreting their results. The problems appear because each statistical method has some conditions (assumptions) about 
the data that must be satisfied in order to apply the test [1]. Similarly, in food research, as in other research domains [2], 
researchers do not check for these conditions and simply apply a statistical method based on one used in a similar study. 
As a result, their conclusions can be incorrect. In addition, authors often do not provide the necessary information on 
the required conditions for selecting an appropriate statistical method. For example, to compare data from different data 
sets, two commonly used statistical tests are the paired t-test (if a comparison is made between two data sets) [3] and 
ANOVA (if a comparison is made between three or more data sets) [4]. The problem is that these tests are used even 
when the conditions for their safe use are not satisfied i.e., checking for normality, homoscedasticity (equality of 
variances) and independence. If the required conditions are not satisfied, an analyst will need to apply an alternative 
version of these tests. In many cases, calculating the (1-α)100% confidence intervals [5] usually assumes that the data is 
normally distributed, when, in reality, the experimental data does not follow a normal distribution. 

2. Statistical tutorial  

To become familiar with statistical methods, we provide a short tutorial on how to perform a statistical analysis of food 
data. The tutorial is focused on descriptive statistics, hypothesis testing, and confidence intervals. 

2.1   Population, representative data samples, and data types 

A population is a set of similar items or events, which are of interest for some question or experiment, while a 
representative data sample is a set of data collected and/or selected from a statistical population by a defined procedure 
[1]. To see the difference between them, let us consider that a researcher is interested in how many people drink milk 
with breakfast in Slovenia. In this example, the population contains each person who lives in Slovenia. It would be 
unrealistic for us to ask each individual about his or her milk drinking habits, so instead we need a representative 
sample of people. The information obtained from the representative data sample allows a researcher to develop 
hypotheses about the larger population. In this example, let us consider that the researcher is a vegan and randomly 
selects a sample in which many of the participants are his or her friends many of whom are vegans. In this case, the 
number of people who drink milk with their breakfast will be lower when in reality the number is larger. This is an 
example of sample selection bias. In order to have a representative data sample, the researcher needs to be unbiased in 
their selection i.e., there are no outside factors influencing sample selection. 
Once a representative data sample is selected, it becomes important to know what type of data has been collected [1]. 
There are two types of data: qualitative (categorical) and quantitative (numeric). Each type is split into two sub-types: 
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ordinal and nominal for qualitative data, and discrete and continuous for quantitative data. Ordinal data is categorical, 
where the values have natural, ordered categories and the distances between the categories are not known. For example, 
a question from a food questionnaire might ask: “How often do you eat fish during the week?”. Possible answers 
include “Never”, “one to three times per week”, “four to six times per week”, or “Every day”. In this case, the answers 
are examples of ordinal data. Nominal data is also a categorical data, but in this case there is no natural order between 
the categories. Examples include eye colour, gender, and the region where one lives. In contrast to qualitative data, 
quantitative data is numerical. Discrete data can only take on a finite number of numeric data, while continuous data can 
take on an infinite number of possible values. Let us assume that a researcher is interested in the weight of participants 
in the data sample. The weight of each participant is stored as a continuous variable. However, he/she can split the 
participants into four groups according to their weight: (1) less than 50 kg, (2) 50 kg - 65 kg, (3) 66 kg - 80 kg, and (4) 
greater than 80 kg. In this case, weight is a discrete variable because it can take only one value from the four weight 
groups. This is an example of discretization, where a continuous variable is transformed into a discrete variable. 

2.2   Descriptive statistics and inferential statistics 

The next step is to apply statistics to the representative data sample. There are two different statistical analyses that we 
can apply: descriptive statistics and inferential statistics [6]. Descriptive statistics summarizes data from a sample using 
measures, while inferential statistics draws conclusions from the data set subject to random variation.  
 Descriptive statistics includes a distribution of single variable, measures of central tendency, which include the mean, 
median, and mode, and measures of variability, which include standard deviation, variance, and the minimum and 
maximum value. The distribution is a summary of the frequency of individual values or range of values for a variable. It 
represents every value of the variable and the number of how many times the value appears in the data sample. The 
central tendency of a distribution is an estimate of the “centre” of a distribution. The mean (average) is the most 
commonly used measure for central tendency and in order to compute it we sum all the values in our data sample and 
then divide the sum by the sample size (number of values in the data sample). The median is the value that separates the 
higher half of a data sample from the lower half, or it can be assumed as the “middle” value of an ordered data sample. 
The mode is the value from a data sample that appears with the highest frequency. The variability of a distribution 
refers to the spread of the data values around the central tendency. The minimum and the maximum value are the 
minimum and the maximum value that appear in the data sample. The standard deviation is used to quantify the amount 
of variation or dispersion of a set of data values. A low standard deviation indicates that the data values are close to the 
mean, while a high standard deviation indicates that the data values are spread out over a wider range of values. The 
variance is the square of the standard deviation.  
 Inferential statistics arise out of the fact that sampling naturally incurs sampling error and thus a sample is not 
expected perfectly to represent the population. The methods of inferential statistics include estimation of distribution 
parameters and the testing of statistical hypotheses.  
 When we talk about statistical analysis, it is also important to distinguish between univariate, bivariate and 
multivariate statistical analysis. Univariate analysis works when the data sample has only one variable. It does not deal 
with relationships and the major purpose is to describe the data. Bivariate analysis involves analysing two variables in 
order to find a relationship between them. Bivariate analysis is a special case of multivariate analysis when multiple 
relations between multiple variables are analysed. To explain better the difference between them, let us assume that the 
researcher is interested in testing whether or not consulting with a nutritionist can decrease a person’s calorie intake. For 
this purpose, a researcher works with participants who consult with a nutritionist each day after work. The participants 
form two groups: one group that has daily consultations and a control group who do not receive any nutritional advice. 
After a week, let us assume that the researcher discovered that those who consult with a nutritionist have decreased their 
calorie intake for 40% over the control group. This is an example of univariate inferential statistics because it analysed 
the relationship between one independent variable (consulting with a nutritionist) with a single dependent variable 
(calorie intake). If a researcher is interested in the relationship between the times a person consulted a nutritionist and 
calorie intake over the week, then he/she needs to perform a bivariate analysis. If the researcher is interested to adding 
another variable i.e., how many times a person visited a gym, to determine the effectiveness of visiting a nutritionist and 
exercise, on two groups of people (20-40 yrs., and 41-60 yrs.), then he/she needs to perform multivariate analysis to 
find the relationships between all of the variables.  

2.3   Hypothesis testing 

One of the most commonly used approaches for testing relationships between two or more data samples is to use 
hypothesis testing [7]. Hypothesis testing is a procedure in which sample(s) data is employed to evaluate a hypothesis. 
The procedure involves two hypotheses: a null hypothesis (H0) and an alternative hypothesis (HA). The null hypothesis 
is a statement of “no effect” or “no difference”, while the alternative hypothesis is a statement indicating the presence of 
an effect or a difference. We can define hypotheses about a single population or about the relationship between two or 
more populations e.g., between either the means or variances of a single, two or multiple distributions or even about the 
whole distribution.   
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 After the data is collected, the next step is to apply hypothesis testing in order to evaluate the data using an 
appropriate statistical test. Each statistical test has a test statistic that has some distribution. A test statistic is a 
mathematical formula used to obtain a value using the collected data sample(s). Then the obtained value is compared 
with a value from a special table that contains information about the distribution of the test statistic. Such tables contain 
extreme values of the test statistic that are highly unlikely to occur if the null hypothesis is true. In order to obtain a 
value from such a table, a researcher first needs to specify a level of significance (α). The significance level is a 
probability threshold below which the null hypothesis will be rejected. Instead of specifying the significance level, a p-
value can be used, which is the smallest level of significance that results in the rejection of the null hypothesis. The 
smaller p-value indicates that the null hypothesis is rejected, while a larger p-value indicates that the null hypothesis is 
not rejected. 
 In reality, the null hypothesis can be either true or false, and the result of a statistical test can be that the null 
hypothesis is either rejected or is not rejected. When performing hypothesis testing, two types of errors can occur: type I 
and type II. A type I error is the probability of rejecting the null hypothesis when it is actually true, while a type II error 
is the probability of not rejecting the null hypothesis when it is actually false. The probability of a type I error is the 
level of significance (α), so before the study we usually assign it a small value (e.g., 0.05, 0.01) because researchers do 
not want to have a type I error. The probability of type II error is marked as β and it is related to the power of a 
statistical test. The power is the probability that it will reject a false null hypothesis, or power = 1- β.   
 Power analysis is an important aspect in experimental design [8]. It allows researchers to determine the sample size 
required to detect an effect of a given size with a given degree of confidence. It allows researchers to find the 
probability of detecting an effect of a given size with a given significance level, under sample size constraints. If the 
probability is very low then researchers can change the sample size of the experiment.  
 The next step is to select an appropriate statistical test. There exist two types of tests: parametric and nonparametric. 
In order to distinguish between, we must check the conditions for the safe use of a parametric. These conditions include 
checking for independence, normality of the data, and homoscedasticity of the variances. Statistically, two events are 
independent if the occurrence of one does not influence the probability of the other occurring. Normality indicates that 
the data is normally distributed, which we can check by using statistical tests such as the Kolmogorov-Smirnov [9], 
Anderson-Darling [10], Shapiro-Wilk [11], and D’Agostino-Pearson test [12]. The result from a statistical test can be 
graphically proven using histograms or Q-Q plots (quantile-quantile). In probability, quantiles are cut points dividing 
the range of a probability distribution into intervals with equal probabilities. The homoscedasticity of variances 
indicates the hypothesis of equality of variances (homogeneity of variances). The Levene’s test [13] can be used to 
check the homoscedasticity of the variances. If the required conditions for the safe use of parametric tests are satisfied, 
we must use a parametric test because it has higher power then a nonparametric test, otherwise we must select a 
nonparametric test.  
 Additionally to conditions for the safe use of parametric tests, other parameters that are also related to the selection of 
an appropriate statistical test is the number of data samples that need to be compared (two or more then two) and if the 
data samples are paired or unpaired. Paired samples (also called dependent samples) [1] are samples in which natural or 
matched couplings occur. So in the data sample each data value in one sample is uniquely paired to a data value in the 
second sample. Examples of paired samples are found in food questionnaires. Let us suppose that researchers are 
interested if there is a difference between two populations (males and females) according to the food questionnaire. In 
this case the obtained result of the male population for the first question is paired with the obtained result of the female 
population for the same question, and so on. The choice between paired and unpaired samples depends on experimental 
design, and researchers need to be aware of this when designing their experiment. 
 The first step for performing hypothesis testing is to check all the conditions involving the data sample(s), and then to 
decide which statistical test is the most appropriate. Table 1 presents the different statistical test classified according to 
the conditions that must be met. 
 If a researcher wishes to compare more than two data samples, first he/she needs to check the conditions for 
independence, normality of data, and homoscedasticity of variances. If they are satisfied, then he/she needs to determine 
if the samples are either paired or unpaired. If he/she has unpaired samples, an appropriate statistical test to use is the 
one-way ANOVA. If at least one of the conditions for the safe use of a parametric test is not satisfied, then he/she needs 
to select a nonparametric alternative such as the Kruskal-Wallis test. 
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Table 1   Classification of different statistical test. 

 Two data samples More then two data samples

Parametric 
t-test (unpaired) [14] 
Paired t-test (paired) [3] 

One-way ANOVA (unpaired) [4] 
Repeated-measures ANOVA (paired) [15] 

Nonparametric 
Mann-Whitney U (unpaired) [16] 
Wilcoxon signed-rank (paired) [18]

Kruskal-Wallis (unpaired) [17] 
Friedman, Friedman-aligned, Iman-Davenport (paired) [19] 

2.3.1   Example of comparing two data samples 

This example involves comparing two data samples. The data is authentic food data and represents the fatty acid profile 
of Slovenian milk samples. Fatty acids composition in milk can be significantly altered by the nutrition of the dairy 
cows and their metabolisms and thus can provide information about the provenance of milk and dairy products. One 
batch of samples contains the fatty acid profile of 77 milk samples collected in 2013, while the other fatty acid profile 
of 77 samples collected in 2014. Comparing both data samples, we are interested to test if there is difference between 
the fatty acid profiles of milk sampled in 2013 and 2014. 
 First, we started by checking the required conditions for the safe use of the parametric tests. The independence is 
satisfied because the milk samples are independent. The normality condition is checked using the Shapiro-Wilk test, for 
which the significance level is set to 0.05. The p-value using this test with the data from 2013 is 0.02, while the p-value 
obtained with the data from 2014 is 0.00. In both cases the p-values are smaller then the significance level, which 
indicates that the data from both samples is not normally distributed. Figure 1 shows a graphical representation of the 
data from both data samples using normal quantile-quantile (Q-Q) plots. If the data is normally distributed, the values in 
the plot will lie on a straight diagonal line, which is not the case for our both samples.  

 a)  b) 

Fig. 1   Normal Q-Q (quantile-quantile) plots for the data samples from a) 2013 and b) 2014. 

 Using the result form the Shapiro-Wilk test and the normal Q-Q plots, we see that normality condition is not 
satisfied, so we do not need to check the homoscedasticity of variances, because we can not select a parametric test, and 
instead we need to select a nonparametric test. However, using the Levene’s test, the p-value is 0.00, which is smaller 
than 0.05, and there is no homogeneity of variances. Because there are two data samples that are unpaired, an 
appropriate test is the Mann-Whitney U test. Using it, the p-value is 0.04, which is smaller than 0.05, the significance 
level set prior to analysis, and the null hypothesis is rejected, so there is a significant statistical difference between the 
fatty acid profiles measured between two different years. 

2.3.2   Example of comparing three data samples 

This example involves comparing three data samples. The data presented is authentic food data on the fatty acid profile 
(different from the fatty acid profile in the first example) in Slovenian milk samples. The first sample contains the fatty 
acid profile measured in 77 milk samples from 2012, the second contains the same fatty acid profile measured in 77 
samples form 2013, while the third sample contains the same fatty acid profile measured in 77 samples from 2014. 
Comparing the three data samples, we are interested to test if there is a difference between the fatty acid profile of milk 
collected in 2012, 2013 and 2014. 
 As in the case of comparing two data samples, we started by checking the required conditions for the safe use of 
parametric tests. In this case independence is satisfied because the milk samples are independent. To check for 

-2 -1 0 1 2

1.
1

1.
2

1.
3

1.
4

Normal Q-Q Plot

Theoretical Quantiles

Sa
m

pl
e 

Q
ua

nt
ile

s

-2 -1 0 1 2

1.
0

1.
5

2.
0

2.
5

3.
0

Normal Q-Q Plot

Theoretical Quantiles

Sa
m

pl
e 

Q
ua

nt
ile

s

Science within Food: Up-to-date Advances on Research and Educational Ideas (A. Méndez-Vilas, Ed.)__________________________________________________________________________________

147



 

 
 

normality we use the Shapiro-Wilk test, for which the significance level is set to 0.05. The p-value obtained for the 
sample form 2012 is 0.00, the p-value for the sample from 2013 is 0.00, and the p-value for the sample from 2014 is 
0.00. All p-values are smaller than 0.05, so the normality condition is not satisfied. Since, therefore, we cannot use a 
parametric test we must select a nonparametric one. The p-value for homoscedasticity of variances is 0.03 and is 
smaller than our selected significance level 0.05, which means that we reject the null hypothesis and there is no 
homogeneity of variances. Because there are three data samples that are unpaired, an appropriate statistical test is the 
Kruskal-Wallis test. Using it, the p-value is 0.87, which is greater than 0.05 and we do not reject the null hypothesis, so 
there is no significant statistical difference between the fatty acid profiles of milk collected from the three different 
years. If there is a significant statistical difference and we are interested to see from which pairs of data samples this 
difference appears, we need to continue with a post-hoc statistical test appropriate for the Kruskal-Wallis test.  

2.4   Confidence interval 

In some experiments, it can happen that the distribution of the data collected in a data sample is known, but the 
parameters that describe the distribution are unknown and must be estimated from the data sample. For example, let us 
assume that a researcher has data that is normally distributed, but he/she does not know the mean and the standard 
deviation of the normal distribution. One way to estimate them is to use the (1-α)100% confidence interval (CI) [5]. A 
CI is a type of interval estimate of an unknown parameter. It is calculated using the collected experimental data and it 
potentially includes the unobservable parameter of interest. The parameter that indicates how frequently the interval 
contains the true parameter is the confidence level (α). For example, a 95% CI indicates there is 95% probability that 
the calculated CI contains the true value of the population parameter, but it does not mean that for a given interval there 
is a 95% probability that the population parameter lies within the interval. 
 The most common approach for calculating the CI is to use the sigma, two-sigma, three-sigma rule of thumb (68-95-
99.7 rule) [20]. However, we can only apply this rule when the data is normally distributed. So before using it, we must 
first check to see if the data is normally distributed. In reality, many papers include CIs calculated using this rule even 
when the normality condition is not satisfied resulting in incorrect results. So the question that arises here is how to 
calculate the CI when the normality condition is not satisfied. The answer is to use bootstrap confidence intervals. 
Bootstrapping involves random sampling with replacement, which means randomly selecting a subset of values from 
the data sample in which a value may appear multiple times in the selected subset [21]. We use it to estimate parameters 
by measuring the properties when sampling form an approximating distribution, which in practice is the empirical 
distribution function of the observed data. In the case where we can assume that a set of values are independent and 
identically distributed, bootstrapping can be performed using a number of resamples with replacement of the observed 
data sample, which have equal size to the observed data sample. 

2.4.1   Example of calculating confidence interval 

This example involves finding a 95% CI for the parameters: means and variance, using a data sample that consists of 
the fatty acid profiles measured in milk samples (77) from 2014. First, we check for normality using the Shapiro-Wilk 
test at a significance level 0.05. The p-value is 0.00, so it indicates that the data is not normally distributed, meaning we 
cannot use the two-sigma rule and instead use bootstrapping. Using bootstrapping the CI for the mean is [1.22; 1.41] 
and the CI for the variance is [0.10; 0.47]. The calculated CI for the mean parameter indicates that there is 95% 
probability that the calculated CI contains the true value of the mean, while the calculated CI for the variance indicates 
that there is 95% probability that the calculated CI contains the true variance. 

3. An e-learning tool: Advanced Statistics in Natural Sciences and Technologies 

3.1   An in-house developed open-source e-learning tool 

We developed an in-house freely available e-learning tool for advanced statistics in natural sciences and technologies, 
which covers the statistical tutorial outlined in this chapter. At present, it contains methods for linear regression, which 
is an approach for modelling the relationship between a scalar dependent variable and one or more independent 
variables [22] and principal component analysis (PCA), which is an approach to convert a set of observations of 
correlated variables into a set of values of linearly uncorrelated variables [23]. The benefit of the e-learning tool is that 
it checks for the required conditions of each statistical method and offers only those methods that are appropriate for 
analysing the experimental data. The e-learning tool is available free to use on registration at http://ws.ijs.si/statTool/. 
The tool includes “Basic statistics”, “Hypothesis testing”, “Confidence interval”, “Regression analysis”, and 
“Dimensionality reduction”. There is also a template for organizing the data, which must be a comma-separated values 
file (csv). After uploading the data, the e-learning tool checks the data and will give an error message if either the 
decimal values are represented by a decimal point, the data contains any character values or if any values missing. 
Figure 2 shows the registration tab of the e-learning tool. 
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Fig. 2   The registration part of the e-learning tool. 

 The idea for such a tool came about after asking a sample of 28 researchers (master and doctoral level) who work in 
food analysis to select a method to do the following: i) compare two data samples, ii) compare three or more data 
samples, and iii) calculate a confidence interval. In the first case, 36.36% selected a paired-t test, while 45.46% did not 
know which statistical test to use. Only 18.18% chose the correct answer, which was to first check the conditions 
necessary for each method based on their data and then decide on the method to use. In the second case, 81.82% 
selected to use ANOVA, while again only 18.18% chose to check the conditions of each method before selecting which 
statistical method to use. Finally, when calculating the confidence interval just over half of the participants (54.54%) 
selected the standard formula that requires normally distributed data, even though their data is not normally distributed, 
i.e., they did not know which formula to use. In this case, none of the participants chose to check first the conditions of 
the data. It is clear that only a small percentage of the participants know how to perform correctly a statistical analysis.  
 A presentation on statistical analysis was presented to participants of the ISO-FOOD spring school on the use of 
isotopes in food organized from 4th to 7th April 2017 at Jožef Stefan Institute, Ljubljana, Slovenia [24]. After an 
introductory presentation, the participants (master and doctoral level researchers) where asked to complete the same 
three tasks as earlier. After dividing the participants into three groups they were given thirty minutes to perform one of 
the three examples using a statistical software package in which they were experienced. The data used for the tasks is 
available at (http://cs.ijs.si/opendata/DataSets.zip). Each group then presented their results. The group that worked on 
task one, began by using Excel, but switched to RStudio [25] since Excel was taking too much time. First, they checked 
the required conditions for the safe use of a parametric test and because the tests were not satisfied, they selected an 
appropriate nonparametric test, which in their case was the Mann-Whitney U test, whereas before the presentation, the 
majority of opinion was to use a paired-t test. The second group chose to compare the three data samples using three 
different pairwise comparisons by comparing the variances of the data samples using the Fisher test [26]. However, this 
is not correct because these pairwise comparisons are independent and combined independent p-values need to be 
additionally calculated to control the family wise error (FWER), which is the probability of making type I errors when 
performing multiple hypotheses tests [27]. The group also explained that they performed multiple pairwise comparisons 
because they could not find the ANOVA function in Excel. However, the appropriate statistical test in this example was 
Kruskal-Wallis test. The third group, which worked on calculating CI, also used Excel using the equations for normally 
distributed data despite this not being the case in the test data. Afterwards, they switched from Excel to SPSS [28], and 
performed the same experiment reporting the bootstrapping confidence intervals, which were the correct results for this 
experiment. Prior to the presentation, when asked, the suggestion was to use the sigma, two-sigma, three-sigma rule.  
 Each group was then set the task of reviewing three scientific papers published in a journal with high impact factor 
and then to judge if the statistical analysis used is correct and what if any information relating to statistics is missing. 
All groups agreed that in the three reviewed papers the authors only said that they used the t-test to compare two data 
samples and a one-way ANOVA to compare more then two data samples. They did not provide the results for checking 
the required conditions for the safe use of parametric tests, so it is not clear how they selected the statistical test or if 
they also followed a similar study. In addition, the CIs were reported using the sigma, two-sigma, three-sigma rule 
without first checking if the data was normally distributed or not.  
 Finally, after a short presentation of the e-learning tool each group repeated each of the three tasks. All three groups 
needed only a few minutes to perform the three examples. For the first example, they needed only to upload the test 
data, and to indicate if they have paired or unpaired samples. The e-learning tool checks all other conditions and offers 
them with the most suitable statistical test, in this case the Mann-Whitney U test. For the second example, the tool 
offered only the Kruskal-Wallis test (Fig. 3), which meant that they did not have to check for either normality or 
homoscedasticity of the variances. Finally for the third task, the participants needed to specify only which parameter 
they want to calculate the CI and the tool provides the CI together with the method used to obtain it.  
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Fig. 3   The result from the e-learning tool when used to compare three data samples. The tool checks the required conditions for the 
safe use of parametric tests, which in this case are not satisfied, and offers the user the Kruskal-Wallis test, which is a nonparametric 
test. 

4. Conclusion 

In this chapter, we present a statistical tutorial of how to perform properly statistical analysis on food data. In addition, 
an e-learning tool is presented. The e-learning tool automatically checks the conditions for each method and offers only 
those methods that are appropriate for the data. Overall, the e-learning tool not only reduces the time needed to perform 
a statistical analysis but importantly, it can help in interpreting results and increase awareness of using an inappropriate 
statistical method. In the future, we plan to upgrade the e-learning tool with a power analysis to help researchers to 
select a relevant sample size for their experiments. 
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In the last decades, consumers’ interest in healthy, fresh and convenience foods has greatly increased. Due to 
globalization, food scenario is rapidly changing and moving from the consideration of food as a mere source of energy to a 
growing awareness on its importance for health and particularly in reducing the risk of diseases. The continuous advance 
in the field of molecular biology allowed setting up efficient and universal omics tools to address food safety and quality. 
In this review, we look at the current progress of applying omics technologies to identify biomarkers of food safety and 
quality. We consider the application of a multi-omics approach integrating proteomics, metabolomics, metagenomics, 
transcriptomics (via systems biology), in characterizing the composition of food products along the food supply chain. The 
combination of the above omics approaches allows us to define a sort of molecular labeling of food or biomarkers that are 
easily understandable by the operators involved in the food sector.  

1. Introduction: the challenge of omics in the field of food safety and quality  

The globalization of the food market has raised major concerns in terms of safety and quality of foods due to the 
worldwide increase in the movement of foodstuff and related raw materials worldwide as well as the shipments of 
multiple and processed ingredients from different parts of the globe [1]. Food chain, food safety, and food-processing 
sectors face new challenges due to the globalization and the continuous changes in the modern consumer preferences. 
In addition, the gradual increase in microbial resistance, changes in climate, and incorrect food handling remain a 
pending barrier for the efficient global food safety management [2]. An important aspect of food science is the need to 
trace food products along the entire food supply chain and to ensure all the safety, nutritional quality and acceptability 
issues related to of the delivered products. Although at present half of planet’s population doesn’t have access to a 
sufficiently nutritious diet [3], in the countries where economic growth is present there is a demand and an emerging 
trend for nutritiously and healthy foods, as well as a rising consumer concern for food safety and quality. In fact, food 
safety refers to all those hazards, whether chronic or acute, that may have a negative impact on the health of the 
consumer, while food quality mainly refers to all other attributes that influence a product’s value to the consumer, 
including contamination, discoloration, off-odours, origin, colour, flavour, texture, and processing method of the food. 
In the past two decades, our ability to evaluate the food safety and quality has radically changed through the 
development of high-throughput, omics technologies [4] (Figure 1 and Table 1). 

 

Fig. 1   A new comprehensive approach to food quality and safety assessment. 
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Table 1   The role of omics technologies for the detection of food quality and safety. 

Omics 
approaches 

Molecules 
of interest 

Description Approaches and technologies References 

Genomics  DNA 

Genomics is the systematic study of 
the structure, function, and 
expression of all the genes in a cell/ 
organism/sample 

16S rRNA gene clone library, 
Quantitative PCR, Whole 
genome sequencing 

[5], [6], [7] 

Metagenomics DNA 

Metagenomics is defined as the 
direct genetic analysis of genomes 
contained with a 
cell/organism/sample 

16S rRNA gene sequencing, 
Shotgun sequencing 

[8], [9], 
[10] 

Transcriptomics  RNA 
Transcriptomics is the study of the 
total mRNA in a cell 
organism/sample 

DNA microarray, RNA 
sequencing 

[11], [12] 

Proteomics Proteins 

Proteomics is the large-scale study 
of proteins, including their structure 
and function, within a cell/ 
/organism/sample 

Peptide mass fingerprinting 
(PMF), MS/MS, LC-MS, MS, 
DIGE technology 
 

[13], [14] 

Metabolomics Metabolites 

Metabolomics is the study of global 
metabolite profiles in a system (cell, 
tissue or organism) under a given 
set of conditions 

Fourier Transform Infra-Red 
Spectroscopy (FTIR), Nuclear 
Magnetic Resonance (NMR), Mass 
Spectroscopy (MS) and High 
Resolution Mass Spectrometry 
(HRMS) 

[15], [16], 
[17] 
 

System biology All 
System biology is the systematic 
study of complex interactions in 
biological systems 

Integration models [18], [19] 

Foodomics All 

Foodomics is the comprehensive, 
high-throughput approach for the 
exploitation of food science in the 
light of an improvement of human 
nutrition 

High-throughput approach in the 
field of food chemistry, 
analytical chemistry, 
biochemistry, microbiology, 
molecular biology, food 
technology, clinical sciences, and 
human  

[2], [20] 

 The advancement in sequencing technologies and various ‘omics’ tools has impressively accelerated the research in 
this area, presenting several advantages over traditional approaches [21]. In fact, compared to traditional methods, 
omics technologies appear to combine the benefits of relative simplicity, sensitivity, the speed of generating 
information and analysis of foods at various levels. By utilizing omics technologies, researchers can comprehensively 
compare food products at a molecular level, by analyzing the protein/gene expression/microbiome/metabolite 
components and composition changes during processing, storage, and transport. The omics approach has 
revolutionized the study of food allowing to develop suitable biomarkers for addressing food quality, authenticity, and 
safety issues, as well as to correlate all food components to the individual diet and the health. To achieve this goal, 
researchers involved in modern food science need to work within multidisciplinary teams in order to be able to face 
the huge complexity of this task and to rationally handle the huge amount of data generated by omics technologies 
(Figure 1). The integration of different omics technologies and the use of bioinformatic and advanced computational 
tools are key factors in the system-level understanding of relevant genes, variants, pathways or metabolic functions 
characterizing the food products and to monitor critical points in the food production/manipulation chain and the 
processes in the food industry. 

2. Genomics and Metagenomics  

The most common way of determining the composition of food-associated microorganisms has been through culturing 
methods that are based on the isolation and cultivation of microorganisms before their identification and typing. 
Genomic analysis to identify isolates to the genus or species level is more reliable and has greater discrimination than 
phenotypic methods. Among the plethora of molecular identification and characterization technologies available to 
date, the Whole Genome Sequencing (WGS) represents a significant tool in the area of food safety and food 
technology developments. This technique is being adopted by regulatory agencies around the world to identify 
bacterial isolates from foods, due to advances in sequencing technology (Figure 2). The entire genome sequences of 
numerous foodborne pathogens have been determined and the rapid and accurate detection and identification of 
foodborne pathogens are possible due to the many useful sequence analysis tools and software programs available in 
public WGS databases [22]. There are several examples of using sequencing for solving the epidemiological source of 
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foodborne microbial outbreaks [23]. In addition, the identification of bacteria at strain level by means of molecular 
typing tools, such as pulse-field gel electrophoresis (PFGE), ribotyping, and PCR-based techniques, is important for 
the purposes of surveillance and outbreak investigation. Anyway, all the above molecular methods that permit to 
identify and type food microorganisms require the isolation and culturing of microorganisms. Cultivation of 
microorganisms poses several limits and potential problems, which can be overcome by nucleic acid-based detection 
methods [9] [24]. Those limits include: i) the impossibility to detect most of the foodborne viral pathogens, ii) the 
presence of pathogenic bacteria in the viable but not cultivable state (VBNC), the ambiguous identification of 
pathogens due to the lack of selective media, iv) the possible long times necessary for the growth of the 
microorganism.  

 

Fig. 2   Schematic representation of the differences between genomics and metagenomics. 

 Over recent decades, a great number of culture-independent methods have been developed that help overcome 
these problems; most of which have been used extensively in food systems [10]. Since the introduction of the DNA-
based methods in microbial ecology, it became clear their potentiality in food microbiology, as a set of tools for fast 
and precise identification of target pathogenic organisms as well as for the detection of food quality [25]. Such DNA-
based methodologies generally rely on specific DNA sequences (markers) that can be used for approving the quality 
and origin of raw ingredients. 16S ribosomal RNA (rRNA) gene sequences are commonly used to identify, quantify, 
and visualize microorganism populations in foods [26] because their genes consist of highly conserved domains 
interspersed with variable regions. Barcode sequencing of 16S rDNA performed on total microbial DNA from food 
samples enabled to evaluate the microbial diversity based on Operation Taxonomic Units (OTUs) composition as well 
as to assess their taxonomic status, and to further individuate biomarkers for their application in addressing quality, 
technology, authenticity, and safety issues.  The application of specific DNA detection methods, as Real-Time PCR 
protocols, has been promoted and specific international agreements and standards have been released [27] [28]. In the 
last ten years, the advances in massive parallel sequencing or high throughput sequencing (HTS) technologies have 
opened a new perspective in food microbiology [29]. The development in metagenomic approach opens the way to 
previously unknown scenarios to detect microbial activities in microbes without requiring their cultivation since it 
gives the possibility to analyze the meta-community dynamics and to identify markers of food microbiota changes 
following the processing, treatments, transport and storage process. Among the most commonly reported HTS 
technologies are Illumina, where an efficient protocol for 16S rRNA gene-based analysis is the most widely used [30] 
but other technologies are on the market and used in microbial pathogen detection, as the 454 Roche pyrosequencing, 
the non-optical Ion Torrent device, and the single-molecule systems Nanopore-MinION and PacBio-SMRT (see for 
examples [31] [32] [33]). Those technologies may enable both amplicon-based sequencing (using 16S rRNA 
amplification primers targeting hypervariable regions) and untargeted metagenomic analyses (where sequence 
fragments from the virtually whole environmental DNA, including all the microbiome present in the sample, is 
reported). In this way, it is possible to detect the presence of specific microbial taxa and strains and the presence of 
functional genes in their genomes (e.g. toxin-encoding genes).  
 Metagenomics (i.e., the study of microbial communities sampled directly from their natural environment, without 
prior culturing) is currently applied primarily for the study of the microbiota composition from an ecology perspective 
(Figure 2). This technology offers a path to the study of their community structures, phylogenetic composition, 
species diversity, metabolic capacity, and functional diversity. In food science, it is essential to evaluate not only the 
species diversity of microbial communities but also to analyze how the species structures of those communities 
change over time and space.  
 Metagenomic sequencing can widen our perception of food microbiology, from a focus on a (small) panel of 
microbial taxa to an ecological interpretation of the food microbiome, as a “living” matter, where microbes interact 
each other and may possibly establish antagonistic interactions, which in turn, can limit the growth of undesirable 
strains [9]. Both the targeted one (“16S metagenomics”) and the untargeted one (“metagenomics sensu stricto”) 
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require several steps for data generation and processing. In particular, DNA must be extracted from the matrix under 
study and should be of enough quantity and quality for its successive PCR amplification (for targeted metagenomics) 
and, especially, for untargeted metagenomics. Moreover, DNA coming from the matrix (environmental DNA, eDNA) 
includes both the microbial DNA and the matrix (plant/animal DNA). Consequently, strategies should be used to 
reduce the amount of non-microbial DNA in the eDNA preparation or to select in the targeted metagenomics, 
microbial-specific target genomic regions or selective PCR primers (as for 16S rRNA, avoiding the amplification of 
plastid, hence plant-derived, 16S rRNA genes). Furthermore, depending on the level of sensitivity (i.e. the threshold 
of detection) the number of sequence reads per sample should be chosen in order to detect even low abundance taxa 
and to allow a good coverage of the microbial diversity in the sample. Finally, standardized procedures for sequence 
binning, operating taxonomic unit (OTU) attribution and assignment to microbial taxonomy must be selected after 
careful evaluation. This is especially critical for the database of taxonomic ribosomal references, as for instance 
Greengenes [34], RDP [35] or Silva [36], where different databases or different confidence thresholds may produce 
ambiguous microbial identifications. 
 However, from a food safety microbiology perspective, HTS will still require standardization of procedures for 
sample preparation, nucleic acid extraction, sequence data processing, etc. Moreover, HTS, tough their cost is 
decreased in the last years remain more expensive than Real-Time PCR in the case just a small number of targets has 
to be evaluated, and require more time from sample preparation to the bioinformatic data report. 

3. Proteomics  

In the last decade, we all witnessed a strong increase in the application of proteomics in the study, control, and 
validation of industrial processes of food products and in the assessment of food quality, safety, and traceability [14]. 
In particular, an enormous work has been done in the field of the meat, fish and dairy industry contributing for 
example to the identification of the specific biomarker for meat tenderness or traceability, fish flavour or to the 
evaluation of milk quality for the improvement of infant formulas and cheese making. In the case of proteomics 
applied to agriculture, a strong effort has been made in the assessment of the quality control of food product derived 
from transgenic crops, in the quality control processes of beer and wine industry and also in the characterization of the 
composition and quality of ready-to-eat vegetable products [37]. Another important issue that has been addressed by 
proteomics is food safety represented by the possible contamination by pathogenic microorganisms and microbial 
toxins, allergens, and toxic compounds. In this paragraph we will review the latest methodological approaches used in 
proteomics (gel-based and gel-free) such as comparative 2D electrophoresis, quantitative isotope labeling as well as 
the most recent and innovative label-free quantitative proteomics techniques, providing some examples of their 
application in food analysis (Figure 3).  
 

 
Fig. 3   Schematic representation of the proteomics analysis workflow using both gel-based and gel-free methodological 
approaches. 
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3.1   Gel-based approaches  

The electrophoretic protein separation approach combined with MS analysis has become one of the most used 
methodologies in the food control, safety, and traceability. In fact, among gel-based techniques, two-dimensional gel 
electrophoresis (2-DE) has been widely used in the identification of quality markers of various foods, from meat and 
fish to vegetables, of biological or transgenic origin [38].  
 The major advantage of this technique is that 2-DE provides the highest protein-resolution capacity with a low-
instrumentation cost. The typical workflow consists of the first phase of protein extraction from food sample (Figure 
3). Then proteins are isolated by a bidimensional separation based on isoelectric focusing point and molecular weight 
on the SDS-polyacrylamide gel (PAGE). In the second phase after protein staining, the image analysis, using 
dedicated software, allows determining quantitative and qualitative variation, comparing the intensities of protein 
spots in different gels. In the third phase proteins from individually excised spots are enzymatically digested with 
trypsin, and the resulting peptides are analyzed by mass spectrometry to be finally identified by database searching 
[39].  
 The main limitations of this methodology are represented by the experimental variations that occur among gels. An 
advance in 2-DE is offered by the differential in gel electrophoresis technology (DIGE), in which the gel-to-gel 
variance is solved for comparative proteomics.  In fact, in this technology, up to three samples can be differentially 
labeled and run on the same gel, increasing confidence in the detection and quantification of differences in protein 
abundance, taking advantage of the introduction of an internal standard that suppresses inter-gel variability [40]. 
There are only a few examples of the application of this technology to the study of food products, and these are related 
to the characterization of breed muscle proteome profiles [41], to investigate changes between GMOs and their 
counterpart non-GMOs [42], and very recently to the study of  shelf-life storage process in fresh-cut and ready-to-eat 
vegetables [43]. 
 Fish and prawn species authentication case. 
 Marine species in seafood products are often subjected to authentication not just for commercial fraud due to 
replacing quality materials with low-level ones, but also because they contain allergenic or toxic compounds 
dangerous for the health of consumers. Therefore, European legislation recommends seafood products labeling 
(Regulation (EU) No 1379/2013 of the European Parliament and of the Council of 11 December 2013 on the common 
organisation of the markets in fishery and aquaculture products).  
 2-DE proteomics approach thanks to sensitivity and possibility to be applied at a large-scale demonstrated to be a 
suitable analytical method to distinguish seafood species and to quantify their levels in seafood products. 
Different 2-DE protein profiles of water-soluble proteins have been used to discriminate very closely related fish 
species [44]. In particular, studies based on 2-DE analysis revealed proteins such as triose phosphate isomerase 
isoforms, pyruvate kinase, troponin T, and beta-enolase as specific markers for distinguishing various species of tuna 
as Thunnus thynnus, Thunnus alalunga, Thunnus albacares, and Thunnus obesus [45]. A 2-DE approach has also 
revealed a different electrophoretic mobility of several spots together with a qualitative presence in farmed cod 
samples allowing to differentiate wild cods from farmed ones [46]. Moreover, few studies have been focused on 
crustaceans, known to be highly allergenic, to highlight differences among the closely related group of Decapoda 
shrimps and prawns. A proteomic gel-based approach successfully revealed different protein patterns in the most 
commercially relevant shrimp species. 2-DE profiles showed that the sarcoplasmic protein arginine kinase (AK) 
isoforms were differently modulated in six different species, proposing it as a biomarker for discrimination of 
Decapoda species also in mixed food products [47]. Moreover, 2DE represents also a useful method for food security 
purposes since it allows to select and quantify the levels of this protein, known to be highly allergenic. 

3.2   Gel-free approaches  

Despite the robustness of 2-DE techniques, gel-based proteomics suffers from intrinsic limitations, that prevent the 
separation of highly hydrophobic, extreme isoelectric point, or high MW proteins. Therefore, the scientific community 
has oriented, in recent years, in favour of complementary methods, globally known as mass spectrometry (MS)-based 
proteomics. This type of approach is rapidly emerging as a pivotal proteomic technology for the determination of food 
quality, authenticity, functionality, and safety.  
 It is characterized by a very large variety of analytical strategies and instrumentations whose detailed description is 
beyond the scope of this review. Nevertheless, all the different MS-based proteomic approaches share a common 
workflow, made up of three fundamental stages: 1) isolation and (pre)fractionation of protein sample; 2) qualitative 
and quantitative analysis by MS or MS/MS and 3) and assignment of MS or MS/MS spectra to peptides and proteins 
through database searching [48] (Figure 3).  
 Basically, two different workflows have been currently developed: bottom-up and top-down approaches. In the 
first, usually referred as shotgun proteomics, protein sample at stage 1 is enzymatically digested and the resulting 
complex peptide mixture is subjected to fractionation and analyses. Conversely, top-down proteomics is based on pre-
fractionation, injection, and analyses of intact proteins. With respect to quantitative analysis, MS-based proteomics 
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offers at least three different approaches: label-based, label-free and targeted quantitation methods. We refer the 
readers to specific reviews for further information [49].  
 Targeted analyses offer the possibility to monitor and quantify specific proteins of interest (e.g. biomarkers). 
Multiple reaction monitoring (MRM) is becoming the central platform in for targeted analysis of protein/peptide 
abundances in complex matrices, food included. Depending on the type of instrumentation used, MRM assays can 
perform multiplexed analyses of hundreds of peptides in a single run [50]. 
 The Milk case 
 Milk and dairy products have been extensively investigated by using proteomics [51]. Milk is characterized by a 
wide dynamic range, displaying high abundance proteins (e.g. caseins) and medium to low abundance whey proteins 
(e.g. ß-lactoglobulin, lactoferrin, immunoglobulins, glycoproteins, peptide hormones, and enzymes) [52]. First studies 
were addressed to the characterization of breast milk for its importance in newborn nutrition. The “classical” 2DE-MS 
proteomic approach led to the identification of 107 protein spots, corresponding to 39 gene products, in milk fat 
globule membrane proteins [53]. More recent works based on gel-free shotgun deeply penetrated into human milk 
proteome, identifying 268 gene products by using cutting-edge MS platform [54]. The evolution of high-throughput 
MS-technologies has paved the way to a more detailed characterization of breast milk, cow’s milk, and dairy products. 
Milk transformation requires heating processes to guarantee its microbiological safety and a longer shelf-life. 
However, thermal treatments result in chemical modifications of milk proteins, affecting their nutritional, 
nutraceutical, biological and toxicological properties. Shotgun proteomic approach has been applied for protein 
structural analysis of glycation and glycoxidation in raw, pasteurized, UHT and powdered infant formula milk 
samples, identifying several protein targets in diverse heated samples [55]. MS-based technologies implementing 
MRM (Multiple Reaction Monitoring) scan function offer the possibility to detect and quantify specific biomarkers in 
complex food matrices. This strategy has been successfully applied for the detection of adulteration in buffalo 
mozzarella, by monitoring and quantifying the phosphorylated β-casein f33-48 peptide, identified as a specific 
proteotypic marker [56].  
 In conclusion, the rapid advances in proteomics, mainly represented by the use of gel-free approaches alongside 
with the more traditional gel-based methodologies, are providing valuable data such as quality/quantitative protein 
biomarkers that, in some cases, already found an application in the validation of industrial processes of food products 
and in the assessment of food quality, safety and traceability. 

4. Transcriptomics  

The study of a total set of transcripts in a given organism (namely transcriptome), at any given time and under any 
condition, allows to obtain meaningful insights into the functional elements of a genome and to elucidate molecular 
mechanisms underlying complex biological processes.  
 Comparative analysis of the transcriptome composition is a powerful tool to identify transient alterations in gene 
expression in response to genetic and/or environmental cues and in response to the general metabolic state of a given 
cell or tissue. This approach has been widely used to improve quality and quantity of food crops, as well as to 
characterize quality and safety of food (i.e. detection of transcripts involved in the accumulation of contaminants, 
bioactive molecules, nutrients, health effect molecules, etc.) [11]. 
 High throughput transcriptomics became first possible with the development of the microarrays technique through 
the interrogation of thousands of gene targets by hybridization of RNA samples to oligonucleotide probes laying on 
miniaturized devices (Figure 4) [57].  
 In food crops, microarray-based approaches have been particularly useful to compare fluctuations in gene 
expression profiles in response to a wide range of conditions, like drought, high-salinity, cold, heat and disease [58]. 
The major drawback is that microarrays can detect only known gene sequences so they can’t be used for the discovery 
of alterations of unknown genes. However, in the past few years, transcriptomics has expanded dramatically because 
of the advent of next generation sequencing (NGS) and genome-wide RNA sequencing (RNA-seq) (Figure 4) [59]. 
This latter is a more versatile technology to detect alterations of the transcriptome and is progressively overtaking the 
microarray-based approaches. It can easily provide, in fact, high-resolution gene expression, detection of lower 
abundant transcripts, point mutations, alternative splicing as well as new coding and noncoding RNA transcripts, 
including small regulatory RNAs (sRNAs) and antisense transcripts [60].  
 Nowadays, the massive sequencing data available on the genome structure of thousands of species has allowed 
performing transcriptomic assays based on genome-wide microarrays and RNAseq on many crop and animal species 
to investigate gene functions involved in the accumulation of compounds of interest for human health and for the 
overall food quality. The intrinsic nature of the RNA-based investigations requires fresh food substrates with minimal 
processing. RNA molecules are very delicate and undergo a quick degradation as cell structures lose their metabolic 
activity and are dismantled during the preparation of certain food products which require high temperatures and 
complex manipulation of the basic ingredients. In such foods, transcriptomic investigations become in fact more and 
more challenging and are conveniently replaced by other biochemical assays to detect proteins or metabolites. 
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 Nevertheless, transcriptomics of fresh unprocessed food products has proven to be very effective as a diagnostic 
tool to infer about many attributes of foods through detection of altered gene expression. In this context, an example 
of a recent transcriptomic study elucidate biosynthetic processes underlying the regulation of bitter taste in chicory, 
which is a crucial attribute of quality in terms of the product acceptability [61]. It’s known that sesquiterpene lactones 
(STLs), secondary metabolites typical of Asteraceae spp., confer the bitterness of chicory, in addition to other 
nutritional, allergenic and healthy properties. Analysis of differentially expressed genes in two stem-chicory 
“Catalogna” landraces, characterized by different bitterness scores, identified several STL genes strictly associated to 
bitterness which promise to be useful markers for food quality.  
 

 

Fig. 4   Overview of food transcriptomics. 

 Gene expression analysis is also useful to enhance food quality and improve the shelf life of products by 
investigating molecular mechanisms which take place during storage and post-harvest treatments. Mellidou and 
colleagues explored changes of the apple transcriptome associated with a flesh browning disorder related to controlled 
atmosphere storage [62]. The identified candidate genes associated with internal browning in a tissue-specific manner 
represent markers of the browning incidence in apples during storage in the controlled atmosphere and could be useful 
to improve the postharvest life of apple, as well [62]. 
 A further application of transcriptomics is to detect food contaminants by fingerprinting methodologies [12]. Living 
cells display wide adaptive plasticity by responding with characteristic expression changes to the toxic agents possibly 
present in foods. Two human cell lines have been used to explore the impact of microarray-based transcriptomic 
analyses for detection of different contaminants. Interestingly, both cell lines yielded characteristic expression profiles 
following the exposure to chemicals that are often found in food products. In this context, the transcriptomics 
approach can expand the range of contaminants that can be detected in a single experiment and increase the specificity 
of the cellular response [12]. 
 Transcriptomic techniques have demonstrated their impressive analytical potential for gene expression studies in 
the context of food science. However, the applicability of RNA-based assays in food science is still in its infancy and 
it is not fully exploited yet.  
 Though RNA-Seq has quickly superseded microarrays in many gene expression studies, it still remains evolving 
and several technical and bioinformatics challenges need to be overcome to realize the full potential of this technique 
in food science. Given the evolution path of RNA-Seq technology, high-end instruments with higher sequencing 
throughput able to provide longer and accurate reads can be expected in the very near future. For instance, a new 
generation of sequencers, based on single- molecule and single- cell sequencing, is rapidly emerging [63].  In addition 
to their capability for sequencing RNA directly, novel technologies can also sequence molecules in real-time, 
decreasing the time of analysis and allowing higher sensitivity. The improved analytical performances made available 
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by the new sequencing technologies can provide more detailed information about the transcriptional regulation in real 
samples boosting the applicability of transcriptomics in food science. 

5. Metabolomics  

The study of the entire metabolite composition of a living cell, organism or a particular system has been defined as 
metabolome, and metabolomics allows the determination of the metabolic composition of different matrices. Since the 
metabolome represents the final biochemical results of gene expression and environmental conditions, metabolomic 
approaches have emerged as reliable and powerful tools able to extend the knowledge on food biochemical 
composition and to investigate the quality and safety of different food matrices [64]. Metabolomics basically 
comprises targeted and untargeted approaches [65]. While targeted metabolomics aims to selectively profile several 
metabolites, and usually requires a specific extraction of metabolites, the untargeted approach is used to extrapolate 
significant differences in a comparative manner, allowing to apply a metabolic fingerprinting or to identify new 
compounds as biomarkers for food safety and quality [66]. 
 Like other “omic” disciplines, metabolomics involves instrumental analysis, which is optimized to obtain the most 
comprehensive metabolic data set, and data analysis workflow, which consists of the bioinformatics/statistic tools 
used to process high-throughput data sets. Key steps for obtaining such metabolic data set are i) extraction, ii) 
separation, and iii) detection of metabolites (Figure 5).  

 
 

Fig. 5   Pipeline for food metabolomics. 

 Different protocols have been established for the extraction of specific classes of metabolites or for global profile 
studies [66]. In the targeted approach metabolites extraction often includes sample clean-up step using Solid Phase 
Extraction (SPE) or Solid Phase Micro-extraction (SPME), while to obtain a global metabolite profile different 
extraction protocols are used in order to increase the metabolites diversity.  The separation step is in general 
accomplished by liquid chromatography (LC), mainly with its high performance (HPLC), ultra-performance (UPLC) 
or ultra-high performance (UHPLC) forms, gas chromatography (GC) and capillary electrophoresis (CE). However, in 
some cases, direct infusion (DI) is used to obtain a metabolic profile. Numerous techniques have been developed for 
metabolites detection, such as Fourier transform infra-red spectroscopy (FTIR) [15], nuclear magnetic resonance 
(NMR) [16] and mass spectrometry (MS) [17] although in food metabolomics MS and NMR have been used the most 
[65]. While NMR gives high-resolution spectra, allowing to identify the exact structure of metabolites, in MS the 
mass analyzers used ranged from high resolution MS (HRMS) [17], such as Fourier transform ion cyclotron resonance 
(FTICR), Orbitrap and Time of Flight (ToF), to low-resolution MS like quadrupole (Q), ion-trap (IT), ion-mobility 
spectrometry (IMS) and hybrid systems. Clearly, HRMS is preferred because of its high mass accuracy and sensitivity 
[17]. The acquired data are then analyzed using different statistical and chemometric approaches. Many metabolite 
databases have been developed, helping the identification of unknown metabolites present in food matrices. Due to 
the advancements in analytical instruments in the last decade, it is now possible to analyze thousands of metabolites 
from a food sample in a single analysis. The sample preparation and data handling processes have also been improved 
tremendously, making it easier for scientists to analyze samples in a short time. 
 In the frame of food quality, one of the major challenges of metabolomics is to develop fast, reproducible and cost-
effective analytical methods able to assess food quality, with the ultimate purpose to protect and improve the health of 
consumers, satisfying their expectations. Although the quality of raw materials is basically due to intrinsic traits of the 
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sample, the final products of food processing derive from raw ingredients combined and transformed to produce 
marketable products, thus final food-quality is given by multiple processing factors, as well as by storage and 
packaging conditions. A large number of MS-based and HRMS-based approaches have been applied in order to 
improve food quality, developing robust and fast methods able to analyse the wide range for nowadays known health-
related metabolites, such as phytochemicals (carotenoids, polyphenols, see for example [67]), vitamins (provitamin A 
and vitamin C) [68] fatty acids (omega-3 and omega-6 FA) [69] and minerals (calcium, potassium and magnesium) 
[70]. Recent MS-based approaches have been used, for instance, to simultaneously quantify several abundant 
bioactive compounds such as carotenoids, tocopherols and free and esterified sterols, in important food product such 
as canola, olive, and sunflower oils, by using a target HPLC-DAD-MS/MS strategy, a simple extraction procedure and 
30 minutes total runtime [71].  
 Since new MS technologies are able to produce large dataset with thousands of potentially quality-related 
compounds, metabolomic approaches have been used in combination with multivariate analysis, such as PCA 
(Principal Component Analysis), in order to extrapolate significant information, as has been described, for instance, 
for selected specific metabolite patterns discriminating fruit from several commercially grown cultivars, 
demonstrating that specific metabolites correlate directly with quality traits [72]. Since flavour is one of the most 
important criteria influencing consumer acceptance and quality of foods, an increasing number of GC-MS based 
approaches have been extended to discover metabolites that significantly contribute to these traits. GC-MS based 
approach has been recently used to identify 33 compounds correlating with consumer liking, and 37 that significantly 
correlated with flavor intensity. These compound have been further used to design a genome-wide association study 
(GWAS), identifying candidate loci capable of altering 15 of the chemicals contributing to consumer liking and an 
additional 6 chemicals that contribute to overall flavour intensity of tomatoes [73]. 
 In addition, metabolomics represents a powerful tool for the determination of food contaminants like toxins 
(mycotoxins, mainly found in cereals, and algal toxins that contaminate marine-related foods) [74], chemicals 
(including pesticides, pollutants, antibiotics and growth-promoting agents) [75], spoilage microorganism 
(Pseudomonas spp., Acinetobacter spp., Botrytis spp.) and pathogens (Escherichia coli strains, Salmonella spp., 
Shigella spp., Listeria monocytogenes, Campylobacter jejuni and viruses, such as norovirus and rotavirus) [76] or 
genetic modified (GM) ingredients [77].  
 Both targeted and non-targeted metabolomics have been used for the detection and identification of such 
contaminants. While targeted analysis by using NMR or MS are suitable for the study of already-known contaminants, 
the untargeted approach is indicated to identify novel compounds that can be used as biomarkers for the identification 
of illegal practices in food production and to monitor the integrity and safety of food products. 
 The method of choice for toxins detection is represented by LC-HRMS or LC-MS/MS. Simultaneous detection of 
several toxins has been successfully reported by the use of high-resolution analyzer [78]. LC-HRMS protocols were 
also established in the case of chemicals identification such as pesticides, antibiotics and growth-promoting agents 
[75], and comparative metabolic profiles of GM and non-GM crops have been performed using targeted and 
untargeted LC-HRMS and NMR [80]. Metabolic fingerprinting using GC-MS have been efficiently established for the 
determination of spoilage or pathogenic microorganisms that produce volatile organic compounds (VOC) [80] [81]. 
Other primary metabolites such as sugars and amino acids were characterized as biomarkers for early food 
contamination by pathogens [81]. GC-MS also remain the best technique for the determination of environmental 
pollutants in food such as polychlorinated biphenyls, polycyclic aromatic hydrocarbons or polybrominated diphenyl 
ethers [82].  

6. The need for data integration: system biology and foodomics  

The development of high-throughput technologies has led to the generation of large “omics” dataset that allowed the 
identification of novel biomarkers for food safety and quality. However, considering the dynamics of biological 
systems, multi-level integration studies can result particularly useful in this context. Integration of genomics, 
transcriptomics, proteomics and especially metabolomics, to study the interactions among molecular components and 
their changes induced by perturbations in a biological system is an emerging discipline named systems biology [83].  
Basically, two approaches, the data-driven and the model-driven, are used to study biological systems [83] [84]. The 
first approach is useful to identify novel components and their interactions from large-scale omics datasets in order to 
define new metabolic functions. In general, molecular interactions are analyzed by correlation networks that can be 
visualized as graphs in which the components are described by nodes and the interactions are shown as edges [85]. The 
model-driven approach can be then used to interpret the behavior of the system. In general, a mathematical model of the 
biological system is constructed and matched against global observations in an iterative manner, in order to obtain a 
model that reflects biological reality [85].  
 The development of systems biology is beneficial to the study of the impact of food compositions and ingredients on 
human health [20]. The traditional food research is moving from classical methodological methods to new analytical 
approaches aiming at integrating biological data with bio-informatics tools. The new omics technologies combined with 
system biology can lead food research into a new era, the foodomics, which was defined in 2009 as a discipline that 
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studies the food and nutrition domains through the application and integration of advanced omics technologies to 
improve consumer’s well-being, health, and knowledge [86]. Currently, in the so-called globalization, in which the 
movement of food and related raw-materials worldwide requires the ensuring of safety, quality, and traceability of 
products, the development, validation, and implementation of rapid, sensitive, and accurate methods for assessment of 
food safety are needed [87]. Foodomics involves the use of genomics, proteomics, transcriptomics, and metabolomics, 
including nutrigenomics, for compound profiling, authenticity, and/or biomarker detection related to food quality and 
safety [2]. It has already been applied in different fields of science and food technology and nutrition; i.e., evaluation of 
food safety and quality, the study of the effects on human health of different bioactive food components, the 
individuation and quantification of dietary biomarkers related to different health conditions, or the assessment of 
biological responses to different nutritional patterns. An especially complex challenge in the combination of Foodomics 
and system biology is the possibility of connecting food components, foods, diet, the individual, including food impact 
on health and illness, by considering the food domain as a whole with the nutrition domain. Only in this way, it will 
possible to account for food products tailored to promote human health and well-being.  
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Rancidity is lipid peroxidation process and an undesirable phenomenon occurred in foods having unsaturated fats and oils. 
It resulted in food deterioration. Therefore, there is a limitation of lipid peroxidation for food quality control as a value of 
TBA. Malonaldehyde (MDA) is the last product of lipid autoxidation and Thiobarbituric Acid (TBA) is the most widely 
used assay to detect lipid peroxidation in foods. Although rancidity is inevitable process, it can be controlled by some 
additives or processes.  In this research, it was found that increasing lipid peroxidation level in Manti is inversely 
proportional to the microbiological load. 

Keywords: Lipid Peroxidation, Antimicrobial Effect, TBA 

1. Introduction 

The oxidation of unsaturated fatty acids because of physical factors (temperature, pH) or biological reasons such as 
enzymatic degradation in foods called rancidity. Rancidity results in the formation of sensory and biological undesirable 
products, the result of which is a sign of deterioration in foods. After first step of autoxidation, lipid peroxidation shows 
geometric increase in foods. Keeping it under control therefore is important for the quality of food. 
 Lipid peroxidation is a chain reaction initiated by the formation of hydroperoxides. It occurs in two different ways. 1. 
Autoxidation a) free radical mechanism b) photo-oxidation and 2) mechanism of lipoxygenase, which is a biological 
reaction (food chemistry). It is the free radical mechanism that is best explained and studied. The initial phase of this 
mechanism is not fully explained, but it is believed that it is the cause of photo-oxidation. The first product in 
autoxidation reactions is hydroperoxide, which is more stable than other products. This is why it is used in the 
evaluation of lipid peroxidation in foods. Secondary products formed as a result of oxidation are variable. These 
include: aldehydes, ketones, epoxides, hydroxy compounds, even oligomers and polymers [1] (Figure 1). 

 
Fig. 1   Generalized scheme for autoxidation of lipids [2]. 

 The methods used to measure lipid oxidation in foods are aimed at either primary products or secondary products. 
Therefore, the most commonly used methods are peroxide value, Thiobarbituric acid test, Kreis test and Iodine value, 
although there are many tests related to lipid oxidation measurement in the literature [3].  
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Among these, the costs of the highest specifity (NMR and EPR) are very high. On the other hand, there are methods (IR 
and Raman scattering) that require precision at the point of application and labor, even though the cost is low (Figure 2) 
[3]. Among all methods, TBA method is the most practical and widely used method at both cost and application point 
of view. 
 TBA assay first used for detection of oxidation products in animal tissue [4]. After that, its first usage in food was to 
detect oxidation of milk fat [5]. Patton and Kurtz [5] at this research found that malonaldehyde (MDA) was the product 
of rancidity process and can be used for detection and measuring of lipid peroxidation by TBA assay.  
 It is well known that MDA is produced in the last step of the autoxidation of unsaturated oils and fats. Besides, they 
indicated that TBA assay is more sensitive than the Kreis test and peroxide value. Dunkley and Jennings [6] were also 
tested the sensitivity of TBA assay. With respect to their research, TBA assay is reproducible and more sensitive than 
the Kreis test.  
 Traditional foods are special products having cultural aspects of the local regions of the countries. Manti (stuffed 
pasta) is one of the famous and nutritious traditional foods in Turkey and Middle Asia. Manti is sensitive to oxidation 
and microbial deterioration because it contains minced meat and dough [7]. Therefore, the aim of the study was to find 
correlation between lipid peroxidation and its antimicrobial effect. For this purpose Salmonella typhimerium and E.coli 
0157: H7 were used as sample microorganisms. 

 

Fig. 2   Characteristics of the different methods for analysis of lipid oxidation in foods reviewed in this article. 
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2. Material and Method 

2.1   Thiobarbituric acid (TBA) analysis 

Manti sample (10 g) was homogenized with water. The mixture was transferred to Kjeldahl flask and distilled by adding 
2.5 mL 4 N HCl (Merck, Germany) and 1 mL antifoam chemical. After that, 5 mL of this distillate was mixed with 
equal volume of TBA (Merck, Germany) and incubated in water bath at 80-90 oC for 30 minutes. The measurement was 
made on a spectrophotometer at 538 nm and lipid peroxidation level was calculated according to below equation as 
equivalent of mg malondialdehit (MDA) per kg sample [8]. 

2.2   Antimicrobial activity 

The manti sample distillates were used for their antimicrobial activity and evaluated by the help of disc diffusion 
method. The antimicrobial activity was tested against E. coli O157:H7 ATCC 33150 and S.typhimerium as food-borne 
pathogens (kindly provided by Kayseri Agriculture Control Protection Management Center, Turkey). Strains first 
incubated overnight in Mueller-Hinton broth at 35 °C.  After that, culture turbidity was adjusted to 0.5 McFarland 
standard and inoculated on to Mueller-Hinton agar by spread plate technique.  Paper discs saturated with 20 µL of 
distillates were used for antimicrobial activity. The zones of inhibition on MH Agar were measured after 24 hour 
incubation at 35oC [9].   

3. Results and Discussion 

Antimicrobial activity of lipid peroxidation was tested through this study. MDA determination as an indication of lipid 
peroxidation by the TBA assay can offer, at best, a narrow and somewhat empiric products of lipid peroxidation and the 
TBA assay is perhaps the most widely used assay for oxidative damage. Therefore, TBA assay was used for lipid 
autoxidation determination. The results showed that increase in lipid peroxidation level concentration resulted in 
increase in antibacterial activity (Figure 3). If the lipid peroxidation value in distillates was 1.5 mg/kg and above, it 
showed antimicrobial activity. Thus, it can be said that through storage, presence of TBA may inhibit bacterial growth 
and contamination.  

 

Fig. 3   Diameter zones for some pathogens related to TBA concentration [Ec: E.coli zone diameter(mm)  St: S.typhimerium zone 
diameter(mm)]. *Control group was used in the study. **The zones formed by S. typhimurium and E. coli showed in Annex-1. 

 Although the TBA value of food products greater than 3 mg / kg is correlated with malodor and taste in foods 
[10,11], deterioration resulted from lipid peroxidation in Manti is not directly correlated with lipid peroxidation level. 
Some studies indicated that there was no reduction in food quality with respect to increasing lipid autoxidation. Besides, 
Yücetepe [12] found that sensory quality of manti increased with increasing lipid peroxidation level.  
 As a conclusion, lipid peroxidation level in Manti cannot express applicable value in the deterioration of manti. 
Therefore, there is a need for further research on this subject. 
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Annex 1   The zones formed by S. typhimurium and E. coli. 
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Sesame (Sesamum indicum.L) is one of the most valuable oilseed crops whose seeds are used as traditional health food, 
with high quality oil, protein and natural antioxidants. Many researches were carried out to characterize, for the first time, 
the Moroccan sesame seeds (raw and roasted) for major and minor compounds that play a crucial role in oil quality and 
stability. They contained high amount of protein (26-28%), considerable amount of oil (45-55%), characterized by an 
elevated level of unsaturated fatty acids (79.50-83.40% of UFA) and high content of stearic acid (7.3-8.6%), and 
remarkable content of dietary fibers. Seed oil was also found to be rich in total phenolic content, chlorophyll content and 
carotenoid content, with average values of 52.37, 3.51 and 1.71 mg/kg oil, respectively. The specific extinctions (K232) 
and (K270) ranged from 2.86 to 6.49 and from 0.62 to 2.13 respectively. It was showed that sesame seeds can be 
considered as a good source of natural antioxidant, particularly after roasting. Due to their distinguishable and favorable 
properties, Moroccan sesame seeds could be useful for food, industrial and pharmaceutical purposes. 

Keywords: Sesame; Morocco; biochemical characterization; antioxidant; food 

1. Introduction 

Being one of the earliest domesticated plants in the world, sesame is a very ancient oilseed crop, well adapted to the 
tropics and subtropics [1]. It has been cultivated for centuries, particularly in Asia and Africa, for its high content of 
edible oil and protein. India and China are, actually, the largest producers of sesame in the world, followed by 
Myanmar. Sesame plant has received considerable attention around the world due to its seeds used for oil extraction and 
food preparations [2]. It ranks second, after olive oil, with regard to nutritional value [3]. Sesame seeds have the highest 
oil content compared to rapeseed, peanut, soybean, and other oil crops [4]. It has an important place in human nutrition, 
medicinal, pharmaceutical, industrial and agricultural uses. Its oil has a high stability and resistance to oxidative 
deterioration due to different bioactive molecules like phenolic compounds, lignans such as sesamin, sesamol, 
sesaminol and α-tocopherol [5], improving food quality and antioxidative stability. 
 Africa grows more than 50% of the world's sesame production [6]. In Morocco, the average production is about 1800 
t/year. Tadla area ensures 90% of national production, whilst Meknes and Safi areas provide the rest [7]. This sector 
remains weak because of several constraints, such as lack of improved varieties, use of traditional production 
techniques and low valorization of production. One key to valorize the production is to know the agronomic 
performance and the quality indexes of the vegetal material cultivated. In this context, many researches were carried out 
to characterize, for the first time, the Moroccan sesame seeds (raw and roasted), belonging to 13 local cultivars, for 
major and minor compounds that play a crucial role in oil quality and stability. In this chapter, findings of these 
researches will be presented and discussed in light of the results previously reported in other regions of the world. 

2. Morphological characterization of Moroccan sesame seeds 

Moroccan sesame seeds were characterized by spherical, flat, large oval, oval and narrow oval form, while the coat 
color, which is a relevant parameter determining seed quality, varied from yellow to brown. However, a large variability 
in the color of seed coat, ranging from black to white and intermediate colors (e.g. brown or yellow), was reported [8].  
Seed size was very variable, and one could observe that seed length, width and thickness ranged from 2.3, 1.3 and 0.71 
mm, respectively, to 3.2, 2 and 0.87 mm, respectively. These results are comparable with those found by Seemaparoha 
et al. [9] for Indian sesame (2.95 mm, 1.85 mm and 0.84 mm, respectively for seed length, width and thickness). 
 The value of thousand seeds weight (TSW) of Moroccan sesame ranged from 2.72 to 3.27 g, with an average value 
of 3.05 g. This finding is in accordance with that of El Khier et al. [10] in Sudanese sesame (2.33-3.70 g) and that of 
Abdou et al. [11] in Nigerian sesame (2.49-5.5 g, with an average TSW of 3.2 g). On the other hand, the Moroccan 
sesame TSW was found to be higher than that of Vietnamese and Cambodian sesame (2.84) [12] and Pakistani sesame 
(2.6 g) [13], whilst it was lower than that of Turkish sesame, having an average TSW of 3.7 g [14]. 
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3. Biochemical characterization of Moroccan sesame seeds 

Sesame seeds protein contains high amounts of aspartic acid, glutamic acid and arginine [15], presenting a great 
reservoir of amino acids. Also, sesame seeds are rated among the highest organic sources containing cysteine [16]. The 
protein content depends on the climatic conditions as well as the stage of development of the plant. The protein content 
of the 13 Moroccan cultivars grown in different areas varied from 26.77 to 27.93%, with an average of 27.4% (Table 1). 
These values are higher than those found by Elleuch et al. [2] (25.77%), Moazzami et al. [17] (24.55%) and Borchani et 
al. [18] (24.63%). These differences could be attributed to either sesame varieties or environments where they grow. 
Also, sesame seeds are an important source of dietary fiber. The Moroccan cultivars contain high amounts of dietary 
fiber, ranging from 17.55 to 20.84% of dry matter, with an average of 19.2%. The amount of insoluble dietary fibers 
varied from 12.46 to 15.78%, while that of soluble dietary fibers varied from 4.50 to 5.87% (Table 1). Average of the 
latter was 5.21%, which is higher than that of cereals and its derivatives, such as corn, wheat bran, oat bran and rice 
bran, having a fiber content ranging from 0.4 to 4.1% [19]. Thus, sesame seeds can be considered as a good source of 
fiber that could be used in food formulations. 

Table 1   Nutrients variation in Moroccan sesame seeds. 

Minimum Maximum Average 

Protein (%) 26.770±0.670 27.930±0.060 27.400±0.540

Insoluble fiber (%) 12.460±0.500 15.780±0.200 14.190±0.400

Soluble fiber (%) 4.500±0.090 5.870±0.300 5.210±0.200 

Total fiber (%) 17.550±0.100 20.840±0.150 19.200±0.210

Phenolic content(mg/g) 3.750±0.050 3.920±0.030 3.860±0.090 

Flavonoïdes content (mg/g) 0.130±0.003 0.140±0.006 0.135±0.009 

 Polyphenols, which are secondary metabolites distributed in the plant, are considered to be very important 
antioxidants, due to their ability to give a hydrogen atom or an electron to form an intermediate stable radical, and 
consequently prevent the oxidation of different biological molecules. The polyphenol content of Moroccan sesame 
seeds ranged from 3.75 to 3.92 mg/g (Table 1). The average of this content was 3.86 mg/g, higher than that of 
Vishwanath et al. [20] which reported a value of 2.88 mg/g. The seeds variety and origin as well as the cultivation zone 
greatly influence the polyphenol content. The polyphenol content of sesame seeds is higher than those of banana (2.32 
mg/g) and carrot (1.52 mg/g) [21]. The content of flavonoids, which are also secondary metabolites, with an important 
role in the plant defense system, and which function as hydroxyl radical sensors and peroxides, ranged from 0.13 to 
0.14 mg/g (Table 1), and no significant differences were observed between the cultivars. Actually, the content of 
primary and secondary metabolites is strongly influenced by plant stress when exposed to severe drought conditions. 
 Sesame is also considered as a rich source of minerals such as calcium, magnesium (which plays an important role 
for the support of the respiratory system), iron, potassium and selenium which is detected in sesame at doses beneficial 
to health [22]. Table 2 combines the results of the determination of macro and microelements in Moroccan sesame 
seeds: calcium, phosphorus, potassium, magnesium, selenium, iron and zinc. Contents variation in the studied cultivars 
was 928-997 mg/100 g for calcium, 404-598 mg/100 g for phosphorus, 467-532 mg/100 g for potassium, 317-389 
mg/100 g for magnesium, 14.90-15.90 mg/100 g for iron, 5.64-5.97 mg/100 g for zinc and 51.08-61.19 μg/100 g for 
selenium. These results are very similar to those reported for sesame from other countries, such as Tunisia [23] and 
Turkey [24]. 

Table 2   Minerals content variation in Moroccan sesame seeds. 

Maximum Minimum Average 

Calcium (mg/100 g) 997 928 971.14 

Phosphorus (mg/100 g) 598 404 545.83 

Potassium (mg/100 g) 532 467 493.57 

Magnesium (mg/100 g) 389 324 347.40 

Iron (mg/100 g) 15.90 14.90 15.33 

Zinc (mg/100 g) 5.97 5.64 5.79 

Selenium (µg/100 g) 61.19 51.08 55.99 

Calcium, phosphorus and potassium are the most abundant minerals in seeds of the different cultivars. Magnesium, 
which is an essential mineral for enzyme activity, is also found in considerable amount in sesame seeds. Like calcium, 
magnesium plays a role in regulating acid-alkaline balance in the body, and a significant role in photosynthesis. Also, 
the potassium is an essential nutrient and has an important role in the synthesis of amino acids and proteins [25]. Our 
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results have confirmed that sesame is a very good source of minerals, especially calcium, phosphorus and selenium, 
which have a healthy nutritional and pharmaceutical role. 

4. Physicochemical and biochemical characterization of Moroccan sesame oil 

Oil content is the most important characteristic of oilseed crops. It varied for Moroccan sesame, from 45% to 55%, with 
an average value of 48.24% (Table 3). These findings are in agreement with those reported in other studies, such as that 
of Nzikou et al. [26]. However, Abdullahi et al. [27] had reported that oil content of different sesame cultivars ranged 
from 50% to 69.03%, with an average of 59.5%, whilst Baydar et al. [28] had found higher average oil content of 
63.25% in Turkish cultivars. Variation in oil content can be attributed either to varietal factor, environmental factor, or 
interaction of both factors. High oil content recorded in Moroccan cultivars (over 50%) is a desirable trait for breeding 
programs to improve sesame cultivars. 
 Quality parameters used regularly to measure the physical and chemical properties of edible oils are content of free 
fatty acid (FFA), peroxide value, iodine value and saponification value. The FFA of Moroccan sesame oils varied from 
0.12 to 0.60% of oleic acid (Table 3). The recorded values were lower than those found by Ogbonna et al. [29] (0.25-
1.41% of oleic acid), Borchani et al. [18] (1.64% of oleic acid), Dim [30] (5.54% of oleic acid) and Weiss [31] (1.90 to 
2.00% of oleic acid). The maximum acceptable value for sesame oil recommended by the Codex Alimentarius 
Commission for oils seeds is 4% of oleic acid [32] and the maximum value as proposed by FAO is 6 mg KOH/g oil. 
The high acid value is frequently an indication of a strong enzymatic hydrolysis of seed oils during harvesting, handling 
or oil processing [33]. The saponification index of sesame oil from different locations in Morocco varied significantly 
among the studied cultivars, from 82.52 to 179.52 mg KOH/g of oil (Table 3). These values are slightly lower than 
those reported in other previous studies, (192 mg KOH/g of oil) [26] and (190.74 mg KOH/g of oil) [30]. Peroxide 
value is an indication of rancidity and it is the most important indicator of the stability of edible oils [34]. Therefore, a 
high peroxide value indicates a poor resistance of oil to peroxidation during storage. The peroxide values of Moroccan 
sesame oils ranged from 1.7 to 4.17 meq O2/kg oil (Table 3), which are below the maximum acceptable value of 10 meq 
O2/kg set by the Codex Alimentarius Commission [32]. These values are consistent with those reported by Ogbonna et 
al. [29] and Dim [30], and higher than those found by Borchani et al. [18]. These results suggested that sesame oil 
stability to oxidation is relatively good, which is due to the presence of antioxidants. The iodine value is a measure of 
the total number of double bonds present in fats and oils [33]. Iodine values of Moroccan sesame oils ranged from 82.9 
to 156.85 g of I2/100 g oil (Table 3). These results are in agreement with those found in previous studies [29; 30; 18]. 
The iodine value recorded was higher in all cultivars, indicating a higher concentration of unsaturated fatty acid in the 
Moroccan sesame cultivated in various locations.  

Table 3   Variation in physicochemical and biochemical parameters of Moroccan sesame oil. 

Parameters Minimum Maximum Average

Oil content (%) 45±2.76 55±2.87 48.24 

Acidity (% of oleic acid) 0.12±0.01 0.6±0.13 0.26 

Peroxide index (meq O2/kg) 1.7±0.29 4.17±0.29 2.09 

Saponification Index (mg KOH/g) 82.52±1.40 179.52±2.81 141.74 

Iodine Index (g of I2/100 g) 82.9±4.88 151.18±4.76 113.75 

Unsaturated fatty acid (UFA) (%) 79.50±1.78 82.34±1.85 81.11 

Ratio C18:1/C18:2 0.79±0.049 0.97±0.051 0.91 

Phenolic content (mg GAE/kg) 46.30±0.05 60.12±0.03 52.37 

Chlorophyll (mg of pheophytin /kg) 0.53±0.05 7.57±0.20 3.51 

Carotenoid (mg of lutein /kg) 0.59±0.01 3.24±0.11 1.71 

Hydroperoxide and the conjugated diene reflect the degree of formation of primary products of lipid oxidation [35]. The 
higher concentration of conjugated dienes and trienes induce greater amounts of coefficient of extinction K232 and 
K270. The K232, which measures the amount of conjugates dienes, varied between 2.03 and 3.54. The secondary 
oxidation compounds of oils evaluated by measuring the extinction coefficient at 270 nm (K270) recorded values 
ranging from 0.89 to 2.13. These reported values are consistent with those reported by Elleuch et al. [2], for sesame, 
close to those found by Abdalla et al. [36], for olive oil (K232: 2.86-3.45 and K270: 0.32-0.62) and higher than those 
reported by Gharby et al. [37] for argan oil (K232: 1.02-1.49 and K270: 0.18-0.25). At the same peroxide value, the 
K232 and K270 for sunflower, olive, and the pumpkin seed oils were reported to be 4.93 and 0.51, 3.32 and 0.65, and 
8.88 and 1.99, respectively [38].  
 Moroccan sesame oils have been also characterized by high unsaturated fatty acid (UFA) witch varied from 79.50 to 
82.34% (Table 3), with close contents of oleic and linoleic acids. High level of UFA increases the oil quality, allowing 
this oil to be suitable for human consumption. The ratio C18:1/C18:2 ranged from 0.79 to 0.97, with an average value 
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of 0.91 (Table 3). The mean value of this ratio was similar to those reported by Codex Alimentaruis and for the sesame 
from Egypt, Turkey, Congo and Sudan [10; 26; 39; 40]. The variation observed among the cultivars grown in different 
locations might be due to both genotypic effect and the difference in environmental conditions, especially the 
temperature [41; 42]. The ratio oleic/linoleic for sesame seeds oil was higher than those of olive (0.03), sunflower 
(0.26), soybean (0.43) and corn (0.5), but lower than those of rapeseed (2.89), peanut (1.68), flax (1.21), coprah (4) and 
plam oil (3.8) [43]. Besides, the Moroccan sesame was characterized by a quite high content of stearic acid, varying 
from 7.30 to 8.60%. These are the highest values ever reported, in comparison to contents found in other parts of the 
world. In fact, analyzing fatty acids composition of a world sesame collection, a variation of 3.40-6.00% in stearic acid 
content was found [44]. More recently, a range of 2.10-4.80% was reported in Turkish sesame [45], whilst an average 
of 5.80% was reported in Sudan [18]. Therefore, high stearic acid content could be taken as indicator or marker of 
Moroccan sesame authenticity. Contrarily to other predominant saturated fatty acids (SFA), like as palmitic acid, 
mystiric acid and lauric acid, which increase total cholesterol in human blood, the stearic acid is known to have a 
neutral effect on total and LDL cholesterol [46; 47]. Furthermore, oils with elevated stearic acid enable the production 
of solid fat without need of hydrogenation [48]. Therefore, such oils could be very interesting for food industry. 
 The total phenolic content of sesame oil extracts ranged from 47 to 60 mg GAE/Kg of oil (Table 3). This difference 
may be due to extraction techniques of oil, environmental and ecological characteristics of the particular growing area 
[2]. These values are much higher than those formerly found in other regions of the world, 23 mg GAE/Kg [2] and 
14.21 mg GAE/Kg [18]. Overall, sesame oil extracts contained higher total phenolic content compared to other 
commonly available vegetable oils [49]. 
 Chlorophyll and carotenoids are important quality parameters because they have a correlation with color, which is a 
basic attribute for evaluating oil quality. Their magnitude depends on different factors, such as fruit ripeness, cultivar, 
climate conditions, type of soil, and extraction procedures. Moroccan sesame oil exhibited a notable amount of 
carotenoids ranging from 0.59 to 3.34 mg/kg of oil and chlorophylls ranging from 0.53 to 7.57 mg/kg of oil (Table 3), 
which are responsible for the yellow color of the seed oil. 
 The obtained values are higher than those reported by Borchani et al. [18] for raw sesame oil (0.04 mg/Kg of oil, for 
chlorophyll, and 2.62 mg/kg oil, for carotenoids). The average chlorophyll content recorded in Moroccan sesame 
cultivars was found to be higher, compared to other vegetable oils. The content of chlorophyll of sunflower, date palm 
and Moroccan olive is 0.99, 2.18 and 1.69 mg/kg of oil, respectively [50; 51; 52]. 

5. Effect of roasting on sesame antioxidant compounds and index parameters 

Sesame oil prepared from roasted sesame seeds has a characteristic odor and taste and longer shelf life, compared to 
unroasted seeds, which give it higher oxidative stability than other vegetable oils. Its remarkable stability is due to the 
presence of a large quantity of endogenous antioxidants. Roasting conditions of temperature and time have a great 
effect on color and quality of sesame seeds and oils, causing some desirable or undesirable changes in physical, 
chemical and nutritional properties of the seeds. One of the desired outcomes of roasting process is the increase in 
antioxidant activity that occurs as a result of the formation of Maillard reaction products [53]. However, establishing the 
optimum level of roasting conditions, leading to good quality of sesame oil, is one of the main problems for oil sesame 
producers. 
 We evaluated phenolic, lignans, antioxidant activity and index of quality of sesame oil from roasted and unroasted 
seeds, because those compounds are believed to be bioavailable and bioactive. 

Table 4   Variation in some antioxidant compounds of oil from different times roasted sesame seeds. 

Samples Sesamol (mg/kg) Sesamin (mg/kg) Antioxidant activity (%) Phenolic compound (mg/kg) Flavonoids (mg/kg)

Control 57.52±0.50 57.27±0.90 60.98±0.90 86.7±0.85 0.092±0.002 

30 min 66.69±0.80 61.41±0.70 61.2±0.70 87.4±0.65 0.096±0.003 

60 min 68.73±0.40 61.43±0.80 62.5±0.80 87.45±0.55 0.096±0.003 

90 min 69.99±10 61.69±0.97 63.5±0.97 87.55±0.57 0.096±0.003 

120 min 71.6±0.95 62.18±1.00 60.69±1.00 86.6±0.50 0.095±0.003 

150 min 71.61±0.75 53.14±2.50 60.59±2.50 86.57±0.50 0.092±0.002 

180 min 69.46±1.50 51.17±3.00 59.57±3.00 84.47±0.56 0.082±0.003 

210 min 66.07±0.75 46.43±1.80 59.5±1.80 82.33±0.50 0.072±0.002 

240 min 49.15±0.85 46.77±1.00 53.17±1.00 81.17±0.45 0.067±0.002 

270 min 47.08±0.96 46.87±2.50 48.72±2.50 80.72±0.65 0.063±0.001 

300 min 46.39±1.02 46.19±3.00 47.09±3.00 78.09±0.45 0.058±0.003 

330 min 39.91±0.39 39.73±1.00 46.11±1.00 75.11±0.43 0.053±0.002 

360 min 35.49±0.87 35.33±2.00 45.98±2.00 73.98±0.46 0.05±0.001 
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 The results showed that the antioxidant activity increased significantly as the roasting temperature was fixed at 
150°C during the first 90 min, with a mean value of 63.50%, compared to 60.98% observed for unroasted sesame 
(Table 4). The increase in antioxidant activity could be related to the change occurred in natural antioxidants phenolic 
compounds in roasted seeds. It was reported that antioxidant activity and amount of total phenolic compounds increased 
significantly as the roasting temperature and time rose up until 200°C during 20 min, and then decreased by roasting at 
220°C. The highest antioxidant activity and phenolic compounds content were obtained by roasting at 200°C for 20 min 
[54].  
 The oxidative stability of sesame oil is higher than that of other vegetable oils, which is due to the presence of a large 
quantity of endogenous antioxidants and phenolic compounds, comprising sesamin, sesamolin, sesamol, and γ- 
tocopherol [55]. Also, the relatively greater oxidative stability of oils from roasted sesame may result from the 
formation of some new antioxidants. There was also an increase in phenolic content and flavonoids when seeds were 
roasted at 150°C during the first 120 min. The highest increase was observed for 90 min, with average values of 87.55 
mg/kg and 0.095 mg/kg, respectively for phenolic and flavonoids content, compared to 86.70 mg/kg and 0,092 mg/kg, 
observed for unroasted seeds (Table 4). Our results are in agreement with those obtained by Jeong et al. [56] who 
showed that antioxidant activity of defatted sesame meal extracts was affected by roasting conditions. The roasting 
treatment for 2 hours at 150°C was also very promoting for the lignans contents, with more pronounced oil color and 
flavor. The average sesamin content increased up to 62.69 mg/kg, compared to 57.27 mg/kg, for unroasted seeds sample 
(Table 4). Sesamol, which is a potent phenolic antioxidant, was detected in low amount in raw sesame oil, 57.52 mg/kg. 
However, this content was much higher than that reported in other studies [57; 58]. By roasting, the sesamol content 
increased remarkably, due to sesamoline hydrolysis during the thermal oxidation. After roasting at 150°C, during 150 
min, sesamol content rose up to 71.61 mg/kg. Similar results had been found in other research [59]. It was demonstrated 
that this component has an important preventive effect against the thermal decomposition of tocopherol [60].  
 Regarding the quality index, we also observed differences between roasted and unroasted sesame oils, for all the 
index parameters studied (Table 5). During the first 120 min of roasting, these parameters remained unchanged, 
indicating the high quality of oils and their stability. The iodine index showed a high stability during 150 min of 
roasting (Table 5), which confirmed that these oils are highly unsaturated, suggesting high levels of oleic and linoleic 
acids [2] that decrease with the increase of time of roasting. The saponification index of raw sesame was lower than that 
of roasted samples which increased with the time of roasting.  

Table 5   Index parameters of oil from different times roasted sesame seeds. 

Samples 
Iodine index 

(I2/100 g) 
Saponification index 

(mg KOH/g) 
Peroxide index

(meq O2/kg) 
Extinction index

Acidity index 
(mg KOH/g) 

Control 110.90±0.85 189±1.91 10±0.14 1.46±0.04 0.6±0.09 

30 min 110.82±1.92 189±2.05 10±0.22 1.46±0.02 0.6±0.07 

60 min 110.74±1.81 189±1.47 10±0.21 1.46±0.01 0.6±0.08 

90 min 110.66±1.11 189±2.01 10.20±0.35 1.46±0.01 0.6±0.10 

120 min 110.56±2.01 190±0.98 10.30±0.33 1.46±0.03 0.6±0.21 

150 min 109.96±2.50 193±0.75 11.40±0.23 1.47±0.03 0.6±0.10 

180 min 103.87±1.75 193.75±1.03 11.78±0.54 1.65±0.04 0.8±0.07 

210 min 100.38±2.09 193.99±0.89 11.98±0.43 1.70±0.03 1.3±0.10 

240 min 96.26±1.22 197±1.50 12.03±0.33 1.79±0.03 1.27±0.10 

270 min 94.46±1.01 197.65±1.67 12.56±0.52 1.82±0.02 1.25±0.10 

300 min 87.18±1.50 197.88±1.47 12.87±0.29 1.93±0.04 1.3±0.00 

330 min 86.82±1.22 199.50±1.44 13.20±0.53 1.99±0.03 1.32±0.15 

360 min 85.70±1.90 200.40±1.97 13.50±0.34 2.10±0.04 1.90±0.20 

 From 150 min of roasting, one could observe an increase in the acidity, saponification, peroxide and specific 
extinction. This might be explained by the effect of roasting process leading to higher content in primary oxidation 
products. On the contrary, the iodine index showed a decrease after 2 hours of roasting, which might be explained by 
the effect of roasting process on the formation of unsaturated fatty acids in sesame oil. 
 The roasting processing changed remarkably polyphenol, lignans, antioxidant activity and quality index of sesame 
oil. To obtain the highest antioxidant activity and high amounts of bioactive compounds from sesame oil, seeds should 
be roasted for 2 hours at 150°C. The sesame seed and oil showed a high stability facing high temperature roasting, 
suggesting that sesame oil could be utilized as a potential source of edible oils for human consumption and could be 
incorporated into a normal diet at a level that might benefit health as a natural antioxidant. 
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6. Conclusion 

The present review summarized the results of some studies on Moroccan sesame characterization, which were carried 
out for the first time in Morocco. Major and minor compounds of oil as well as raw and roasted seeds were analyzed for 
various local cultivars from the Tadla area that ensures around 90% of the national sesame production. Large variability 
was observed for most of the compounds analyzed, indicating a high genetic diversity among the cultivars. Overall, 
these cultivars were interestingly characterized by a high amount of protein, an elevated content of stearic acid and a 
high yield of dietary fibers. Therefore, high stearic acid content could be taken as marker of Moroccan sesame 
authenticity. Also, the Moroccan sesame seed oil was found to be rich in total phenolic content, chlorophyll content and 
carotenoid content. Furthermore, there was a decrease in the iodine value and an increase in others parameters, such as 
acid value, saponification value, peroxide value and specific extinction coefficient, by increasing roasting time. Thus, 
sesame seeds can be considered as a good source of natural antioxidant, particularly after roasting. The obtained results 
suggested phenolic and flavonoid contents and lignans were the main responsible for the antioxidant potential of 
sesame. Due to their distinguishable and favorable properties, Moroccan sesame seeds could be useful for food, 
industrial and pharmaceutical purposes. Besides, the observed genetic diversity for most of the parameters studied open 
up the possibility of breeding Moroccan sesame for combining high seed yield and high seed and oil quality. 
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1. Introducction  

In recent years, scientific evidence has increased about health benefits from proteins and bioactive peptides derived 
from food [1]. Protein and isolated extracts from flour have been obtained, reaching a final product with 80-90% of 
proteins [2]. For protein extraction, different techniques have been developed among them micellization, ultrafiltration, 
acidic and alkaline aqueous extraction followed by isoelectric precipitation [3]. Due to low solubility in protein sources, 
the obtainment of protein hydrolysates and even bioactive peptides has enhanced [4]. 
 The protein concentrates of different food products have been reported considering species like rice (75.5%) [5], 
amaranth (77.8 %) [6], mushroom (48.56-49.94%) [7]; for bean protein isolates of 71.9 to 75.6 % [8], chickpea (85.40 
%), lentil (81.90 %), pea (88.76 %) and soy (87.58 %)  [9]. On the other hand, protein sources have been added in food 
elaboration/production due to its physicochemical properties like water and oil absorption capacities, gelification, and 
foaming and emulsifying properties, which affects food protein behavior and influence in quality and organoleptic 
characteristics from food system [10]. 
 The present review provides information about nutritional composition and functional properties from different 
protein sources from some food. Likewise, extraction process for protein concentrates, protein isolates, protein 
hydrolysates and bioactive peptides. The section for existing applications of protein sources is also included. 

2. Protein concentrate and isolates  

In recent years the health benefits of bioactive proteins and peptides derived from some foods have been scientifically 
demonstrated [1]. Protein concentrates and isolates from the flour of different foods have been obtained, which decrease 
the non-protein components in order to obtain a final product with high protein content [2]. Depending on the protein 
concentration on a dry basis, they are named protein concentrates, with maximum values of 65% or protein isolates up 
to 90% [11]. However, in certain cases they may present a low solubility or allergenicity [4]. 
 Protein concentrates are obtained when non-protein components such as carbohydrates, soluble minerals, 
antinutritional factors and some low molecular weight nitrogenous compounds are eliminated from food, and removed 
using aqueous-alcoholic solutions (ethanol, 1-butanol, isopropyl alcohol, etc.), acidic or basic solutions. In order to 
obtain protein isolates, proteins are solubilized in aqueous media by adjusting pH with sodium hydroxide [12]. 

3. Processing protein concentrate and protein isolate 

Protein extraction and isolation involves solubilization and precipitation techniques based on their physicochemical 
properties [11]. One of the most used techniques in protein extraction is aqueous-alkaline extraction followed by 
precipitation, in which the proteins are solubilized at elevated alkaline pH and precipitate at pH near to their isoelectric 
point (~pH 4-5) [3]. Protein extractions of Lupinus campestri seeds at pH 9 (30 min, room temperature) have been 
reported followed by precipitation at pH 4.5, obtaining protein isolates with a 93.2% protein content [13], protein 
concentrates from mucuna seeds from degreased flour with an organic solvent in a 1:10 w/v ratio were obtained, 
adjusted pH to 8 for proteins solubilization and precipitated at pH 4, the protein percentage in this concentrate was 
78.3% [14]. Likewise, Protein concentrates were also obtained from cowpea seed degreased flour by bringing the pH of 
the aqueous solution (1:3 w/v) to 9 and then precipitating the proteins at pH 4.33 [15]. Other compounds such as 
sodium hexametaphosphate (HMP), carboxy methyl cellulose (CMC), ammonium sulfate [16], methanol [17] etc. can 
be used. 
 In order to obtain protein concentrates from rice bran, proteins are solubilized at pH 9 and subsequently precipitated 
at pH 4.5. The obtained concentrate presents of 52.46 to 58.92% protein content [18]. Butt and Batool [19] prepared 
protein isolates from legume seeds using alkaline conditions at pH 9.5, the obtained precipitate was suspended in water 
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(1:5 w/v) and centrifuged, the supernatant of the latter process was combined with the first supernatant and the pH 
adjusted to 4.5, centrifuged, neutralized and lyophilized, obtaining protein isolates from pigeon pea, cowpea, mung bean 
and pea with values of 82.95%, 89.25%, 85.46%, and 83.61%, respectively. Also, to obtain protein concentrates from 
the baru nuts defatted flour solution (1:20 w/v), only alkaline extraction at pH 10 was used obtaining a 93% protein 
content [20]. Although the method of obtaining protein concentrates by alkaline extraction followed by acid 
precipitation is a traditional method for extracting proteins from plant species, it presents disadvantages due to protein 
denaturalization comprising the high concentrations of alkaline solutions. Maillard reactions are also likely to cause 
intense brown color in the protein concentrates and low nutritional value of the protein [21]. 
 Another method to obtain protein concentrates is acid extraction, its extraction principle is similar to alkaline 
extraction except that it is carried out under acidic conditions (pH ~ 4), it has been observed that proteins solubility is 
high in very acidic conditions, so this physicochemical property is used to dissolve proteins at low pH and then carry 
out precipitation by adjusting the pH value of the isoelectric point of proteins [3]. Following this method Aremu et al. 
[22] obtained cashew nut protein concentrates with protein values of 69.6% using an aqueous solution of cashew nut 
degreased flour in 1:10 w/v concentration and adjusting pH with 0.1M HCl. On the other hand, acidic extractions have 
been reported at pH 2, followed by isoelectric precipitations at pH 4.5, obtaining soy protein isolates [23]. 
 On the other hand, the micellization process (salt extraction) has also been used, which is based on the "salting-in" 
and "salting out" of proteins. In this process, after protein extraction with a salt solution inducing protein precipitation, 
the precipitate is recovered by centrifugation or filtration, followed by drying [3]. Sodium sulfite (Na2SO3) was used to 
solubilize proteins (pH 10.5, 4 ° C, 1 h) and then acidify the solution to the isoelectric point of proteins (pH 4) to obtain 
protein isolates with 92.4% protein content [24]. In addition, it has been reported that Lupinus campestri protein isolates 
were obtained with 95.7% protein extracted from degreased flour with 0.5 M sodium chloride and pH 7 [13]. 
 Recently, membrane technology has been successful in recovering solubilized proteins. The use of ultrafiltration and 
diafiltration processes has allowed obtaining protein concentrates or isolates presenting low concentrations of soluble 
solids with low molecular weight, such as phytates, polyphenols and glucosinolates [11]. Protein concentrates were 
obtained from clarified lucerne juice with a 10 kDa ultrafiltration membrane at 242 kPa pressure and 16.7 rev/s speed, 
however the protein content was 35% lower than the obtained under acidic and neutral conditions that was 72% and 
63%, respectively [25]. However, studies reporting 98.8% protein contents in concentrates obtained from rape seed acid 
supernatants, using 10 kDa ultrafiltration membranes, compared to the alkaline precipitation method in which 
concentrates were obtained with 70.8% [26].   
 Likewise, proteins based on their solubility have been consecutively extracted by the Osborne Method, for example, 
degreased rice flour is extracted with distilled water for 4 h at room temperature and then centrifuged to obtain the 
"albumen" fraction (supernatant). The obtained residue was extracted with 0.1 M NaOH solution for one hour to obtain 
the "glutelin" rich fraction. The latter extracted residue is combined with 70% ethanol to extract prolamins. Each 
albumin, globulin and glutelin fraction was precipitated according to its isoelectric point, ie 4.1, 4.3 and 4.8, 
respectively. A higher amount of glutelins (95.63%) was obtained, followed by prolamins (92%), globulins (90.41%) 
and to a lesser extent albumins (78.14%) [27]. 
 Other factor that is important consider is the ionic strength effect on protein content, for example, protein isolates 
from sesame seeds were obtained by extraction with water (pH 7, 35 ° C) and in the presence of three NaCl 
concentrations (0.2, 0.6 and 1.0 M), followed by acid precipitation at pH 4.5 (25 ° C), dialysate and freeze-dried. At 
concentrations of 0 and 0.2 M NaCl the protein percentage was 100%, which decreases to 93.2% and 94.6% with 
concentrations of 0.6 and 1.0 M, respectively [28]. On the other hand, Elsohaimy et al. [29] indicated the positive effect 
of the agitation period during the extraction of quinoa proteins, which increases while agitation increases, presenting a 
maximum of protein extractability in 120 min. 
 It is important to indicate that during the process of obtaining protein isolates and concentrates, partial protein 
denaturalization can be caused by the drying process, since an insoluble protein aggregation is present irreversibly. The 
most commonly used methods are spray-dried, freeze-dried and vacuum-dried. However, in a research work it has been 
indicated that drying lentil protein isolates by the three aforementioned methods does not alter the physicochemical 
characteristics and their nutritional composition, no significant differences in protein content being found in a range of 
protein concentration from 90.2% to 91.9%, but there was an effect on the coloration of the protein isolate [30]. 

4. Nutritional value of concentrate and protein isolate 

Protein characterization from isolates and concentrates is of great importance. Some of the characteristics that should be 
considered are: surface hydrophobicity, solubility, and electrophoretic patterns that indicate both the molecular weights 
of proteins and possible cross-linkings. Not forgetting the thermal properties, which are useful to know the protein 
changes during food cooking process [31]. In addition, nutritional quality and functional properties are also 
characteristics that must be considered, for their application in functional foods or nutraceuticals development [32]. 
 Protein concentrates or isolates recovered from different vegetable or animal flours have a high protein content 
compared to the original flours, altering the moisture, fat, ashes, fiber, and carbohydrates contents (Table 1). For 
example, Nassar [33] reported a protein increase from 13.62% to 62.41% and decreases in other components from 
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protein concentrates of prickly pear seed, indicating that carbohydrates and fats in flour are removed at a great 
proportion during the protein concentrate process. In contrast, higher fat content (5.84%) was found in protein 
concentrates from cowpea flour (1.80%), this result is due to high fat content in protein concentrates or seed isolates of 
legumes caused by the binding between protein and lipid as a result of lipid emulsification by proteins [15]. 

Table 1   Nutritional composition of protein concentrate and protein isolate. 

 Sample Moisture Protein Fat Ash Fibre Carbohydrate 
Protein concentrate        

Prickly pear seed [33] 
Flour 9.03 13.62 10.43 6.47 9.23 51.11 
PC 7.16 62.41 3.57 5.31 5.29 15.79 

Pleurotus tuberregium [45] 
Flour 12.5 17.6 5.95 6.4 5.80 51.8 
PC 6.35 5.24 1.50 40.4 4.26 42.2 

Bambara beans [46] 
Flour 6.45 24.78 5.9 3.88 5.35 52.94 
PC 8.92 70.85 13.15 3.86 1.82 11.25 

Pleurotus ostreatus [7] 

Flour 
PCM 
POS 

PCMXPOS 

 
7.93 
7.64 
7.62 

 
24.25 
25.78 
26.81 

 
1.97 
2.00 
1.92 

 
7.94 
7.96 
8.01 

 
9.29 

8.6000 
8.64 

 
56.55 
55.65 
54.62 

PC 
PCM 
POS 

PCMXPOS 

 
7.6 

7.39 
7.22 

 
49.85 
49.94 
48.56 

 
5.96 
6.11 
5.66 

 
7.50 
7.59 
7.59 

- 

 
36.69 
36.36 
38.19 

Protein isolate        

Chickpea [47] 

Flour 8.1 24.7 1.5 3.7 18.8 51.3 
PI 

 Isolate-A 
Isolate-B 

 
3.3 
5.5 

 
78.0 
88.1 

 
3.5 
1.1 

 
2.9 
4.3 

 
3.8 
3.2 

 
11.8 
3.3 

Lupin [48] 

Flour 7.9 33.8 13.6 2.1 39.9 ND 
PI 

Isolate A 
Isolate B 

 
3.4 
9.4 

 
87.4 
83.9 

 
3.2 
1.0 

 
0.7 
0.3 

 
4.0 
4.8 

ND 

Legumes [49] 

Flour 
Lathyrus  clymenum 

Lathyrus annuus 

 
11.40 
10.90 

 
21.25 
19.95 

 
1.99 
1.93 

 
2.58 
2.20 

 
41,.10 
41.0 

 
19.05 
20.9 

PI 
Lathyrus  clymenum 

Lathyrus annuus 

 
4.64 
4.78 

 
82.40 
81.07 

 
1.16 
1.09 

 
0.26 
0.20 

 
9.18 
7.71 

Tr 

Note: PC: protein concentrate; PI: protein isolate 

 Gueguen (1983) [34] mentioned that lipids are free in flours but they are trapped by proteins during the process of 
obtaining protein concentrates. In other investigations, protein concentrates of rice bran showed protein content in dry 
basis between 52.46% and 58.92% [18], 79% in protein concentrates of soybean [35], 36.42% in amaranth leaf protein 
concentrates [36], whereas for amaranth seeds the percentage of proteins is between 73.6% and 77.8% [6], a 75.5% in 
rice protein concentrates [5], and even the protein content in mesquite concentrates has been doubled to 67.9% from 
flour which has only 33.8% [37]. There are reports of bean protein isolates presenting 83.96-89.25% of proteins, three 
times more than bean flours (22.36-28.5%), considering that ashes, carbohydrate and lipid content are reduced in these 
isolates [38], protein content has also increased to 75.8% and 83.4% in amaranth seeds protein isolates [39]. Also, to 
89.9%-94.4% was reported for protein isolates from chickpea defatted flour which contained 20.6 and 26.7% of 
proteins [40], for rice flour protein isolates, protein content between 79% and 91.1% was obtained [41], in beach pea 
isolates, the reported protein content was 85.1% and 86.6% [42]. 
 The physicochemical processes used in the different obtaining methods for isolates and proteinaceous compounds 
such as alkaline extraction-isoelectric precipitation, micellization, acid extraction, as well as the use of high 
temperatures and/or organic solvents to degrease the sample before protein extraction can cause protein 
denaturalization, affecting both the solubility and yield of protein concentrates and isolates [43]. 3 Valor 
nutricional/Pedroche et al 2004 AP.pdf. Regarding to yield, Wani et al. [44] reported 35.15% and 38.27% for protein 
isolates from watermelon seed flour, whereas in protein concentrates the yield was lower than 25.21 % and 27.41%, 
also indicating that dry basis protein content was from 71.38 to 83.79%. In another study, a protein content of 75.8% in 
amaranth protein isolates was reported on extraction at pH 8.5 and precipitation at pH 5.0, on the other hand, by 
increasing the extraction pH to 9.0 and lowering the pH of precipitation to 4.5, the protein content increased to 83.4% 
[39]. 
 It is important to mention that the objective of removing undesirable components during the process of obtaining 
protein products is essential to improve their nutritional quality and to know their potential as a functional ingredient 
[39]. 
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5. Functional properties of protein concentrate and protein isolate 

Functional properties are physicochemical properties of proteins and affect their organoleptic characteristics and 
quality, interfering in the behavior and appearance of food from its preparation to its storage [50, 51]. Proteins can be 
used as structural stabilizers in foods, such as emulsifiers or foaming agents and even for forms or stabilizing gels [52]. 
Therefore the functionality of a protein will allow us to know the type of product in which it would be used and plays an 
important role in consumer acceptance [53].  

5.1   Solubility 

The amino acid that conforms the proteins presents a prevailing charge at different pHs which determines their 
solubility. Figure 1 shows the possible configurations of the functional groups present in the amino acids of a protein, in 
the region of the isoelectric point predominates a molecule called "ion zwitterrion" (I), where there is a balance in the 
positive and negative charges minimizing the electrostatic repulsion and as a consequence, a reduction in protein 
solubility. With acidic pH values lower than the isoelectric point, the cation III predominates, whereas in an alkaline 
medium the anion II takes precedence. In both cases, there is an improvement in electrostatic repulsion and higher 
solubility at pH 2 and pH 11, respectively [54]. 

 

Fig. 1   Prevalent charge on proteins at different pH. 

 For the obtaining process for oat bran protein concentrates in acid medium, solubility percentages of smaller proteins 
(4.7 to 7.3%, with pH 5) have been reported compared to those obtained in alkaline medium (pH 9) reaching up to 
89.3% in protein solubility [55]. In another study, under acidic conditions at pH 2, the protein concentrates of foxtail 
millet and soybeans had a solubility of 40%, which decreased by about 20% when the values were pH 4 and pH 5, 
however at pH 6, solubility increased between 50% and 80% [56]. Similarly, for soybean and faba beans protein 
isolates, the maximum solubility was pH 8 and pH 9, and low solubility between pH 4 and 6, because the proteins of 
most legumes precipitate at pH 4 [57]. 

5.2   Water and oil absorption capacity 

Water absorption capacity (WAC) and oil absorption capacity (OAC) are functional properties of food proteins that are 
important in the development of new products, particularly for flavor fixation, as well as in the development of 
oxidative rancidity during storage [58]. In particular WAC from a protein isolate determines the interaction degree for 
water and protein solubility, influencing surface tension, binding energy, temperature, pH, ionic force, vapor pressure, 
among other physicochemical factors [59, 60]. In the case of protein isolates, values for WAC between 97% and 163% 
for legume seeds has been found, where pigeon pea isolates showed lower WAC, followed by cowpea, and peas and 
mung bean with higher WAC [61]. Ogundele et al. [62], indicated that protein isolates from melon seeds showed high 
WAC (2.67-3.5 g/g) due to their high protein content and consequently a high hydrolysis capacity, on the other hand 
OAC of these protein isolates (2.24-3.14 g/g) was higher in comparison to flour (0.84-1.4 g/g). Similar behavior was 
found for cashew nut protein isolates, which presented higher OAC (4.42 ml oil/g) than protein concentrate (3.32 mL 
oil/g), but both products showed higher values than flour (2.05 mL oil/g) [63]. Proteins containing higher non-polar 
functional groups are more hydrophobic and have an important role in oil absorption because they show greater binding 
to proteins, such binding is achieved between the lipid chains with the non-polar amino acid side chains [64], 
furthermore the conformational structure that proteins adopt is also important [65], so hydrophilic and hydrophobic 
proteins behavior affects OAC [66]; the increase of WAC also causes physical retention by capillarity in the new 
structures by aggregation of formed proteins [67]. 

5.3   Gelation 

The critical factor for gel formation is protein concentration, not requiring a high solubility to form the gel [67]. Other 
important factors are electrostatic and hydrophobic interactions, hydrogen and disulfide bonds, and protein aggregation. 
In addition, the degreasing process favors gels formation with low lipid content and high protein content and as a 
consequence, the decrease in the least gelation concentration (LGC) [68]. If the LGC is lower, the gelation capacity of 
the protein ingredient is higher [69]. For example, cashew nut degreased flour showed 6.5% of LGC, 10.0% for protein 
concentrates and 13.5% for protein isolates [63]. 
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 In contrast, flour and protein fractions obtained from rice had a LGC of 4% and 5%, respectively [27]. Variations in 
gelling properties are due to the proportion of different constituents such as proteins, lipids and carbohydrates in flours 
[70]. In addition, the gel properties are influenced by several factors, such as pH, their nature, electrolytes and proteins 
concentration [71]. 

5.4   Foam properties 

Foam is a colloidal system formed by tiny air bubbles dispersed in an aqueous continuous phase called lamella. Bubbles 
formation and stability is achieved by incorporating an agent capable of reducing the surface tension between the 
phases. Proteins are good foam stabilizers because they act at the air:water interface, where the hydrophobic residues of 
the amino acids present in the polypeptide chain are oriented towards the interior of the bubble and the hydrophilic part 
oriented toward the aqueous phase [72]. A good foaming capacity has been linked to proteins flexibility with reduced 
surface tension and with a high protein concentration [73]. For example, Segura-Campos et al. [74] evaluated the 
foaming capacity respecting to pH of bean protein concentrates, the lowest foam capacity was at pH 4 and higher under 
alkaline conditions (pH 8), indicating that it may be due to an increase in protein net charge which weakens 
hydrophobic interactions by improving their flexibility and enhancing foaming. Foam stability decreases in neutral pH 
regarding to time (0.5 min, 5 min, 30 min, and 120 min), but increases in acidic and alkaline pH. 
 In other investigations, protein isolates from cashew nut shell showed minimum foaming capacity at pH 3 (28.65%) 
whereas in alkaline conditions it was 83.45-86.51%, and for acidic conditions at pH 2 it increased to 60.13%. A similar 
behavior was observed for its stability, at pH 3 it was 33.89% increasing to 83.75% at pH 11, attributed to proteins 
solubility increases when pH is above the isoelectric point [75]. Similar results have been found in protein products of 
peanut, at a time of 0 min, flour and protein concentrates presented low foaming capacity corresponding to 28% for 
flour and 26.5% for concentrates, in contrast for protein isolates of 50%. After 30 and 60 min it does not decrease 
significantly in each product, which indicates that they are good foam stabilizers, and that higher protein concentration, 
foaming capacity and foam stability also increases [76]. For a protein to be a good foaming agent it must meet two basic 
requirements: 1) the ability to absorb at the water-oil interface and 2) the ability to undergo conformational changes at 
the interface [77]. 
 On the other hand, it has been reported that the protein concentrate of edible fungus Pleurotus tuber-regium 
presented greater foam stability compared to flour [46]. In addition, foaming capacities depend on proteins and other 
components such as carbohydrates, which are present in flours [78]. Also, the ability of a protein to form or stabilize 
foam will depend on the type of protein and the degree of denaturalization, the presence of calcium ions, pH, 
temperature and whipping methods [79]. 

5.5   Emulsion properties 

According to Mena-Casanova and Totosaus [80], the emulsion capacity (EC) measures the ability of soluble proteins to 
migrate to the water-oil interface, so it must be considered that solubility and conformation of proteins are affected by 
environmental conditions such as ionic strength and pH. The determination of EC depends on the water-oil interface 
and requires a large amount of emulsifier to stabilize the emulsion and the droplets size produced during stirring. Also, 
other parameters have to be taken into account to measure the ability of the protein to form an emulsion, among them is 
the emulsion activity index (EAI) and the emulsion stability index (ESI). EAI is measured as the interfacial area 
stabilized per mass unit of protein based on the emulsion turbidity and the change in turbidity of that diluted emulsion 
measures the ESI per unit time [81, 82]. 
 The emulsion activity indexes of protein isolates from sesame seeds were 16.8 m2/g, higher than those obtained in 
protein isolates of soybean (12.2 m2/g). However, for sesame protein isolates this activity was improved at pH 5 (20.7 
m2/g) and decreased at pH 2 (13.0 m2/g), these results confirm that the emulsifying properties are pH dependent [83]. 
Another study in peanut protein isolates showed higher emulsion stability indexes at alkaline pH (7 and 9) and at acidic 
pH (pH 3) [84]. Similar behavior was observed in flours, concentrates and walnut protein isolates, where the emulsion 
activity was higher at pH 2 and 12, and decreased at the isoelectric point of proteins (pH 4.5), but at all pH the flour 
presented the higher values compared to concentrate and protein isolate [85]. 
 On the other hand, surface protein concentration between flour and coriander protein concentrates has been 
determined, the latter had low protein concentrations per surface area (mg/m2) compared to flour, and this is attributed 
to the fact that flour contains non-protein components, which reduce electrostatic repulsions between proteins [86]. In 
conclusion, the difference in total protein composition and non-protein contribute to the emulsifying properties of 
protein products, that is, the proteins decrease surface tension and promote electrostatic repulsions between them, 
whereas some carbohydrates increase the system viscosity to stabilize the emulsion [87]. A protein capacity to improve 
the formation and stabilization of emulsions is important for food industry applications such as cakes, coffee bleaches 
and frozen desserts [88]. 
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6. Hydrolysates and Peptides bioactives  

As previously mentioned, protein isolates have limitations in the food industry, which is why protein hydrolysis 
processes have been carried out, aiming at to the peptide bond breakdown and consequently the generation of smaller 
peptides or amino acids release. To achieve the bond rupture, chemical methods with the addition of acids or bases, or 
biological with enzymes application are necessary [2]. This latter method has an advantage in comparison to the others, 
since enzymes are selective and specific for the breaking of a certain bond, it is carried out in moderate temperature and 
pH conditions, and maintains the nutritive value because there is no degradation of separate components, while the 
amino acids arginine and cysteine are destroyed in alkaline and acidic hydrolysis and even tryptophan is eliminated 
[89]. 
 When obtaining protein hydrolysates, certain functional characteristics such as decrease in viscosity, greater agitation 
capacity, dispersion and increase in solubility are favored, advantages those are desirable to be incorporated into food 
products. In addition, the fundamental property of hydrolysates is the degree of hydrolysis, which determines its 
possible use, is defined as the percentage of breakage of peptide bonds in relation to the original protein and is grouped 
in: hydrolysates with low hydrolysis degree (between 1% and 10%) for the improvement of functional properties; 
Hydrolysates with a variable hydrolysis degree to be used as flavorings, and finally, hydrolysates with hydrolysis 
degree greater than 10%, in specialized feed [90]. 
 Through enzymatic hydrolysis, peptides can be generated, which are specific protein fragments and have the 
characteristic of being inactive within the sequence of the original protein from where they were obtained and once 
released they present bioactivity. The molecular weight of peptides is less than 6 kDa and formed from 2 to 20 amino 
acids [91]. The potential of bioactive peptides from animal or vegetable origin makes it attractive as an ingredient in 
food and pharmaceutical industries. Bioactivity has been found in peptides obtained from the hydrolysis of milk, egg 
and other proteins [92].  
 In addition, several biological activities have been shown in peptides and hydrolysates, such as anti-inflammatory 
activity [93], antioxidant [94], antihypertensive [95], antibacterial [96, 97, 98], inhibitory activity of angiotensin-I 
converting enzyme (ACE I) [99, 100], and immunomodulatory [101].  
 In conclusion, protein concentrates and isolates from plant, animals, and even fungi represent a good source of high 
quality proteins and important functional properties making them attractive for food processing. Also the production of 
hydrolysates and peptides with biological activities are important for the food and pharmaceutical industries. 
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The protection of metals and its alloys against corrosion has attracted great attention, due to their various industrial 
application and economic importance. Pure metals and its alloys react chemically or electrochemically with corrosive 
medium to form stabile corrosion compounds in which the loss of metals occurs and consequently metal surface becomes 
corroded. In order to prevent corrosion damage and eventual failure of components and systems both in processing and 
manufacturing industries, the use of corrosion inhibitors is very popular. Corrosion inhibitors are synthetic or natural 
substances when added in small concentrations to corrosive media inhibited the corrosion reaction and reduced corrosive 
attack on metals. Although, many synthetic compounds showed good anticorrosive properties, most of them are toxic for 
human and environmental. Due to the fact that increasing the awareness of health and ecological risks, new eco-friendly 
and harmless natural anticorrosive substances have drawn great attention. The various plants, such as aromatic herbs and 
spices have been used not only by human beings, e.g. food-stuffs, flavour, fragrance and medicine, but also as a rich 
source of anticorrosive inhibitors. Plants inhibition performance and efficiency are related to their chemical composition, 
which take the form of alkaloids, carbohydrates, polyphenols, proteins and tannins. These compounds usually have 
functional groups with oxygen, nitrogen and sulphur atoms, which can be easy adsorbed on metal surface due to range of 
functional group properties. 
Therefore, this work reports application of plant extracts as anticorrosive agents for metals and its alloys used in food 
preserving industry. Furthermore, the methods used for extraction and characterization of plant materials, as well as 
methods for calculation of corrosion inhibition efficiency are described, too. 
In conclusion, the propose work points out that plants extract can be considered as a promising industrial resource for 
protection of metals and its alloys due to theirs environmental acceptability, ready availability and high inhibition 
efficiency properties. 

Keywords: corrosion; natural inhibitors; plant extracts; chromatographic, spectroscopic and electrochemical techniques; 
surface analyses 

1. Introduction 

Steel, aluminium, tin and chromium are four metals commonly used for the food packaging. Tin and steel, chromium 
and steel are used as composite materials in the form of tinplate and electrolytic chromium-coated steel (ECCS), the 
letter being referred as a tin free steel (TFS). Aluminium is used in the form of purified alloys containing small and 
carefully controlled amounts of magnesium and manganese. These metals are important materials for food packaging, 
due to several important qualities, i.e. good mechanical strength, toughness, ductility, solderability, weldability, 
nontoxicity, lubricity, lacquerability and impermeability. However, the chemical structure that gives them practical 
properties is also responsible for their main weakness, i.e. their susceptibility to corrosion. Corrosion is term used to 
describe chemical/electrochemical reaction between metal and its environment to form corrosive compounds to some 
extent. When the metallic surface is not compact and continuous, the metal is exposed through the pores to aggressive 
food compounds or food additives and its corrosion is accelerated. The factors which may influence the corrosion are 
choice or damage of metallic surface, passivation level, type of food product, pH and acid content, presence of 
corrosion accelerators (nitrate, sulphur and phosphate compounds, plant pigments and synthetic colouring in the food), 
presence of oxygen within the sealed can, thermal processing (heat sterilization treatment) and storage temperature and 
time. The consequences are dissolution of high levels of metals, i.e. tin, iron, chromium and aluminium into food 
content [1-3]. For example, when tin and iron are in excess, they are toxic and may cause gastrointestinal symptoms 
provoking nausea, vomiting, diarrhea, fever and headache. The maximum limit for tin in canned solid food is 250 
mg/kg and 150 mg/kg for beverages, while for iron the values are 50 mg/kg [4]. 
 Due to the fact that corrosion reaction takes place at the metal surface, the rate of attack (corrosion rate) can be 
reduced and controlled by modifying the conditions at the surface. In this context, different corrosion inhibitors are 
recommended, nowadays particularly a new group of natural products is of interest, due to low toxicity, eco-friendliness 
and good corrosion efficiency. A number of papers reported in recent years the use of different natural products for 
corrosion inhibition of steel and aluminium, such as rosemary, lavender, ginkgo, laurel, thyme, zingiber, mentha and 
ruta [5-14]. However, a limited numbers of research showed application of natural products as corrosion inhibitors of 
tinplate and tin free steel, commonly used material for food container manufacture. Ninčević Grassino et al. were 
reported the use of essential onion oil (EOO) as a potential inhibitor of tin, chromium and iron from tinplate sheets [15, 
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16]. Head-space gases (H2, O2, N2 and CO2), as indicators of corrosion process were analysed by gas chromatography 
[16], whereas dissolution of iron and tin from tinplate can filled with tomato purée in presence of EOO and potassium 
nitrate were studied using atomic absorption spectroscopy and high performance liquid chromatography [17]. 
Furthermore, chemical composition. i.e. sugar, organic and amino acids content in canned tomato purée with EOO were 
analysed by high performance liquid chromatography [18]. 
 Several studies have been shown that peels and seeds from various plant, as well as by-products or waste derived 
from food industry can be used for isolation and application of different value added compounds as a potential 
corrosion inhibitor. The extracts from orange, mango, passion fruit, cashew and tomato peel [19-21], Garcinia Kola and 
Pongamia pinnata seeds [22, 23] and grape pomace [24] have already shown promising and efficient corrosion 
inhibition properties. 
 In conclusion, the recent trend of reporting plant extracts as corrosion inhibitor of mild and carbon steel can be 
carried out on the tinplate, tin free steel and aluminium, due to the fact that these materials are not investigated enough. 
In addition, novel, economical and eco-friendly corrosion inhibitor derived from cheap and abundant renewable 
resources offer other enormous opportunities for further investigations. 

2. Materials used for can production 

Tinplate used for food packaging is formed of steel base, tin-iron alloy, free tin and passivated film with tin oxides, 
metallic chromium and chromium oxide. The steel base is a low carbon mild steel with 0.03-0.13 % of carbon. In 
general, its chemical composition has an important role in corrosion resistance of tinplate. The carbon steel base is 
coated with pure tin on both faces of sheets by hot dipping or anodic electrolytic processes in a molten tin. 
 In general, electroplating can be defined as an electrolytic metal deposition due to reduction reaction on the cathode 
electrode where the thin layer of metal adhered as a surface finishing processing. Thin metal films are plated on metals 
and alloys surface to enhance their appearance, corrosion and wear resistance. Such films must be adherent and uniform 
on regular or irregular metal surface, it must be cleaned prior to electro deposition in order to remove various foreign 
substances, e.g. oils, grease, dirt, oxides, etc. Otherwise, poor film adhesion and incomplete deposition will not protect 
the base steel and appearance will not be so satisfactory. 
 The main advantage of tin electrolytic deposition is the possibility of providing a higher coating weight, which will 
be in contact with aggressive food products [25]. Normally, this coating weight is used for the manufacture of internal 
surface of containers. It should be noted that application of heavier coating weight on internal and lighter coating weight 
on external surface of tinplate is the common practice in the food canning industry. This kind of material is called 
differentially coated tinplate with tin grades from 2.8 to 11.2 g/m2. The tin-iron alloy (FeSn2) is produced by diffusion 
of pure tin into the steel base during electrolytic process [26]. When the alloy layer is not compact and continuous, the 
steel is exposed through the pores to aggressive food compounds and its corrosion is accelerated. 
 During production of the tinplate, tin oxide films may be formed on its surface [27]. To prevent uncontrolled 
oxidation of the tin and protect metal against further oxidation, the tinplate is subjected to passivation treatment [28]. 
Also, it is applied to prevent appearance of sulphide stains by certain canned food (meat, fish and some vegetable 
products) and to improve lacquer adhesion to the metal substrate, i.e. the corrosion resistance towards food media. The 
most widely used passivation treatments are cathodic or a simple chemical dip treatment in a solution of sodium 
dichromate. Due to the fact that chromium compounds used in these procedures are toxic and carcinogenic, therefore 
diverse alternative passivation treatments were studied [29-31]. However, the conventional chromium passivation 
treatment is still used. 
 Besides tinplate, tin free steel (TFS) is also produced by electroplating, i.e. applying electrolytic chromic acid 
treatment over steel sheets. This type of material was developed to meet economic requirement and overcomes some 
tinplate properties. TFS shows great paint adhesion, excellent resistance to black sulphide stain and corrosion resistance 
after painting. Furthermore, no discoloration or deterioration causes by high temperature are the main properties of TFS. 
 It should be mentioned that some of non electrolytic finishing process include aluminium anodizing, i.e. chemical 
reaction between aluminium and oxygen to form a thin aluminium oxide film on an aluminium base metal. This process 
occurs as a natural phenomenon in air. Aluminium tendency to form passivation oxide layer, results in simple and ease 
manufacture of single piece aluminium cans, compared to laboriously constructed three pieces of steel. Besides single-
serving containers, aluminium is the favoured material for shaped food cans, e.g. rectangular, oval, square, etc. 
Formable and versatile, aluminium offers opportunities for enhanced aesthetic appeal. Aluminium is less costly than 
tinplated steel, but offers the same resistance to corrosion. In addition, aluminium shows low density, good electrical 
and thermal conductivities and high ductility and good corrosion resistance. 
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3. Corrosion 

Corrosion is defined as s destructive attack on metals and alloys through chemical or electrochemical reaction of 
metallic surface with corrosive medium. The consequence of its interactions is movement of metal ions into the solution 
at active areas (anode), passage of electrons from the metal to an acceptor at less active areas (cathode), an ionic current 
in the solution and an electronic current in the metal. In other words, corrosion involves formation of stabile 
compounds, i.e. corrosion products, between the compounds of corrosive solution and metals or its alloys. The tendency 
of a metal to corrode depends on different factors, such as structure of metal and its composition formed during 
alloying, damage of metal surface developed during fabrication, type of corrosion medium, pH and acid content, 
presence of corrosion accelerators (oxygen, nitrate, sulphur and phosphate compounds in corrosion medium), 
temperature and time of metal/metal alloys contacts with aggressive corrosion medium. According to work obtained by 
Chigondo and Chigondo [32], the different types of corrosion can be recognised, i.e. uniform, pitting, stress corrosion 
fatigue, intergranular crevice, filiform, erosion and fretting. The classification was done depending on environmental 
surrounding of metal, type of metal or metal alloys and possible chemical reactions occurred. 

4. Corrosion prevention 

Due to the fact that corrosion presents ubiquitous problem for a wide range of industrial applications and products, 
different strategies were employed to avoid possible metals dissolution and consequently contamination of foodstuffs. 
Corrosion progress can be prevented by lacquer coating application onto metallic surface or by addition of small 
amounts of corrosion inhibitor to corrosive medium. 

4.1   Lacquer corrosion prevention 

The use of organic coatings, i.e. lacquers on tinplate, tin free steel and aluminium has become a generalised procedure 
for cans manufacture. Lacquers should be chemically inert, resistant to mechanical or thermal stress and must adhere 
completely on metallic surface. Usually, one or two layers of lacquers are applied on metal surface to prevent 
interaction between the cans and its contents [33-35]. In some cases loss of adhesion may occur due to damage on the 
can surface during fabrication, but more often the detachment of the coating is due to breakdown processes taking place 
through or under the coating, due to the corrosion spreading from exposed metal. Therefore, the monitoring of lacquers 
[36, 37] is of major interest in industry practices in order to reduce the risk of loss of product properties and /or product 
contamination.  

4.2   Synthetic organic corrosion inhibitors 

Instead lacquers, there is a great interest of using different synthetic heterocyclic organic compounds, which are acting 
as a cathodic or anodic corrosion inhibitors. It has been found [38-41] that synthetic organic compounds could be used 
as effective corrosion inhibitors, due to the fact that they contained heteroatoms with high electron density and double 
or triple bonds in structure. Obviously, the compounds with both nitrogen and sulphur in their molecular structure have 
shown excellent corrosion ability, compared to those containing only nitrogen or sulphur. Moreover, the sulphur 
containing compounds possessed stronger corrosion inhibition efficiency, compared to nitrogen containing compounds. 
Inhibition function of organic compounds depends on its physicochemical properties, such as presence of functional 
groups, possible steric effects, electronic density of donor atoms and the possible interaction of p-orbitals of the 
inhibitor with d-orbitals of the metal surface atoms. 
 Generally, corrosion inhibitions protection is achieved by adsorption of ions or molecules of inhibitors onto metal 
surface. The absorption mechanism involves four possible types: i) electrostatic attraction between charged molecules 
of inhibitors and charged metal surface, ii) interaction of unshared electron pairs of the molecules with the metal 
surface, iii) interaction of the presence of conjugated bonds (π electron) in the compound with metal, and iv) adsorption 
occur by combination of i) and iv). As a results of adsorption, the corrosion rate is reduce by increasing or decreasing 
the anodic and/or cathodic reaction, decreasing the diffusion rate of aggressive components to the metal surface and 
decreasing the electrical resistance of the metal surface [42] 
 Adsorption mechanism of organic inhibitor at metal/solution interface, firstly involves replacement of one or more 
water molecules, initially adsorbed at the metal surface (Eq. 1). 
 

 
 
 
 Inh(soln) and Inh(ads) represent the inhibitors in the solution and adsorbed on the metal surface, respectively and x is the 
number of water molecules displaced by inhibitor. 
 

Eq. 1 
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 Subsequently, the inhibitor may reacts with metal ions (M2+), generated by oxidation or dissolution process (Eq. 2). 
Depending on relative solubility, the forming metal inhibitor complex (Eq. 3) may inhibit or catalyse further metal 
dissolution. 
 

 
 

 
 

 Although, synthetic organic compounds are efficient corrosion inhibitors, their synthesis is not always simple and 
cost-effective and many of them are toxic for humans and environment. 

4.3   Natural organic corrosion inhibitors 

Based on environmental and safety requests, the new class of non-toxic, natural corrosion inhibitors were developed. 
Natural products have potential to replace synthetic organic inhibitors due to follow main advantages, i.e. 
environmentally friendly and biodegradable in nature, readily available, synthesis by simple procedure with low cost. 
They are used for flavouring some food products, too, but their application in food canning industry as a corrosion 
inhibitor is not investigated enough. A number of natural products of plant origin, such as fruit, leaves, peel and seeds 
extracts have been reported as anticorrosive agents of various metals and alloy in acidic media, but their application as 
corrosion inhibitor for tinplate, tin free steel and aluminium used for production of food containers have not been 
studied yet. In addition, by-products or waste derived from food processing industry could be also used as a promising 
industrial resource for bio-compounds production and application as a non-toxic, cheap and effective green corrosion 
inhibitor, instead of ordinary chemical and toxic inhibitors. 
 As was previously mentioned, adsorption is main mechanism for most of the synthetic inhibitors. The inhibitive 
properties of natural, eco-friendly inhibitors are also based on two types of adsorption processes, i.e. physical 
(physisorption) and chemical (chemisorption) adsorptions. Physical adsorption occurred due to the electrostatic, dipole-
dipole interactions between charged molecules of inhibitor and charged metal surface. Chemical adsorption involves the 
transfer or shearing of electrons from inhibitor to the metallic surface, resulting in formation of co-ordinate bond. 
 For example, the work obtained by Liu et al. [43] have shown that bamboo leaf extracts manifest both, physisorption 
and chemisorption mechanisms, at extract concentrations of 10 - 80 mg/L and 90 - 200 mg/L, respectively in 
hydrochloric and sulphuric acids. They have shown that bamboo leaf extract can be used as excellent natural inhibitor 
of cold rolled steel due to presence of O and N atoms in functional groups (O-H, N-H, C-C, C-O, C-N, C-N, C-O) and 
aromatic ring. Furthermore, the results of FTIR spectroscopy have also confirmed that Ginko leaves extracts contained 
oxygen and nitrogen atoms in mentioned functional groups [9]. Therefore, protection of metallic surface is done via O 
and N atoms presented in the flavonoids, ginkgolides and amino acids as main constituents of bamboo and Ginko leave 
extracts. Oxygen and nitrogen atoms found in the functional groups, such as C=O, N-H, O-H, C-O, C-N, C=C and 
aromatic ring of Ilex kudingcha C.J. Tseng are also responsible for the inhibition of the corrosion reaction on J55 steel 
[44]. Furthermore, FTIR and dispersive X-ray spectroscopy (EDX) results showed that Piper longum fruit extract 
contains oxygen and nitrogen atoms in functional groups (O-H, C=C, C=O, C-N, C-O) and aromatic ring, which meets 
the general consideration of typical corrosion inhibitors [23]. In addition, phenolic compounds, particularly flavonoids 
[20, 24, 45] have been shown to possess significant corrosion inhibition efficiency, which is primarily in relationship 
with their structural characteristics, such as number and position of phenolic hydroxyle or other groups and conjugation. 
Flavonoids are especially important antioxidants due to their high redox potential, which allows them to act as reducing 
agents, hydrogen donors, and singlet oxygen quenchers. They possessed metal chelating potential, forming bidentate 
metal chelates at the ortho-diphenolic groups of rings B and C [46, 47]. 
 Phytochemical screening carried out on the extracts from Phyllanthus fraternus [48] and Saccocalyx satureioides 
[49] are constituent alkaloids, saponins, tannins, terpenoids, steroids, flavonoids and phenols. The corresponding 
chemical structures of these compound reveals that they contain O in functional groups, aromatic rings and O-
heterocyclic rings, which encounter the general characteristics of typical corrosion inhibitors. Furthermore, analysis of 
Ruta chalepensis oil [14], using gas chromatography and gas chromatography/mass spectroscopy revealed that the 
major components responsible for corrosion inhibition were 2-Undecanone (67 %), 2-Decanone (9 %), 6-(3',5'-
Benzodioxyl)-2-hexanone (6.3 %) and 2-Dodecanone (4 %). 

5. Methods used for extraction of plant materials 

Extraction of plant material can be done using various methods, divided into two main groups, i.e. conventional or un-
conventional (Fig. 1). All these techniques have shown some common objectives: i) to extract target compounds from 
complex plant material, ii) to convert the target compounds into a more suitable form for separation, detection and 

Eq. 2 

Eq. 3 
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application and iii) to provide strong and reproducible separation method that is independent of variations in the sample 
matrix. The extracting power of conventional (classical) techniques is based on application of heat and/or mixing of 
plant material with different solvents in use. Compare to conventional, non-conventional methods are more 
environmental friendly due to decreased use of organic chemical, reduced time of extraction, provided better yield and 
quality of extracts. It is important to mention that understanding of every aspect of used non-conventional techniques is 
crucial for successful isolation of target compound, due to the fact that most of these methods are based on different 
mechanism. However, to compare success of newly developed methods, the conventional ones are still considered as 
the reference method. 
 The majority of plant extracts for corrosion inhibition purposes were prepared by refluxing method [23, 43, 48, 50 - 
52], such as Piper longum (distilled water, 5 h), bamboo (80 %, v/v ethanol, 75 °C, 2 h), Phyllanthus fraternus (1 M 
H2SO4, 5 h), Gundelia tournefortii (7:3 v/v, methanol/water mixture, 80 ºC, 1 h), eggplant peel (distilled water, 2 h) and 
Salvadora persica (distilled water, 5 h). Furthermore, the peels of mango and orange [20] and seeds of Garcinia kola 
[22] were extracted in a Soxhlet extractor using ethanol, ethyl acetate, hexane and absolute ethanol, respectively. Other 
extracts, e.g. Laurus nobilis, Ilex paraguariensis, Saccocalyx satureioides, Cola Acuminata, Camellia Sinensis, Ocimum 
gratissimum, Menta pulegium, Lavandula dentate, Matricaria recutita and grape pomace were prepared by boiling, 
soaking, continuous agitation, hydro-distillation, ultrasonication and steam distillation [8, 10, 13, 26, 49, 53 - 55]. 

 

Fig. 1   Extraction method used for preparation of plant extracts. 

6. Methods used for evaluation of corrosion inhibition efficiency 

In order to investigate the inhibition efficiency of plant extracts in various corrosive medium, several methods have 
been employed. Frequently used are weight loss or gravimetric analysis and electrochemical methods. Weight loss test 
is base on sheets or specimens weight measurements before and after theirs immersion in corrosive medium during 
certain period. Subsequently, corrosion rate and efficiency can be calculated using specimen weight loss (∆m), 
specimen surface (A) and immersion time (t). 
 Electrochemical kinetics of a metal exposed to a corrosive medium (electrolyte) can be characterized by determining 
at least three polarization parameters, such as corrosion current density, (icorr) corrosion potential (Ecorr) and Tafel slopes 
(βa and/or βc). The rate of metal dissolution or corrosion can be calculated using follow polarization methods: 

- Linear polarization which covers both anodic and cathodic portions of the potential (E) versus current density 
(i) curve for determination of polarization resistance (Rp). 

- Tafel extrapolation technique which takes into account linear parts of the anodic and cathodic curves for 
determination of Rp. This method involves determination of the Tafel slopes βa and/or βc, as well as Ecorr and 
icorr from a single polarization curve. 

- Electrochemical impedance spectroscopy requires alternating current and the output is Nyquist plot for charge 
transfer or diffusion control process, which can be used to determine Rp, which in turn is inversely proportional 
to the corrosion current density icorr. 
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 All mentioned electrochemical methods were used Li et al. [43] for determination of bamboo leaf extracts inhibition 
efficiency on cold rolled steel in two corrosion media, i.e. sulphuric (0.5 - 5.0 M) and hydrochloric (1.0 - 5.0 M) acids. 
They were found that inhibition efficiency increases due to increases of extracts concentration (5 - 200 mg/L) and 
immersion time (6 - 32 h). Maximum inhibition efficiency of 89 % and 79 % was obtained in 1.0 M hydrochloric and 
0.5 M sulphuric acids, respectively. Deng and Li [9] were also investigated the inhibition effect of Ginko leaves extracts 
in hydrochloric (1.0 - 5.0 M) and sulfuric (0.5 - 2.5 M) acids using weight loss, potentiodynamic polarization and 
electrochemical impedance spectroscopy measurements. The results showed that Ginko leaves extract act as a good 
corrosion inhibitor, particularly in 1.0 M hydrochloric compared to 0.5 M sulphuric acid. In addition, they were used 
atomic force microscope (AFM) and scanning electron microscopy (SEM) analyses as a two powerful methods to 
investigate the surface morphology at nano to microscale. These techniques have become a new choice to study the 
influence of inhibitors on the generation and progress of corrosion at the metal-solution interface. AFM and SEM 
techniques were also used Nasibi et al. [46] for mild steel surface examination after interaction with chamomile 
extracts. For determination of inhibition efficiency, they were applied electrochemical, i.e. potentiodynamic polarization 
and impedance spectroscopy techniques, which have shown that chamomile extracts acts as excellent inhibitor (93.3 
%), at temperature of 22 °C and concentration of 7.2 g/L. Furthermore, corrosion inhibition efficiency of green tea 
extracts tested by weight loss, potentiodynamic polarization and electrochemical impedance spectroscopy has shown 
that all employed techniques are in good agreement with each other [45]. Maximum inhibition efficiency was 81.5 % (1 
M HCl) and 71.7 % (0.5 M H2SO4), at extract concentration of 500 ppm. The inhibition efficiency of Gundelia 
tournefortii extract was found to be 93 % and 90 % in 2.0 M HCl and 1.0 M H2SO4, respectively, at concentration of 
150 ppm [50]. Cathodic and anodic polarization curves show that G. tournefortii extract is a mixed-type inhibitor in 
both acidic media. In this context, the electrochemical Tafel polarization studies [56] revealed that Eriobotrya japonica 
(EB) leaf extract also acts as mixed type of inhibitor in hydrochloric (0.5 M), whereas in sulphuric (0.5 M) acid as 
anodic type. The impedance response of EB extracts consisted of characteristic depressed semicircles clarifying that the 
corrosion process of mild steel occurs under charge transfer control, while thermodynamic parameters indicated that the 
inhibition of corrosion occurred by physical adsorption mechanism. Furthermore, the work done by Bouammali et al. 
[8] showed that aqueous extract of Lavandula dentata in 1 M HCl also acts as mixed type with maximum inhibition 
efficiency of 95 % obtained at mass fraction of 2 %. Other aromatic herbs such as Mentha pulegium and Ruta 
chalepensis [13, 14] were proved as a efficient corrosion inhibitors on mild steel in acid media. The inhibitory effect of 
Mentha pulegium extract was found to increase with the concentration and reached 88 % at 33 % (v/v), whereas for 
Ruta chalepensis oil attained 77 % at 2.5 ml/L. In addition, Thymus vulgaris, Xylopia aethiopica, Zingiber officinale, 
Piper longum, Saccocalyx satureioides, Cola acuminata and Camellia sinensis leaves mix extracts, Ocimum 
gratissimum, Larrea Tridentata, Eulychnia acida Phil., Khaya senegalensis, punica plant and Thapsia villosa have been 
also successfully applied as a eco-friendly and non-toxic corrosion inhibitor of steel in acid media confirmed by already 
mentioned methods [23, 49, 54, 55, 57 - 61]. 
 In the conspectus of using natural products as a corrosion inhibitor, various plant peels, seeds and pomace have been 
investigated as a cheap and effective corrosion inhibitor of mild and carbon steel. In this context, the extracts from 
mango, orange, passion fruit and cashew peels [19, 20], eggplant peel [51], Cucurbita maxima peel [62], Musa 
acuminata [63], have been tested, using electrochemical methods, weight loss measurements and SEM surface analysis. 
They have shown inhibition efficiencies in the range of 48 to 96 %, depending on peel type, extract concentrations, time 
and temperature of immersion and method used for corrosion assay. Furthermore, the grape pomace, as an industrial 
waste from wine and juice processing industry was also evaluated as corrosion inhibitor of steel. The maximum 
inhibition efficiency of 83 % and 93 % was obtained for 3%, crude and concentrated extracts. 

7. Conclusion 

Various plants extract are found to be effective, eco-friendly and non-toxic corrosion inhibitor due to presence of 
different organic compound, such as alkaloids, flavonoids, phenols, saponins, steroids, tannins, terpenoids, etc, whose 
attachment to adsorption sites on the metal surface is responsible for the inhibition process. Theirs excellent protection 
of steel in acidic medium was confirmed in different scientific work. However, its inhibition performance were not 
proved enough on tinplate, tin free steel and aluminium, commonly used materials in food canning industry. Moreover, 
theirs inhibition action were not investigated in other corrosive medium, except acidic, mostly hydrochloric and 
sulphuric. Therefore, it is certain that in the coming years usage of plant extracts can be promising, not yet fully 
exploring material for future scientific investigation. Furthermore, by-products or waste derived from food processing 
industry can be also propose as a new alternative natural resource for production of compounds with anticorrosive 
properties. 
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The work was developed to evaluate the effect of organic compound in carrots cultivation of the "Brasilia" cultivar and its 
influence on the post-harvest phase of this vegetable. Experiments were conducted in a communal kitchen garden, 
cultivated in traditional irrigated farming system, located in the city of Petrolina - PE. The formulation of the organic 
compound was made of 40% tanned goat manure and 60% waste vegetable residues. The roots were harvested 90 days 
after sowing, and were soon taken to the postharvest laboratory for analysis. The two treatments for the cultivation of 
carrot were evaluated as of harvest to check the influence of the compound on the harvested product through moisture 
analysis, soluble solids (TSS), total titratable acidity (TTA), TSS / TTA ratio, total carotenoid and firmness. Statistical 
analysis showed a significant difference between the main physical and chemical characteristics of the carrot at 5% 
between treatments in the various analyzes carried out, indicating that the use of organic compound in the cultivation of 
carrot is a promising tool in maintaining quality and nutritional content for post-harvest stage. 

Keywords: vegetable; post-harvest; nutritional quality 

1. Introduction 

The use of chemical fertilizer in carrots is an agricultural practice that brings satisfactory results in terms of 
productivity. However, one should take into account the quality of the final product, since it is known that its disordered 
use can harm consumers’ health, as well as increase production costs and degrade the local environment.  
 Currently, there are organic fertilizers employed from various sources in the cultivation of vegetables, especially 
organic compound, which in addition to providing improved physical and chemical properties to the soil, reduces the 
need for use of mineral fertilizers and also allows vegetable nutritional increase [1]. 
 The carrot (Daucus carota L.) is native to Southeast Asia (semi-arid region of Afghanistan), and is a vegetable of the 
Apiaceae family, of the tuberous roots group, cultivated on large scale in the Southeast, Northeast and South of Brazil 
[2]. 
 This root responds to organic fertilization especially in low fertility or compacted soils. However, it is essential that 
the organic fertilizer be well tanned, once it is released on the beds, and then incorporated before planting [3]. The way 
to minimize the negative effects of these soils which have low fertility would be the use of decomposed or semi-
decomposed organic waste [4]. 
 According to [5], vegetables mostly require large amounts of nutrients due to their short cycles. It is known that the 
use of organic matter positively influences on the germination and rooting of vegetables. The availability of organic 
compound close to the root system of plants is a desirable feature. The organic matter in the soil stimulates the growth 
and nutrient uptake by the plant [6]. 
 The beneficial effects of organic waste to the culture of carrot relate to increased organic matter contente in the soil, 
allowing greater penetration and root distribution, increase in the aggregation index, aeration and infiltration capacity 
and water storage [7,8]. 
 The choice of organic waste depends on the availability varying between regions and according to the culture that 
will be used [9]. In the region of Petrolina - PE, goat and sheep breeding has been developing, with the rearing of goats 
and sheep for the use of milk and meat respectively. With this regional capability, it is possible to obtain the residues of 
these ruminant animals with ease and quantity, which leads to the search for alternative uses of this organic waste. 
Among others, it is incorporated and used in ground cover to improve soils cultivated with vegetables. Experimental 
results showed that for the culture of carrots, the incorporation of 7t ha-1 of poultry litter provided greater leaf mass 
(45-73 days after sowing) and greater root mass (115 days after sowing) [4]. 
 According to [10], the supply of mineral nutrients, especially those that the soil does not possess in satisfactory 
conditions during the growing season, and the accumulation of these nutrients by the plant, can influence the quality of 
the roots in storage. Therefore, when there is a need to opt for post-harvest storage aspect of life, it is convenient to 
choose carrots grown in soils more nutritionally balanced, harvested at the proper stage of maturity, whole, firm, 
without insects and microorganisms attack and free of impurities [11]. 
 The existing carotenoids in carrots, responsible for the orange color of the roots, have provitamin A activity, that is, 
when ingested by humans, they are transformed into vitamin A, constituting one of the main sources of this vitamin for 
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the population [12]. However, techniques that enable its production without the use of chemicals are needed, in view of 
product quality. According to [11], the properties that make fruit and vegetables appreciated as food relate to their 
appearance, taste, odor, texture and nutritional value. 
 Considering the importance of the theoretical and practical study of quality parameters for the "Brasilia" carrot 
grown in the region of Petrolina – PE (Brazil), this study aimed to evaluate the effect of organic compost application 
and its influence on the physical and chemical characteristics in the post-harvest phase of this such appreciated 
vegetable. 

2. Material and Methods  

The roots were harvested in an experimental vegetable garden of Farm Project ‘Mandacaru’, located in the city of 
Juazeiro-BA, a region of BSwh type climate, according to Koppen classification, having as geographical coordinates 
9º24'45.85 ''S and 40º30'53.51''O with an altitude of 374m, in the Lower Basin of the São Francisco Valley, a semi-arid 
region, under traditional irrigated cultivation, following the production phase during the period from March to May 
2016. The cultivar used was 'Brasilia' and after 90 days the roots were harvested, and were then stored in the laboratory 
for proper analysis of their nutritional quality. The data relating to climate variables collected at the meteorological 
station of Embrapa, during the execution of the experiment are shown in Table 1. 
 
Table 1   Average temperature, relative humidity, precipitation, solar radiation and insolation from March to June 2016. 

Month T (°C) RH (%) Pt (mm) SR (ly/day) I (hours) 

March 24,6 64,93 2 461 7 

April 24,3 63,98 2 501 8,1 

May 26,4 57,11 0 558 9,5 

June 27,7 56,36 0 623 9,7 

Average 25,7 60,5 - 535,7 8,5 

T = air temperature; RH = relative humidity; Pt = precipitation; SR = solar radiation; I = insolation. 
 
 The carrots were cultivated with organic compound (T1) and without organic compound (T2) for subsequent 
comparison of treatments. The formulation of the organic compound was made of 40% tanned goat manure and 60% 
vegetable waste residues, which resulted in an organic material which still passed 45 days being revolved and 
incorporated for proper application in the beds. The physical and chemical characteristics of the soil in the field before 
the installation of the experiment (Quartzipsamment soil) are in Table 2 
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Table 2   Chemical and soil particle size characteristics prior to implantation of the experiment at depths of 0-20 and 20-40 cm. 

Variable Soil 0 – 20 cm Soil 20 – 40 cm 

pH 6,9 6,8 

 _____________________ cmolcdm-3 _____________________ 

Ca2+ 3,2 2,5 

Mg2+ 1,8 1,0 

Ca + Mg 5,0 3,50 

Al3+ 0,05 0,05 

H + Al3+ 2,8 2,47 

K+ 0,20 0,16 

Na 0,04 0,04 

SB 5,24 3,7 

CEC 8,04 6,17 

 _____________________ mg dm-3 _____________________

P –Melich 29,77 25,66 

 ________________________%_________________________

OM 0,6 0,44 

V 65 60 

 _______________________ g kg-1 ______________________ 

Clay  7,8 47,4 

Silt 80,5 53,5 

Sand  911,7 925,0 

OM = Organic matter; CTC = Cation exchange capacity [Ca2+ + Mg2+ + Na+ + K+ + (H+ + Al3+)]; SB = Sum of bases; V = Base 
saturation (Ca2+ + Mg2+ + Na+ + K+/CTC) x 100 
 
 After harvesting, the roots were immediately transported in sanitized cool boxes to the Agricultural Products Storage 
Laboratory of the Federal University of the São Francisco Valley (UNIVASF) at the Engineering campus in Juazeiro, 
Bahia, Brazil. 
 Methods - Physical and Chemical Analysis 
 After the treatments referring to the use of the compound and its absence, the carrots were evaluated using the 
following parameters in the post-harvest phase: 
 Moisture: Moisture content was determined according to the methodology [13] for fruit, adapted to carrot, when 
approximately 2 g of sample, cut into thin slices and placed in pre-weighed aluminum crucible was weighed. The 
crucible and sample were placed together in a vacuum oven for a period of 24h at 70 ° C. 
 Total soluble solids (TSS): The soluble solids content (° Brix) was determined by direct reading on a countertop 
refractometer, with temperature correction performed by the proposed table from the [14]. 
 Total Titratable Acidity (TTA): determined by titration according to norms of the [14], with results expressed as % of 
citric acid. 
 TSS / ATT Ratio: determined by the ratio between the two variables. 
 Carotene content: The extraction of carotenoids was performed according to the methodology described by [13]. The 
determination is based on the extraction of the same in hexane and isopropyl alcohol, with subsequent reading in a 
spectrophotometer at a wavelength of 450 nm. 
 Total phenolics: these were determined with the use of gallic acid as standard (mg gallic acid equivalents per 100g of 
carrots on a wet basis [15]. 
  Antioxidant activity: was determined by DPPH (2,2-diphenyl-1-pircril-hydrazyl) method with the use of ethanol 
extract [16]. The methodologies for the determination were described as consolidated analysis by the Association of 
Official Analytical Chemists (AOAC) and the Adolfo Lutz Institute. 
 Firmness: determined with the aid of a countertop penetrometer through two measurements at the equatorial section 
of the same root, achieving the required pressure for penetration in Newtons [17]. We also used the same procedure for 
the replicates that were stored for five days to analyze the postharvest life of carrots. 
 Data were analyzed by ANOVA, evaluated and compared using the SISVAR 4.2 [18], where the experimental design 
was completely randomized with three replicates for each physical and chemical analysis. Tukey test, considering a 5% 
significance level was used. 
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3. Results and Discussion  

The average values of physical-chemical analysis of different carrot treatments are shown in Table 3. Moisture is an 
important factor in the quality of vegetables, since it provides information about its texture, it also increases the 
economic value since the vegetable has greater mass, so it is remarkable that the carrots treated organically (T1) showed 
higher values for this feature. 
 As for the total carotenoid content it is noticeable that the carrots that received the application of organic compost in 
its cultivation had higher levels of carotenoid (Table 3), confirming the research by [19] in the evaluation of carrot 
quality in organic crops, which found higher concentrations of carotenoids when compared to those crops with mineral 
fertilizer. 
 
Table 3   Physical and chemical characteristics of carrots produced with and without organic composto1, Juazeiro - BA, 2016. 

Treatments 

Variables 

Humidity % Total Carotenoid (mg/100g) Acidity % 

(AC) 

TSS 

(°Brix) 

TSS/AC 

T1 89,6a 6,54a 0,23a 7,2a 30,6a 

T2 87,8b 4,81b 0,24a 6,4b 24,1b 

CV% 0,36 2,82 3,50 2,91 3,75 

T1 – With organic compound; T2 – No organic compounds.  (Averages followed by the same letter in the columns do not differ by Tukey test at 5% 
probability) 

 It is found that the use of the compound allows the root of this vegetable to have a good amount of carotenoids, ideal 
for post-harvest consumption of this product. According to [20], the more intense the color, the higher the beta-carotene 
content and higher the nutritional value. 
 The average results obtained for acidity of carrots were expressed as % of citric acid. The organic acids generally 
decrease after ripening, harvesting and during storage due to oxidation for energy production in the Krebs cycle [21], 
there was no noticeable difference between treatments in regards to the acidity level of 5% probability.  
 The values of total soluble solids concentration represent the acids, salts, vitamins, amino acids, some pectins and 
sugars in vegetables. They are used as an index of total sugars, indicating the degree of maturity [22]. The average 
results obtained of TSS were expressed in °Brix. After analysis of variance, significant differences were observed 
between the two carrot treatments, especially higher value for the carrot treated organically.  
 According [11] TSS / TTA ratio in plants can be regarded as an evaluation criterion of "flavor", and an increase can 
mean an increase of flavor, and is indicative of the maturity level. In this particular case, there was a significant 
difference between treatments, and the application of organic compost increased the TSS / TTA ratio, due to the 
increase in soluble solids, thus indicating an improvement in the organoleptic characteristics of carrots. 
Table 4 shows the comparison of the parameters and results of the bioactive compounds in 'Brasília' carrot variety in the 
two fertilization treatments. 
 
Table 4   Physico-chemical characteristics of carrots produced with and without1 organic compound, Juazeiro - BA, 2016. 

Treatments 

Variables 

Vitamin C (mg/100g) Total phenolics (mg/100g) Betacarotene 

(mg/100g) 

Antioxidant activity 

(%) 

T1 22,4a 31,3a 2,20a 42,6a 

T2 19,6b 30,5a 1,96a 38,5b 

CV% 2,23 1,82 2,35 3,51 
1T1 – With organic compund; T2 – Without organic compund.  (Averages followed by the same letter in the columns do not differ by Tukey test at 5% 
probability) 

 The effectiveness of the antioxidant action of bioactive compounds depends on their chemical structure and 
concentration of these phytochemicals in the food. According to [23] the content of these phytochemicals in vegetables 
is largely influenced by genetic factors, environmental conditions, in addition to the degree of ripeness, variety of 
vegetable and growing conditions. It is evident therefore, that the intensity of antioxidant activity of vegetables, 
especially the 'Brasilia' carrot variety is similar to that reported in other studies. Several factors related to the cultivation 
of vegetable, like climate and soil conditions, influence the profile of phenolic compounds of vegetables and 
consequently its antioxidant action. 
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 Physical measurements are highlighted in Table 5. Note that the average weight of carrots treated with the organic 
compound was statistically higher than those that have not been subjected to organic treatment; this result is important 
because it demonstrates that it is possible to obtain higher profits since these are sold on weight. However, the length 
and diameter showed no significant difference between treatments at 5% significance level. 
 
Table 5   Measurements of the physical parameters of carrots with (T1) and without (T2) organic treatment during post-harvest phase 
of the "Brasilia" carrot. 

Treatments 
Variables 

Weight (g) Length (mm) Diametre (mm) Firmness (N) 

T1 126,5a 135,7a 33,2a 98,6a 

T2 83,8b 137,5a 30,2a 93,8b 

CV% 18,77 9,05 10,64 3,11 

 
(Averages followed by the same letter in the columns do not differ by Tukey test at 5% probability) 

 The firmness of vegetables decreases with maturity and it is a physical characteristic which interferes with consumer 
acceptability of the roots. This characteristic is obtained by employing resistance gauges or texture, the penetrometer 
machine being the most used. After compression of the vegetable, a measurement which equals the force needed to 
overcome the resistance of the plant tissue is obtained [17]. Note that there was no significant difference between 
treatments at 95% confidence level, and that organically treated carrots had higher stiffness values having thus greater 
crispness, ie a better texture. 
 The main variables used to determine the carrot post-harvest quality are firmness, soluble solids, weight loss and the 
external and internal appearance. But the firmness indicates the direct acceptance of the product by the consumer, 
weight loss and the carrot's own external appearance provides indication of the potential post-harvest life of this 
vegetable. 
 Table 6 states the firmness values of the "Brasilia" carrot over a five days post-harvest life of this vegetable, with no 
statistical difference in the first two days; however, from the third day there is a statistical difference between 
treatments. Observations showed that the treatment with organic compound remained at statistically adequate firmness, 
whereas treatment with no organic compound decreased considerably. 
 
Table 6   Carrot firmness assessment over five days post-harvest life. 

Treatment 
Days (Firmness N) 

D1 D2 D3 D4 D5 
T1 96,8aA 92,3aA 89,1aA 89,0aA 88,8aA 

T2 95,2aA 91,4aA 88,4bA 87,8bA 84,0bA 

           CV% = 3,88 

(Averages followed by the same letters, lowercase and uppercase lines in columns, do not differ by Tukey test at 5% probability).  

4. Conclusion 

The application of organic compost in the cultivation of "Brasilia" cultivar carrots through the evaluations of moisture, 
carotenoid content, soluble solids, TSS/AC, weight and strength characteristics showed better quality aspects when 
compared to carrots which did not undergo organic treatment. 
 The increase in concentration of soluble solids and the increase of the TSS/ATT ratio in the organic treatment 
indicates an improvement in the organoleptic characteristics. 
 The average values of total carotenoids were more significant for carrots treated organically, showing better 
nutritional characteristics. The significant levels of bioactive compounds for carrots produced with organic compound 
were significant in the face of those produced with no compound. 
 Regarding root firmness feature in post-harvest life, the treatment which received application of the organic 
compound was more effective, making the application of this compound recommendable for this important vegetable. 
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Disturbance of the bacterial microflora of the gastrointestinal (GI) tract has been associated with the pathophysiology of 
several GI disorders. Manipulation of the gut microbiota through supplementation with probiotics is an attractive approach 
to restore, maintain and promote health. Common probiotic formulations for human consumption are mainly based on 
bacterial strains of Lactobacillus, Bifidobacterium and the yeast Saccharomyces boulardii, either as single or multispecies 
preparations. Clinical efficacy of a probiotic product is determined by the specific microbial strain, formulation, dose 
regimen, viability of the microorganisms and time of permanence in the gut. Evidence from research studies and clinical 
data support the use of probiotics in the prevention and/or treatment of several GI disorders caused either by perturbations 
in normal gut microbiota, such as inflammatory bowel disease (IBD) and irritable bowel syndrome (IBS), or by pathogenic 
microorganisms, including GI infections caused by Helicobacter pylori, Clostridium difficile, and rotavirus. This review 
discusses the role of probiotics in the prevention and treatment of GI disorders, and proposed mechanisms of action. 

Keywords: probiotics; gastrointestinal disorders; inflammatory bowel disease; irritable bowel syndrome; Helicobacter 
pylori; Clostridium difficile 

1. Introduction 

Gastrointestinal (GI) disorders, such as chronic inflammatory GI conditions (e.g., Crohn’s disease, ulcerative colitis, 
irritable bowel syndrome) and acute GI infections are still a major cause of morbidity and mortality worldwide. Many 
of these diseases, particularly those requiring antibiotic therapy, are becoming increasingly difficult to treat due to 
increased dissemination of antibiotic resistance among microorganisms and the emergence of (multi)drug-resistant 
strains [1]. Novel therapeutic approaches are thus essential, and manipulation of the gut microbiota through 
supplementation with probiotics is an attractive alternative to conventional therapies. Moreover, probiotics are 
amenable to low-cost and large scale production.  
 Probiotics have been used in the treatment and prevention of many GI-associated diseases, either alone or as co-
adjuvants of standard therapies, with promising results. Probiotic beneficial effects are likely the result of multiple 
mechanisms of action in the gut that may include effects on host immunity and gut mucosal barrier integrity as well as 
colonization resistance and production of antimicrobial substances [2]. While some of these mechanisms may be shared 
among different strains or species, others are specific to certain microorganisms.  
 Probiotics are associated with a good safety record in the healthy population, primarily related to the use of 
lactobacilli and bifidobacteria. On the other hand, selection and monitoring of probiotics for individuals compromised 
gut epithelial integrity and immunocompromised patients demands careful consideration of the risk-benefit ratio. 
 Translational to the clinical setting requires specification of effective strains or strain combinations and dosage 
regimen, since therapeutic effects of probiotics are both strain- and dose-dependent [2,3]. 

2. Mechanisms of Action 

Several mechanisms of action are ascribed to probiotics, corresponding to genetic and functional differences in the 
bacterial strains (even within the same species) [4-6]. A good example is the Lactobacillus reuteri strains, present in 
formulations of probiotics for intestinal applications. While L. reuteri SD2112 (ATCC55730) produce the antimicrobial 
metabolite reuterin that inhibits pathogens in the gut, L. reuteri RC-14 health benefits on the intestine are associated to 
the production of biosurfactants and other antiadhesive constituents as well as to modulating host immunity [4]. 
Conversely, the same strain might exert its biological effects by multiple mechanisms of action [6]; an example is L. 
rhamnosus GG (LGG) that could reduce inflammation and concomitantly induce adaptive immune cells. Some 
probiotic strains are capable of producing effects far away from the site of administration. Reasons may lie in the 
transfer of the organisms from one site to another or in the production of molecules that are adsorbed through the 
intestine [6]. In general, it is possible to identify a variety of potential mechanisms of action through which probiotics 
exert their effect on GI-associated disorders [6–15]. Some of the proposed mechanisms, supported by in vitro and some 
in vivo experiments, are briefly described. 

2.1   Modulation of the host immune system  

The intestinal microbiota is fundamental for the maturation of the host immune system and development of 
immunological resistance. Probiotic bacteria or their metabolites have the capacity to interact with epithelial cells and 
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immune cells through pattern recognition receptors [5,7,9–12,14,16,17]. Two of these highly specific receptors are Toll-
like (microbial-sensing) and NOD (intracellular-sensing) proteins. Toll-like receptors signaling stimulates expression of 
defensins (small peptides/proteins) in enterocytes [18]. After recognition, immune and epithelial cells produce cytokines 
that contribute to the control of innate and adaptive immune cells. Lymphocytes (B and T cells) are essential pieces in 
the adaptive immune response. Many probiotics seem to induce the activation of T helper cells, thus producing 
cytokines and interfering with immune responses [10]. 
 Immunomodulation by probiotics comprises also the increase of immunoglobulin A (IgA) production by B cells, 
disabling the proinflammatory response [9,10,14]. Nevertheless, conclusions based on the effect of probiotics on IgA 
production are still questionable, as some results seem to be contradictory [14]. Although L. reuteri led to an increase in 
proinflammatory cytokines in vitro, the same strain revealed an anti-inflammatory activity in vivo [7,10]. 
 The immunomodulatory process depends on probiotics survival and permanence in the GI tract, the type of 
interaction between probiotic and the host immune system, and the strain, dosage and frequency of administration. 
Immunostimulation of the host seems to be only achieved with a dose of 108–109 colony forming units (CFU)/d of a 
strain and a resident time in the intestine between 48 and 72 hours [14]. 

2.2   Adhesion to intestinal mucosa  

Adhesion to intestinal mucosa is the precondition to colonization, being determinant for the probiotic-host interaction, 
modulation of the immune system, and antagonism against pathogens [9,17]. 
 Intestinal epithelia cells produce the glycoprotein mucin which is the main component of mucus, precluding adhesion 
of pathogens. Various Lactobacillus spp. are reported to adhere to the mucosa, due to mucus adhesion-promoting 
proteins [5,9,17]. These circumstances might explain an eventual relation between probiotic surface proteins and the 
concurrent pathogens exclusion from the mucus [9,17]. However, studies on the adhesion-related factors are scarce. 
 Competitive exclusion of pathogens (where one species of bacteria inhibits or reduces the growth of another species) 
lies on the competition for nutrients and for mucosal adhesion receptors, being a consequence of the different 
mechanisms and properties of probiotics [9,14]. 

2.3   Production of antimicrobial compounds  

Considering some GI-related disorders, several authors suggest that probiotics have an impact on microbiota 
composition positively modifying its qualitative and quantitative profile [14]. 
 Some probiotics can produce antimicrobial compounds which inhibit the growth of bacteria existing in the intestinal 
lumen [14,17,18]. Lactic and acetic acids have been reported as major antimicrobial compounds of probiotics, due to 
their high inhibitory activity against Gram-negative bacteria [9,14,17]. The effect on the pathogenic microorganisms 
may be related to the decrease of intracellular pH or to the intracellular accumulation of the organic acid. Probiotics 
such as L. acidophilus produce lactic acid that, additionally, hamper the adhesion of pathogenic bacteria to epithelial 
cells and stimulate the clonal expansion of mucosal B lymphocytes to produce IgA [9,14,17]. 
 Along with the aforementioned reuterin (produced by L. reuteri SD2112), probiotics may also produce bacteriocins, 
which are ribosomally synthesized antimicrobial peptides or proteins produced by bacteria, that inhibit the growth of 
other bacteria reducing the number of pathogens or changing the composition of intestinal microbiota [14,18]. The 
destruction of pathogen cells results from pore formation and/or inhibition of cell wall synthesis [9]. Some bacteriocins 
generated by probiotics have been identified. An effective inhibition of foodborne pathogen Listeria monocytogenes in 
mice and pigs was observed for the bacteriocin Abp118, produced by L. salivarius UCC118. Bifidobacterium bifidum 
NCFB 1454 produces bifidocin B which inhibits the growth of Gram-positive bacteria [9]. Moreover, probiotic strains 
can also promote the discharge of defensins by the epithelial cells. Defensins bind to anionic phospholipid groups of the 
membrane surface through electrostatic interactions, causing the lysis of microorganism cells [7,9,16,18]. 
 Probiotics have also the capacity to deconjugate bile acids [5,6,9,19]. Deconjugated bile acids seems to have a higher 
antibacterial activity when compared with the ones produced by the host [9]. 
 Several probiotic strains produce metabolites with antifungal properties. In this context, Lactobacillus species 
produce benzoic acid, methylhydantoin, mevalonolactone and short-chain fatty acids (SCFA) [9,17]. 

2.4   Changes in composition and metabolic activity of gut microbiome  

Gut microbiome act as a source of secondary metabolites that are pharmacologically active and able to activate the 
mammalian liver enzymes [5]. SCFA results from the metabolic activity of intestinal microbiota, and their production 
seems to be increased by probiotics, which enhances pathogen resistance and stimulates epithelial cells [5,9,14,20]. 
SCFA have anti-inflammatory properties, being able to enhance epithelial barrier integrity. Production of SCFA also 
depends on the composition of intestinal microbiota, the diet and the presence of other metabolites [14]. Butyric acid is 
the most well documented SCFA for colonic epithelial cells, in terms of anti-inflammatory effects [14,21]. Its impact on 
intestinal function may lie in the inhibition of the activation of nuclear factor kappa B (a prototypical proinflammatory 
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signaling pathway), in the increased secretion of mucins and antimicrobial peptides, and in the increase of expression of 
tight junctions proteins [14,20,21]. 

2.5   Improvement of the intestinal epithelial barrier  

Intestinal epithelial cells constitute the surface where immune responses are initiated. A balanced homeostasis of 
intestinal mucosal function strongly depends on the integrity of the epithelial cells barrier between the intestinal lumen, 
the lamina propria and the mucosal-associated lymphoid tissue. Microorganisms composing the intestinal microbiota 
may change the intestinal barrier, making it more or less permeable [14,18]. An increase in mucosal permeability and 
loss of epithelial integrity are relevant pathophysiological manifestations when considering the GI disorders under 
analysis. Some species of probiotics show the capacity to diminish the intestinal permeability due to changes in the 
intracolonic pH, the cellular junction proteins that form the tight junctions and promote colonocytes self-adhesion, and 
probably in the production of mucins [7,18]. Moreover, defensins also stabilize the gut barrier function [7,16]. 

3. Therapeutic applications 

3.1   Diarrhea treatment and prevention 

3.1.1   Treatment of acute infectious diarrhea 

Acute infectious diarrhea is a leading cause of mortality worldwide in infants and hospitalized children, especially in 
developing countries [10]. Most cases of acute, watery diarrhea are due to viral gastroenteritis, which in children are 
usually caused by rotavirus. On the other hand, traveler’s diarrhea and foodborne diarrheas are commonly of bacterial 
origin (e.g., enterotoxigenic Escherichia coli (ETEC), Campylobacter, Shigella, or Salmonella) [22].  
 Probiotics have been extensively studied in the treatment and prevention of acute diarrheal states, especially in the 
pediatric population. Most of the studies involved lactobacilli strains (mainly Lactobacillus rhamnosus GG, L. reuteri, 
L. casei and L. acidophilus), Bifidobacterium lactis, Streptococcus thermophilus and the yeast Saccharomyces 
boulardii, used either alone or in combination [2,23].  
 Data from several placebo-controlled, randomized clinical trials (RCTs) point to a statistically significant benefit in 
the use of probiotics, mostly LGG and S. boulardii, for the treatment of acute infectious diarrhea [2,3,19,23–27]. The 
effect of probiotics is both strain-dependent and dose-dependent, with doses higher than 1010–1011 CFU/d usually 
achieving better results [23,24,28]. Fang et al. [29] studied the dose-dependent effect of L. casei rhamnosus Lcr35 in 
children with acute rotaviral gastroenteritis and found that a minimal effective dose of 6×108 CFU daily, for 3 days, was 
necessary for quantitative reduction of fecal rotavirus shedding in pediatric patients [29]. 
 Probiotics seem to be more effective in the treatment of acute watery diarrhea, particularly if caused by rotavirus, 
than in invasive bacterial diarrhea, and achieve better therapeutic effect when administered early in the course of the 
diarrheal state [23,24]. The efficacy of a probiotic formulation combining Bacillus mesentericus, Clostridium butyricum 
and Enterococcus faecalis in the treatment of acute infectious diarrhea in hospitalized children with Salmonella and 
rotavirus gastroenteritis revealed significant reduction in the severity of symptoms for rotavirus-infected children only 
[30].  
 The available body of evidence supports recent guidelines from both the European Society for Pediatric Infectious 
Diseases (ESPID) and the European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) 
that recommend specific probiotics with proven clinical efficacy, namely LGG and S. boulardii CNCM I-745, as an 
adjunct to rehydration therapy for the management of acute gastroenteritis in children [31].  
 Probiotics have been found to shorten the duration of acute infectious diarrhea by approximately 1 day in adults and 
children, and reduce stool frequency on day 2, according to a Cochrane review involving 63 studies with a total of more 
than 8,000 participants, mainly receiving LGG, S. boulardii or Enterococcus faecium SF68 [2]. However, E. faecium 
SF68 is a possible recipient of the vancomycin-resistance genes and it is not advisable in the management of children 
with acute gastroenteritis [2]. The probiotic formulation VSL#3, a mixture of 8 probiotic strains (L. acidophilus, L. 
paracasei, L. bulgaricus, L. plantarum, B. breve, B. infantis, B. longum and S. thermophilus) is preferable for the 
pediatric treatment of acute rotavirus diarrhea. Oral administration of VSL#3 during 4 days to infected children 
significantly reduced stool frequency and the requirement for oral rehydration salts compared to the placebo without 
showing side effects, resulting in better recovery rates [1,32].  

3.1.2   Prevention of acute infectious diarrhea 

There is evidence that certain probiotics can prevent acute diarrheal states, both in adult and children populations. A 
meta-analysis of 34 placebo-controlled, RCTs evaluating the efficacy of probiotics in preventing acute diarrhea revealed 
a reduction of 35% with substantial heterogeneity [33]. The effect was found to depend on the probiotic strain and on 
the age of the host, with probiotics reducing the risk of acute diarrhea in children by 57% but only by 26% in adults 
[33].  
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 In a double-blind RCT, oral administration of LGG (6×109 CFU/twice daily) to 81 children hospitalized for non-
diarrheal complaints significantly reduced the risk of nosocomial diarrhea in comparison with placebo, particularly 
nosocomial rotaviral gastroenteritis [27,34]. In another study, supplementation of an infant formula with B. bifidum and 
S. thermophilus reduced the incidence of acute diarrhea and rotavirus shedding in infants admitted to hospital [10,27].  
 On the other hand, administration of L. reuteri DSM 17938 did not significantly reduce the risk of nosocomial 
diarrhea or rotavirus gastroenteritis in hospitalized children [35]. However, daily administration of L. reuteri DSM 
17938 (108 CFU/d) for 3 months to healthy children attending day care centers reduced the frequency and duration of 
diarrheal episodes compared to placebo [36]. Moreover, a study conducted in a community setting indicates that daily 
intake of a probiotic drink containing L. casei strain Shirota for 12 weeks reduced the occurrence of acute diarrhea in 
young children compared to a non-supplemented nutrient drink [37]. 
 Regarding the prophylaxis of traveler’s diarrhea (TD), which is a common health problem when travelling to Africa, 
South East Asia, or Central and South America, a meta-analysis of 12 RCTs by McFarland [22] concluded that 
probiotics, namely S. boulardii and a mixture of L. acidophilus and B. bifidum, are safe and effective for this purpose 
[22]. Probiotic use was associated with a significant reduced risk of 85% in developing TD [38]. The efficacy of the 
treatment depended on duration, dosage and type of probiotic, traveler compliance, travel destination and probiotic 
viability during the trip. Further studies are needed before probiotics can be considered as an alternative option to 
antibiotic therapy for the prophylaxis of TD.  

3.1.3   Prevention of antibiotic-associated diarrhea 

Diarrhea is often a side effect of antibiotic therapy due to disturbance of the normal host GI microflora enhancing 
overgrowth of enteropathogens, such as Clostridium difficile, responsible for diarrhea and colonic inflammation (colitis) 
[1]. Prevention of antibiotic-associated diarrhea (AAD) by probiotics may be mediated by several mechanisms, such as 
local competition for adhesion receptors and nutrients, production of antimicrobial substances, and stimulation of 
intestinal antigen and nonspecific immune responses that enhance restoration of the gut microflora [39].  
 One third of the patients on antibiotic therapy commonly develop AAD at any point from the initiation of the 
treatment up to several weeks after its discontinuation [39,40]. Several factors can influence the development of AAD, 
such as the type of antibiotic, age and health conditions of the host, etiology and hospitalization status. A higher risk of 
AAD is commonly linked to antibiotics that act on anaerobes, including broad-spectrum penicillins, cephalosporins, 
clindamycin and fluoroquinolones [41–43]. 
 Several meta-analysis and systematic reviews indicate a statistically significant association between probiotic 
administration and reduction of AAD, with the most effective strains being LGG and S. boulardii [23,38–42]. These 
probiotics are actually recommended for the prevention of AAD in children by the ESPGHAN working group on 
probiotics [43].  
 L. reuteri ATCC 55730 has also been shown to reduce the incidence of AAD in adults in a hospital setting [44], 
however this strain carries transferable resistance traits for tetracycline and lincomycin, and should preferably be 
replaced by L. reuteri DSM 17938, with no unwanted plasmid-borne resistances [26]. A RCT to assess the efficacy of 
L. reuteri DSM 17938 for the prevention of diarrhea and AAD in children (NCT02871908) is currently recruiting [45].  
 Since the beneficial effects of probiotics are strain-specific, some meta-analysis have been performed on the efficacy 
and safety of only one type of microorganism in order to avoid heterogeneity from pooling data on different strains 
[38,41,42]. A systematic review with meta-analysis of S. boulardii for the prevention of AAD in children and adults 
showed that 1 in 10 cases of AAD could be prevented by co-administration of the probiotic [41]. 
 The dose-response effect of probiotics on the incidence of AAD has also been evaluated. In hospitalized adult 
patients on antibiotic therapy, daily administration of a probiotic mixture (L. acidophilus NCFM, L. paracasei Lpc-37, 
B. lactis Bi-07 and Bi-04) up to 7 days after the end of the antibiotic course showed a significant dose-response effect 
on AAD, with incidences of 12.5% in patients on the high-dose regimen (1.70×1010 CFU/d) compared with 19.5% in 
the low-dose regimen (4.17×109 CFU/d) group and 24.6% in the placebo group [46].  
 It is worth mention that in most of these studies, the type and/or dose of the antibiotic have not been randomized 
along with the probiotic arm. In healthy volunteers taking amoxicillin (500 mg twice daily for 7 days) and 5 g of a 
multispecies probiotic preparation (109 CFU/g twice daily for 15 days) containing B. bifidum W23, B. lactis W18, B. 
longum W51, E. faecium W54, L. acidophilus W37 and W55, L. paracasei W72, L. plantarum W62, L. rhamnosus 
W71, and L. salivarius W24, changes in microbial composition and metabolic activity of the intestinal microbiota over 
time suggested that the amoxicillin effect was modulated by probiotic intake [39].    

3.1.4   Clostridium difficile-associated diarrhea 

Clostridium difficile infection (CDI) is a common complication of antibiotic therapy, with symptoms ranging from mild 
diarrhea and colonic inflammation to severe pseudomembranous enterocolitis, which can lead to sepsis and death 
[47,48]. Clostridium difficile-associated diarrhea (CDAD) is most frequent in elderly and hospitalized patients receiving 
broad-spectrum antibiotics (e.g., penicillins, cephalosporins, clindamycin and fluoroquinolones) but other risk factors 
include the use of proton-pump inhibitors, H2-antagonists, methotrexate, and existence of other GI pathologies 
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associated with impaired mucosal barrier function [49]. Metronidazole and vancomycin are the standard therapeutic 
regimens for CDI, however recurrence and relapse have been observed, even after repeated antibiotic treatments [47, 
49]. 
 Probiotics can prevent gut colonization by C. difficile and are thus promising agents for the prophylaxis of CDAD. 
Moreover, certain strains of lactobacilli produce peptide metabolites with lytic activity against several C. difficile strains 
while S. boulardii produces a serine protease that degrades C. difficile toxins A and B [38,50]. Co-treatment with 
probiotic S. boulardi is associated with a significant decrease in the risk of CDI recurrence [38,41].  
 Fecal sample analysis of C. difficile toxins in hospitalized elderly patients on antibiotic therapy revealed that 46% of 
the patients who received co-treatment with a probiotic mixture containing L. acidophilus and B. bifidum were toxin-
positive compared with 78% in the placebo group [47–49]. Consumption of cheese supplemented with both L. 
rhamnosus HN001 and L. acidophilus NCFM by healthy, elderly volunteers was also associated with a trend towards 
lower fecal counts of C. difficile compared with the non-supplemented cheese for the same period [51].  
 Co-administration of a probiotic drink containing L. casei, L. bulgaricus and S. thermophilus to hospitalized elderly 
patients (mean age 74 years old) on antibiotic therapy lowered the incidence of CDAD [47–49]. Moreover, a dose-
response efficacy study with a probiotic formulation containing L. acidophilus CL1285 and L. casei LBC80R (50 
billion CFU/capsule) for CDAD prophylaxis showed that high doses (2 capsules/d) were more efficient than low doses 
(1 capsule/d) in reducing the incidence of CDAD in hospitalized adult patients [47–49,52]. 
 Contradictory results have been reported on the efficacy of probiotics for the prevention of recurrent CDI, which may 
be due to differences in the study population, type and dose of probiotic, and/or duration of the treatment [53]. A recent 
meta-analysis and a Cochrane review have found that probiotics significantly reduce the risk of CDAD by 
approximately 60% [48,49] but not the incidence of CDI [48]. 
 On the other hand, lower CDI rates have been found among antibiotic-treated patients taking probiotics during time 
at risk when compared with placebo, and results from a meta-analysis suggest that primary prevention of CDI can be 
achieved with specific probiotic agents, the most promising ones being S. boulardii and the probiotic mixture L. 
acidophilus CL1285 and L. casei LBC80R [53]. A probiotic combination of L. acidophilus CL1285, L. casei LBC80R, 
and L. rhamnosus CLR2 containing 50 billion live bacteria, commercially available as both fermented beverages and 
targeted-release capsules with an enteric coating, has been associated with decreased incidences of CDI in human 
clinical trials [54]. The commercial products, as well as the individual strains, have shown antimicrobial activity against 
C. difficile and ability to neutralize toxins A and B in vitro [54].  
 Overall, evidence from systematic reviews and meta-analysis suggest a beneficial effect of probiotics as adjuvant 
therapy in preventing primary CDI, but there is insufficient data to support their use in secondary prevention of 
recurrent CDI, requiring larger studies for further evaluation [53,54]. Moreover, antibiotic regimens need to be specified 
in order to determine the influence of antibiotic class or type, dose and duration of treatment in probiotic efficacy 
[53,55].  

3.2   Helicobacter pylori eradication 

Helicobacter pylori are a group of highly prevalent human pathogens infecting approximately half of the world 
population [56]. H. pylori infection has been linked to dyspepsia, chronic gastritis, peptic ulcer, and gastric cancer [56]. 
Current treatment guidelines recommend concomitant triple therapy for 7-14 days combining a proton pump inhibitor 
(PPI) with the antibiotics clarithromycin and either amoxicillin or metronidazole as the first approach for H. pylori 
eradication [56,57]. However, eradication rates have declined from 90% to 70% with this treatment, mainly due to 
increase in antibiotic resistance and poor patient compliance resulting from frequent adverse effects associated with 
antibiotic therapy, such as diarrhea, headache, loss of appetite, nausea, abdominal pain and skin rash [56,57].  
 In order to overcome antibiotic resistance, levofloxacin-containing triple therapy as well as sequential and 
concomitant quadruple therapies with addition of either a bismuth salt or another antibiotic have been developed as 
second line treatments for H. pylori eradication, with quadruple regimens being associated with higher incidence of 
adverse side effects [56,57].  
 Probiotics can prevent GI-related side effects of antibiotic therapy, particularly AAD, by aiding in the restoration of 
gut microbiota. Moreover, probiotics such as Lactobacillus, Bifidobacterium and S. boulardii have demonstrated anti-H. 
pylori activity both in vitro and in animal models of H. pylori infection [17,56].  
 The H. pylori inhibitory effect of probiotics may be due to competition with the pathogen for adhesion sites, 
production of antimicrobial metabolites (e.g., L. johnsonii La1, L. casei strain Shirota, L. lactis, Bacillus subtilis) or by 
enhancing mucin secretion (e.g., L. plantarum 299v and LGG). Lactic acid production by lactic acid bacteria (LAB) and 
bifidobacteria decreases pH, which attenuates the hypochlorhydria associated with H. pylori infection and can also 
inhibit H. pylori urease [17,56]. Moreover, probiotics show immunomodulatory effects that reduce H. pylori-induced 
gastric activity and inflammation by controlling the balance of proinflammatory and anti-inflammatory cytokines 
[17,56]. A decrease in specific IgG antibodies to H. pylori infection parallel to a reduction of gastric inflammation has 
been observed in animal models following probiotic intake, with simultaneous enhancement of secretory IgA 
production in the intestinal epithelium and strengthening of the mucosal barrier [17,56]. 
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 Probiotic monotherapy using strains such as L. johnsonii La1, L. casei strain Shirota, L. gasseri OLL2716, L. reuteri 
ATCC 55730, L. acidophilus La5 or B. bifidum BF-1 has been shown to decrease bacterial load in humans, but 
probiotics alone are not able to eradicate H. pylori [17,57]. On the other hand, several systematic reviews and meta-
analysis suggest that adjuvant therapy with probiotic Lactobacillus, Bifidobacterium, Saccharomyces, and their blends, 
can significantly increase eradication rates in comparison with placebo or no additional treatment while simultaneous 
reducing antibiotic-related side effects (particularly AAD) and improving patient compliance [41,56,58–60]. Sub-group 
analysis concerning data from 33 RCTs involving a total of 4,459 patients showed that the impact of probiotic 
supplementation on the efficacy of H. pylori eradication therapy was statistically significant only for some individual 
strains: L. acidophilus, L. casei DN-114001, L. gasseri, and B. infantis 20136 [58]. 
 H. pylori eradication rates improved from 68.9% to 83% after addition of the probiotic B. infantis 2036 to standard 
triple therapy [56,58]. On the other hand, probiotic pretreatment for 2 weeks before addition to either triple therapy or 
sequential therapy increased eradication rates up to 90% [56,58]. Furthermore, a 4-week treatment with L. gasseri 
OLL2716-containing yogurt twice daily 3 weeks prior first-line H. pylori eradication therapy, improved eradication rate 
of primary clarithromycin-resistant H. pylori strains (compared to triple therapy alone), in agreement with previous in 
vitro studies showing the ability of L. gasseri OLL2716 to suppress both clarithromycin-susceptible and -resistant H. 
pylori strains [56,58].    
 A 2-week supplementation with 100 mL of fermented milk containing probiotic L. casei DN-114 001 enhanced the 
therapeutic benefit of standard triple therapy in H. pylori-positive children with gastritis [56,58]. Kefir, a fermented 
milk drink containing Lactobacillus, Lactococcus and yeast, has also been found to increase eradication rate in 
dyspepsia patients on standard triple therapy when compared with placebo-containing milk [56,58]. 
 Other studies support the beneficial effect of L. reuteri strains (known to secrete the antimicrobial metabolite reuterin 
that inhibits H. pylori growth in vitro), which have been associated with increased eradication rates, decreased serum 
gastrin-17 levels in H. pylori asymptomatic patients, and decreased incidence of adverse events both in first-line triple 
therapy and in second-line triple therapy with levofloxacin [56,58]. 
 Regarding probiotic blends as adjuvants in H. pylori eradication therapy, a recent systematic review and meta-
analysis [60] indicate that the most effective multi-strain probiotics are a combination of L. acidophilus and B. animalis, 
and an eight-strain mixture composed of L. acidophilus, L. casei rhamnosus, L. plantarum, L. reuteri, L. salivarius, L. 
sporogenes, B. infantis, and B. longum [60]. 
 Overall, the benefits conferred by probiotics in coadjuvant therapy for H. pylori eradication are strain-specific and 
influenced by the chosen antibiotic regimen, being more significant with relatively ineffective antibiotic regimens 
[56,58,59].  

3.3   Inflammatory bowel disease 

Inflammatory bowel disease (IBD) comprises idiopathic chronic relapsing inflammatory disorders of the GI tract, such 
as Crohn’s disease (CD) and ulcerative colitis (UC). In the former, inflammation is often discontinuous, transmural and 
may involve any part of the GI tract (although predominantly affecting the terminal ileum and colon) while in the latter 
inflammation is typically continuous with mucosal lesions confined to the colon [18,61]. The pathophysiology of IBD is 
multifactorial and still unclear, linked to an abnormal intestinal immune response to the gut microbiota in genetically 
susceptible individuals [18,61].  
 Microbiota changes in IBD are characterized by a higher proportion of Actinobacteria and Enterobacteria 
(containing many of the gut pathogens) and decreased load of Bacterioidetes and Firmicutes, especially in regions of 
active inflammation [20,61]. The latter groups of bacteria are known to produce SCFA metabolites with potent anti-
inflammatory activity [20,61]. 
 Anti-inflammatory drugs (topical or systemic), such as aminosalicylates (e.g., 5-aminosalicylic acid (mesalamine) 
and its azo derivatives sulfasalazine, balsalazide, and olsalazine) and corticosteroids (e.g., prednisone, hydrocortisone) 
are the first approach in the treatment of IBD. In case of persistent disease activity, adverse events to aminosalicylates 
or severe refractory IBD, immunosuppressant drugs are used, such as thiopurines (azathioprine or 6-mercaptopurine), 
cyclosporine or tacrolimus, and ultimately biological agents like infliximab (a tumor necrosis factor (TNF)-α inhibitor), 
methotrexate, or natalizumab and vedolizumab (integrin inhibitors) [20,61,62].  
 Probiotics are promising agents for treating and preventing relapse of IBD due to their impact on host gut microbiota 
and mucosal immunoregulation via restoration of the balance between proinflammatory and anti-inflammatory 
cytokines [18,61]. Several RCTs showed benefits of a range of probiotics in IBD, particularly UC and pouchitis, while 
current evidence in CD is less promising [18,61].   

3.3.1   Crohn’s disease 

In patients with CD, multiple studies comparing probiotics and placebo showed no significant difference in clinical 
outcomes [18,20,61], for instance, none of the Lactobacillus strains co-administered with steroids to adult CD patients 
showed any effect on endoscopic remission or on the Crohn’s disease activity index (CDAI) scores [61]. The 
commensal bacterium Faecalibacterium prausnitzii found in lower numbers in patients with CD has been shown to 
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reduce proinflammatory cytokines in Caco-2 cell lines and to attenuate the severity of induced colitis in mice [3,61] 
with potential for the treatment of CD.  
 Small-sized studies showed a clinical benefit of S. boulardii in decreasing stool frequency and improving CDAI 
scores, accompanied by a decrease in the rate of clinical relapse as measured by the CDAI [61,63]. For CD patients in 
remission treated with the yeast, the lactulose/mannitol ratio used to measure intestinal permeability decreased in the 
probiotic group compared with placebo, suggesting a beneficial effect [61,63]. However, a larger trial failed to provide 
any clinical benefit of S. boulardii in relapse rates for CD patients in remission after salicylate or steroid therapies, 
according to the CDAI score [61,63].  
 Very recently, the probiotic mixture VSL#3 has been evaluated as an alternative to ineffective single-strain probiotic 
formulations in the prevention of CD recurrence after surgery [63,64]. Patients with CD were given either placebo or 1 
sachet of VSL#3 (900 billion viable bacteria) within 30 days of ileocolonic resection and re-anastomosis. After 3 
months, patients receiving VSL#3 had reduced mucosal levels of inflammatory cytokines compared with those 
receiving placebo, although there were no statistical differences in endoscopic recurrence between the two groups. 
However, VSL#3 was found to exert 12-month protective benefit in patients that started therapy immediately after 
surgery compared with those starting it after 3 months of placebo treatment, which warrants further investigation of 
VSL#3 as a potential probiotic agent for CD [63,64].  
 Altogether, there is not enough evidence for a beneficial role of probiotics in induction or maintenance of remission 
in CD [3,61,63].  

3.3.2   Ulcerative colitis 

Probiotics, either alone or in addition to standard IBD therapy, have shown promising results in induction and 
maintenance of remission of UC.  
 Bifidobacteria-fermented milk, containing Bifidobacterium strains (B. breve and B. bifidum) combined with L. 
acidophilus, showed significant improvement in cytokine profile, Clinical Activity Index (CAI) and histological scores 
when compared with placebo or no additional treatment [61]. On the other hand, a triple combination of B. longum, L. 
acidophilus and E. faecalis improved clinical symptoms and colonic mucosal inflammation in UC patients when 
combined with 5-aminosalicylic acid [61]. 
 On the other hand, the non-pathogenic strain E. coli Nissle 1917 was found to be equivalent to mesalamine for UC 
remission and maintenance, both in adults and in children [20]. Similarly, no difference in preventing relapse of UC has 
been found between the probiotic (1011 CFU/d) and standard mesalamine therapy (2.4 g/d) when combined with 
prednisone and oral gentamicin [20]. 
 Ambulatory adult patients and children with mild to moderate UC not responding to conventional therapy showed 
induction of remission after treatment with the multistrain probiotic VSL#3, without adverse events [20]. Regarding the 
effect of VSL#3 in the pediatric population, administration of the probiotic mixture to children with acute UC, along 
with concomitant steroid induction and mesalamine maintenance therapy, led to remission in 92.8% of treated patients 
compared with only 36.4% in the placebo group, with relapse rates of 21.4% and 73.3%, respectively, within 1 year of 
follow-up [20,61]. Overall, probiotics may be beneficial in mild-to-moderate UC as adjuvant therapy [3,20]. 

3.3.3   Pouchitis 

 Pouchitis is an iatrogenic condition that occurs in approximately 50% of patients following proctocolectomy with 
ileal pouch-anal anastomosis for chronic UC. Broad-spectrum antibiotics, such as ciprofloxacin and metronidazole, are 
the standard therapy for pouchitis [61,65].   
 According to a recent Cochrane review, no difference was observed in clinical improvement between LGG and 
placebo for the treatment of acute pouchitis, neither between B. longum and placebo for prevention of pouchitis [65]. 
On the other hand, a pooled analysis suggested that VSL#3 was more effective than placebo for maintenance of clinical 
remission in chronic pouchitis [3,65]. Moreover, 90% of patients on the VSL#3 probiotic group had no episodes of 
acute pouchitis during the 12-month follow-up compared to 60% in the placebo group, suggesting a preventive role for 
the probiotic [3,65].  
 Evidence from systematic reviews and meta-analysis suggests that probiotics (particularly VSL#3) can provide 
considerable benefit in the treatment of acute pouchitis and maintenance of clinical remission [61,65].  

3.4   Irritable bowel syndrome 

Irritable bowel syndrome (IBS) is a GI disorder characterized by the association between recurrent abdominal pain or 
discomfort and a change in stool consistency or frequency [66] whose etiology remains unclear. The pathophysiology of 
IBS is multifactorial and has been linked to alterations of the gut microbiota, small-bowel bacterial overgrowth, and 
abnormal function along the brain-gut axis associated with GI hypersensitivity, motor dysfunction, and deregulated 
mucosal immune responses directly related to deterioration of intestinal barrier function, leading to disease symptoms 
like discomfort and pain, diarrhea, constipation, or alternating bowel movements [12,66]. 
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 There is no cure for IBS and treatment focuses on the relief of symptoms. Changes in diet and lifestyle are often 
sufficient to control mild IBS but moderate and severe IBS may require medication. Fiber supplements are 
recommended for constipation and anti-diarrheal drugs for the control of diarrhea, while anticholinergic and 
antispasmodic drugs can help relieve painful bowel spasms. Antidepressant drugs have also been used when IBS 
symptoms include abdominal pain or depression. Antibiotics are used in IBS cases associated with intestinal bacterial 
overgrowth [66]. Most of these drugs have been associated with adverse events, such as diarrhea, constipation and 
bloating.  
 Probiotics are likely to play a role in amelioration of IBS symptoms due to their impact on the gut microbiota [21]. 
Furthermore, several studies showed a luminal dysbiosis in IBS patients characterized by decreased lactobacilli and 
bifidobacteria, the genera frequently used in probiotic products, which can help replenish these species [66]. Probiotics 
can exert an additional beneficial effect on the intestinal mucosa through suppression of the growth and binding of 
pathogenic bacteria, modulation of the host immune response and enhancement of mucosal integrity, with improvement 
of bowel dysmotility [21]. Results from in vitro studies and from ex vivo cell cultures, as well as from several animal 
models (mice and rats) in which the epithelial barrier integrity had been disrupted before administration of probiotics, 
showed alleviation of IBS-like symptoms and restoration of the barrier function [21]. 
 A systematic review of 19 RCTs with a total of 1,650 IBS patients showed that probiotics were significantly superior 
to placebo in the relief of IBS symptoms and improvement of quality of life (QoL) but failed to identify the most 
beneficial species and strain [67]. A more recent meta-analysis [68] confirmed the beneficial effects of probiotics, 
namely statistically significant improvements in terms of global symptom, abdominal pain, bloating and flatulence 
scores. L. plantarum 299v (DSM 9843) or probiotic combinations were the most effective [68–70]. 
 The dosage in probiotic formulations is also relevant for the therapeutic effect. In a clinical trial conducted with 362 
women with IBS treated with either placebo or probiotic capsules containing B. infantis 35624 at a dose of 106, 108 or 
1010 CFU/capsule for 4 weeks, only the 108 CFU dosage was superior to placebo in the relief of IBS symptoms, 
particularly pain and discomfort [68,71]. The higher dosage (1010 CFU) was associated with low bioavailability due to 
formulation problems, namely resistance to dissolution [68,71]. On the other hand, this same dosage had proven 
effective when provided in a milk-based formulation to IBS patients, where the beneficial effects of B. infantis 35624 
were associated with restoration of the balance between proinflammatory and anti-inflammatory cytokines [68,71].  
 Overall, probiotics are effective in amelioration of IBS symptomatology, showing both strain-specific and dose-
dependent effects.   

4. Safety of probiotics 

Probiotics are generally recognized as safe (GRAS) by the Food and Drug Administration (FDA). Traditional LAB, 
which are normal colonizers of the human body and prevalent in fermented food, have a safety record of human 
consumption. Bifidobacteria share a similar safety profile [19]. However, the therapeutic use of probiotics is 
recommended only in specific situations and for certain probiotic strains at appropriate doses.  
 Probiotics are usually intended for the otherwise generally healthy population and several studies have documented 
the safety of short-term probiotic interventions in immunocompetent individuals [39,72]. Moreover, no increased 
incidence of lactobacilli-induced bacteremia has been observed after the introduction and widespread use of dairy 
products supplemented with probiotic Lactobacillus in Northern European countries, according to population-based 
studies [53].   
 However, probiotic use by preterm infants, immunocompromised and chronically ill individuals requires caution and 
the risk-benefit ratio must be carefully considered before recommendation [73]. There are also several underlying risk 
factors, such as indwelling catheters and GI disorders associated with compromised gut permeability and/or immunity 
that can enhance bacterial/fungal translocation and predispose to probiotic sepsis [40].  
 There is a risk of fungemia with S. boulardii in immunocompromised individuals and sporadic infections, including 
bacteremia, septicemia, pneumonia and deep abdominal abscesses, have been reported in neonates, severely debilitated 
and immunocompromised patients, such as those with HIV, severe neutropenia, and cancer, as a result of probiotic 
administration [74]. On the other hand, there are studies reporting the safety of probiotics in preterm neonates, and in 
immunocompromised children and adults with HIV [38]. Endocarditis has been reported in patients with damaged or 
artificial heart valves treated with lactobacilli [74]. There are also documented cases of adverse events that resulted 
from probiotic use by patients under enteral or parenteral nutrition with pancreatitis or undergoing transplant [72]. 
Therefore, it is advisable to avoid probiotic use in populations at risk for adverse events until further trials that produce 
robust data on probiotic safety have been conducted.  

5. Conclusions 

Current evidence supports the role of probiotics in a broad range of GI disorders, the best documented case being the 
prevention and treatment of acute infectious diarrhea. Future studies addressing safety, identity, stability and GI 
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survival of probiotics are needed to identify the optimum strain(s) or strain combinations for specific GI disorders, 
optimum doses and duration of therapy. Moreover, mechanisms of action should be clarified before translational to the 
clinical setting. 
 The clinical efficacy of a probiotic product depends on the specific strain, dosage, formulation, residence time in the 
gut, microbial viability on the shelf and in the intestine. Thus, it is difficult to make recommendations concerning 
specific probiotic products unless clinically tested in its final formulation and marketed dosage. Additionally, the 
quality, composition, and formulation among probiotic products vary widely, mainly due to lack of regulation of the 
probiotics market since mostly all probiotic products are marketed as foods or dietary supplements. Probiotics are 
mainly targeted to the generally healthy population and although empirical evidence suggests there is minimal potential 
for harm with probiotics, due caution is recommended in the administration of probiotics to immunocompromised 
individuals.  
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Sub-Saharan Africa (SSA) loss about 76% kilocalories (Kcal) of food produced annually before processing, which 
calls for urgent interventions in order to meet sustainable food security and human development in the region. The 
interest of international and regional institutions is aligned to increasing the agricultural productivity than reduction of 
massive food loss in supply chain (FSC), which leads to less sectoral transformations. This paper recommends on 
development of the fit-for-purpose antimicrobial food packaging materials as the factual agricultural transformation 
mechanism to stimulate agro-processing and sector diversification in developing countries. It endows with emphasizes 
on the prospects existing for the industry in SSA from food production volume, rapid urbanization, increase in middle-
class society, increasingly young workforces, population growth and post-harvest loss in the region. It is well-known 
that the global food production is enough to feed the existing population, however due to high food loss in supply 
system 870 million people is undernourished. Lack of processing and packaging account for 50% of total food lost 
globally. Critical analysis shows that “without packaging, no processing” and establishment of food processing 
industries in close proximity to agricultural production settings improves food security and business value chains. 
Cost-effective and affordable packaging materials show to be the toolkit for nurturing and strengthening local agro-
processing industry, improving food security, increasing product competitiveness and influence the production-to-
consumption phenomenon. 

Keywords: Agro-processing; Fit-for-purpose packaging; Food loss; Food supply chain; Post-harvest loss; Production-
to-consumption 

1. Introduction 

Food security issues arise as special component in 2030 Agenda for Sustainable Development (SDG 2), and human 
development and ability standards [1]. As food security is manifested through food availability, food accessibility, 
food utilization and food stability in a particular community, these pillars can be dictated by engaging advanced 
technologies throughout food supply chain (FSC) [2]. The lack of processing and packaging materials contributes 
over 50% agricultural produce, which in turn increases incidence of hunger, starvation, malnourishment and 
diseases. The efforts played by international organizations and developing partners, especially in sub-Saharan Africa 
(SSA), has led to expanding cultivated land and not productivity [3,4]. The contribution of agricultural sector in 
food security and poverty reduction, which employs 70-80% of rural population in SSA have changed 
insignificantly. The cause is very clear that agricultural activities in SSA have realized poor technological 
transformation in the FSC, which attracts high post-harvest losses (PHL) and poor diversification on the sector. To 
date, no holistic measures for value addition of food products in changing market economy and lifestyles have been 
pursued [5]. Technology absorptions have been vulnerable to low economies of scale, socioeconomic issues and the 
design of many regional and international projects that attached to food productivity for self-sufficient through 
extension programs and nothing beyond business [6].  
 In fact, economic growth and development are vital in reduction of poverty and hunger in developing countries. 
However, scientifically the economic growth and development may have insignificant contribution in intervention 
of the existing hunger, without traditional-base excellent scientific initiatives and policies [7-9]. Changing paradigm 
in food processing is iteratively process since 1700s from food salting, sun drying, chilling, fermentation, canning, 
irradiation, Ohmic heating to emerging nonthermal processing technologies [10]. The current increase in population 
growth, population resettlement and migration, urbanization, shortage of water and climate change, all need massive 
contributions of science and technology. As well food security issues should deploy science and technology to give 
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sustainable food security and cost-effective packaging materials to food producers in SSA. Thanks to current 
development of active antimicrobials packaging and the application of nanotechnology in food industry, which have 
promising future to develop packaging materials using locally cheaper and readily available materials in packaging 
industry [11-13]. 
 In addition, developing sustainable packaging materials could address the contemporary trends in need of mildly 
processed, preserved food products and guaranteeing the safety and quality of food products [14]. From this 
perspective, SSA should call for policies to invest in human capital and research facilities and support the absorption 
of emerging technologies, technology transfer and adoptions for the betterment of the agricultural sector. Investment 
of science and research within the FSC with scientific consciously implementation of outcomes is important to halt 
food insecurity in SSA [10]. Development of agricultural sector in Asia is characterized by science and technology 
ideas supported with national, regional and international policies to create the connectivity of agricultural products 
and society needs [6,15,16]. 
 The global food production base shows the produced food can feed 7 billion people [10,17]. However, 30-40% of 
food produced is lost in FSC and most of the food loss occurs in developing countries, especially in SSA [18,19]. It 
is estimated that 1.3 billion tons of foods, 670 million tons from developed countries and 630 million tons from 
developing countries [20], are lost and can feed 870 million people each year [9,21,22]. The current food loss and 
waste need to shift the investment strategies to perceive throughout the FSC, from agriculture for household’s self-
sufficient agendas to agriculture as business. Increasing the innovative technologies throughout the FSC is a 
necessary revitalization strategy. Situation analysis shows that investment in food processing and packaging 
materials would be the core modernization strategies of agricultural sector in SSA as proved in Asian countries 
[2,12,16,23]. Cost-effective packaging materials is an efficient and effective tool stimulating food processing, 
reduction of food loss and waste [15,21,23-25]. Packaging at local food producers increases the distribution 
succession from production-to-consumption and generate more opportunities throughout the FSC [26]. Food service 
creations in FSC will reduce plague-ridden foods with insects, rodents and contaminating agents like spoilage and 
pathogenic microorganisms of unprocessed foods [20,27-29]. It worthwhile to divert heavy amount of money 
channelled to support conventional projects to food processing and packaging for sustainable livelihoods of rural 
poor people in SSA.  
 This chapter is restricted to the roles of developing the packaging materials integrated with food preservatives as 
effective initiative for sustainable food security in developing countries. It entails in the roles of packaging 
technology and packaging opportunities in SSA through investing in small-scale food producers. In addition, 
presents the concept of antimicrobial packaging, antimicrobial agents and its relevant global industrial applications. 
Finally, the paper provides the potential and limitations of new technologies with respect to the scope of this 
chapter. 

2. The roles of packaging technology in food security 

Packaging technology in food industry can be defined as the technology materials for containing and protection of 
food products during their storage, sales, use and distribution [24]. Packaging materials are classified into primary, 
secondary and tertiary packaging, however, many revolving technologies for extending food shelf-life deal with 
primary food packaging materials [21,30]. Package comprises of packaging container, food products and headspace. 
Package protects food products from contact with spoilage microorganisms, chemical contaminants, moisture and 
oxygen intrusions and other factors such as enzymatic and biochemical reactions [31]. Food packaging, reduce the 
storage and handling challenges, improve transportation of agricultural products and improves the quality and safety 
of food products throughout the FSC [16,25]. Therefore, successful food processing industry is dependent to 
availability of the packaging materials [15]. This ensures that most of produced foods can be available and accessed 
to consumers and maintains their wellbeing, from food security point of view.  
 Olsson et al. [30] described packaging as the toolkit for food diversification, which cannot be ignored in FSC and 
as the engine of food service industry in terms of value addition, functions, customer communication, market 
differentiation, branding and cost aspects. It is a modernizing agent for outdoor food services including fast food 
outlets, restaurants, motorway service stations, bistros, cafés, motels and hotels. The food competitiveness depends 
on the packaging and customer profiling to the packaging materials [30]. 
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3. Food packaging opportunities in developing countries  

The global economic contributions of African countries is expected to be 25% by 2050, with the largest global 
workforce by 2040, increasing middle-class population comprising youth, increase in urbanization and technological 
advancement.  

3.1   Food production and post-harvest losses 

According to Manalili et al. [24] investment in packaging industry in developing countries is inevitable. The region 
contributes 60-80% global food production and has high agricultural growth opportunities than developed world [8]. 
In addition the qualitative and quantitative PHL in the region is higher accounting as lower as 10-40% and higher as 
50-70% [3,19,22,32-35]. In developing countries, the loss is before processing due to lack of storage and handling 
facilities and transportation while in developed world food loss occurs during retailing, distribution and 
consumption, hence mainly PHL is determined by technological advancement positioned in FSC 
[9,10,12,15,20,21,36,37]. Fig. 2 shows that 39% Kcal of food is lost during production, 37% Kcal during storage 
and handling, 7% Kcal in processing and packaging, 13% Kcal in distributing and marketing and 7% Kcal during 
consumption in SSA [29]. Empirically, low food loss during consumption implies low volume of foods enters into 
such segment. The data is frustrating that 76% of food produced in SSA is lost without reaching the processing and 
packaging stages. The question remains whether Africa needs agricultural intensifications to meet the sustainable 
development or not? In which extent the lost food could contribute to poverty alleviation and sustain food security 
of the community in SSA?  
 The FSC shows that empirical processing and packaging industry are vital to stabilize the food availability and 
price volatility in SSA by increasing the availability of foods to the higher segments of FSC from food producers 
[2,16,25,26,38]. Food and packaging are hotspots for pulling more food products from producers to consumers to 
address the production-to-consumption phenomena. However, the political structure and socio-economical state 
transformation should be the key changing factors for the implementation. SSA loss 20-30% of grains which can 
feed 48 million people per year worth more than US$4 billion annually and exceed the amount of food aid received 
[22,39]. In Indonesia 6% of rice substantial to feed 204 million of Indonesians are lost every year from rodents [8]. 
India produces 263 million tons of food and requires on 225-230 million tons per year but 40% of foods is lost worth 
US$ 8.3 billion [23]. Equally, the annual production data for 2005-2007 from 16 countries of East and Southern 
Africa for six cereal crops shows that 46.19 million tons were produced and the loss was estimated US$1594 million 
[34]. The annual production and value of weight loss (in bracket) were 27.01 million tons (920 US$ million) maize, 
4.72 million tons (139 US$ million) sorghum, 1.67 million tons (60 US$ million) millet, 5.15 million tons (240 US$ 
million) rice, 5.25 million tons (187 US$ million) wheat and 1.71 million tons (48 US$ million) barley.  
 For decades no comprehensible and long-term solution has been implemented for intervention of PHL dynamics 
in FSC, beside various scientific recommendations [7,22,32,33]. Many recommendations and food production 
programs have been focusing on increasing agricultural production to meet the population growth [8,40], extension 
services and capacity building to farmers, hoping for more foods without empirical engagement in addressing the 
PHL and processing issues [3,17,29].  
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Fig. 1   Global food loss in FSC by region. Modified from [29]. 

3.2   Population growth and malnutrition 

SSA has recorded high population rate of 949 million people and high rural-city movements of people than any 
region of the world [5,41]. High population and increased of skilled labor in SSA reveal new horizon of investment 
in agriculture and encourage this society to engage in diverse agricultural production chain. Unpredictability of 
agricultural activities in rural Africa cause influx of human resettlement and urbanization in Africa pointing other 
economic production sectors which lead to further adjustment in eating patterns and more food required in cities 
[16,26]. Poor agricultural diversifications and value chain lead to erratic food prices in both urban and rural areas 
which cause hunger, starvation, chronic diseases and malnourishment severity [5]. Between 2012 to 2014 Food and 
Agriculture Organization (FAO) estimated over 12.5% of world population representing 870 million people were 
chronically undernourished globally and 170 million are children under 5 years of age in SSA [4,10,17,23]. 
Considering the amount of food lost and the number of people living under severe malnourishment, we can conclude 
that PHL is the main cause of global malnourishment and food insecurity.  
 The level of malnourishment in SSA from 1990s to 2014 remains at 218-234 million people [1,36] as the 
reduction by about 10% from 33.3 to 23.8% compared to same in South-Eastern Asia recorded the reduction of 30.3 
to 10.3% [41]. In term of population (in million) the reduction of malnourishment rate from 1990s to 2014 in Africa 
was 170 to 234, Southern Asia 327 to 304, South-Eastern Asia 134 to 65, Eastern Asia 261 to 167, Latin America 
and the Caribbean 65 to 49, Western Asia and Northern Africa 13 to 25, Caucasus and Central Asia 9 to 6, and 
Oceania remained 1 [10]. Stringer, [8] suggested policy-based strategies to combat food insecurity and 
malnourishment by encouraging international and region to support technological and research investments with 
increased research infrastructure and human capital. Secondly, technological scale-up of agronomical production 
constraints in Asia and Africa. And the last is in PHLs control which covers all prospects of food security from food 
availability to food stability in a particular society. PHL control measures should depict on entire and connect 
agriculture production to consumption through processing and packaging of agricultural yields [2].  

3.3   Food processing and packaging materials 

The need of effective packaging materials in development countries is derived from steady increase in food 
production sector, volume of food produced and increased change in daily diet pressurized high urbanization, 
population growth and change in daily lifestyle [5,24,26]. Olsson et al. [30] has already mentioned the importance of 
packaging in food service provisions in maximizing food value, diversification and food safety. In addition, cost-
effective and affordable packaging material reflects food processing industry and is the means to ensure smooth 
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supply of food from production sites to consumers during distribution and marketing [15,21,23,24]. Lack of 
processing and packaging account for 50% of global food loss in FSC [25,37], which falls in the scope of this 
chapter.  
 Manalili et al. [24] showed that, the volume of trade among the developed and developing countries in food 
packaging materials is equally shared, which in absolute term is off-shore production in vegetable, fruits and other 
plantation crops [1,24]. Asian countries with successful story of agricultural sector like Indonesia, the Philippines, 
Thailand, Malaysia and Singapore have heavily invested in food processing and flexible packaging materials to local 
processors since agricultural green revolution [12,16,23]. Availability of cost-effective packaging materials plays a 
key role in obsolete modernization of self-sufficient subsistence agricultural model to agricultural business 
[6,22,32]. The need for processing and packaging of food products aligned with business strategies would be of 
important in 21st century. 
 As recommended by United States, [4] governments in SSA, development partners, donors, technical agencies, 
civil society organizations and private sector supports are needed to create the society with high incomes, well-
nourished and increased resilience [2,6]. Equally, dependency on expensive imported packaging materials remains 
the challenge of progressively agro-processing in SSA. Fig. 3 shows some packaged foods in Arusha, Tanzania, 
depicting the levels of packaging materials at various industrial levels. In some cases, homemade and local food 
producers salvage the water and beverage packaging materials for packaging of juices, honeys and cooking oils 
among others. This group needs cost-effective fit-for-purpose packaging materials with new functionalities and 
efficiency.  

 

Fig. 2   Poor and unsafe packaging materials from local agro-processors, which hinder agro-processing competitiveness as taken 
from Arusha, Tanzania. 
  
 Whatever so, the packaging materials used in food packaging demonstrate low competitive edge in marketplace 
and limit their capability for improved quality standards of the agro-products, which influence consumer 
discriminatory behavior. It is clear that poor packaging materials are not competitive to the current market and food 
consumption patterns due to quality loss from microbial deteriorations and environmental stresses. This leads to low 
contribution of agricultural sector in SSA poverty alleviation strategies and economic development. Therefore, 
nurturing and strengthening of local agro-processing and packaging industry would improve the agricultural sectors 
and the need for centralized food production systems with long distribution distances. New processing technologies 
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and/or upgrading traditional processing practices which align with investments and returns are required to improve 
food security and malnourishment indices in SSA [7,9,24]. However, the availability of packaging materials would 
better reflected by building smooth supply connections from production to consumer through market networking, 
energy stability and affordable transport networks to support the existing and new market efficiently [3,15,17,26]. 
 Manalili et al. [24] proposed to procure the second-hand machinery for producing the friendly packaging 
materials for ready-to-eat foods with some relaxations on food safety issues. This would increase the production 
efficiency and produce more acceptable product while staging to the next-production level and building the business 
chain. 

4. Antimicrobial packaging and food preservation strategies  

Antimicrobial packaging refers to integration of antimicrobial agents into packaging system for the purpose of 
preventing microbial growth on food product and extending its shelf life [13,42]. Antimicrobial packaging system 
aims at (i) food safety guarantee (ii) food quality continuation and (iii) shelf life extension of food products. 
Beneficial features of antimicrobial packages include extension of shelf life of foods, production of less expensive 
packages, to reduce the processing labor and use low amount of antimicrobial or produce a free-preservative 
package. In addition, antimicrobial packaging tends to use low amount of substance to offer maximum protection of 
food products because less or no inactivation of active substance occur and has localized functional effects to food 
surface where microorganisms tend to grow [14,43]. The activity of antimicrobials in the packaging causes the 
extension of the lag phase of target microorganism by contact or by slow release from packaging materials. Longer 
period release of antimicrobial has been the interest of many research to offer for maintained shelf life, as well as 
improved quality and safety of food products in FSC [42,44].  
 The use of antimicrobials in food packaging systems have been motivated with the safety and stability challenges 
of conventional food packaging. It can be broadly categorized into two main systems namely migratory and non-
migratory packaging systems [45,46], however, many of industrial products in the market and active research is on 
the former system [42,47]. In this respect, developing antimicrobial packaging can solve many challenges of SSA 
food processing where local agro-processors tend to overdose the foods with preservatives. The practice, make 
uncompetitive food products and discriminatory consumption system at different social levels. Over-dosage of food 
preservative makes even more consumer vulnerable to food safety issues with foodborne outbreaks due to microbial 
gene resistance to preservatives, cancer, gastrointestinal tract disorders and introduction of new pathogens.  
 Many products show compositional inconsistencies to comply with scientific recommendations due to lack of 
basic knowledge and skills in food processing such as the use of chemical preservatives. The roles of regulatory 
authorities on providing technical and scientific recommendations on food safety issue to local entrepreneurs 
through extension and publicity is definitely low. With introduction of antimicrobial packaging, many packaging 
limitations such as availability of preservatives and packaging materials will be detached. As in many reports on 
antimicrobial packaging, other formants of packaging can be used out of integrated antimicrobial onto packaging 
materials. The use of inserts of sachets/pads in the package into the head space, polymer formulated homogenously 
or coated with antimicrobial compounds, and immobilization of antimicrobials to the surface of polymers would be 
useful for to ensure the stability of antimicrobials due to absence of cold chain facilities in many SSA [44,48].  

4.1   Food antimicrobial agents  

Various antimicrobial compounds are used in developing antimicrobial packaging for food preservation and 
extending the shelf-life. Antimicrobial compounds have the capability of inhibiting or preventing most of food 
deteriorating microorganisms. In practice, no broad-spectrum antimicrobial agents against all species of 
microorganisms like all yeasts, molds, or spoilage microorganisms. They can be used synergetically in order to 
achieve efficient antimicrobial properties [45]. Both synthetic or naturally extracted compounds are used and have 
been identified by their broad terms such as organic acids and their salts, bacteriocins, enzymes, macromolecules 
(chitosan), natural extracts, essential oils and fungicides have been used in synthetic polymers and edible films [48]. 
Others antimicrobial agents have been from nanomaterials of metals and their salts like titanium, magnesium, 
copper, silver, zinc, canadium, gold and carbon nanotubes (CNs) [13,31,49].  
 Applications of bacteriocins, enzymes and essential oils have gained interests due to their broad activity against 
food spoilage and pathogenic microorganisms [50-53]. Though they have processing stability limitations, their 
release kinetics from polymers are sustainably controlled. The instability of bacteriocins and enzymes processing 
conditions and interactions with the food and polymer matrices has led to limited applications in food industry. 
However, many efforts have been done to setup the processing condition such as pH, temperatures and speciation of 
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packaging materials. In addition, the uses of essential oils in food packaging have been associated with strong flavor 
considerations since at optimal activity; tend to suppress the organoleptic threshold levels of food products. The use 
of metallic nanoparticles and their salts and oxides [46,54-56] as antimicrobial agents in food packaging applications 
is also promising due to their high stability under processing conditions. However, their applications are limited due 
to safety queries of the nanoparticles. 
 During the development of these packaging materials the regulatory concerns and stability suitability in SSA 
environment should be considered. However, the following general considerations should be taken in account: 

(i) The effectiveness of the antimicrobial package(s) against microorganisms in designated type of foods. The 
best choice of packaging should be that could slow down the growth of microorganisms; 

(ii) Effects of the antimicrobial additives on the final physico-mechanical properties on the package or 
structure. However, the effects of antimicrobial agents depend on the its amount added onto the packages 
as small amount added is mainly retained in the porous spaces of amorphous polymer; 

(iii) Chemical nature of materials and their processing conditions on engineering processing of the package; 

(iv) Ultimatum of the action, if leads to reduction of growth rate or cell death of microorganisms; 

(v) The diffusion rate of antimicrobial agent(s) from package onto food matrix linking to their toxicological 
reaction and regulatory concerns; and  

(vi) Optimal conditions for antimicrobial activities related to food composition such as pH and acidity. 

4.2   Industrial landmarks of antimicrobial packaging 

Antimicrobial packaging system for controlling microbial growth on some fields is widely used now in some 
countries [31,42,47]. In SSA, the USA based-technological company is collaborating with some Africa based 
companies in manufacturing biocidal mosquito nets in the region. For instance, A to Z Textile Mills Ltd in Tanzania, 
produces the long lasting mosquito nets to control the malarial endemic in the region. The technology is very visible 
and the malaria cases have been declining in some regions where the local community complies with use, as are 
available at subsided costs. The equivalence case can be used for developing new packaging materials incorporated 
with antimicrobials for food packaging to combat the PHL in developing countries. These packaging should be 
available at lower cost than market values or at subsidized costs to local entrepreneurs. The impact of developing 
local agro-processors using affordable technology to them would reduce the PHL, which in turn would improve food 
security. 
 Practically, many companies have been involved in manufacturing food related packaging materials incorporated 
with antimicrobials. Most products have nanomaterial-related ingredients to enhance the antimicrobial activity and 
performance of the packaging. Common polymers used to incorporate antimicrobials include polyolefin such as 
LDPE and PP, substituted olefins such as PS, polyesters like PET and polyamides (nylon). Recent literature shows 
that silver-based antimicrobials and migratory packaging is predominant in the industry ranges from household to 
consumer products [42,47]. Leading countries in manufacturing of antimicrobial food packaging are Japan and USA 
and other includes South Korea, China, Brazil, South Africa, and Switzerland (Table 1). Despite wide application of 
antimicrobial packaging in the developed countries, there are much stretched regulations in European countries due 
to safety uncertainty of antimicrobials to consumers [13,42,46].  
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Table 1   Summary of some industrial antimicrobial food related packaging products [31,42,45,57]. 

Trade Name Antimicrobial Manufacturing Company  
Apacider Silver zeolite Sangi (Japan) 
Zeomic  Silver zeolite Shinanen Company (Japan) 
Bactekiller Silver zeolite Kanebo (Japan) 
Silvi Film  Silver oxide Nimiko Co. (Japan) 
Okamoto Super Wrap Silver oxide Okamoto Industries, Inc. (Japan) 
Ionpure  Silver/glass  Ishizuka Glass Co. (Japan) 
WasaOuro Allyl isothiocyanate Green Cross Co. (Japan) 
Wasa Power Allyl isothiocyanate Sekisui Plastic Co. (Japan) 
Ageless SE Silver  Mitsubishi Gas Chem. (Japan) 
Acticap Ethanol Freund Corporation (Japan) 
Take Guard  Bamboo extract Takex Co. (Japan) 
Piatech  Silver oxide Daikoku Kasei (Japan) 
Microban  Triclosan Microban Products (USA) 
BlueMoonGoods™ Silver nanoparticles  BlueMoonGoods, LLC (USA) 
MicroGarde Clove RhonePoulenc (USA) 
MicroFree  Silver, copper oxide, zinc silicate DuPont (USA) 
AgION  Silver  AgION Technologies LLC (USA) 
Biomaster®  Silver  Addmaster Limited (USA) 
Surfacine  Silver halide  Surfacine Development Co. (USA) 
Novaron  Silver zirconium phosphate Milliken Co. (USA.) 
FresherLonger Nanosilver Sharper Image (USA) 
Baby Mug Cup ( Silver  Baby Dream Co., Ltd., (Korea) 
Salad Bowl Silver nanoparticles Changmin Chemicals, (Korea) 
Biocleanact  Antibiotics  Micro Science Tech Co.(Korea) 
NS-315 Water Bottle Silver  A-DO Global (Korea) 
Cleanaid  Silver zeolite  Gyunghyang Ind. Co. (Korea) 
Grape Guard  Sulfur dioxide  Quimica Osku S.A. (Chile) 
Uvasy  Sulfur dioxide  Grapetek (South Africa) 
Ultra-Fresh Triclosan Thomson Research Associates (Canada) 
Sanitized, Actigard, Saniprot Triclosan Sanitized AG/Clariant (Switzerland) 

5. Technological potentials and limitations 

5.1   Potential of packaging 

Many advantageous features of antimicrobial packaging for SSA have been highlighted above. The cost-effective 
fit-for-purpose antimicrobial packaging material in subsided values embodies two trade-off facets. The commercial 
and business features represent the first component of packaging materials to community. Small segment of people 
in rural and outskirts will engage in supply of materials and processing of agro-products which can connect the 
production segment to consumers out of production settings. This holds diversification aspects of agricultural sector. 
The second facet is that subsidized cost based on purchasing power will create more specialized agricultural 
segments and will address the resilience aspects of rural community, especially women and young people to control 
and modernize FSC from production, processing and packaging to distribution and marketing. This emphasizes the 
need for early technological adoptions to the large population of people hampered with low economies of scale in 
SSA [3,9,22].  

5.2   Limitations of technological adoptions 

The adoption of new technology can be received in mixed sense, that it is always dependent to political will, key 
stakeholder involvements, socio-economic conditions, cost involved, cultural implications and training and 
sensitization programs [3]. Political and key stakeholders’ involvements are the key to success in any program to 
influence the adoption and technical backstopping of the program and market networking [9,41]. Compressive 
analysis shows that, the agendas on global reduction of food loss and waste are nearly triggered with strikes in food 
prices. Starting from 1975 to 1985 PHL reduction received high attention due to price volatility of grains in 1974 
and the first World Food Conference redefined food security concept and the United Nations General Assembly 
adopted in its Seventh Special Session in 1975 to halt by 50% of food loss and waste by 1985 [9,20,41]. At that 
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time, many SSA established Food Reserve Bureaus to oversee the availability of foods in their countries especially 
for grain [9,19,41]. After food price stabilization in 1985 many supporting nationals including Japan, UK, Canada, 
Denmark, Germany, Australia, USA, FAO, UNDP pulled out their support. The food crisis in 2007/08 caused riots 
in some 23 countries (14 in SSA) which revived again the agenda of reduction in food loss and waste [4,6,10,32]. 
Some efforts have been placed rigorous restructuring the existing food reserve bureaus and formation of 
Unclassified Food Reserve institutions to provide the early warning on the state of foods. With currents erratic 
droughts and El-Nino rainfall in SSA could intensify the scenarios of food insecurity redressing through mitigation 
of food loss [7].  
 Therefore, the PHLs of food might be not well addressed globally through sustainable strategies at both regional 
and international levels. If the issue of PHL could be addressed continuously from 1970s to 2000s, the reduction of 
food loss and waste could be well addressed and more foods would be available to consumers. This need joint 
efforts from producers, food producers, governments, regional and international institutions and private sector to 
reach the well-health and food secured society.  

6. Conclusion: future trends in packaging  

The amount of food loss within FSC globally is the current challenge to attain the sustainable food security and 
poverty alleviation in developing countries and especially in SSA. Also, the global population living under severe 
malnourishment because of low availability of food is large. However, food produced in the world is enough to 
sustain the current population. Government leaders, regional and international institutions should come up with 
tangible solutions of food loss. Conventional policies of increasing agricultural productivities have stressing the 
environment and ecosystem due to increased putting land under cultivation and application of chemicals. Beyond 
that food processing and packaging have benchmark in assisting in agricultural sector development as during the 
green revolution in Asian countries. Putting more efforts in processing and packaging of food products engage more 
people in FSC, stabilize food products, make food safer to consumers and make small farmers to think beyond self-
sufficient food production scenarios. This means, without deliberate efforts in investing throughout FSC using 
scientific proved strategies in PHLs control, the world will not advance the food security issues and feed the hungry 
population.  
 Present understanding on the stages in which high food loss occur can help to develop more rigorous strategies 
and determine the efforts required to be integrated to address the problem and other related factors in the agricultural 
sector. In SSA where food processing and packaging marks at the lowest record, with unsafe foods, severe 
malnourishment, hunger, chronic diseases and food insecurity; cost-effective fit-for-purpose packaging materials are 
needed. Antimicrobial packaging integrated with preservatives is advantageous to address various food processing 
and packaging bottlenecks in SSA. The packages reduces the extra-cost of buying preservatives, can be easily used 
by unskilled labors and extend the shelf-life of food products for longer time compared to conventional food 
preservation methods. This increases margin values of food, increases food competitiveness edge, provides safer 
food, healthier and more nutritional food products. Therefore, antimicrobial packaging can be the revolutionization 
toolkit of FSC during transport, storage, processing, packaging, and distribution and finally as motivating agent for 
agro-processing industry in SSA.  
 Opportunities to establish packaging industry in SSA are many. It records, high population growth, high 
urbanization and high proportion of arable land for food production. With availability of packaging material 
agricultural production would connect more farmers that are specialized, processors, distributors and business. The 
production-to-consumption scenario in local agricultural production will lead to competitive food service industry 
for internal and international trade. Equally, it reduces the food lost unprocessed, reduces hunger and starvation and 
ultimate makes sustainable livelihood, health and food security. At large, the kind of packages is of paramount in 
this era of global food insecurity, high PHLs, global population increase, climate change, and increased competition 
of water for agriculture and domestic use.  
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refrigerated chamber 

L. Partida Ruvalcaba1,*, V. Eng Felix1, F. Ayala Tafoya2, T. de J. Velazquez Alcaraz2, T. Diaz Valdes2, 
M.G. Yañez Juarez2 and R. Medina Lopez2 
1 Career in Sustainable and Protected Agriculture, Technological University of Culiacan, km 2 Culiacan-Imala road, col. 

Los Angeles, PC 80014, Educating, Sustainable and Knowledge City, Culiacan, Sinaloa, Mexico 
2 Faculty of Agronomy, Autonomous University of Sinaloa, km 17.5 Culiacan-Eldorado road, PO Box 25, PC 80000, 

Culiacan, Sinaloa, Mexico. *Corresponding author: parpolo@yahoo.com.mx. 

The objective of this research was to determine the shelf life of bananas, oranges and mangoes stored in sealed polystyrene 
containers within a refrigerated chamber with temperature 3-9 °C for oranges and 10-12 °C for bananas and mangoes, high 
relative humidity (85%) and renovation frequent of the air by the chamber compressor. Oranges were harvested directly 
from the orchard and washed with water with 150 mg L-1 sodium hypochlorite. The bananas were collected at the Culiacan 
market in Sinaloa, Mexico, with maturity indexes 1, 2, 3 and 4, and they were then washed with chlorinated water at 5 mg 
L-1 and dried manually. Mangoes were acquired when they were in the index of physiological maturity. When bananas 
with maturity index 1 were stored in polystyrene containers closed, their shelf life was 21 days until showed the maturity 
index four, but control who were confined in the bottom tray of the refrigerated chamber were badly damaged. Oranges 
quality was preserved and shelf life was extended for more than 100 days without symptoms of deterioration. Mangoes 
had shelf life of 70 days to submit the sensory maturity index, while controls were badly damaged. 

Keywords: Postharvest; Quality; Color; Firmness; Soluble Solids 

1. Introduction 

One of the most popular fruits in Mexico is orange, of which one of the most cultivated varieties is ‘Valencia’, which 
goes into production in May, is juicy, sweet and its production is oriented to the production of juice. During the last ten 
years, 341 thousand hectares were allocated for this crop, with an average annual growth of 0.2 percent. In 2007 the 
orange harvest was just over four million tons, which placed the country in the fourth place in the world, surpassed only 
by Brazil, the United States of America and India. Veracruz is the leading state in orange production in Mexico, 
followed by Tamaulipas, San Luis Potosí, Puebla and Nuevo León, although in Sonora it is where the highest national 
yield has been recorded, with 25 t ha-1, which has allowed exporting to the United States of America, Japan, the United 
Kingdom and other European countries [1]. Banana (Musa paradisiaca) is a fruit of general consumption in Mexico due 
to its nutritional value, availability all year round and its relatively low price. The average production from 2000 to 
2010 was 2'111,800 t and the respective total and per capita consumption were 2'037,909 t and 19.7 kg. [2], while 
mango (Mangifera indica L.) in 2006 produced 1.7 million tons in 172,000 hectares, and the main producing states 
were Sinaloa, Guerrero, Nayarit, Oaxaca, Chiapas, Veracruz and Michoacán, which contributed 90% of the production 
[3]. 
 There is an increasing consumer demand for high quality fruits and vegetables. Locally–sourced produce that 
visually appeals to the buyer at the time of purchase and is still attractive and tasty upon consumption is considered to 
be high quality. The ideal solution is to preserve the overall quality (organoleptic, commercial, microbiological and 
nutritional) of horticultural products and to meet the demands of the market by to improving post-harvest storage life 
[4][5][6]. Improving post-harvest handling and therefore, the quality and shelf life of oranges, the Mexican producers 
will be better able to take advantage of market windows and increased profitability in its production system. 
 Post-harvest storage techniques, employed once the fruits have been packed for fresh marketing, are intended to 
preserve the fruit quality by maintaining ideal environmental conditions. These conditions reduce respiration and 
promote a longer shelf-life which allows for shipments to distant markets with reduced loss. Among the techniques used 
for preserving fruits and vegetables are cooling, the use of controlled atmospheres, ethylene absorbers, application of 
opaque films, and exogenous application of plant growth regulators [7]. 
 Respiration is the main physiological process that leads to the deterioration of the fruit. Respiration is attenuated by 
low temperatures that reduce the respiratory rate, reduce excessive loss of water, and slow biochemical and enzymatic 
reactions. Maturity is a physiological and biochemical process that is under genetic and hormonal controls, is a process 
that is accompanied by multiple changes at the cellular level, rather than an increase in size [8]. The respiration rate of 
the fruit is reduced by half for every 10 °C reduction in temperature [9]. In climacteric fruits such as mango, 
temperatures above 40 °C cause an increase in respiratory activity; by contrast, temperatures below 13 °C decrease 
respiration and prolong shelf life [10]. Respiration-induced water losses in fruits cause a reduction of fruit weight, 
leading to a decrease in the fruit quality and acceptability [11], these losses often lead to higher losses than 5% during 
marketing, up to 7% in cold storage for three months and commercialization [11]. The low humidity conditions lead to 
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increased transpiration and therefore a high loss of water, which accelerates fruit senescence and a marked loss of 
quality, both wrinkles in the cortex as shrinkage and softening [9]. 
 During postharvest storage, fruit senescence can lead to a loss of fruit quality, including flesh softening, loss of 
acidity, reduction of vitamin C and changes in organoleptic characteristics (taste and palatability) [12]. The reaction rate 
of metabolic processes, which lead to loss of quality, doubles for every 10 °C increase in temperature, and in the range 
of 0 to 10 °C may even six-fold [12]. 
 There are limitations as to the minimum temperatures that can be applied in cold storage. Some tropical and 
subtropical fruit show sensitivity to low temperatures, which is manifested by different alterations and spots on the skin, 
usually known as injury or chilling injury and can cause significant loss of merchantable quality [12]. Fruits should not 
be frozen while in storage. Fruits and vegetables for fresh consumption must maintain an active metabolism, which can 
only be achieved in the liquid phase, so they cannot be subjected to temperatures below freezing between 0 and -1.5 °C 
[12]. 
 Fruits in cold storage should be stored under high humidity to avoid dehydration [9]. The appropriate relative 
humidity for a given product depends on the surface to volume ratio. As this ratio increases, respiration increases as 
well. A relative humidity level between 85 and 95% is advisable to achieve the goal of conservation [9]. Postharvest 
Giant Cavendish bananas (AAA) have been shown to increase shelf life when stored it's in polystyrene containers 
closed within a refrigerated chamber at temperatures of 10-12 °C [13]. 
 The objective of this research was to determine the efficacy of polystyrene containers sealed to increase the shelf life 
bananas, oranges and mangoes stored inside a refrigerated chamber with temperature 3-9 °C for oranges and 10-12 °C 
for bananas and mangoes, high relative humidity (85%) and renovation frequent of the air by the chamber compressor. 

2. Bananas 

After that the bananas with maturity index three were confined in closed polystyrene containers inside the refrigerated 
chamber with a temperature of 10-12 and 8-10 °C inside the containers, they expressed the characteristic yellow color 
of the maturity index four, up to five days after the packaging, until that date (March 10, 2015) showed typical 
symptoms of organoleptic or sensorial maturity, consisting of brown spots on the epicarp of the bananas. The above 
indicates that biochemical reactions such as respiration were diminished by the controlled atmosphere (little oxygen and 
CO2, cold environment and no air circulation) in the polystyrene containers; That is to say, in the conditions of the 
mentioned atmosphere the concentration of oxygen was very little and, consequently, the generations of CO2 and 
ethylene also were very limited, since in conditions closed, cold and to exist little oxygen, as mentioned Salisbury and 
Ross [14], metabolic reactions of methionine may also have been very rare to generate ethylene, a hormone that induces 
maturation of climacteric fruits such as banana. Furthermore, according to Martinez [12], in cold fruits it tends to 
decrease respiration and, therefore, the consumption of O2 and the production of CO2. 
 When the bananas (control) were stored in the lower tray of the refrigerated chamber (Figure 1), at the end of the 
same period (March 6-10, 2015) it was observed that the fruits showed very pronounced signs of organoleptic or 
sensory maturity (brown spots on the pericarp); however, through the touch and the manual pressure it was perceived 
that the firmness of the pulp of the fruits was similar to that of those that were packaged in the containers of 
polystyrene. The flavor was another of the characteristics similar to that of the fruits packaged in the mentioned 
containers. However, the appearance of bananas with brown spots on a large part of the pericarp, would surely inhibit 
their acquisition or purchase by the consumer. 
 Figure 1 shows how the bananas with the maturity index two were stored in the polystyrene containers, with a 
temperature of 10-12 °C inside the refrigerated chamber and 8-10 ˚C inside the containers, had a life of shelf of 12 days 
until March 31, date in which they presented the index of maturity four. This also confirms that in bananas confined to 
this type of containers (controlled atmosphere) placed inside the cooler with cold environment, breathing decreased and, 
as a consequence, also decreased the production of ethylene. However, in the same figure it can be observed that when 
the bananas were confined in the lower tray of the refrigerated chamber with a temperature of 10-12 °C, by March 31, 
2015, they had brown-colored pericarp, although with consistency and flavor acceptable for consumption. 
When the bananas had the maturity index three and on April 16 were stored in the polystyrene containers inside the 
refrigerated chamber with the temperatures mentioned above, they took nine days to present the maturity index four, 
without in the epicarp appeared the symptoms of sensory maturity. According to Wills et al. [8], it can be deduced that 
of the two systems responsible for the synthesis of ethylene, system 1 initiated the synthesis of ethylene but failed to 
trigger the operation of system 2 to allow the synthesis of large quantities of ethylene necessary for full integration of 
maturation processes and acceleration of the maturity of bananas. 
 Contrary to what was observed in the bananas placed in the closed polystyrene containers and the same temperature 
inside the refrigerated chamber (10-12 °C), the fruits that were deposited in the lower tray of the same chamber showed 
the symptoms of sensory maturity (brown spots on the epicarp) six days after storage, indicating that, according to Wills 
et al. [8], system 1 triggered the synthesis of ethylene in greater quantities which made the bananas have a faster 
maturation process compared to the one in the closed polystyrene containers. 
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 Within the closed polystyrene containers with a temperature of 10-12 °C inside, the bananas with four maturity index 
were stored and after 10 days they showed the symptoms of sensory maturity or brown spots. Contrary to what 
happened with the bananas inside the polystyrene containers, in the control that were deposited in the lower tray of the 
refrigerated chamber, to the ten days the epicarp was of dark color which made that the bananas no longer would look 
good for marketing. Fruits with maturity index one, which were also stored inside the containers with 8-10 °C of 
temperature inside, and 21 days later reached the index of maturity four, becoming well known that the ethylene 
production system 1 did not trigger the generation of this hormone in the large amounts typical of system 2, which 
according to Wills et al. [8] delayed the ripening of the fruits. 
 Color, firmness and taste deteriorate as time passes, and as the Brix grades increase from 26.1, 39.6 and 87.4%, 
reaching the indexes two, three and four, respectively, in comparison with index one; but while reaching the index two 
bananas surpassed with 26.1% in Brix degrees to the average of the index one (green), those that reached index three 
surpassed in those of the index two and those that reached index four surpassed in 34.2% to those of index three. 
However, when the bananas began to show brown spots on the cover, the Brix degrees decreased and the fruits already 
presented ethanolic condition or with some fermentation. 
 The results in the change of color, firmness, flavor and degrees Brix had to be product of phenomena like the action 
of the ethylene, the perspiration and the breathing, that although they were diminished by the low temperatures and the 
null circulation of air inside the containers of polystyrene, did not cease to appear during the life of the bananas. 
 

 
a 

 
b 

 
c 

 
d 

 
E 

Fig. 1   Bananas with maturity index two that were stored on March 20, 2015 in polyestyrene containers (a), same fruits on day 24 
(b), 30 (c), 31 (d) and control on day 30 (e). 
 
 Table 1 shows how the color, firmness and taste deteriorate as time passes, and as the Brix degrees increased from 
26.1, 39.6 and 87.4%, reaching indexes two, three and four, respectively, in comparison with index one; but while 
reaching the index two the bananas outperformed in 26.1% degrees Brix to the average of the index one (green), those 
that reached index three exceeded in 10.7% to those of the index two and those that reached the index four exceeded in 
34.2% to those of index three. However, when the bananas began to show brown color spots on the cover, Brix degrees 
decreased and the fruits already presented ethanolic condition or with some fermentation. The results in the change of 
color, firmness, flavor and degrees Brix had to be product of phenomena as the action of the ethylene, the perspiration 
and the respiration, that although they were diminished by the low temperatures and the null circulation of air inside of 
the polystyrene containers closed, they did not stop presenting during the life of the bananas. 
 
Table 1   Sensorial characteristics in four maturity indexes of the banana ‘Giant Cavendish’ (AAA). 

Maturity index Color Firmness Flavor °Brix 

Index 1 G Strong Tasteless 11.1 e* 
Index 2 GY Strong Little sweet 14.0 d 
Index 3 YPG Strong Sweet 15.5 b 
Index 4 YT Half Strong sweet 20.8 a 
Brown spots on cuticle YB Weak Ethanolic 14.4 c 
DMSH ---- ---- ---- 0.24 

*Means with different letter in the same column are statistically different (Tukey, α=0.05). G=green, GY=yellow green, YPG=yellow with green 
peduncle, YT=total yellow, YB=yellow with brown spots. DMSH=Honest Significant Minimal Difference. 

3. Orange 

The skin color of freshly harvested oranges (0 days) was light yellow, but after 90 and 100 days of storage the color was 
bright yellow or bright orange (Figure 3). After 90 and 100 days of refrigerated storage in polystyrene containers, the 
peel luminosity increased. After 90 and 100 days of refrigerated storage in polystyrene containers, there was a 
significant increase in the peel luminosity. Peel luminosity increased by 4.2 and 4.4 respectively, compared to the 
freshly harvested fruit (Figure 2). This corresponded to a 6.1 and 6.4% increase. Similarly, there was significant 
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increase in peel luminosity of the stored fruit compared with the refrigerated controls, 6.1 and 6.4% respectively, 
compared to the freshly harvested fruit (Table 2), and it increased by 4.6 and 4.8% respectively, compared with the 
refrigerated control. The hue angle, which defines the color, decreased by 0.8% in oranges stored for 90 days, and 9.3% 
in those with 100 days of stored and 2.0% in the freshly harvested oranges, compared with the refrigerated controls 
(Table 2), but the trend was toward the yellow (˂90). The chromaticity, indicating the color purity, is increased by 2.0 
and 5.0%, respectively, in oranges stored at 90 and 100 days, compared to the chromaticity of the controls, but for 
oranges freshly harvested increases the increase was 7.3 and 10.4%, respectively. The hue angle, which defines the 
color, only had a statistically significant difference in oranges stored for 100 days in polystyrene containers, decreased 
7.3 in those with 100 days of storage and 0.6 in oranges stored for 90 days and 1.6 in oranges freshly harvested, 
compared with the refrigerated controls (Table 1), but the trend was towards yellow (˂90). This corresponds to a 
decrease of 0.8% Hue angle oranges stored for 90 days, 9.3% those with 100 days of storage and 2.0% in the freshly 
harvested oranges. 
 

 

Fig. 2   Orange cv. Valencia harvested on 04/02/2015 in Culiacan, Sinaloa, Mexico. 
 

 
A 

 
b 

 
C 

 

Fig. 3   Condition of orange cv. Valencia stored for 90 (a) and 100 (b) days in sealed polystyrene containers under refrigeration, or 
stored and refrigerated for 100 days (c) in the tray of refrigerated chamber. 
 
Table 2   Components of color (L, °Hue and C) in orange peel ‘Valencia’ freshly harvested, stored for 90 and 100 days in 
polystyrene containers or 100 days in the bottom tray of the refrigerated chamber (control). 

Treatments Luminosity (L) Hue angle (°Hue) Chromaticity (C) 

0 days 69.1 b* 77.0 a 70.1 c 
90 days 73.3 a 78.0 a 75.2 b 
100 days 73.5 a 71.3 b 77.4 a 
Control 70.1 b 78.6 a 73.7 b 

*Means with the same letter in each column are statistically equal (Tukey, α ≤ 0.05). 

 
 Chromaticity, indicating the color purity is increased by 1.5 and 3.7 respectively in oranges stored at 90 and 100 
days, compared to the chromaticity control but over freshly harvested oranges the increase was 5.1 and 7.3, 
respectively, there was statistically significant difference between the control and stored for 100 days and as well as 
with the freshly harvested, however no significant difference with stored for 90 days and control refrigerated. It 
increased 2.0% in 90 days and 5.0% 100 days storage in polystyrene containers, compared to control chromaticity, but 
with respect to freshly harvested oranges the increase was 7.3% 90 days and 10.4% 100 days of storage. The pulp 
(endocarp) luminosity increased significantly by 10.0% in the oranges stored for 100 days compared with the 
refrigerated controls, by 8.8% compared with the freshly harvested fruit (Table 3). However, °Hue decreased 11.2 and 
12.5% compared with those obtained in the freshly harvested and in control; however, the color hue (°Hue) oranges 
stored up to 90 days was not different from that of the freshly harvested and refrigerated control fruit. 
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Table 3   Components of the color (L, °Hue and C) pulp of oranges 'Valencia' freshly harvested, stored for 90 and 100 days in 
polystyrene containers or 100 days in the bottom tray of the refrigerated chamber (control). 

Treatments Luminosity (L) Hue angle (°Hue) Chromaticity (C) 

0 days 45.4 b* 85.4 b 26.7 a 
90 days 43.6 c 86.0 ab 21.9 b 
100 days 49.4 a 75.8 c 23.2 b 
Control 44.9 b 86.6 a 23.3 b 

*Means with the same letter in each column are statistically equal (Tukey, α ≤ 0.05). 

 
 The chromaticity of oranges stored up to 90 and 100 days in polystyrene containers also varied with respect to the 
refrigerated control, although it should be noted that their values were lower by 18.0, 13.1 and 12.7%, respectively, 
compared with freshly harvested fruit. Considering that the negative or positive value of a* indicates color from green 
to red and the negative or positive values of b* indicate color from blue to yellow, Table 4 shows that the values of a* 
were positive but much lower than those of b*, which also confirms the bright yellow in the peel (epicarp) and pulp 
(endocarp) of oranges. 
 These results indicate that the increase in the yellow of the oranges stored in polystyrene containers increased 
sensory perception, since according to Schvab et al. [15], there is a relationship between sensory perception of sweet 
and acid flavors with the intensity of color, yellow and green in oranges. In addition, with the use of closed polystyrene 
containers at an internal temperature of 6-7 °C in refrigerated chambers operated at temperatures 3-9 °C, peel coloration 
increased, which coincides with the work of Ariza et al. [16], who found that the yellow hue intensifies with increasing 
low temperatures because of the promotion of carotenoid synthesis that leads to the coloring of the orange. Ariza et al. 
[16], also stated that there was a need for post-harvest technologies that degreening the fruit without the use of 
chemicals. In our work, it was the use of polystyrene containers and low temperatures that cause the degreening, yet do 
not contaminate the fruit and, consequently, do not harm the health of consumers or harm the environment. 
 
Table 4   Color parameters (a* and b*) of oranges ('Valencia') freshly harvested, stored for 90 and 100 days in polystyrene containers 
or refrigerated chamber control. 

Temperature Parameter a* 

Peel 

Parameter b* 

Peel 

Parameter a* 

Pulp 

Parameter b* 

Pulp 

0 days 16.0 b* 68.2 b 2.1 b 26.7 a 
90 days 15.6 bc 73.5 a 1.5 c 21.8 b 
100 days 25.4 a 73.3 a 5.7 a 22.5 b 
Control 14.1 c 66.4 b 1.4 c 23.3 b 

*Means with the same letter in each column are statistically equal (Tukey, α ≤ 0.05). 

 
 Results from Table 5 show that the polar diameter of the oranges were affected by the process of random selection, 
however, also it shows that the polar diameter of the refrigerated control fruit decreased by 7.9% compared to the fruit 
stored for 90 days, and by 10.0% compared to the fruit stored for 100 days in containers. The equatorial diameter of the 
refrigerated control fruit decreased by a respective 9.4 and 8.3% compared with oranges stored for with 90 or 100 days. 
This indicates that the refrigerated control oranges experienced a significant loss of water through transpiration. 
 Fruit firmness and Brix are two quality characteristics that will decrease with the passage of time, so for the 
refrigerated control oranges, there was a significant firmness decrease of 18.1% compared to those fruit stored for 90 
days and 8.0% compared to fruit stored for 100 days (Table 5). However, the average of total soluble solids (°Brix) was 
not affected by the storage. Total soluble solids is one of fruit quality parameters most frequently evaluated in citrus, 
and is seen as a critical indicator of sensory quality [17]. It has been shown that there is a good correlation between 
sensory attributes of acid and sweet taste with total acidity, expressed as percentage of citric acid and the concentration 
of total sugars of the juice [15]. According to our work, the Brix of the oranges stored in polystyrene containers, did not 
decrease compared to the Brix of refrigerated control fruit, as the Brix values were statistically similar. Oranges stored 
in polystyrene containers better preserved their appearance compared to oranges were only refrigerated, these 
differences can be seen easy, with this information available preservation appetizing appearance of oranges stored in 
polystyrene containers is an opportunity for mexican producers of oranges, which may extend their selling season 
storing oranges in this system, it can reduce losses by accelerated ripening oranges and sell them for more time to 
market. 
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Table 5   Polar and equatorial diameter, firmness and °Brix orange ‘Valencia’ freshly harvested, stored for 90 and 100 days in 
polystyrene containers or 100 days in the bottom tray of the refrigerated chamber (control). 

Treatments Polar diameter 

(cm) 

Equatorial diameter 

(cm) 

Firmness 

(N) 

°Brix 

0 days 8.2 b* 7.2 b 14.0 ab 15.4 a 
90 days 8.8 a 8.5 a 15.5 a 12.8 b 
100 days 9.0 a 8.4 a 13.8 b 11.9 b 
Control 8.1 b 7.7 b 12.7 b 12.7 b 

*Means with the same letter in each column are statistically equal (Tukey, α ≤ 0.05). 

4. Mango 

In a first experiment it was observed that the fruits of the control sample were ripe and soft in texture at the end of 13 
days after they were confined in the lower tray of the refrigerated chamber, since these fruits were stored on June 12 
and revised until the 24th of the same month of 2015. 
 However, the mangoes stored in polystyrene containers had excellent appearance and good pulp consistency. This 
indicates that biochemical reactions such as respiration were diminished by the modified atmosphere (low oxygen and 
CO2, cold environment and no air circulation) in the polystyrene containers; That is to say, in the conditions of the 
mentioned atmosphere the concentration of oxygen was very little and, consequently, the generations of CO2 and 
ethylene also were very limited, since in conditions closed, cold and to exist little oxygen, as mentioned Salisbury and 
Ross [14], the metabolic reactions of methionine may also have been very rare to generate ethylene, a hormone that 
induces maturation of climacteric fruits such as mangoes. In addition, according to Martinez [12], in cold fruits tends to 
decrease respiration and, therefore, the consumption of O2 and the production of CO2. 
 In a second experiment some fruits (control) were also stored in the lower tray of the refrigerated chamber 
(06/25/2015), and after 19 days the fruits were ripe with a very soft pulp, as the mangoes were checked until the 13th 
July, 2015. Unlike the appearance of the control mangoes, those that were stored in polystyrene containers had very 
good appearance in color and consistency of the pulp. This also confirms that in the mangoes confined in this type of 
containers (modified atmosphere) placed inside the refrigerated chamber with cold environment, breathing decreased 
and, therefore, the production of ethylene also decreased. 
 So according to Wills et al. [8], it can be deduced that in the mangoes within the polystyrene containers, system 1 of 
ethylene synthesis started, but failed to trigger the operation of system 2 to produce the synthesis of large quantities of 
ethylene necessary for the full integration of maturation processes and acceleration of mangoes maturity. 
In a third experiment, the refrigerated chamber it was closed during 70 days, and the fruits within of the polystyrene 
containers, that were placed in inside of the same chamber, were have excellent shelf life (Figure 4), with good color, 
consistency, maturity grade and flavor. 
 

 

Fig. 4   Mangoes cv. Kent, 70 days after they stored in polystyrene containers with temperature of 10-12 °C in refrigerated chamber 
and 8-10 °C inside of the polystyrene containers collocated inside refrigerated chamber. 
 
 In the first experiment the analysis of variance indicated that the weight of the fruits had an average of 427.6 g, 
standard deviation (S) of 42.7 g, coefficient of variation (CV) equal to 9.9% and a probability (Pr) of committing error 
of 0.0001. But in Table 1 it can be observed that the weight of the mangoes decreased as the storage days passed, so that 
the control fruits decreased their weight by 28.6% compared to the fruits that had six days of storage in containers of 
polystyrene, and 24.7% in relation to the fruits that had 13 days confined in the same containers; however, the weight 
difference between the fruits reviewed at 6 and 12 days was only 5.2%, which in turn indicates that within the 
containers the weight loss was very low perhaps due to the scarce air circulation in compared to the air circulation in the 
bottom tray of the refrigerated chamber. 
 In the second experiment the mean fruit weight was 394.0 g, S=38.4 g, CV=9.8% and Pr=0.0001; however, the same 
tendency also occurred in the reduction of fruit weight, and the difference of this was 24.6% of the control fruits 
compared to those who had six days of storage in the polystyrene containers, while compared with fruits with 13 days 
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stored in the same containers the difference was 12.3%, and the weight difference between those stored for 6 and 13 
days was 14.1%. 
 In the first experiment, mean fruit length was equal to 11.0 cm, S=0.7 cm, CV=6.4% and Pr=0.0006, but perspiration 
(loss of water) fruits decreased 12.0% in the control mangoes compared to those stored in the closed polystyrene 
containers (Table 6), while the width of the mangoes had a mean of 7.9 cm, S=0.22 cm, CV=2.8% and Pr=0.0001, with 
a decrease of 11.9% in the controls compared to those that were stored in the polystyrene containers. 
In the second experiment the length of the mangoes was practically unchanged (Table 6), but the mean of the sample 
was 14.1 cm, S=0.29, CV=0.28 and Pr=0.0726; however, statistical differences were observed in the width of the fruits, 
with a mean of 3.1 cm, S=0.17 cm, CV=5.6% and Pr=0.0102, such that this character decreased 9.1% in the control 
fruits, in compared to those stored in polystyrene containers. 
 According to the analysis of variance, the Brix degrees (°Brix) had a mean of the sample equal to 17.9, S=0.77, 
CV=4.3% and Pr=0.0001. However, in this case the °Brix increased in the control mangoes (Table 6), since after six 
days after their storage in the lower tray of the refrigerated chamber, these fruits had 74.0% more total soluble solids 
than the fruits that were stored in polystyrene containers. 
 
Table 6   Weight, length, width and °Brix observed in the control mangoes and stored in polystyrene containers. 

 First experiment Second experiment  

Days of storage Weight 

(g) 

Length 

(cm) 

Width 

(cm) 

Weight 

(g) 

Length 

(cm) 

Width 

(cm) 

°Brix 

6 482.0 a* 11.7 a 8.4 a 452.3 a 14.3 a 3.3. a 13.1 b 
12 456.8 a ----- ----- 388.7 b ----- ----- ----- 
Control 344.1 b 10.3 b 7.4 b 340.9 c 14.2 a 3.0 b 22.8 a 
DMSH 56.8 0.7095 0.2241 45.5 0.2823 0.1767 0.7785 

*Means with different letter in the same column are statistically different (Tukey, α=0.05). 

4. Conclusions 

The shelf life of bananas increased at the four maturity indices after they were washed with sodium hypochlorite 
solution (5.0 mg L-1) and stored in closed polystyrene containers and placed in a cool temperature chamber in such a 
way that the principle of thermal insulation of the polystyrene is fulfilled, so that it can be added as a further technology 
in the procedure to increase the shelf life of the banana. 
 The tone and purity of yellowing of the skin and pulp of oranges increased significantly within polystyrene 
containers and, consequently, its life was extended to more than 100 days, they had symptoms of impairment loss of 
polar and equatorial diameter or decrease in total soluble solids, compared to those characteristics of oranges from the 
bottom tray of the refrigerated chamber. Inside containers closed polystyrene temperature decreased to two degrees, 
with respect to the temperature inside the refrigerated chamber, so that the principle of thermal insulation polystyrene 
reasserted, and its usefulness for packaging products such as fruits and solve some of their own physiological problems, 
to prolong its shelf life and enhance your presentation. This technology could be exploited by Mexican citrus producers 
which have more shelf life in its oranges to store them in polystyrene containers at low temperatures. 
 The polystyrene containers were efficient in the post-harvest handling and in the prolongation of the shelf life of the 
mango fruits, so that this type of packaging can be used as a technology added to the hitherto applied ones (fresh 
temperature, controlled atmosphere and refrigerated chamber) to preserve mango fruits for longer. 
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Study of the migration phenomena from milk polypropylene bottles 
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The aim of this work is to study the interactions between polypropylene (PP) bottles and milk.. For that purpose, the 
migration tests were carried out for 10 days at two different temperatures (20 and 40°C), with and without agitation and by 
using two food simulants:  n-octane and sunflower oil. The mass variation of PP samples with time was followed. The 
phenomena of migration were studied by using Fourier transform infrared spectroscopy in attenuated total reflexion mode  
( FTIR-ATR), atomic absorption spectrometry (AAS) and gas chromatography- mass spectrometry (GC-MS), .   

The results showed the influence of contact time, temperature, storage conditions and simulant nature on migration 
phenomena from food package. . 

Keywords: PP; migration; milk; liquid simulant; FTIR-ATR; AAS 

1. Introduction 

The presence, in the food or in the environment, low quantities of potentially toxic products is it dangerous to man? In 
the absence of scientific certainty, can we establish a legislation? 
 This is the reason for which the units of scientific research are focusing more on the safety and quality of food 
packaged to protect the health of the consumer. In effect, packaging play a revealing and indicator role of the life level 
of   societies.  By its technological and marketing functions, the packaging makes life less requiring it would be 
essential for the consumer. But, it can cause damaging nuisance that it must nearby look, even if we can’t prove the 
existence of a cause-effect relationship between exposition to a substance and the appearance of a disease for the low 
doses. 
 It is in this context that the study of the content containing interactions has extended the field of food to the 
pharmaceutical, hereafter the scientific evidences made at the end of the 60 years involving the packaging as a source of 
foods contamination [1]. 
 At front of the multiplicity of products, the constraints of conservation, the amenities of use and today the 
requirements related to the environment, there is a wide variety of materials and packaging systems forming part of our 
lives [2]. In effect, a direct contact of a plastic packaging with a food can be a source of reciprocal interactions between 
content and container causing quality defects;  flavor or aroma of   food is able  to pass  from the product to the outside 
(aromatic loss). In addition, additives contained initially in the polymer can also migrate to the food; then there is 
contamination of the product [3-7]. 
 Our work is devoted precisely to highlight the context of the migration of additives contained initially in the bottles 
of milk, to study the factors favoring this process and finally   to identify the migrating substances. 
 In   this work, migration testing have been carried out in two food  simulants,   sunflower oil and  n-Octane, with and 
without agitation a  tow different temperature. The migration phenomenon has been firstly analyzed by a   preliminary 
study based on the  rate of mass variation  of samples which were in contact with   the two food simulants at  20 and 
40°C and using  three analytical   techniques of analysis Fourier transform infrared (FTIR-ATR)  atomic absorption 
spectrometry (AAS) and gas chromatography-mass spectrometry (CG-MS). 

2. Materials and Methods  

2.1   Migration testing 

Samples having a diameter of 20 ± 0.1 mm and average mass (0, 1600±0.001) g were cut from the selected PP bottle 
into squares. Migration tests were carried out for 10 days at two different temperatures (20 and 40°C), with and without  
agitation and by using two food simulants:  n-octane and sunflower oil (directive 82/711EEC).  Ten samples of PP were 
immersed in 100 ml of food simulant. A squares sample and 10 ml of food simulant were taken off every day. The rate 
of mass variation was calculated according to the following equation: 
                                                          τ(%) = [(mt - m0)/ m0]  *  100                (1) 
Where: 
 mo= initial mass before immersion  
 mt = mass of the sample at the time t.  
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The weights were measured to an accuracy of 10-4g. 

2.2   FTIR-ATR spectroscopy analysis 

This technique has been used for the purpose to confirm the nature of the polymer used in the manufacture of the 
selected bottles and to perform a semi-quantitative estimation of the   migration phenomenon by identifying the migrant 
species. A polymeric film (PP) was recovered and analyzed directly with a Perkin–Elmer model Spectrum One. The 
resolution was 2 cm_1.  

2.3   AAS Atomic absorption spectrometry analysis 

PP samples were first mineralized out as follows [8]: 
 Weigh a 0.4 g sample in a porcelain crucible. 
  Insert the crucible in a muffle furnace at 900 ° C for 2 hours until white ash is obtained. 
 Leave the crucibles cool. 
 Add 2 mL of supra pure nitric acid. 
 Dissolve the residue with distilled water and complete with the same solvent up to 20 mL. 

The concentrations of Zn, Pb, Cu, and Cd were determined using a Perkin–Elmer analyst spectrometer.  

2.4   GC-MS analysis 

GC-MS analysis was performed on a Perkin–Elmer GC connected with a MS detector. A 30 m capillary column PE-
5MS (5% diphenyl, 95% dimethyl polysiloxane), i.d = 0.25 mm; df = 0.25 μm, Perkin–Elmer) was used. The analysis 
was carried out using electron impact mode and an ionization potential of 70 eV. The carrier gas was helium with a 
flow of 2 ml/min. 
 The separation of DOA from PP was done by Soxhlet extraction with chloroform according to the method developed 
by Wang and Storm [9]. The analysis was conducted under the following conditions: 90 °C held for 3min, heated up to 
250 °C at a rate of 6 °C/min and held for 13min. Molecular mass in the range 50–450 amu was scanned. The 
identification of different peaks was deduced by searching in the MS library (NIST) and further confirmed by running 
the known chemical for DOA 
 Calibration curve for DOA was prepared in chloroform at concentrations that covered the concentration range found 
in the polymer extracts. The resulting line was linear with correlation coefficient of 0.9977. Three analytical replicates 
were analyzed for each concentration. 

3. Results and discussion 

3.1   Study of changes in the rate of mass change 

The rate of mass variation as function of time gives information about the phenomenon which occurred between the 
samples and the food stimulants.  
 Figure 01show the evolution of the rate of mass variation with time of contact under the influence of agitation and a 
temperature in the case of the sun flower oil and n-octane. It can be noted that (τ) increase during the first 6 day of 
contact who indicate the penetration of the two liquid simulants in the free volume. Then after this duration the shape of 
all curves decreases, which confirm that migration of additives occurred in both food simulants. However, we note that 
the rate   of mass variation is higher in the case of the sun flower oil. Due to the good solubility of the plasticizer in fatty 
stimulant, and also to its low solubility in aqueous stimulant [10, 11]. 

 

Fig. 1   Evolution of the 
rate of mass variation 
versus time of contact in 
the case of sunflower oil 
and n-octane with and 
without agitation at 20 
and 40 °C. a) highlight 
the influence of the 
agitation and the nature 
of food simulant; b) 
highlight the influence 
of temperature   
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 The study of the rate of mass variation allows us to deduce: 
- The food stimulant has a real influence on the phenomenon of migration.  
- The agitation affects the variation of mass in the tow food stimulant by the renewal of the contact surface of the 
plastic material.  
- The temperature is an important factor favoring the phenomena of interaction between polypropylene (PP) 
bottles and milk.  

3.1.1   Estimate of the overall migration 

The table 1 shows the values of the overall migration in the sun flower oil and in the n-octane. All values of overall 
migration determined are lower than the maximum overall migration established by the EEC: 10 mg/dm2, which means 
that the migration has not affected the quality of the food stimulant. 

Table 1 Values of overall migration in mg/dm2. 

 
Sunflower oil,  40°C n-octane, 40°C Sunflower oil, 20°C 

With 
agitation 

Without 
agitation 

With 
agitation 

Without 
agitation 

With 
agitation 

Without 
agitation 

Overall migration 
(mg/dm2) 

-0.434 -2.745 -2.998 -2.810 -1.496 -3.894 

 In addition, the smaller values of overall migration are obtained in the case of samples having been in contact with 
the sunflower oil; this can be explained by the good solubility of plastizer in oil while its solubility in the n-octane is 
very low due to the low viscosity of the latter, which confirmed the influence of the nature of food stimulants in the 
migration phenomenon. Moreover, the most important rate of migration was observed at 40 °C under the influence of 
agitation and a temperature. After the results showed, we can conclude that all factors studied have a real influence on 
the phenomenon of migration. 

3.2   Migration analysis by infrared spectroscopy 

In order to follow the evolution of the characteristics bands of additives present in the formulation of the polymer 
constitutive of this bottle we have  study   the ATR spectra  of samples of bottles were in contact with  food simulants at 
0 day (witness), 6th day and 10th day   at two different temperatures 20 and 40°C with and without  agitation. 
 A semi quantitative estimation of the migration of additives was done. For that purpose, the following absorbance’s 
ratios were calculated: A 1166 /1372, A 1338/1372, A 1455/1372 and A 2853/1372 
 In our case, we considered the band at 1372 cm-1 corresponding to the vibration of the deformation of CH3 of PP [12] 
as the more stable band which is taken as a reference band. 
 An initial increase is first observed in all absorbance ratios indicating the penetration of the food simulant in the PP 
samples, followed by a decrease of all absorbance ratios, their decrease in intensity corresponds to a migration of one or 
more components in the food simulants. The report calculated in the case of tests with agitation are lower than those 
measured for the tests without agitation. Most of the monomers and additives are lipophilic, and the migration is a 
function of the affinity between the migrant and the packaged product, migration is generally more important in a fat 
medium than in an aquous. 

 

Fig. 2   Variation of 
absorbance’s ratios as a 
function of time of contact 
with: a) Sunflower oil at 
40°C; b) Sunflower oil at  
20°C; c) n-octane at 40°C 
  

Science within Food: Up-to-date Advances on Research and Educational Ideas (A. Méndez-Vilas, Ed.)__________________________________________________________________________________

233



 

 
 

3.3   Atomic absorption spectrometry analysis 

The atomic absorption spectrometry was first used to determine the concentration of Zn, Pb, Cd and Cu in the PP 
samples. The results showed in Tables 2, 3, and 4 shows their presence. The presence of this element would be linked to 
the additives present in the formulation or to residues of the   polymerization (catalysts). In addition, the presence of 
zinc is probably due to the fact that the heat stabilizer used during the manufacture of the bottle is zinc stearates; its 
characteristics bands have been also detected by infrared spectroscopy. 

Table 2-4   Concentrations (µg /l) of metals present in the samples which were in contact with: Sunflower oil (40°C and 20°C) and n-
octane at 40°C. 

2 
Sunflower oil (40°C) 

With agitation Without agitation 

Concentration (µg/L) [Zn] [Pb] [Cu] [Cd] [Zn] [Pb] [Cu] [Cd] 

2 days 610 0,31 61,5 11,07 1465 1,32 132,7 11.61 

4 days 550 0,21 55,5 6,69 1325 1,15 96,5 10.63 

6 days 510 0,15 52,6 5,06 780 0,82 77,4 7.35 

8 days 450 0,11 48 4,78 635 0,38 65,05 5.68 

10 days 380 0,08 37,6 4,69 410 0,10 55,25 5.31 

 

3 
Sunflower oil (20°C) 

With agitation Without agitation 

Concentration (µg/L) [Zn] [Pb] [Cu] [Cd] [Zn] [Pb] [Cu] [Cd] 

2 days 1290 1,91 183,4 10,70 1915 1,78 260,9 14,89 

4 days 1110 1,75 122,05 8,35 1805 1,77 200,7 12,795 

6 days 1270 1,685 56 6,635 1720 1,76 41,8 12,235 

8 days 980 1,535 50,60 6,505 1575 1,74 40 9,515 

10 days 685 1,185 45,39 6,455 1490 1,70 37,55 8,77 

 

4 
n-octane (40°C) 

With agitation Without agitation 

Concentration (µg/L) [Zn] [Pb] [Cu] [Cd] [Zn] [Pb] [Cu] [Cd] 

2 days 1600 1.03 226.4 8.33 1975 3.08 448.4 17,17 

4 days 1545 0.70 102.3 5.71 1720 1.23 334.4 12,58 

6 days 1495 0.50 50.25 5.67 1680 0.65 151.1 12,23 

8 days 1325 0.35 47.5 4.85 1405 0.60 141.1 8,50 

10 days 1355 0.31 32.9 4.66 1255 0.55 103.5 8,16 

 According to the results shown by the Tables 2, 3 and 4 It can be noted that the residual concentrations in the PP 
samples decreased with time. By comparison between the values showed in case of samples which were in contact with    
sunflower oil   and those found in the n-octane, we note that there is an effect of affinity which shows the influence of 
the food simulant on the migration phenomenon. In addition, the comparison of the results shown in tables 2 and 3 
confirm the influence of the temperature and the agitation which increase the mobility of the molecules of the additives 
and promote their migration in the food simulants.   

3.4   Application of the GC/MS to the study of the specific migration 

In order to identify the various additives contents in the composition of the formulation of the milk bottles having been 
used for migration tests, we proceeded to the analysis of the pellet witness and those having undergone migration 
testing in the two environments simulators -sunflower oil and the n-octane with and without an continued agitation and 
at two different temperatures 20 and 40°C using the method of extraction by the chloroform. It should be noted that the 
technique of the internal standard has been used in this study.  Figures 3 and 4 represent, respectively, the 
chromatograms obtained and their corresponding fragmentations. 
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Fig. 3   a) Chromatogram of the sample in contact with the sunflower oil for 10 days without agitation at 20°C; b) Fragmentation of 
the peak retention time of 9.98min; c) Fragmentation of the peak retention time of 13.86min. 

Science within Food: Up-to-date Advances on Research and Educational Ideas (A. Méndez-Vilas, Ed.)__________________________________________________________________________________

235



 

 
 

 

Fig. 4   a) Chromatogram of the sample in contact with the sunflower oil for 10 days without agitation at 40 °C; b) Fragmentation of 
the peak time retention of 10.01min; c) Fragmentation of the peak time retention of 13.91min. 

 We note the presence of two major peaks; the first has a retention time equal to 9.98 minutes with a report m/z equal 
to 97,10 and the second has a retention time equal to 13.86 minutes with a report m/z equal to 56.98 which correspond 
to the standard peak of bis 2-ethyl HexylAdipate. 
 From the chromatograms of the PP pellet extract and the mixed standard analyzed (Benzyl Butyl Phthalate, Bis (2-
Ethyl Hexyl) Phthalate, Bis 2-Ethyl hexyl adipate, DN-Butyl Phthalate, Di-N- Octyl phthalate, diethyl phthalate, 
dimethyl phthalate) by GC / MS under the same operating conditions, it can be noted that the peak having the m / z ratio 
equal to 97 with tr = 9.98 min has substantially the same Retention of Di-Octyl Adipate (tr = 10 min). Through these 
spectra, it can be confirmed that the plasticizer used in the formulation of the PP pellets is Di-Octyl Adipate.  
 Table 5 illustrates the quantity migrated from Di-Octyle Adipat (DOA) in sunflower oil to two different 
temperatures, namely, 20 and 40°C. 
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Table 5   Migrated quantity of DOA. 

Sunflower oil without agitation 20°C 

Tr 9.98 13.86 

Surface  434426976 231373024 

Concentration (ppm) 6.12*10-3 4.23*10-3 

Sunflower oil without agitation 40°C 

Tr 10.01 13.91 

Surface 261922608 7731452 

Concentration (ppm) 3.36*10-2 2.17 *10-1 

 From this table, we note that the areas of the peaks of samples measured in sunflower oil at 20°C are more important 
than those at 40°C, which means that the concentrations of DOA are more important at 20°C. In addition, the results of 
Table 6 highlight the influence of the temperature on the phenomenon of migration. 

4. Conclusion  
The monomers of the basic material or the additives incorporated in plastic can be transferred in the food, with 
consequences on the organoleptic plans or toxicological consequence. as the migration is a function of the affinity 
between the migrant and the packaged product, the phenomenon of migration depends on the composition of packaging 
(concentration of molecules, nature  and volatility) but also that of the food.  
 Some of the constituents of the food are capable to get about into the packaging and change its structure; also they 
can activate the migration of plastic compounds. The packaging may be permeable to   environmental contamination   
which can also alter the quality of food. 
 In this context, the present work had the following objectives: 
 - To study the interactions bottles of milk /food. 
 - Quantify the quantity of Di Octyl Adipate acid (DOA) migrated by the GC/MS. 
 In  this study  the phenomenon of migration to the Interfaces packaging of milk - food simulant has been studied. The 
migration tests have been carried out with and without agitation at 20 and 40°C in two food simulants: Sunflower oil 
and n-Octane. 
 This study has required the intervention of different techniques of analysis namely Fourier-transform infrared 
spectroscopy (FTIR-ATR), the atomic absorption spectrometry (AAS) and gas chromatography-mass spectrometry 
(GC/MS) as well an estimate of overall migration. 
 The applications of the FTIR spectroscopy-ATR which is a very simple technique to the analysis of samples   which 
have undergone the tests of migration allow identifying the PP as the polymer constitutive of these bottles. The follow 
of the variation of the characteristics bands of this additive in function of the time of contact between the samples and 
food simulants has shown that a phenomenon of migration of this additives occurred. 
 The AAS allowed the determination of some elements attributed to the additives present in the formulation of this 
bottle which are: the Ca, Pb, Cd and Zn.in the samples having undergone the migration tests.  
 The follow of the variation of the residual   of metals in the samples has highlighted the migration of additives 
throughout the duration of contact. 
 The analysis of the plastic of the selected bottle which has undergone the tests of migration by the GC/MS has 
confirmed what has been obtained in the study of the phenomenon of migration by the FTIR and by the AAS, because it 
has allowed: 

- To identify the different additives contents in the formulation of the plastic used in the manufacture of these 
bottles which is the plasticizer (DOA) 
- To clarify the migration of additives which is the DOA. 
- To quantify the concentration of the DOA in the samples which have undergone the tests of migration. 
- To highlight the influence of different parameters tested on the migration of additives from bottles   which were 
in contact with the two food simulants. 

 Broadly, this study has therefore confirmed that the phenomenon of migration occurred to the interface bottles of 
milk - physiological fluid. In addition, it has shown the influence of certain parameters such as: temperature, nature of 
the food simulant and the agitation. 
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This study aimed to determinate the susceptibility profile and antimicrobial multiresistance of Staphylococcus aureus 
strains from “coalho“ cheese commercialized on Vitória de Santo Antão, Pernambuco, Brazil. The S. aureus strains were 
obtained from 06 samples of “coalho“ cheese, being 03 pasteurized (Type A) and 03 unpasteurized (Type B) samples. The 
susceptibility antimicrobial test was performed by disk diffusion method using Erythromycin 15µg, Clindamycin 2µg, 
Ciprofloxacin 5µg, Gentamicin 10µg, Tetracycline 30µg, Amikacin 30µg, Penicillin G 10 UI, Chloramphenicol 30µg, 
Sulfazotrin 25µg and Cefoxitin 30µg as antimicrobials reference. A total of 48 strains of S. aureus were obtained and 
submitted to the antimicrobial susceptibility test. All the strains were susceptible to Ciprofloxacin, Gentamicin and 
Amikacin, while 24 (50%) S. aureus strains presented resistance to Penicillin and thus considered as penicillinase 
producers and and 5 (10.42%) S. aureus strains were resistant to cefoxitin, being considered as MRSA strains. For the 
Multiple Antibiotic Resistance (MAR) indexes, were observed values of 0.2, 0.3 and 0.4 correlated with the resistance to 
two or more antimicrobials class and 0.2 index was the most frequent. As conclusion, there was an occurrence of S. aureus 
strains with antimicrobial multiresistance in both type A and B “coalho“ cheese samples, emphasizing the importance of 
the control of the abusive use of antibiotics by supervisory agencies. 

Keywords: Antimicrobial resistance; “Coalho” cheese; Staphylococci; Milk derivatives 

1. Introduction 

The “coalho” cheese is a typical artisanal product from Brazilian Northeast that presents a great local production and 
consumption. Characterized by a medium to high humidity, this artisanal cheese could be easily contaminated by 
pathogenic microorganisms. Its trade is very widespread, being found in open-air markets, supermarkets and can be 
consumed in different forms: raw, roasted, fried or cooked [1]. 

Recently, Brazil has been showed great advances in relation to the microbiological quality of the milk produced, 
mainly after the implementation of the new legislation for the dairy sector [2]. However, there are still problems related 
to the contamination of the milk [3] and different factors are associated with the sanitary quality of milk, milk 
production, handling and their cooling. The contaminations that can occur in milk result in a series of changes in its 
physical-chemical composition, and consequently, it has a repercussion on the reduction of the quality of its derivatives, 
implying commercial and financial losses [4]. In order to avoid possible intoxications or food-borne diseases through 
consumption, the Ministry of Livestock and Food Supply determines that “coalho“ cheese must be obtained from the 
coagulation of pasteurized milk and must be marketed with up to 10 days of manufacture [5].  

Staphylococcus aureus is one of the most important human and animal pathogenic organism, being widely related 
with a diverse spectrum of diseases ranging from minor skin infections to life threatening diseases, such as pneumonia 
and meningitis, as well as, food-borne diseases, production of toxins and antimicrobial resistance [6, 7]. Antimicrobial 
resistance is an important health problem worldwide because the development of resistance has been associated with the 
extensive therapeutic use of antimicrobials or with their use as growth promoters in animal feed production. The 
antimicrobial multiresistant S. aureus strains may have an increased ability to spread, especially if they are enhanced 
with virulence genes. Artisanal products such as “coalho“ cheese have been implicated as potential source for the 
transmission of the pathogen to humans. Furthermore, milk derivative products contaminated with antibiotic resistant 
bacteria represent ideal vehicles for the transmission of pathogenic strains [8]. 

In face of this perspective, the objective of this study was to evaluate the susceptibility profile and antimicrobial 
multiresistance of Staphylococcus aureus strains obtained from “coalho“ cheese commercialized on Vitória de Santo 
Antão, Pernambuco, Brazil.  

2. Material and Methods 

2.1   Obtention and preparation of the “Coalho“ cheese samples 

For this study, the “coalho” cheese samples were collected from local and open-air markets in Vitória de Santo Antão, 
Pernambuco, Brazil, totaling 06 samples, being 03 pasteurized (Type A) and 03 unpasteurized (Type B). All samples 
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were identified, stored into thermal boxes with ice, conduced to the Laboratory of Food Microbiology of the Federal 
University of Pernambuco and maintained under refrigeration until microbiological analysis.  

Posterly, 25 ± 0,2 g of each “coalho“ cheese sample was taken and combined with 225 ml of sterile peptonated 
water 0.1% (w/v) in a sterile polyethylene bag and pummeled with a Stomacher during 5 min. This mixture (10-1) was 
shaken and subsequent serial dilutions were prepared in accord with Normative Instruction Nº 62/2003 of the Ministry 
of Livestock and Food Supply [9] 

2.2   Determination of the coagulase-positive Staphylococci and confirmation of Staphylococcus aureus 

The determination of coagulase-positive Staphylococci was performed by spread plate method as described in the 
Normative Instruction Nº 62/2003 of the Ministry of Livestock and Food Supply [9]. A volume of 100 μl of each 
dilution was spreaded onto Petri plates containing Baird Parker (BP) agar supplemented with 20% egg yolk tellurite 
emulsion. The plates were incubated at 37°C for 24 – 48 hous. Typical and atypical colonies as circular, smooth, black 
or not and surrounded by an opaque zone with an outer clear zone were selected, counted and the results expressed in 
colony forming units (CFU/g) for “coalho” cheese sample. Further, typical and atypical colonies were transferred into 
tubes containing Brain Heart Infusion (BHI) broth, incubated at 37°C for 24 hours and used for the coagulase test in 
order to confirm coagulase-positive Staphylococci. The colonies that showed to be coagulase-positive were taken for 
Staphylococcus aureus confirmatory testing such as Gram stain, catalase, mannitol fermentation and DNase.  

2.3   Antimicrobial susceptibility test and multiple antibiotic resistance (MAR) index 

All S. aureus strains were used for the antimicrobial susceptibility test by disk diffusion method as CLSI M100-S25 
protocol [10]. Erythromycin 15µg, Clindamycin 2µg, Ciprofloxacin 5µg, Gentamicin 10µg, Tetracycline 30µg, 
Amikacin 30µg, Penicillin G 10 UI, Chloramphenicol 30µg, Sulfazotrin 25µg and Cefoxitin 30µg were used as 
antimicrobials reference. The antimicrobial susceptibility profile was obtained by measuring the sizes of the inhibition 
zones and expressed in millimeters, being classified as resistant, intermediate and susceptible according to the reference 
table established by CLSI. The multiple antibiotic resistance (MAR) index was defined as a/b, where a represents the 
number of antibiotics to which the isolate was resistant, and b represents the number of antibiotics to which the isolate 
was exposed [11]. 

3. Results and Discussion 

A total of 48 Staphylococcus aureus strains were obtained from “coalho cheese“ samples and submitted to the 
antimicrobial susceptibility test, being 15 (31.25%) from pasteurized cheese (Type A) and 33 (68.75%) from 
unpasteurized cheese (Type B). The antimicrobial susceptibility profile showed that 14 (29.16%) S. aureus strains were 
susceptible to all antimicrobials tested and 34 (70.84%) were resistante to at least one antimicrobial. The Table 1 
contains the results for antimicrobial susceptibility profile of each antimicrobial related to 48 S. aureus strains. 
Gentamicin, amikacin and ciprofloxacin were effective towards all the S. aureus strains (100% susceptible). 

A study carried out with 45 S. aureus strains from 10 rennet cheese samples showed a high percentage of resistance 
to penicillin (100%), tetracycline (75.5%), gentamicin (66.7% ), erythromycin (48.9%) and sulfazotrin (26.7%) [12]. 

Table 1  Antimicrobial resistance percentage for the 48 Staphylococcus aureus strains obtained from “coalho“ cheese 
commercialized on Vitória de Santo Antão, PE. 

Antimicrobial Agents Resistant Susceptible 

Erythromycin 11 (22.91%) 37 (77.08%) 

Penicillin 24 (50%) 24 (50%) 

Clindamycin 11 (22.91%) 37 (77.08%) 

Ciprofloxacin 0 48 (100%) 

Gentamicin 0 48 (100%) 

Cefoxitin 5 (10.42%) 43 (89.58%) 

Tetracycline 12 (25%) 36 (75%) 

Amikacin 0 48 (100%) 

Sulfazotrin 1 (2.08%) 47 (97.91%) 

Chloramphenicol 3 (6.25%) 45 (93.75%) 

Considering the main resistance phenotypes, our results pointed that 24 (50%) S. aureus strains were resistant to 
penicillin and thus considered as penicillinase producers and 5 (10.42%) S. aureus strains, isolated from unpasteurized 
cheese (Type B), were resistant to cefoxitin and considered as MRSA strains. The CLSI has suggested the usefulness of 
the cefoxitin disk instead of the oxacillin disk when used as a surrogate marker for the detection of methicillin 
resistance. In recent years, an increase in the number of methicillin resistant (MR) Staphylococcus aureus strains has 
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become a serious clinical and epidemiological problem, as resistance to this antibiotic implies resistance to all β-lactam 
antibiotics, including carbapenems. Methicillin resistance in S. aureus is mediated through an protein called low-affinity 
penicillin binding protein (PBP2a) and encoded by mecA gene [13]. 

MLS (Macrolide-Lincosamide-Streptogramin) resistance phenotype was also observed between Staphylococcus 
aureus strains. Resistance to erythromycin as well as to clindamycin was observed in 7 (14.6%) S. aureus strains 
indicated a constitutive type of MLS resistance (cMLS) while 4 (8.33%) S. aureus strains showed resistance to 
erythromycin and being susceptible to clindamycin, were classified only as MS resistance phenotype. 

MAR index is a very useful tool to understand the risks associated with to antimicrobial multiresistance. The Table 
2 shows the values for the total of 48 S. aureus strains. As observed, the most of the S. aureus strains presented index of 
0.2, which mean resistance towards two antimicrobials of different classes. 

Table 2  Percentage of 48 Staphylococcus aureus strains in according to the multiple antibiotic resistance (MAR) index. 

MAR Index S. aureus strains 

0.1 12 (25%) 

0.2 13 (27.1%) 

0.3 7 (14.6%) 

0.4 2 (4.1%) 

Special attention should be given to the MAR index 0.4, since what 2 (4.1%) S. aureus strains showed resistance to 
4 antimicrobial agents of different classes as macrolide, lincosamide, tetracycline and β-lactams. These strains were 
isolated from unpasteurized cheese (Type B), showing the great importance of the pasteurization process in elimination 
of pathogens and the risk of food contamination by resistant bacteria. 

It was observed the occurrence of distinct antimicrobial resistance profile between the S. aureus strains of “coalho” 
cheese produced by pasteurized milk (type A) and unpasteurized (Type B), a percentage of 80% corresponding to 12 S. 
aureus strains and a percentage of 66% corresponding to 22 S. aureus strains as shown in Table 3, respectively.  

Table 3   Percentage of antimicrobial resistance for Staphylococcus aureus strains related with the “coalho” cheese type. 

“Coalho“ Cheese S. aureus Strains Resistance (%) 

Type A (pasteurized) 12/15 (80%) 

Type B (unpasteurized) 22/33 (66%) 

Staphylococcus aureus is one of the most common microorganisms associated with food poisoning in the world, 
being a pathogen frequently isolated in artisanal cheeses [14, 15] and used as an indicator of post-process contamination 
production or hygienic-sanitary conditions of the commercial places [16]. 

Due to the high antimicrobial multiresistance presented by S. aureus strains isolated from “coalho” cheese (Type A 
and B) and mainly because some of these strains showing interesting resistance phenotypes such as MRSA and cMLS, 
this study emphasizes the importance of control in the indiscriminate use of antibiotics to avoid problems of resistance 
acquired by S. aureus compromising the quality of milk and derived products contaminated by these strains.  
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Tackling food and nutrition insecurity using leafy wild vegetables: 
The nutritional compositions of some selected species  
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Alice, 5700, South Africa  

Fourteen wild vegetable species were analysed to determine their proximate compositions and mineral 
constituents. Fibre crude content ranged between 0.39 and 1.79 g/100 g; crude protein between 0.48 and 1.53 
g/100 g; crude lipid between 0.02 and 3.83 g/100 g; phytate between 0.92 and 8.92 g/100 g and ash content was 
between 0.39 and 1.79 g/100 g. Solanum nigrum, Tulbaghia violacea, Chenopodium album and Chenopodium 
murale had the highest concentrations of fibre, protein, lipid, phytate and ash respectively. Calcium, magnesium, 
potassium, sodium, phosphorus, copper, iron, zinc, manganese and vitamin C ranged between 6.70-34.84; 1.54-
22.79; 50.6-125.97; 0.25-18.73; 2.10-4.76; 0.01-.0.02; 0.21-2.60; 0.12-0.60; 0.04-0.60 and 41.67-225.00 g/100 g 
respectively. Chenopodium murale had the highest concentration of Mg, K and P while Physalis peruviana had 
the highest concentration of Fe and vitamin C. Copper was remarkably low in all the wild vegetables. This study 
revealed the potential of wild vegetables to meet the daily requirements of nutrients needed for human health. The 
nutritional content suggests that inclusion of these vegetables in the diet may help alleviate hunger and nutritional 
deficiency in the Eastern Cape by enhancing the function and nutritional properties of food and food products. 
Also, the supplementing the diet with these nutrient rich foods is in line with global and government programmes 
aimed at drastically reducing food and nutrition insecurity. 

Keywords: Mineral; proximate; wild vegetables; nutrition; anti-nutrient; food security 

1. Introduction 

Wild vegetables have been a part of the human diet since the beginning of time. Human consumption of these 
vegetables and the ability of the species to meet nutrient needs have been documented for a long time. It is 
estimated that, at least, one billion people globally still include wild foods in their diets (Aberoumand and 
Deokule, 2010). In South Africa, Wehmeyer and Rose (1983) identified more than 100 plant species that are 
being used as wild vegetables.  
 In many places of the developing world, there has been a low trend in the consumption of wild vegetables. 
This reduction in the consumption of wild vegetables has been attributed to seasonal availability and culture in 
Nigeria, while in South Africa, culture, taste and affordability have been cited as the major causes (WHO, 2003; 
Hart et al., 2005; Shackelton et al., 2009; Faber et al., 2010). Wild vegetables are usually consumed by the rural 
populace as supplements to their diet since the vegetables usually naturally grow on cultivated or fallow fields 
thereby making them easily accessible. However, the urban populace pay less attention to wild vegetables in 
favour of the conventional ones because of easy accessibility of the later. The use of herbicides, pesticides, as 
well as excessive cultivation of the fields has led to the decline in the availability of wild vegetables and 
subsequent decline in their knowledge (Odhav et al., 2007). Also, the perception, especially among young 
people, that such vegetables are foods for the poor, causes lack of interest in the cultivation and nutritional 
importance of these plants (Vorster et al., 2007).  
 Yet studies have revealed that wild vegetables have numerous beneficial nutritional values often better than 
the domesticated exotic breeds like spinach and cabbage (Odhav et al., 2007; Lewu and Mavengahama, 2010). 
The use of wild vegetables could be lost with time if their knowledge, especially on the identification, nutrient 
value, methods of preparation and preservation are not passed down to the younger generations and properly 
documented.  Therefore, this study was conducted to investigate the nutritional compositions of some of the 
wild vegetables growing in the Eastern Cape Province of South Africa, in an effort to create an awareness of 
some important aspects of these neglected food plants. The inclusion of these vegetables in the diet could help 
alleviate food and nutrition security concerns being faced by the inhabitants of the province. 

2. Materials and methods 

2.1   Plant collection and preparation 

Fourteen, wild vegetables were collected fresh from the Mbashe and Nkonkobe Municipalities of the Eastern 
Cape during the rainy season when the wild vegetables were vegetatively growing in home gardens and the 
fields. The plants were initially identified by their vernacular names (Xhosa) and later validated at the 
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University of Fort Hare Herbarium (Bvenura and Afolayan, 2014). Young and tender shoots were plucked from 
the mother plant as practised locally, stored in khaki paper sampling bags and transported to the laboratory 
where they were washed thoroughly with distilled water. Leaves of the same plant from the two municipalities 
were combined to make a single composite sample, oven dried at 40oC to a constant weight and homogenised 
using a 2 mm sieve Polymix (PX-MFC 90 D) electric grinder, after which they were sealed in polyethylene bags 
and stored in the refrigerator at 4oC until needed for the various analysis. 

2.2   Proximate analysis  

2.2.1   Determination of ash content 

About 5 g of the powdered plant leaf sample was weighed into a previously weighed crucible. This was 
incinerated in an E-Range muffle furnace with TOHO P4 programme at 550oC for 12 h. The final weight of the 
sample was used to calculate the ash content as follows:  
 Ash content (%) =( 	 ℎ 	 	 	 	 	( )) ⁄ (5	 ) x 100 % (Antia et al, 2006). 

2.2.2   Determination of crude lipid  

Crude lipid was determined as described by Antia et al. (2006). About 5 g of the powdered sample was 
measured into a 250 ml beaker, 100 ml of diethyl ether was added, covered with aluminium foil and shaken in 
an orbital shaker for 24 h. Filtration followed this process and the supernatant was decanted. Another 100 ml of 
diethyl ether was added to the residue and shaken for another 24 h. The residue obtained after filtration was the 
lipid free sample and was calculated as: 
 

Crude lipid = 
	 	 	 	 	 		 	 	  x 100 %  

2.2.3   Determination of crude fiber 

The AOAC (1984) method was used in estimating the crude fibre. About 5 g of the powdered sample was 
weighed into a beaker and digested in 100 ml of 1.25 % sulphuric acid for 30 min. The acid digested sample was 
allowed to cool, and then filtered. The residue was collected into a beaker and further digested in 100 ml of 1.25 
% sodium hydroxide. The sample was filtered and the residue dried in an oven at 100oC to a constant weight. 
The dried residue was then incinerated in a muffle furnace for 24 h at 550oC. The crude fiber was obtained from 
the loss in weight on ignition of dried residue remaining after digestion of fat free samples (AOAC, 1984): 
 

% fiber = 	 	 	 		 	 	  x 100 % 

2.2.4   Determination of vitamin C  

Preparation of iodine solution 
 The iodometric titration method was used to determine the vitamin C content. About 5 g of potassium iodide 
and 0.268 g potassium iodate were dissolved in 200 ml distilled water in a 400 ml beaker, followed by addition 
of 30 ml of 3 M sulphuric acid. The mixture was poured into a 500 ml graduated cylinder and then diluted to a 
final volume of 500 ml with distilled water. Vitamin C standard solution was prepared by dissolving 0.250 g 
vitamin C in 100 ml water. This was made up to 250 ml with distilled water. 
 
Standardisation of iodine with Vitamin C standard solution 
 About 25 ml of vitamin C standard solution was measured into a 125 ml Erlenmeyer flask, following which 
10 drops of 1 % starch solution were added as the indicator. This was titrated against the acidified potassium 
iodide iodine solution until the end point (the first blue colour that showed after at least 20 s of swirling) was 
reached. 
 
Vitamin C determination in the samples 
 About 5 g of fresh leaf samples were macerated in 20 ml of distilled water. The mixture was filtered and the 
filtrate collected in a 50 ml volumetric flask and made to the mark with distilled water. About 10 ml of the 
sample solution was transferred into an Erlenmeyer flask and 10 drops of 1 % starch added and titrated against 
the acidified potassium iodide solution.  
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2.2.5   Determination of phytate components  

Phytate was determined according to the method of Wheeler and Ferrel (1971). A sample of finely ground plant 
material measuring 4 g was soaked in 100 ml of 2 % hydrochloric acid for 3 h and then filtered through 
Whatman No. 43 filter paper. About 25 ml of the filtrate was measured into a conical flask and 5 ml of 0.3 % 
ammonium thiocyanate solution was added as indicator, followed by addition of 53.5 ml distilled water. This 
was titrated against a 1000 ppm standard iron (III) chloride solution until a brownish yellow colour persisted for 
5 min. The Phytate content was calculated from the iron determinations, assuming a 4:6 iron to Phytate 
molecular ratios and multiplied by a constant of 3.55 (Vijayakumari et al., 1996).  

2.2.6   Determination of protein  

About 0.5 g of finely ground vegetable samples was placed in dry, clean digestion tubes and 5 ml of the 
digestion mixture comprising 1 part HCIO4 + 2 parts HNO3 added. This mixture was digested at 230oC on a 
digestion block for 70 min, allowed to cool down and made up to 100 ml volume with distilled water. The 
concentration of nitrogen was then determined using the Inductively Coupled Plasma - Optical Emission 
Spectrometer (ICP OES). Percentage crude protein was obtained by multiplying the nitrogen value by a factor of 
6.25 (AGRILASA, 2008). 

2.3   Mineral analysis   

Macro-minerals (Phosphorus, Potassium, Calcium, sodium and Magnesium) and micro-minerals (Copper, Iron, 
Zinc and Manganese) were determined using the method described above for the determination of nitrogen.  

2.4   Statistical analysis  

Data of the nutrient concentrations of various wild vegetables were subjected to statistical analysis using 
MNITAB Release 12. A one-way analysis of variance was used to compare the means of various nutrient 
concentrations among the wild vegetables. Means were segregated using Duncan’s multiple range test. The 
means were treated as significantly different at p < 0.05. 

3. Results  

3.1   Proximate composition 

The proximate compositions of the wild vegetables gathered from Mbashe and Nkonkobe municipalities in the 
Eastern Cape Province of South Africa varied significantly (p < 0.05) among the vegetables (Table 1). Crude 
fibre ranged between 0.91 and 6.79 g/100g; crude protein between 0.47 and 1.53 g/100g; crude lipid between 
0.14 and 3.83 g/100g; phytate between 1.09 and 8.92 g/100g and ash content was between 0.38 and 1.79 g/100g. 
Tulbaghia violacea had the highest protein and Sonchus oleraceus the highest lipid content. The lowest protein 
content was recorded in Chenopodium murale while the highest fibre and ash contents were recorded in 
Solanum nigrum and Chenopodium murale respectively. The lowest ash values were observed in Solanum 
nigrum.  

3.2   Mineral composition  

The mineral compositions of the 14 vegetables significantly differed among the vegetables as shown in Table 2. 
The mean concentration of nutrients in all the vegetables decreased in the order Vit C > K > Ca > Mg > Na > P 
> Fe > Zn > Mn > Cu.  Chenopodium murale contained the highest K, Mg and P, while Physalis peruviana 
contained the highest concentration of Fe and Vit C.  Cu was remarkably low in all the wild vegetables.  
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Table 1   Proximate compositions (g/100 g) of 14 vegetables in Mbashe and Nkonkobe Municipalities in the Eastern Cape 
Province of South Africa . 

Vegetable species  †Phytate Crude protein Crude lipid Crude fibre Ash 

Bidens pilosa L. 2.4±6.51c 1.19±0.03ab 1.60±0.22d 2.14±0.32c 0.38±0.03b 
Centella coriacea Nannfd. 2.31±1.31a 1.1±0.05ab 0.52±0.02b 1.09±0.03a 1.74±0.05c 
Chenopodium album L. 8.92±0.38a 0.48±0.01a 1.15±0.19b 1.68±0.02ac 1.38±0.04d 
Chenopodium murale  L.  3.07±4.30b 0.47±0.01a 3.50±0.03a 1.35±0.01a 1.79±0.02c 
Cotula heterocarpa DC. 2.23±0.57ab 1.02±0.14ab 0.84±0.05b 1.01±0.02a 1.44±0.01d 
Galinsoga parviflora Cav. 2.98±0.81c 0.94±0.08ab 2.51±0.46e 1.66±0.29c 0.45±0.03b 
Hypochaeris radicata L. 1.09±0.81a 0.82±0.07ab 0.14±0.03f 1.00±0.01a 0.80±0.16a 
Physalis peruviana L.  4.19±0.85ab 1.02±0.14ab 1.93±0.51de 1.53±0.03ac 1.39±0.24d 
Rumex obtusifolius L. 4.86±1.05a 0.48±0.01a 0.35±0.11c 1.08±0.01a 1.24±0.01d 
Solunum nigrum L. 2.34±0.50a 0.56±0.02a 0.58±0.02b 6.79±0.01b 0.39±0.02b 
Sonchus oleraceus  L.  1.50±5.37d 1.09±0.06ab 3.83±0.04a 1.11±0.02a 0.77±0.05a 
Stellaria media L. 4.64±0.61b 0.51±0.00a 2.56±0.06e 1.26±0.01a 1.55±0.01d 
Tulbaghia violacea Harv. 1.55±2.14c 1.53±0.13ab 0.64±0.04b 0.91±0.04a 1.29±0.0.02d 
Urtica urens L. 2.51±0.90a 0.87±0.13ab 0.64±0.02b 2.35±0.02c 1.67±0.0.01cd 

   Different letters down the same column represent significant differences at p < 0.05. 
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Table 2   Mineral compositions (g/100 g) of 14 vegetables in Mbashe and Nkonkobe Municipalities in the Eastern Cape Province of 
South Africa. 

 
Vegetable 
species 

Mineral Element 

Ca Mg K Na P Cu Fe Zn Mn Vitami
n C 

B.  pilosa 14.70±3
.48e 

3.46±1.
51cb 

71.95±74
.00cd 

0.28±1.
99a 

2.57±0
.67f 

0.01±
0.01 

0.87±0
.53c 

0.28±2
.73b 

0.13±0
.06ab 

0.042±
0.06a 

C. album  14.39±1
.33e 

16.69±6
.93f 

110.88±5
4.30fg 

2.54±0.
98c 

4.29±0
.11g 

0.01±
0.00 

0.26±0
.19a 

0.15±3
.76a 

0.15±0
.04ab 

0.125±
0.06a 

C. 
coriacea  

10.40±2
.70cd 

2.69±0.
20cb 

16.80±21
.50a 

22.01±
1.86g 

2.10±0
.19a 

0.01±
0.03 

0.68±0
.19b 

0.12±0
.18a 

0.21±1
.80b 

0.050±
0.03a 

C. 
heterocarp
a  

7.27±4.
66ab 

2.72±0.
66b 

61.65±29
.40c 

12.44±
2.78e 

3.56±0
.26e 

0.01±
0.01 

0.76±0
.40bc 

0.16±0
.31a 

0.07±0
.03a 

0.058±
0.06a 

C. murale   11.34±4
.26d 

22.79±1
9.64h 

125.97±4
4.20g 

5.37±2.
14cd 

4.76±0
.56i 

0.01±
0.00 

0.59±0
.73a 

0.14±0
.23a 

0.05±0
.51a 

0.117±
0.00b 

G.  
parviflora  

24.77±3
.41g 

4.04±1.
51c 

53.31±11
4.00b 

0.38±1.
13a 

4.51±0
.74h 

0.01±
0.01 

0.53±0
.07b 

0.14±0
.30a 

0.13±0
.08ab 

0.047±
0.15d 

H.  
radicata  

9.14±6.
80c 

4.10±0.
17c 

52.00±11
.10b 

19.54±
6.00f 

2.57±0
.55b 

0.01±
0.02 

0.42±0
.15b 

0.28±0
.22b 

0.07±0
.06a 

0.048±
0.02a 

P. 
peruviana  

13.11±7
.50e 

9.70±7.
21e 

84.63±85
.20cd 

0.25±2.
82a 

2.89±0
.91c 

0.02±
0.01 

2.60±2
.29e 

0.34±0
.22c 

0.10±0
.49a 

0.225±
0.03a 

R. 
obtusifoliu
s 

8.03±3.
59b 

4.93±1.
56c 

73.28±63
.10c 

0.86±0.
65a 

4.59±0
.71h 

0.01±
0.01 

0.44±0
.80ab 

0.14±0
.29a 

0.06±0
.85a 

0.108±
0.10c 

S.  media  6.70±6.
98a 

6.05±1.
56d 

121.52±7
3.80g 

3.83±1.
79c 

4.43±1
.18g 

0.01±
0.00 

0.77±0
.48cb 

0.30±3
.91bc 

0.08±0
.29a 

0.042±
0.10a 

S.  nigrum  16.98±4
.59f 

3.72±1.
46cb 

76.91±80
.40d 

0.65±1.
09ab 

3.88±0
.70f 

0.01±
0.06 

0.43±0
.66b 

0.12±0
.50a 

0.07±0
.02a 

0.014±
0.04a 

S. 
oleraceus   

12.25±4
.78de 

4.15±0.
54c 

50.6±5.2
0b 

18.73±
2.37f 

3.17±0
.74d 

0.02±.
03 

0.56±0
.59b 

0.14±0
.39a 

0.04±0
.41a 

0.058±
0.15b 

T. violacea  7.36±3.
98ab 

1.54±0.
80a 

80.44±38
.70cd 

3.72±2.
39c 

3.65±1
.54e 

0.01±
0.01 

0.21±0
.19a 

0.19±0
.48a 

0.02±0
.02a 

0.162±
0.06b 

U. urens  34.84±3
.65i 

4.25±1.
58c 

66.99±12
.90c 

0.41±1.
20a 

4.68±0
.56ih 

0.01±
0.01 

0.35±0
.17ab 

0.16±0
.47a 

0.10±0
.04a 

0.045±
0.02a 

   Different letters down the same column represent significant differences at p < 0.05 

4. Discussion  

4.1   Proximate composition  

The proximate analysis revealed that all the 14 wild vegetables are rich in the various nutrients investigated but in 
varying proportions.  Ash, protein, lipid and fibre contents in Sonchus oleraceus were lower than earlier reported by 
Jimoh et al. (2011). Odhav et al. (2007) investigated the proximate composition of 20 wild plants and reported higher 
values for protein (3 - 7 g/100 g) and ash (1.74-4.91 g/100 g), but lipid (0.2 - 2.7 g/100 g) and fibre (1.21 - 2.92 g/100 g) 
were within the range of the present study. Sonchus oleraceus and Chenopodium murale showed appreciable lipid 
contents in this study.  Lyimo et al., (2003) reported a lipid range of between 0.1 and 1.0 g/100 g in 30 wild vegetables, 
but lower than observed in the current study. According to Antia et al. (2006); lipids increase the palatability of food by 
absorbing and retaining flavours. A diet providing 1 - 2 % of its calorific energy as fat is said to be sufficient for 
humans, as excess fat consumption is implicated in cardiovascular disorders such as atherosclerosis, cancer and aging 
(Sharma et al., 2012). The considerable amount of lipids in some of these vegetables in relation to the NHMRC (2005) 
values would therefore improve the palatability of the vegetables and reduce the risk of some diseases.  Lyimo et al. 
(2003) reported a protein range between of 0.6 and 5.0 g/ 100 g in 30 wild vegetables, again this was higher than the 
current study with a range of between 0.47 and 1.53 g/100 g. Protein is essential for growth and repair of muscles, 
bones, skin, tendons, ligaments, hair and eyes amongst other tissues in humans. The protein values from this study 
indicate that the wild vegetables have the ability to supply a fraction of the Recommended Daily Intake (RDI) values 

Science within Food: Up-to-date Advances on Research and Educational Ideas (A. Méndez-Vilas, Ed.)__________________________________________________________________________________

247



 

 
 

(NHMRC, 2005). Children need to consume at least 150 g of vegetables per day to harness the required nutrients 
(NHMRC, 2003).  For example; Sonchus oleraceus, Tulbaghia violacea and Bidens pilosa can supply 5.0, 5.5 and 7.1 
% respectively of children’s RDI values.  High ash content in plants is a reflection of high mineral content 
(Aberoumand and Deokule, 2010).  The high ash content of Chenopodium murale compared to other vegetables in this 
study is an indication of high mineral value of the vegetable. High fibre diets have been linked with lower serum 
cholesterol concentrations, lower risk of coronary heart disease, reduced blood pressure, enhanced weight control, 
reduced risk of certain forms of cancer and an improved gastrointestinal function (Anderson et al., 1994). Solanum 
nigrum, Urtica urens and Bidens pilosa can supply about 67.9, 23.5 and 21.4 % of the required daily amount in men if a 
quantity of about 300 g is consumed. The concentration of fibre would also presumably not lead to high fibre related 
conditions and diseases. Phytate is an antinutrient which has a strong ability to chelate multivalent metal ions especially 
Zn, Ca and Fe, leading to their poor bioavailability (Gupta et al., 2006). Although the presence of phytate could 
decrease mineral absorption in humans, this antinutrient is said to be heat labile (Akwaowa et al., 2000). It is therefore 
conceivable that the high phytate content in Chenopodium album (8.92 g/100 g) and Physalis peruviana (4.19 g/100 g) 
will be significantly reduced during cooking. Additionally, leafy vegetables are generally considered to be superior 
sources of mineral supplements and therefore would ideally lower the effect antinutrients would have on the availability 
of some nutrients (Odhav et al., 2007). 

4.2   Mineral and vitamin C composition  

Vitamin C was remarkably high in Physalis peruviana (0.225 g/100 g) which makes the vegetable a better source of the 
vitamin C compared to guava (0.188 g) and orange (0.07 g) fruits as well as some leafy vegetables such as broccoli 
(0.039 g) (Brand et al., 1982). The results of the current study are comparable with what was reported by Lyimo et al. 
(2003) in a study of 30 wild vegetables in Tanzania. These authors found that Galinsoga parviflora, Bidens pilosa, and 
Solunum nigrum respectively contained 0.054, 0.059 and 0.234 g/ 100 g vitamin C. Sonchus oleraceus which had the 
lowest vitamin C concentration has the potential to supply about 31 % of vitamin C RDI while Physalis peruviana 
which had the highest concentration can supply about 500 % of the required vitamin C RDI in adults. Vitamin C 
prevents tissue damage, aids in the recovery of several ailments and diseases including colds, cough, influenza, sores, 
wounds and skin diseases among others (Ogunlesi et al., 2010). According to Lopez and Martos (2004), vitamin C 
improves Fe availability, therefore reducing the risk of iron deficiency anaemia. Potassium was also remarkably high in 
the wild vegetables while Cu was low in the present study. In studies previously conducted by Bvenura and Afolayan 
(2012) in Nkonkobe Municipality, Cu was low in cabbage, spinach and carrot. The previous and current results possibly 
indicate the low levels of the mineral in the soil of the study area. Jimoh et al. (2011) and Kawada et al. (2002) reported 
slightly lower mineral values compared to the present study except for Mn, Cu and Zn, which were slightly higher. In 
Iran, lower levels of mineral nutrients were found in some wild vegetables as compared to the present study 
(Aberoumand and Deokule 2010). Research done in Akure, Nigeria indicated a slightly higher concentration of mineral 
nutrients compared to this study (Aletor et al., 2002). In KwaZulu Natal, South Africa, Odhav et al. (2007) found high 
levels of Ca, P and Mg with many wild vegetables exceeding 1000 mg/100 g.  Variations in the nutrient compositions 
of edible plants are influenced by various factors including farming practices, prevailing environmental conditions 
including soil manipulation using organic and inorganic fertilisers and the age of the plants at harvest (Nordeide et al., 
1996).  In addition, some minerals such as Zn decrease with advancing plant age while other minerals such as Fe and 
Mn reportedly increase with increasing plant age (Tiffin, 1971). In this study, vegetables were collected from fields 
where the soil has been manipulated by addition of organic and mineral fertilisers and only young fresh plants were 
collected. These factors may have contributed to the amount of minerals in the vegetables. Findings of this study also 
indicated that all vegetable samples had Na: K ratios of less than 1. Yang et al. (2011) linked a high Na: K ratio with 
increased risk of cardiovascular diseases leading to mortality. These authors further reported that a high Na intake and a 
low K intake are linked to high blood pressure. The consumption of these vegetables would therefore not only help 
lower blood pressure especially among the elderly but also boost their immune system. In sub-Saharan Africa, South 
Africa has the 4th highest number of people living with HIV/AIDS with an estimated 5.6 million (17.8 %) people 
infected. The Eastern Cape Province is the 6th most affected with 9 % of the population living with the virus (UN/AIDS, 
2010). Researchers around the world have strongly linked HIV to nutrition; they view nutrition as a fundamental 
intervention in boosting the immune system of the infected in the early stages and ongoing treatment of the disease 
(Elbein, 1995; Tinnerello, 1998; Charles, 2009). Among other nutrients, people living with HIV are more susceptible to 
low levels of Zn and Fe in their blood (Barnett, 2006). As shown by the appreciable amounts of these minerals in this 
study, a wild vegetable inclusive diet for example comprising T. violacea, S. oleraceus and S. nigrum would 
presumably improve the nutrition of HIV/AIDS patients. The high levels of P observed in vegetables from this study 
may also increase the mineral’s availability in human nutrition. Mn is an activator and constituent of several enzymes 
and occurs in very low quantities in humans though this mineral’s importance cannot be overlooked (Medeiros and 
Wildman, 2000). The Mn content observed in this study, though low, may supplement its presence in the diet. 
 In humans, Mg is a critical co-factor in more than 300 enzymatic reactions in the body while in plants the most 
recognised role of the element is in photosynthesis, where the element must be incorporated into the chlorophyll 
molecule before chlorophyll is effective at gathering light for photosynthetic carbon reduction reactions (Schachter, 
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2012; Wilkinson et al., 1990). Therefore, the abundance of Mg in wild vegetables is essential in ensuring a healthy plant 
and the subsequent availability of other minerals and their supply in the human diet.  In relation to the RDI values 
(Table 3.2b) and the NMHRC (2003) recommended quantities for children, the mineral elements can be sufficiently 
supplied per 150 g cooked portion. However, one of the drawbacks with wild vegetables is their seasonal availability. 
These nutritionally rich foods are usually available during rainy season but this shortfall can be overcome by gathering 
in large quantities when available, drying and storing for off-season consumption. Furthermore, a more sustainable 
solution that may ensure a continuous fresh supply of these wild foods is to cultivate them in home gardens. 

5. Conclusion  

The results of this study reveal that the leaves of the 14 wild vegetables are rich in minerals. However, the vegetables 
differ in nutrient contents. However, Sonchus oleraceus which had the lowest vitamin C concentration has the potential 
to supply about 31 % of vitamin C RDI while Physalis peruviana which had the highest concentration can supply about 
500 % of the required vitamin C RDI in adults per 300 g of serving. Solanum nigrum, Urtica urens and Bidens pilosa 
can supply about 67.9, 23.5 and 21.4 % of the required daily amount of fibre in men per 300 g serving. Sonchus 
oleraceus, Tulbaghia violacea and Bidens pilosa can supply 5.0, 5.5 and 7.1 % respectively of children’s RDI values 
for protein per 150 g of serving. When compared to other vegetables Chenopodium murale is a good source of Mg, K 
and P while Physalis peruviana is a good source of Cu and Fe. Furthermore, Physalis peruviana is a good source of Vit 
C as well as protein and Solanum nigrum is a good source of fibre. Mixing these vegetables when cooking them as is 
practised locally has the potential to meet the human requirements of nutrients for growth and development on a daily 
basis which in turn helps to overcome nutritional deficiency problems which are prevalent especially in poor rural areas. 
These vegetables are therefore recommended for consumption alone or in combination with other vegetables. 
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The black garlic   
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Black garlic (Allium sativum) was a novel vegetable created by controlling humidity and temperature for a month without 
any additives. Under these conditions fresh garlic gradually changed color from white, brown and eventually became deep 
black at the end of processing. It is a chemical reaction called “Mailard-Browning Reaction”. The final product is soft in 
texture, sweet with no pungent smell and directly edible like fruit. Water soluble amino acid S-ally-L-cysteine that is a 
trace in amount in fresh garlic increased by processing. Seventy percent amino acids (14/18) increased in amount along 
with elevation of carbohydrate contents. The black garlic extracts demonstrated a strong anti-tumor potency in a mouse 
tumor model accompanied with enforcement of NK cells activity. Bacteria-killing and anti-oxidant activities were also 
intensified by the black garlic extracts. Thus the multi-functional black garlic made sensationally debut armed with strong 
bio-functions in a field of vegetable world.         

Keywords: black garlic (Allium sativum); Mailard-Browning Reaction; S-ally-L-cysteine; anti-oxidant potency; anti-
tumor activity; anti-bacterial potency; immune enforcement 

1. Introduction 

In the past garlic has been utilized as the most effective remedy against health disorders such as common cold, malaria, 
typhus, dysentery [1], and microbiologist Louis Pasteur scientifically studied the bactericidal properties of garlic. 
During the Second World War garlic was called “Russian penicillin” because the Russian government turned to this 
ancient treatment for soldiers when antibiotic supplies had been exhausted. More experimental data have been piling up 
against bacterial infection, atherosclerosis, high total cholesterol, hypertension, free radicals and blood coagulation [2]. 
Further the National Cancer Institute USA nominated garlic as the strongest cancer preventive vegetable on their 
“Designer Foods Project” [3]. 
 In the vegetable world an extraordinary vegetable ‘Black Garlic’ made debut, which was developed by processing 
ordinary fresh garlic under the control of temperature and humidity [4]. The processed garlic was black in color with 
less irritating odor, fruity tasty, and readily edible without any further treatments like cooking. In this chapter, I will 
introduce extraordinary faces of the black garlic based on our experimental data.       

2. History of the black garlic 

On the history of the black garlic, people who read Wikipedia are understanding that it was created first in Korea. 
Whereas we Japanese know that the black garlic had been developed in our country. I will present herein a precise 
documents preserved in the Japanese company that was the first black garlic produced company. His name is Mr. 
Hamasuke Hamano who is still doing the black garlic business Mie Prefecture in Japan.  
 According to his documents he had initiated experiments in 1990 and succeeded in development of the black garlic in 
1998. Wikipedia in the first edition had written the black garlic introduction following;   

  

Fig. 1  Black garlic descriptions in Wikipedia first 
edition. Pay attention to the first sentence of History 
saying Japanese researcher in 2005, it was my lab. work. 
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The above text said “It was first introduced by a Japanese researcher in 2005”. It indicates our laboratory works. Later 
Wikipedia deleted this part to start from likely: “In Korea, black garlic was developed as a health product and it is still 
perceived as health supplementary food. Black garlic is prized as a food rich in antioxidants and added to energy drinks, 
and in Thailand is claimed to increase the consumer's longevity. It is also used to make black garlic chocolate.” 
 This writing made people misunderstand the history of the black garlic. Here is the document by Mr. Hamasuke 
Hamano showing the date when the black was created in Japan (Fig. 2).  

Fig. 2   Chronological description of the black garlic development (by the 
HAMANO Co. Ltd. document Mie Prefecture in Japan).  

1990: The Hamano Food Processing Business initiated experiments to develop 
a direct edible garlic. 

1998: Prototype of the black garlic was created but incomplete.  

1999: The black garlic was developed using rice cooker. Mr. Hamano started a 
new business.  

2003: Founded the Seino Food Processing Corporation. 

2004: Acquired the Japanese Patent Right –Japan Patent Office– (December 
18th). 

2005: Bio-functional studies of the black garlic were carried out in our 
Laboratory at Hirosaki University School of Health Sciences. 

2006: Research Group at Hirosaki University confirmed a strong anti-tumor 
potency, which was featured by the mass media. It became a trigger to 
establish the black garlic companies in Japan. 

2007: The Hamano Company increased capital to 10 million yen and changed 
name to The Genki. 

2014: The Vegetable & Fruit Distribution System was found. 

 
 

 According to Mr. Hamano’s data, he was invited from Korea to give them technical advice for the black garlic 
production. They exported their products to California. 

3. Experimental design  

3.1   Creation of the black garlic 

The black garlic is an ordinary garlic (Allium sativum) and not belongs to a special species. It is easily created under 
control of temperature (70ºC) and humidity (75%) for around 30 days without any additional treatments and additives. 
Fresh garlic gradually changes color from white, brown and eventually becomes black a month later as seen in Fig. 3 
due to chemical reaction called “Maillard and Browning Reactions” between carbohydrate and amino acid. Final 
product is soft and sweet like fruit in taste with a non-irritating odor.  

 

Fig. 3   Color changes during processing of ordinary garlic. Fresh garlic gradually changes color from white (left), light (5 days) and 
deep brown (10 days), and becomes deep black after 30 days treatment in the humidity and temperature controlled room. 
  

Science within Food: Up-to-date Advances on Research and Educational Ideas (A. Méndez-Vilas, Ed.)__________________________________________________________________________________

252



 

 
 

3.2   Extraction of the black garlic compounds for bio-functions tests  

The smashed black garlic was mildly heated in distilled water at 100ºC for 2 hours, and filtrated. Centrifuged 
supernatant (2,220☓g for 20 min) was frozen at -80ºC overnight for lyophilization (BFD-2, Nihon Freezer Co. Ltd, 
Japan). 

3.3   Chemical analysis 

Amino acid, S-allyl-L-cysteine (SAC) and γ-glutamyl-S-allyl-L-cysteine (GSAC) were respectively analyzed by amino 
acid analyzer (JLC-500/v, Nihon-Denshi Co. Ltd, Japan), and liquid chromatography (Alliance 2696, Japan).  

3.4   Anti-oxidant test 

Anti-oxidant activity of the black garlic extracts was determined by the DPPH method, and expressed by mg used to 
reduce 50% of 1.1-diphenyl-2-picrylhydrazyl (RS50%). 

3.5   Anti-tumor test 

Meth A fibrosarcoma in BALB/c mouse model was used for anti-tumor test of the extracts. Briefly, tumor cells 
adjusted at 5.0 ☓ 106/0.5 ml per mouse in GIT cell culture medium (Nihon-Seiyaku Co. Ltd, Tokyo, Japan) were 
transplanted into intra-dermal, and the extracts solution in disinfected saline was injected into tumor transplanted site on 
days 2, 4, 6 after transplantation. Anti-tumor potency of the black garlic extracts was evaluated three weeks later from 
tumor transplantation by measuring tumor size (longitude ☓ latitude mm). 

3.6   Toxicity test of the black garlic extracts against tumor cells 

Toxicity of the black garlic extracts was tested against Meth A tumor cells at 5.0 ☓ 107/ml suspended in 1% extracts 
contained-GIT medium. Followed by incubation in 5% CO2-air, cell viability was microspcopically examined by trypan 
blue dye exclusion test at 3, 6, 9, and 24 hours cultivation interval. 

3.7   Anti-bacterial test 

Nutrient agar plate method [4] was adopted against the representative pathogens as MRSA (methicillin-resistant 
Staphylococcus aureus), enterohemorrhagic Escherichia coli O157:H7, Pseudomonas aeruginosa and Candida 
albicans. They are all troublesome organisms as drug resistance/food poisoning in the medical field and in the society. 

3.8   NK (Natural Killer) cells activity test by spleen cells cultivation 

Spleen cells culture system was adopted for NK cells activity test prepared from the black garlic extracts-fed mice [5]. 
Triplicate experiments were carried out for statistic evaluation.   

3.9   Cytokine measurement in spleen cells cultivation system arranged by the extracts-fed mice  

Cytokines amount of IL-2, TNF-α, IL-4, IFN-γ, and NO were measured in spleen cells culture supernatant after 48 
hours incubation under 5% CO2-air condition [5]. Triplicate experiments were conducted for statistic evaluation.  

3.10   Statistic analysis 

Chi-square (χ2) was applied to evaluate the statistic significance between experimental and control groups.   

4. Results 

4.1   Chemical composition of the black garlic   

Chemical constituents in the processed and fresh garlic were listed in Table 1. Carbohydrate in the black garlic 
increased in amount by processing, probably associated with enforced sweetness, but others did not change much in 
amount compared with those of fresh garlic. 
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Table 1   Chemical constituent of the black garlic and fresh garlic 

 Black garlic Fresh garlic 
Energy (kcal/100 g) 227.1 138 

Water (%) 45.1 60.3 

Protein (%) 9.1 8.4 

Lipid (%) 0.3 0.1 

Carbohydrate (%) 47.0 28.7 

Ash (%) 2.1 ND 

Na (mg 4.0 ND 

Ca (mg) 24.0 ND 

Lactobacillus (No./g) <300 ND 
   *ND; not determine 
   Carbohydrate amount rose by processing probable associated with black garlic sweetness.   

 Amino acid as cysteine, phenylalanine, tyrosine, leucine, isoleucine, methionine, valine, alanine, glycine, proline, 
glutamic acid, serine, threonine, and aspartic acid increased by processing (Table 2). 

Table 2   Amino acid comparison between the black garlic and fresh garlic 

Amino acid Black garlic (mg/100 g) Fresh garlic (mg/100 g) 
Cysteine 260 100 

Ricin 230 290 

Histidine 110 130 

Phenylalanine 300 190 

Tyrosine 340 170 

Leucine 460 260 

Isoleucine 250 150 

Methionine 90 70 

Valine 410 250 

Alanine 410 220 

Glycine 360 180 

Proline 210 180 

Glutamic acid 1670 960 

Serine 330 210 

Threonine 270 190 

Aspartic acid 930 630 

Tryptophan 80 94 

Arginine 970 1300 
   *Seventy percent of amino acid (14/18) increased during processing. 

 Organic-sulfur in the black garlic is considered to play a key role in bio-activity and S-allyl-L-cysteine (SAC) is one 
of the representative elements. SAC increased during processing, and its amount reached 194.3μg/g after 40 days 
processing to compare with 23.7μg/g before aging began. By contrast γ-glutamyl-S-allyl-L-cysteine (GSAC) was 
decreased from 748 to 248 μg/g after aging (Table 3). 

Table 3   Relevancy between S-allyl-L-cysteine (SAC) and γ-glutamyl-S-allyl-L-cysteine (GSAC) in processing  

 SAC (μg/g) GSAC (μg/g) 
Black garlic 194.3 248.7 

Fresh garlic 23.7 748.7 
   SAC amount increased by processing but GSAC decreased, suggesting GSAC converted into SAC by processing. 
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4.2   Bio-activity potency of the black garlic 

4.2.1   Anti-oxidant activity  

Super-oxide elimination potency was strengthened in the black garlic and reached 28-fold more compared with that of 
fresh garlic in Japanese products and 12 times in Chinese products (Table 4), suggesting that activity depends on garlic 
producing area.  

Table 4   Anti-oxidant potency of the black garlic (DPPH method). 

 RS50%* 
Japanese black garlic 4.1 – 28 times  

Japanese fresh garlic  114.9 

Chinese black garlic 7.3 – 12 times 

Chinese fresh garlic 88.5 
   *mg used to reduce 50% of 1.1-diphenyl-2-picrylhydrazyl 
   Increasing anti-oxidant potency was observed in both Japanese and Chinese black garlic. 

4.2.2   Anti-tumor activity 

Tumor curative effect of the black garlic was more than expected. Fifty percent of tumor was deleted by the extracts 
treatments and fresh garlic used as a reference failed in eradication of tumor (Table 5). Average tumor size in non-cured 
mice in the black garlic treated was half to that of control group. 

Table 5   Anti-tumor potency of the black garlic against Meth A fibrosarcoma. 

 Dosage treated Cured/Used Tumor size against control (%)  
Exp.1 Black garlic 1 mg (three shots) 2/5 40 

     Control (-) 0/5  

Exp.2 Black garlic 1 mg (three shots) 3/5 55 

Control (-) 0/5  

Total  5/10 (p<0.05) 47.5 

     Fresh garlic 5 mg (three shots) 0/5 64 

     Control (-) 0/5  
   Extracts were injected into tumor transplanted site on day 2, 4, 6 after tumor transplantation, and activity was evaluated three weeks 

later from tumor transplantation. 
   Fifty percent of cure rate was obtained by the black garlic treatment, and no cure in the fresh garlic treated group. 

4.2.3   Toxicity test of the black garlic extracts against Meth A tumor cells  

One percent of the black garlic extracts was no toxic against Meth A tumor cells in mixture cultivation test (Fig. 4). 
This result suggests that the extracts probably enhance immune system first, which will play later for tumor eradication 
in vivo. 

 

Fig. 4   Toxicity test of the black garlic extracts against Meth A tumor cells. 
 
 One percent of the black garlic extracts was mixed with tumor cells and incubated in 5% CO2-air condition. Viability 
rate of tumor cells (%) was determined by the dye exclusion test counting 200 cells. Non toxic action was observed in 
the black garlic extracts. 
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4.2.4   Anti-bacterial test 

MRSA (methicillin-resistant Staphylococcus aureus), Pseudomonas aeruginosa, and enterohemorrhagic Escherichia 
coli O157:H7 were sensitive to the extracts, and could not grow on the extracts included site. While Candida albicans 
resisted somewhat to the extracts and faintly grew as seen in Fig. 5. 

 
Fig. 5   Bacteria killing potency of the black garlic extracts. Upper control site allowed bacteria growth but no growth at lower part 
with the black garlic extracts. From left; MRSA, Pseudomonas, O157, Candida (faint growth) 

4.2.4   Enhancement of NK cells activity  

As seen in Fig. 6, NK cells were activated and it reached maximum 10 days after the experiments beginning (p<0.001). 

 
Fig. 6   Enforcement of NK cells activity in the black garlic extracts-fed mice. NK cells activity gradually increased and reached a 
maximum on day 10 (*P<0.05, **P<0.001 against control value). Tumor cell was attacked by NK cells by creating holes (Right 
picture, by Hasumi Institite in USA). 

4.2.5   Increased cytokine generation 

Cytokine TNF-α, and IFN-γ reached a maximum generation on day 8, and IL-2 and NO were on day 11 (Table 6). Time 
lag was observed on reaching maximum depending on the types of cytokine. While IL-4 decreased, implying less 
production of IgE from B lymphocytes (allergy suppression).  

Table 6   Cytokine amount generated in the extracts-fed mice spleen cells culture. 

Days IL-2 (pg/ml) IL-4 (〃) TNF-α (〃) IFN-γ (〃) NO (μM) 
Control 20.1± 3.9 20.0±2.1 27.3±8.2 17.4±1.5 11.6±0.9 

6 15.9 ± 2.3 16.6±2.8 47.0±5.9* 24.5±1.7* 11.2±2.3 

7 15.5±1.8* 17.7±1.7 60.7±3.9* 34.7±4.3** 10.4±1.2* 

8 18.2±4.0 15.5±1.0* 68.7±0.6** 105±55.7* 26.9±1.0** 

9 18.0±2.6 15.9±1.3* 56.5±3.4** 30.0±4.9* 26.1±1.1** 

10 16.2±1.8 15.9±1.6* 51.0±8.7* 18.1±0.7 26.3±1.8** 

11 28.0±3.6* 16.5±1.0* 44.0±5.4* 32.2±4.3* 28.8±2.9** 

12 18.6±3.0 17.2±1.2* 29.0±5.4 19.7±1.4 26.0±2.5* 
   Mice were treated with the black garlic extracts for 5 days. Non-treatment period was from day 6 to 12. (*P<0.05, **P<0.001 

against control). 
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5. Prospect in the future 

Reputation of the novel vegetable, black garlic, is steadily raising up in both domestic and overseas due to beneficial 
bio-functions against tumor, super-oxide, bacteria, and immune enhancement. Citizens are also interested in their health 
problems and trying to strengthen their health conditions. The most hopeful candidate is the black garlic, which still 
covered with unknown nature (bio-activities).   
 One of the biggest concerns is for instance how this product works against a modern disease allergy. We are 
experiencing the black garlic effectiveness against allergy as improvement of clinical symptoms among the patients 
who daily ingested the black garlic. Another concern is affection to the brain. Because the black garlic involves much γ-
amino-butyric acid (GABA), which is a necessary element to brain work as a neurotransmitter in central nervous 
system [6]. Deficiency of GABA in brain causes various mental diseases as anxiety disorders likely to be panic attacks, 
Parkinson disease, and also depression. Likely the black garlic bio-functions are still unexplored and remained for 
future’s works.  

Acknowledgments   Author acknowledges Mr H. Hamano and Y. Osanai for providing information on the history of the black garlic 
in Japan.   
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The environmental hazards of food wastage: A brief summary 
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The increasing volume of wastage of food has become a global problem. According to a recent report of Food and 
Agriculture Organization of the United Nations, food waste causes economic and ecological deterioration. This chapter 
would discuss the different food supply chains and occurrences of food wastage. The appropriate indicators for 
environmental deterioration of food waste, namely acidification, eutrophication, global warming, human and eco-toxicity 
and depletion of resources, would be discussed. The chapter would also focus on the potential measures for the prevention 
of food wastage. It would then conclude the critical factors at the end. 

Keywords: Food wastage; environmental impact; indicators 

1. Introduction 

Food wastage refers to the reduction in the availability of food for consumption occurring throughout the food chain, 
both due to lack of efficiency (poor infrastructure, poor technology and poor management) and due to unintentional 
discarding of edible items at the retailer’s and consumer’s end [1]. Globally, food waste is being generated in enormous 
amount and has become a major cause of concern because of its impact on the environment. About 50 % of the food is 
wasted globally through the food supply chain [2]. The food waste has not been measured or managed in a regular 
manner. As for instance, food and organic wastes are often considered together, whereby it becomes difficult to figure 
out or measure the food-only portion, while in other cases, the reporting is considered for mixed solid waste, only at the 
stage of disposal [3]. 

1.1   Food crises 

The price of food has been low till the early 2000s, and therefore, the governments of both developing and 
underdeveloped countries did not invest much in the local agricultural production. However, the reliability on food 
imports, for food security, suffered a setback when the international food prices started soaring since 2006. As an 
immediate reaction, such surge in food prices leads to widespread riots and protests in many countries which threatened 
the stability of the respective governments [4]. According to the report of World Bank, in 2011, about 44 million people 
were pushed into poverty, as the food prices reached the unaffordable limit [5]. Such situation where a substantial 
population is forced to starve for food is generally referred to as the “food crisis”. It is estimated that about 925 million 
people are subjected to chronic hunger, throughout the world [6]. However, besides food production, a sustainable food 
system may also depend on factors including food consumption and food wastage. 

1.2   Food supply chains  

The food supply chain is a combination of various stages (interlinked to each other) through which food reaches the 
consumer. These stages may be broadly categorized into two groups, namely inbound logistics and outbound logistics. 
The inbound logistics may include facilities such as suppliers (delivery of raw materials), factories (manufacturing and 
packaging), while the outbound logistics may include transportation to storage facilities that is accessible to the 
consumers (distribution centers and retail outlets). Again, the supply chains, for different products, may intersect at one 
or more stages. [7]. 
 This chapter would therefore discus in length the occurrences, indicators and prevention of food wastage. 

2. Occurrence of food wastage  

According to the report of Food and Agricultural Organization of the United Nations (FAO), about one-third of the food 
produced worldwide, amounting to 1.3 billion tons (per year), is wasted [8].  
 The wastage of food may take place through spillage, breakage and degradation (especially, during handling and 
transportation). The environmental impact becomes more severe/or intense with the passing stages (along the food 
supply chain), as the impacts (or cost) is added to the initial production impact. The wastage may occur at any part of a 
supply chain: production (at agricultural production), manufacturing and processing, wholesaling and retailing, as well 
as at the consumer’s end. The loss of raw, intermediate or final products may also occur during international and/or 
domestic trading.  The different parts of the food supply chains, of vegetable and animal commodities, where the 
probable food waste occurs may be depicted as follows [9]: 
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2.1   Production stage 

During harvesting of the agricultural products, their accidental or unavoidable damage and/or spillage may occur. 
Again, during the handling, storage and transportation of the harvested crops, a portion may get spilled or damaged 
(through degradation). During breeding, animals and/or birds may die due to sickness and/or accidents. Again, during 
fishing there is always a discarded portion, while at dairy production units, the cows may get sick whereby its 
production of milk get reduced. Animals may die during transportation and fishes are lost during icing, packaging, 
storage and transportation. The produced milk may get spilled or degraded on its way to the subsequent unit. 

2.2   Manufacturing and processing  

Besides the losses due to spillage (or degradation) at the manufacturing units, a significant portion may also get lost at 
preparation units, such as washing, slicing etc., prior to their introduction to the former. At the industrial processing 
unit, meats are lost due to trimming spillage and fishes are lost during canning and smoking. Again, during the 
treatment of milk, such as pasteurization or processing of cheese/yoghurt, a substantial portion gets spilled. 

2.3   Wholesaling and retailing 

Losses may take place during handling, shifting, storage and transportation at the market system. 

2.4   At consumer end  

The wastage of food at the domestic level, namely handling, preparation and consumption.  

3. Indicators for environmental deterioration by food wastage 

LCA is a process of evaluating the effects that a product has on the environment over the entire period of its life.The 
LCA study starts with the identification of objectives.  The product system is then examined in terms the impact 
categories namely acidification, eutrophication, global warming, eco-toxicity (in relation to human) and depletion of 
resources. The technique of Life Cycle Assessment (LCA) is one of the effective tools for studying the environmental 
impacts, as it considers all the stages of a food supply chain. This tool facilitates the investigation and evaluation of the 
effects (on air, water and land) of stages (of food supply chain), namely agricultural production, material and 
component preparation, distribution, consumption and end-of-life management (such as disposal, recycling etc). Certain 
preselected reference substances have been used to express the results of LCA, like CO2 for climate change impact, SO2 
for acidification and ethene (C2H4) for Photochemical Ozone creation potential etc [10]. 

3.1   Acidification and Eutrophication 

Acidification refers to the emission of gasses, such as SO2, NOx, HCl and NH3, into the air, which subsequently interact 
with the atmosphere to acidify the ecosystems. Eutrophication is the excessive growth of plants, namely algae, 
periphytons and weeds, within water bodies (such as lakes, streams and estuaries), caused by the excessive nutrients 
content produced as a result of the presence of gasses, namely NOx, NH3, PO4

-, in water and air. The sources of such 
nutrients may include fertilizers (from agricultural fields), soil erosion, discharge from sewage treatment plants, 
atmospheric nitrogen and run-off from lawns/fields. Eutrophication may cause the reduction of oxygen, during the 
decomposition of dead plants, which would be fatal for other organisms. Pollution of water resources with pesticides 
and fertilizers may stimulate the excessive growth of aquatic plants and algae, which would result in clogged 
waterways, depletion of dissolved oxygen and blocks sunlight from reaching deeper. It has detrimental effect on the 
process of respiration of aquatic life [11]. 
 Nitrate is leached from all types of soils and gets carried away by the drainage water. The sewage treatment plants 
also discharges substantial amount of nitrate. These sources of nitrate contribute to the eutrophication of water bodies, 
mainly, coastal waters, marine waters and lakes. [12]. The soil, in the agricultural land, is contaminated with nitrate 
during the decomposition of organic matter (including manures). This nitrate is transported to the drainage water during 
rainfall. Again, excess of phosphorus gets deposited into the soil (of farmland) due to the practice of adding inorganic 
phosphate fertilizers. The excreta of the animals (including human sewage), which are fed with the crops grown on 
phosphate contaminated soil, also contain phosphorus. Thus, the phosphorus gets carried away into the waterways. 
Ammonia is released into the soil through livestock wastes (particularly from cattle, poultry and pigs). The release of 
ammonia into the air leads to the formation of ammonium particles, which causes smog formation as well as 
acidification. [12]. 
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3.2   Global warming 

Global warming indicates the trapping of a portion of the reflected outgoing solar energy, whereby retaining heat into 
the lower atmosphere in the vicinity of the earth’s surface. Such phenomenon is caused by the emissions of greenhouse 
gasses (namely, CH4, N2O and CO2) into the atmosphere.  
 The soil releases CO2 through its respiring plant roots as well as decomposed organic matter (caused by soil 
microbes). The N2O gas is released from the soil due to the processes of nitrification and denitrification (carried out by 
microorganisms), which are initiated in the presence of nitrogen (in the soil). The soil is being continuously fed with 
nitrogenous compounds in the form of fertilizers, feces, slurries, manure etc. The CH4 gas is being released from 
anaerobic soils and animal wastes. Food wastage of cereals produces 34 percent of the total greenhouse gases [13]. The 
main causes are the application of nitrogenous fertilizers (during production) and usage of diesel (during agricultural 
operations, namely ploughing, harvesting and drying). Such usage of nitrogenous fertilizers reduces during the 
production of pulses as the latter, being a leguminous plant, has the ability to fix nitrogen from air. Similarly, the 
requirement for nitrogenous fertilizers and diesel is less for the production of potatoes and other roots, thanks to their 
efficient and high yield. However, the production of grains requires higher usage of nitrogenous fertilizers and diesel as 
compared to fruits production. The monogastric animals, such as pigs and poultry, contribute to N2O emissions through 
their feeder, while CO2 emissions occur during the production of mineral fertilizers. The usage of energy during 
maintenance of the animal’s shelters also adds to the overall emissions due to certain animals (like chicken).  The 
ruminants, including cattle, sheep and goats, contribute to the emissions of CH4 gases, especially during feed digestion 
(due to enteric fermentation) and manure management. Additionally, N2O emissions also occur during the production of 
fertilizers, soil emissions and energy usage (in arable farming). In fisheries, the consumption of diesel (during on-board 
fishing) and leakage of refrigerants (from on-board cooling equipment) adds to the CO2 emissions. In aquaculture, the 
emission of greenhouse gases occur during the production of fishmeal and fish oil (in industrial scale) [14]. 

3.3   Human and eco-toxicity 

Human and eco-toxicity refers to the exposure to pesticides and heavy metals which cause harm to human and the 
ecosystem (consisting the flora and fauna). The rising occurrence of pest and disease has prompted the use of enormous 
amount of hazardous pesticides [15]. Generally, herbicides are less hazardous to human health than insecticides [16]. In 
agriculture, environmental hazards include the emissions of gases (such as ammonia), pollution of surface and 
groundwater due to nitrate and/or phosphate leaching, erosion of soil and harmful effect on biodiversity [17,18].The 
excessive use of fertilizers and pesticides, in modern agriculture, has negative impact on the natural habitats as well as 
genetic diversity. As for instance, a sensitive plant like tobacco needs multiple applications of pesticides, fungicides and 
herbicides during its growing season [19]. Every year 27 million pounds of pesticides are sprayed onto tobacco fields in 
the United States [20]. Besides causing harm to birds and small animals, it causes “green tobacco sickness”, which 
affects the field workers who are constantly exposed to these pesticides [21]. Besides carbon dioxide, enormous amount 
of solid waste and/or chemical waste (including paper, ink, foil, glue and cellophane) are generated in the production of 
cigarettes [22].  Moreover, tobacco smoke is known to contain toxic substances (including carcinogens) [23]. About 
0.1% of the applied pesticides reach its target, while the remaining is released into the environment and thus 
contaminates soils, plants, air and water bodies. The effects of pesticides on living species lead to tropic effects on 
biodiversity.  The application of sewage sludge on land introduces a wide range of toxic heavy metals and organic 
compounds which subsequently gets assimilated by plants and animals [12]. 

3.4   Uses of resources 

Use of resources indicates the depletion of resources (especially non-renewable), namely fuels, water and agricultural 
land, due to extraction and consumption. An instance of the depletion of resources includes the use of cropland and/or 
grassland for the production of that portion of the total foodstuffs which is ultimately wasted. Similarly, during the 
energy-intensive processing of food, solid waste and wastewater is generated. During the preparation of food at home, 
substantial amount of energy is used for freezers, refrigerators and cooking and thus has a negative environmental 
impact. 
 Land may be used for agriculture, buildings or roads , which may result in deforestation, urbanization and soil 
sealing. Again, aquaculture may be interconnected to land-use by virtue of the agricultural products used as feed for 
fish. During livestock production, lands are occupied for the production of animal feed including grazing. As for 
instance, ruminants are fed with roughages and/or grains and soy-meal as well as other supplements. Again, 
monogastric animals may also be connected to non-arable land as their feed may contain components of milk from 
ruminants that require grassland. Among food crops, cereals contribute about 4-15 % of the total arable land occupation 
of food wastage.  However, starchy roots, vegetables and legumes compensate for their food wastage volumes with high 
yields. At the agricultural production stage, 99% and 50% of food wastages occur in the regions with moderately 
(and/or highly) and lowly degraded soil, respectively. 
 The biodiversity comprises of life on earth including diverse genes, species and ecosystem. The greatest harm to 
tropical biodiversity may be caused by the extension of crop production. The industrial and urban expansions, 
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especially in the developed countries, have caused the loss of habitat, pollution of the ecosystem and the reduction in 
the farmland diversity. Moreover, the growing abandonment of agricultural land has led to the decline in the habitat 
heterogeneity, whereby causing a further decline in biodiversity. In animal husbandry, large stretch of natural areas are 
converted to pastures as well as used for forage production, which in turn has enormous impact on the biodiversity. 
Additionally, decline in the genetic diversity of livestock also affects the biodiversity. Biodiversity is also influenced by 
the alteration of the marine ecosystem prompted by the increasing fish and/or seafood production. The modern 
industrial fishing destroys sea-floor habitats. Moreover, the discarded alien/unwanted species (as waste), the continuous 
introduction of hormones and/or antibiotics, the genetic mutation (of wild fish) and the transmission of diseases have 
narrowed the diversity of the biosphere. 
 Land with thin topsoil layer suffers from soil loss due to conventional tillage and heavy rainfall [12]. About 60% of 
used water resources goes to agriculture [24]. In horticulture, the practices of using glasshouses, poly-tunnels and 
mulches (and/or fleeces) affect the landscape [25]. The depletion of water resources (suitable for use) is caused by its 
pollution through the improper use of pesticides and fertilizers.  

4. Measures for prevention of food wastage 

Ecological agriculture (or agro-ecology) involves intercropping, recycling of manure and food scraps into fertilizers, 
agro-forestry (to maximize resource efficiency) and many other agronomic techniques. Variation in farming systems 
leads to diverse diets and thus improves the nutritional level. It reduces the expenses (for farming) and thus contributes 
to better livelihoods. Shifting the mode of agriculture from industrial to ecological could be easily done (both national 
and international) with the cooperation of the respective government agencies [26]. Introduction of food info-Marts 
(market for ecological product) is an efficient and effective tool through which the flow of information (and resources) 
could be mutually shared and/or exchanged.  
 The development of Ecological Debt Index  which would take into account the overall carbon emissions, water 
consumption, application of chemical fertilizers and/or pesticides on agricultural land etc, would indicate the ecological 
impact of the product (throughout the food supply chain). A food label, indicating the ecological debt index, would be 
introduced for all product so that the consumers can make their choice/or preference for product received through 
greener supply chains. 
 Reduction of food wastage may be accomplished by improving poor (or inappropriate) practices along the different 
stages (of food supply chain), namely agricultural, processing, transportation and distribution . Methods like by-product 
recycling, anaerobic digestion, composting and incineration are advantageous (and beneficial) over mere dumping in 
landfills [27]. 
 Fertilizers contribute to the emission of green house gases by virtue of the inefficient manufacturing technologies, 
use of coal (as energy source), preference of urea fertilizers over ammonium nitrate, and its over-application (especially 
in horticulture) [28, 29]. Improved fertilizer management, conservation tillage, use of biogas as well as farming of 
productive livestock breeds by using feed additives and antibiotics are some important adoptive measures to reduce 
emissions.  In organic farming, diversified crop rotation is practiced and the use of pesticides, herbicides or inorganic 
fertilizers is avoided. It enhances biodiversity (in agricultural landscapes), increases species richness by 30% [30]. The 
practice of high yielding crop production with efficient nitrogen use may diminish the need for synthetic fertilizers, 
expansion of agricultural land and change of forests (habitats) of technologies, namely slurry injection, manure 
treatment and well-timed manure application, serve the purpose of maintaining ammonia reductions, nitrogen 
conservation and reduced fertilizer application. The adoption of anaerobic digestion method promises to improve 
nitrogen efficiency by replacing synthetic fertilizers with the nitrogenous by-product of anaerobic digestion. The 
practice of intensified agriculture on suitable productive soils may encourage the slowing and reversing of deforestation 
[31]. Use of buffer strips and spatial planning for livestock production reduces emissions of green house gases [32]. 
 The practice of sustainable agriculture refers to the use of resources without compromising with the environmental 
quality and quantity of natural resources. Agricultural sustainability demands optimal utilization of water, crops, soil 
fertility and soil physical properties. Such practice minimizes chemical and energy inputs and helps improve soil 
fertility and crop production through synergic ecological interactions [11]. 

5. Conclusion 

Although biodiversity and the effects of varying agricultural practices on landscape do not fall within the domain of 
LCA methods, however, it covers several important factors, including greenhouse gas emissions (affecting climate), 
acidifications (acid gas emissions), eutrophication (nitrifying emissions), ozone depleting substances and depletion of 
resources (both biotic and abiotic). LCA takes into consideration the impacts on all media of the environment, namely 
land, air and water [10].  
 Deforestation causes an increase in the atmospheric level of carbon dioxide, severe flooding, soil degradation and 
restricts water recycling (of nature), which ultimately leads to the extinction of plant and animal species [33,34]. The 
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treatment of waste, generated by livestock farms, is normally inappropriate, as reported in the state of the environment 
report 2002 [35]. Livestock waste contributes substantially to the release of COD (chemical oxygen demand), Nitrogen, 
Phosphorus and heavy metals [36]. The released nitrogen enters the atmosphere in the form of N2O and/or NH3, 
accumulates into soils and contaminates water bodies. The food supply chain may affect the nutritional quality of food. 
As for instance, fresh vegetables undergo deterioration during transportation, handling and storage [25]. Adoption of 
preservation methods, namely refrigeration, chlorination, electrolyzed water treatment, ionization (through radiation), 
packaging and surface coating, may increase the shelf-life of fresh vegetables as well as reduce nutritional loss and 
physical damage [37]. 
 Water is inseparable in every aspects of life and hence special attention should be given to the development, 
utilization and protection of water in both the developed and developing countries. The inappropriate use of water for 
irrigation may cause water depletion, salinization, water –logging or soil degradation.   
 Adoption of strategies (in sustainable  agriculture), namely tillage, crop rotations and use of plant residues as manure, 
affects soil habitats and the food web and also changes the quality of the soil. The soil biota is involved in the process of 
decomposition (of organic matter) and maintains the nutrient and carbon cycles. Plants play a crucial role in 
maintaining the porosity and organic matter content of the soil. Plants are also involved in the bioremediation of toxic 
wastes [38]. 
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Beta glucan (β-glucan), an important functional ingredient, has gained renewed interest from the food industry due to its 
health beneficiary compounds beyond basic nutrition. This soluble fiber, with high water-holding capacity and gelling, 
thickening, stabilizing and emulsification properties, is readily found in the cell walls of cereal grains (i.e. barley and oats), 
algae, bacteria and fungi. In scientific literature, beta-glucan has been documented for playing beneficiary role in insuline 
resistance, hypertension, and obesity; reduction of serum cholesterol levels; helping the production of short chain fatty 
acids and forming highly viscous solutions that promote the growth of beneficial gut microflora, and consequently, 
lowering the risk of cancer. In dairy products β-glucan is being widely used either to improve microstructure and 
rheological properties or enhance their health properties such as calorie-reduction and cholesterol-lowering. The objective 
of the present paper is to explore the role of β-glucans as a source of dietary fiber supplementation, their potential uses in 
dairy applications and development of new nutraceutical products. 

Keywords: health benefits; beta-glucan; fiber; functional dairy foods 

1. Introduction 

Food industry aims to develop functional foods and ingredients with regard to the consumers’ attitudes and behavior 
towards healthy and nutritous foods. β-glucans are commonly referred as dietary fibre. A dietary fibre, non-starchy 
carbohydrates, can be defined as the parts of plants such as cereals, vegetables, fruits, and nuts which are not digested 
within the small intestine since mammals do not produce enzymes capable to hydrolyze them into constituent 
monomers [1].  
 Based on their simulated intestinal solubility, dietary fibres are classified as either soluble or insoluble. Soluble fibres 
include pectins, beta-glucans, galactomanan gums, and a large range of non-digestible oligosaccharides i.e. inulin; 
insoluble fibres include lignin, cellulose, and hemicelluloses [2]. Dietary fibre is a non-nutrient as it reaches the colon 
intact and contributes no calories to the diet. In the colon, it is fermented by the beneficiary bacteria, and metabolized to 
short chain fatty acids (SCFAs) with the release of energy that promotes the growth of gut microbiota, acting as 
prebiotic [3-5].  

2. Sources of β-glucans 

2.1   Structure and functional properties of β-glucans 

Glucans are non-starch polysaccharides commonly present in living organisms. They are polymers built of 
monosaccharides linked by alfa- and beta-type glycosidic bonds. Glucans have complex chemical structure and perform 
varied physicochemical properties. They can be divided into four main groups i) branched β-(1,3) glucans with high 
molecular mass (pleuran, lentinan, grifolanand schizophyllan), ii) β-glucans with lower molecular mass (e.g. 
carboxymethyl glucan), iii) glucans with small molecule (e.g. zymosan) and iv) α-glucans [6,7].  
 β-glucans are natural components of cell walls of plants, yeast, algae, bacteria and mushrooms, consisting of a β-
(1,3)-linked D-glucopyranosyl backbone to which either linked β-(1,6) or β-(1,4) side chains of varying distribution and 
length (Fig. 1-2). Cereal (e.g., barley and oats) and bacterial β-glucans are primarily linear with large regions of β-(1,4) 
linkages separating shorter stretches of β-(1,3) structures. Mushroom β-glucans have short β-(1,6)-linked branches 
coming from the β-(1,3) backbone, while those of yeast have  β-(1,6) branches that are further elaborated with 
additional β-(1,3) regions (Table 1) [8,9].  
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Fig. 1   Structure of β–glucans in cereals; β-(1,3) linear chain with β-(1,4) branch link bonds. 

 
 

Fig. 2   Structure of β–glucans in yeasts; β-(1,3) linear chain with β-(1,6) branch link bonds. 

 The extraction conditions, molecular weight of β-glucans, degree of polymerization (DP) are responsible for their 
specific physical properties and characteristics, and determine their rheological properties and food applications [9-12].  
 
Table 1   Beta-glucan types of different organisms with a schematic structure [11]. 

Organism Structure Description 

Bacterial  Linear β-(1,3) glucan; i.e. curdlan 

Yeast 
 

Long chain β-(1,3) glucan with   
β-(1,6) branching; long spaces 
within branches; i.e. betafectini™, 
WGP β-glucan 

Mushroom  
Short chain β-(1,3) glucan with   
β-(1,6)branches; short spaces 
within branches; i.e. schizophyllan 

Cereal 
 
 

Linear β-(1,3)/ β-(1,4) glucan; i.e. 
oat, barley, rye 
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Table 2   Commonly used β-glucans [5,7,9,12] 

Name  Source Source type Structure 
Barley, oat, wheat, rye, 
rice 

 Cereal β-(1,3)/β-(1,4) mixed linkage, 
unbranched 

Curdlan Alcaligenes faecalis 
Agrobacterium radiobacter 

Gr (-) bacteria Β-(1,3) unbranched/ linear 

Azorhizobium 
caulinodans 

A. caulinodans Gr (-) bacteria β-(1,3)/β-(1,6) cyclic 

Xanthan Xanthomonas campestris Gr (-) bacteria β-(1,3)/ β-(1,4)/β-(1,2) side-chain- 
branched 

Streptococcus 
pneumoniae  

Str. pneumoniae  Gr (+) bacteria β-(1,3)/β-(1,2) side-chain branched 

CSBG Candida albicans Yeast β-(1,3)/ β-(1,6) branched 
Saccharomyces 
cerevisiae 

S. cerevisiae Yeast β-(1,3) and small numbers of β-
(1,6) branches 

WPG-glucan (whole 
glucan particule) 

S. cerevisiae Yeast β-(1,3)/β-(1,6) branched 

Zymocel  S. cerevisiae Yeast Crude β-glucan extract 
Zymosan S. cerevisiae Yeast Crude extract with β-glucan and 

mannan non-uniform branches 
GluP (fosforoglucan) S. cerevisiae Synthetic modified β-(1,3) branched 
PGG (betafektin) S. cerevisiae Genetically 

engineered 
β-(1,3)/β-(1,6) highly branched 

Glomerellan Glomerella cingulata Fungus β-(1,3)/β-(1,6) branched 
GRN (grifolan) Grifola frondosa Fungus/mushroom β-(1,3)/β-(1,6) branched 
LNT (lentinan) Lentinula edodes Fungus/mushroom β-(1,3)/β-(1,6) branched 
Pneumocytis carinii P. carinii Fungus/protozoan β-(1,3)/β-(1,6) branched 
P-SG (ganoderan) Ganoderma lucidum Fungus β-(1,3)/β-(1,6) branched 
SPG (sonifilan, 
schizophyllan) 

Schizophyllum commune Fungus β-(1,3)/β-(1,6) branched 

SR (skleoglucan) Sclerotium rolfssi  
S. glucanicum 

Fungus β-(1,3)/β-(1,6) single branched 

SSG S. sclerotium Fungus β-(1,3)/β-(1,6) highly branched 
LAM (laminarin, 
laminaran) 

Laminaria Algae i.e. brown 
seaweeds 

β-(1,3) unbranched with some 
branching of β-(1,6)  

 β-glucans are commonly used, owing to their diverse physicochemical properties, to perform different functions in 
food technology, e.g. gel formation, foamability, stabilization, emulsification, water-binding and thickening. They are 
often used to improve the consistence of food products, e.g. drinks, dressings, fermented dairy products, dairy deserts or 
ice cream [13,14].  
 The molecular weights of β-glucans vary from tens to thousands of kilodaltons. The solubility of β-glucans in water 
is dependent mainly on their structure which is associated with their origin and increases with temperature. Protein-
bound glucans are insoluble in water, only after partial hydrolysis, they produce gels. However, native β-glucan 
molecules lack this capability, so it can be said that β-glucans represent partly soluble and partly insoluble food 
ingredients [8].  
 β-glucan has been recognized to display many physiological functionalities and health benefits for humans; i.e. 
lowering blood glucose and insulin levels, reducing diabetic symptoms, improving lipid balance, reducing the risk of 
cardiovascular disease through its ability to lower serum cholesterol levels, and boosting the immune system and cancer 
prevention [15,16]. β-(1,3) (1-6)-D-glucans that have long, branched side chains are recognized as “good prebiotics”, 
which stimulate the growth of beneficial intestinal flora [17].  
 β-glucans are also used as a supplement to animal feed as an immune enhancer to limit infection occurrence, improve 
animal growth and development and decrease the use of antibiotics [5,18,19]. In addition, β-glucans are used not only in 
medicine but also employed in cosmetic industry, mainly for preparations to prevent irritation and delay skin aging [17].  

2.2   β-glucan from cereals 

β-glucans, appear mostly in the cell walls of the aleurone, sub-aleurone and endosperm tissues of cereals, consisting of 
unbranched β-glucans with glucopyranose molecules linked by β-(1,3)- and β-(1,4) linkages, and has been widely used 
in food products due to the health-enhancing benefits. The content of β-glucans in cereal grains depends on the source 
(cereal species, cultivation conditions), processing treatments (milling, temperature-pH-shear effects, etc.) and 
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interactions with other constituents (polymers or small molecular weight solutes) in the primary source or in a 
composite food matrix, of which designate the structural features and dispersibility-solubility of β-glucans, and thereby, 
modulate their physiological action in the gastro-intestinal tract [6,10]. The amount of β-glucans vary within the cereals, 
i.e. it is higher in barley (5-11%) than oats (3-7%) and wheat (0.2-1%) [2,6].  
 In barley β-glucan is mainly located in the endosperm and alerurone layer, which are consisted of 75% β-glucan + 
20% of arabic gum and 26% β-glucan + 67% arabic gum, respectively. Wheat bran, consists of the outer coat (pericarp, 
testa and aleuron layers) of the wheat grain, is the main by-product of wheat milling, comprises approximately 6% β-
(1,3)/β-(1,4)-glucan, used as the major resource for β-glucan extraction. However, the wheat aleurone layer contains 
25% β-glucan. Thus, most of the recent research focuses on wheat kernel and wheat flour [20-21]. Biorklund et al. [22] 
stated that oat derived β-glucans, with high degree of water solubility, decreased significantly glycaemia and 
insulinemia than barley derived β-glucans that comprise lesser amount of water soluble components.   

2.3   β-glucan from microorganisms 

In general, in yeasts and other fungal cell walls β-glucans consist of glucopyranose molecules linked by β-(1,3) 
glycosidic linkages and small number of branches bound by 1,6-β bonds, whereas bacteria-derived β-glucans are not 
branched and include glucopyranose molecules linked by 1,3-β bonds [6].  
 A variety of bacteria, including important pathogens of humans, livestock and plants, produce extracellular and 
capsular polysaccharides (EPS), i.e. xanthan, dextran, pollulan and gellan, which are used on large scale in food 
industry for gelling, stabilizing and foaming properties [23]. These β-glucans are excreted from various 
microorganisms, such as Pneumocystis carinii, Cryptococcus neoformans, Histoplasma capsulatum, Bacillus 
curdlanolyticus, B. kobensis, Sarcina ventriculi, Micromonospora, Agrobacterium and Rhizobacterium [5,24-26].  
 Curdlan, isolated from Agrobacterium spp. and Alcaligenes faecalis var. myxogenes, exculisively containing β-(1,3)-
glycosidic linkages, is a linear compound having a triple-helix conformation and a colourless and odourless compound 
which has been described as immunamodulator, anti-tumorogenic and anti-viral agent. It is insoluble in cold water, has 
unique rheological and thermal gelling properties and mainly used as a carrier for immobilized enzymes [27].  
 Fungi are an attractive source of physiologically functional foods and drug precursors, displaying a wide range of 
pharmacological activities such as anti-inflammatory, anti-tumor and immuno-modulating effects. The 
polysaccharide β-D-glucans are components that are found in some macrofungi (such as mushrooms), and unicellular 
fungi such as yeast (baker's yeast and Candida albicans) [28]. About half the mass of the fungal cell wall consists of β-
glucans, but many are also excreted into the growth medium, making their recovery, purification and chemical 
characterization much simpler besides application in food and pharmaceutic industry [29]. Glucans differ in the 
structure of their side chains, water solubility, molecule size and molecular mass which are specific to the individual 
fungal species. The yeast and fungal glucans, either in water-soluble or insoluble forms, share the common structure: 
primary backbone chains of β-(1,3)-linked-glucopyranosyl units, along with randomly dispersed side chains of β-D-
glucopyranosyl units attached by (1,6) linkages. These β-(1,3) (1,6)-glucans are usually highly branched; often present 
as an inner wall layer and are sometimes covalently associated with other cell wall polymers [30].  
 In yeasts cells the amount of β-glucans is higher than most cereal grains and vary between 29 and 64% depending on 
the cultivation conditions. Among yeasts, Sacchromyces cerevisiae is the major source of β-glucans comprising 55–
60%. Other sources are Zygosaccharomyces bailii, Kloeckera apiculata, Kluyveromyces marxianus, Debaryomyces 
hansenii, and Schizosaccharomyces pombe. These β-glucans are built of glucose backbone with β-1,3 linkages, from 
which short side-chains branch off linked by β-(1,6) bonds [31].  
 Eventhough yeast-derived β-glucans are stated as being insoluble in water because of chitin, Akramiene et al. [26] 
pointed that β-glucans in inner layer of yeast cell wall are insoluble whereas the ones in outer layer are soluble. The 
insoluble β-glucans can induce immunity against bacterial, fungal, viral and parasite infections and against tumour cells 
[32], whereas the soluble form shows antioxidative properties [33]. Zymosan, derived from Sacchromyces cerevisiae, is 
an insoluble polymer of glucose, which demonstrates high antibacterial properties, induces inflammatory response and 
enhances immune system through activation of macrophages and induction of cytokine secretion [34].  
 Natural products containing fungal β-glucans have been consumed for probably thousands of years not only because 
of their nutritive but also because of improving general health and healing properties, especially in China and Japan 
[35,36]. The cell walls of macrofungi contain two polymers: chitin and β-glucan, in which individual chains are linked 
with hydrogen bridges and covalent bonds are formed between both polymers. Species of macrofungi used in ethnic 
medicine of the Far East are, Ganoderma lucidum, Lentinula edodes, Grifola frondosa, Hericium erinaceus, Trametes 
versicolor, Schizophyllum commune, Phellinus linteus, Inonotus obliquus, Pleuortus ostreatus, Hirneola auricula, 
Stropharia aeruginosa, Agrocybe aegerita, Lyophyllum decastes, Calocybe indica, Armillaria melle and Collybia 
dryophila [37,38].  
 The content of active substances depends on species, cultivation conditions, morphological stage (vegetative or 
reproductive) or part, maturation phase of fruiting bodies, storage conditions and processing methods [39,40]. In some 
members of the genus Boletus β-glucans comprise 2–13% of digestible dry matter [39], whereas in Ganoderma lucidum 
and Lingzhi mushroom β-glucan content is between 10 and 50% [41].  
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3. Physiological and health benefits of β-glucans 

Many studies have indicated the beneficial health promoting effects of β-glucans, valuable functional ingredients, such 
as to lower the glucose and cholesterol levels in the serum, constipation relief, reduction of the risk of colorectal cancer, 
stimulation of the immune function, production of short chain fatty acids (SCFA) to promote the growth of beneficial 
gut microflora, prevention of coronary heart disease and diabetes, and increase the immunity to bacterial and parasitic 
infections [16,21,41]. The effect of decreasing blood glucose levels has been related to its property to form an unstirred 
water layer, which by resisting the convective effects of intestinal contractions, decreases sugar absorption by the small 
intestine [8,43]. Antitumour activity of β-glucans refers mainly to β-(1,3) (1,6)-form which has the ability to neutralise 
the free radicals, the vital reason of cancer occurrence [29].   
 It was reported that oat β-glucan could affect the upper part of the gastrointestinal tract of humans. After ingestion β-
glucan starts to bind water, swell, form a gel-like network, dissolve in relationship to its size and previous hydrothermal 
treatments, and change the viscosity of gastrointestinal fluid. The increased volume causes a distension of the stomach, 
affects the satiety and reduces the rate of gastric emptying [12,44]. In the small intestine of humans, partly 
depolymerized during gastric ingestion, β-glucan remains intact, since no mammalian enzymes are capable of 
hydrolyzing it, and thereby act as a substrate for colon fermentations. As a prebiotic β-glucan affects the host by 
selectively stimulating the growth and/or activity of one strain or a limited number of bacterial strains in the colon, and 
thus, improves host health [45]. In the large intestine β-glucan behaves as a substrate, favoring production of SCFAs 
due to the oligosaccahrides favoring growth of some bacterial strains, enhancing production of microbial mass with 
good water retention properties, partly by its bulking effect [46].  
 Zhang et al. [47] reported that similar to other cereal-derived β-glucans, oat β-glucan, increased the insulin sensitivity 
index. As a soluble fiber of viscous characteristics it modifies the properties of chyme in the upper part of the 
gastrointestinal tract affecting gastric emptying, gut motility, and nutrient absorption, which are reflected in lower 
postprandial glycemic and insulin responses, which make β-glucan uptake beneficial for healthy subjects and patients 
with type-2 diabetes [48,49]. Since β-glucans decrease the blood cholesterol, improve the rheological property of blood, 
decrease the consumption of hepatic glucogen to increase the metabolism rate of glucose, and reduce the blood glucose 
level, due to the viscosity caused by the fiber and delay in intestinal absorbtion of carbohydrates it could have high 
significance in control and prevention of type-2 diabetes [50].  
 Due to the β-(1,3)-glycosidic bond, barley β-glucan has been reported to be capable of preventing cancer, reducing 
total serum cholesterol and low-density lipoprotein cholesterol (LDL) while increasing the high-density lipoprotein 
(HDL) cholesterol.  Therefore, blends of food supplements containing barley β-glucan for specific health needs, mainly 
for prevention, treatment and control of diabetes, have been commercialized, such as pills, tablets and powders 
[9,51,52].   
 Some fungi-derived β-glucans, e.g. lentinan, schizophyllan, crestin, PSP and Grifron-D, are used in pharmaceutical 
preparations as antibacterial, antiviral and antiallergic agents [53,54] besides mentioned as having strong antioxidative 
properties [15]. As much as fungi-derived β-glucans may have stimulatory effects on the immune system, leading to 
resistance against viral, bacterial, parasitic, and fungal pathogens, the cereal-derived β-glucans have also been ascribed 
to have immune-stimulating properties. It was reported that natural β-glucans have antibiotic potential by increasing 
bacterial clearance, increasing bactericidal activity, increasing modulation of cytokine production, and increasing the 
number of monocytes and neutrophils [42,55].  
 In humans, fungal β-glucans, as for cereal β-glucans, have been shown to reduce both the overall level of cholesterol 
and the level of LDL cholesterol in blood. Lower levels of cholesterol is probably correlated with increased amounts of 
leptin, a protein-like substance, which is produced by fat cells of the subcutaneous connective tissues and is commonly 
found in blood. Since leptin control the feelings of hunger and satiety, it could be said that leptin mediates the feedback 
of fat content within the body and may offer a promising way to control obesity [56].  

4. Industrial applications of β-glucans 

Food industry may take the advantage of β-glucan, functional ingredient, having a growing market. Consumer demand 
for healthy and nutraceutical food is the major motive for this growth. However, to be used in products that offer a wide 
range of added health benefits its purity should be at high level In this context, β-glucans, extracted from different 
sources, have been marketed in various forms such as β-glucan concentrate extracted from oats (Oatrim™), β-glucan 
from barley (NutrimXe™) and β-glucan extracted from rice (Ricetrim™) [28,57].  
 Recent research is focused on exploration of the ways to incorporate β-glucans into various food systems, the 
emphasis mainly being on the rheological properties of β-glucan in water solution and viscoelasticity change under 
different food processing conditions. β-glucan has various applications in the food process industry as thickening, 
stabilizing, emulsification, and gelation agents to increase viscosity, substitute fat, and improve rheological properties in 
soups, sauces, beverages, and in other food products [13,58]. The functional properties of β-glucan, such as viscosity, 
foaming stability and emulsifying property, are affected mainly by the structure, molecular weight, conformation, 
temperature, and pH. The rheological properties of β-glucans are also correlated to their physiological properties. β-
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glucan has high water holding capacity and gelling property. When dissolved in water, β-glucan form a viscous solution 
[2] of which the viscosity increases as the concentration of the solution or the molar mass of β-glucan increases [59].  
 Autio et al. [60] found that β-glucan exhibited good homogeneous property and viscous fluid characteristics when the 
concentration was below 1%; while the concentration increased to 2%, β-glucan performed heterogeneous property and 
viscoelasticity. All the changes happened in a very narrow range of concentration between 1–2%, which could be 
attributed to the strong interaction between the chains and aggregation at high concentration.  
 Effects of β-glucan on gelation and rheological characteristics of dairy-based products such as in yogurt [2,61-63], 
dairy gels [64] and cheese [65,66], low-fat ice creams [67], and low-fat cheese curds [68] have been investigated. Even 
dairy products are ascribed as not being a good source of fiber, they could serve as an alternative vehicle for the 
development of fiber-enriched foods. Sharafbafi et al. [69] incorporated high-molecular weight oat β-glucan into milk to 
obtain calorie-reduced and cholesterol-lowering dairy products, and the phase behavior, rheological properties, and 
microstructure of this dairy product were analyzed. The results showed that the flow behavior of the mixtures with 
concentrations higher than the binodal curve was not only governed by the presence of β-glucan chains, but also by the 
formation of these structures. 
 Its properties enable it to be incorporated alternatively in beverages as replacement for thickeners such as gum arabic, 
alginates, pectin, and carboxymethyl-cellulose [70]. Barley β-glucan is particularly well suited for such applications in 
beverages, as being capable of imparting a smooth mouth feel. The final product is described as an excellent source of 
soluble dietary fiber [7].  

5. Conclusion 

Currently numerous researches are being conducted on the impact of β-glucans on human health and its use in various 
foods and dairy products. The β-glucan from various resources have different molecular structures and thus display 
different physiochemical characteristics and rheological properties, which designate and limit their use in various food 
systems. However, due to the mentioned health benefits as a dietary fiber and textural impact on food systems, future 
research should aim utilization of β-glucans for the development of novel functional products. 
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Food choices and consumption are determined by a range of factors that contribute to aversion or pleasure and guide to 
final intake. Among these, the sensorial characteristics of food have a major and decisive role in choice behaviour. 
Although some of the mechanisms involved in oral food perception, namely in taste and astringency perception, are 
considerable known, many questions remains, particularly in what concerns variations among individuals in their 
sensitivity for food sensorial aspects. The understanding of the mechanisms leading to different responses for the same 
sensorial stimulus is particularly important to understand food choices. 

Bitter has been the basic taste most studied for variations among individuals in perception and in how this influences food 
behaviour and nutritional status. The observation, at several years ago, that some individuals are very sensitive to the 
bitterness of the compounds phenyl thiocarbamide (PTC) or 6-n-propylthyouracil (PROP), whereas others are almost 
insensitive, triggered the emergence of diverse studies about the motif for that, resulting in the identification of gene 
polymorphisms for the bitter taste receptor TAS2R38. Subsequently to that, polymorphisms for other receptors and taste 
qualities have been identified. Even so, these genetic variations are not able to explain the total diversity in taste/oral 
sensations responses. In recent years, it has begun to become apparent that saliva has a relevant role in taste recognition 
mechanisms. Apart from astringency, which is well known to depend on salivary proteins to develop and being perceived, 
basic tastes started to be related with saliva composition. Some salivary proteins, among which carbonic anhydrase VI, 
cystatins, amylase and others, have been observed to relate with taste perception. However, saliva secretion changes with 
taste stimulation and according dietary habits. Moreover, body weight condition, metabolic status or diverse pathologies 
are responsible for changes in saliva composition. Being this fluid important in modulating oral food perception, to know 
individuals’ saliva composition becomes of interest for modulating or directing choices. Based on the literature and recent 
scientific results, the role of saliva in food sensory perception will be discussed according to these two angles. The 
question of the high between-subject variability in view of saliva properties and its consequence on perception will be 
emphasized. 

Keywords: Saliva, oral sensory perception, healthy foods 

1. Introduction - Determinants of food choices 

All of us need to eat, but each of us have different preferences and make different choices whenever possible. These 
different choices result in different dietary styles, which can have influence in health. The understanding of the factors 
influencing ingestive behaviour is fundamental for avoidance and resolution of numerous nutritional problems, as well 
as for food industry development and promotion of products. Consumer choices are influenced by diverse factors, 
among which biological and sensory attributes play a key role. Besides these, food choices and intake also depend on 
psychological and social factors, including beliefs, habits, values and past experiences [1].  Aspects such as age, gender, 
individual’s personality, different levels of knowledge and experience with regard to food related issues may induce 
different types of behaviours relative to food [2]. Moreover, an individual’s thought about food will influence sensorial 
perception of that food. For example, familiar brands can modulate individual’s taste perception [3]. As well, an 
apparently unrelated cue, such as the sound, may change the way food is perceived in the mouth. This is observed by 
famous chefs, such as Heston Blumethal, in its daily contact with his restaurant consumers, who report that the salty 
taste of a seafood dish is higher when eaten at the same time that the sound of sea is listen. The study of the effect of 
sound in consumer food perception has gained interest in the last years [4]. 
 The accessibility of resources is another important aspect when choosing food. The higher consumption of fish by the 
populations that lived near sea or vegetables from rural individuals are good examples of intake based on products 
availability. This is not so evident nowadays, in developed countries, where supermarkets contain products from a 
diversity of places. Even so, it is still possible to observe some different food habits from rural populations, 
comparatively to urban ones. Low financial resources, transportation constraint and architectural barriers, may also 
prevent people from having access to preferred food products and determine the purchase of more or less suitable 
alternatives, which in turn may influence habitual preferences [5].  
 Concerning biological factors, sensory-affective responses to food are a major influence on food preferences and 
choices [6]. Palatability links sensorial and physiological cues with the emotional perception of foods and is a major 
factor in food acceptance and choices. Food sensorial characteristics such as taste, texture, smell and appearance 
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influences palatability and, as such, the perception of food sensorial properties is one of the main determinants of food 
consumption.  
 Among the sensorial characteristics, taste and smell are chemical senses of well-known influence in food perception 
and choices. Inter-individual differences in taste perception have been studied and may explain some of the differences 
in food acceptance and choices.  
 This chapter presents a review about how oral perception relates with food acceptance and choices. Particular 
attention will be given to saliva due to the recent evidences of its influence in food sensorial perception, namely in taste 
and astringency perception. The way this may influence sustainable and healthy choices will be discussed.  

2. Oral food perception 

2.1   Taste system: anatomy and physiology 

At the moment, five basic tastes are accepted: sweet, sour, bitter, salty and umami. In the recent years more sensations 
have been proposed as basic tastes, namely the taste of fat [7] and the taste of carbohydrates [8]. Taste perception is 
important to ensure the acquisition of nutrients and minerals and to avoid the intake of potentially nocive substances. 
Aversion caused by sourness and bitter taste, for example, prevents mammals to ingest injurious food substances, 
whereas sweetness of sugars guides mammals to ingest energy [9]. 
 Non-volatile food constituents, dissolved in saliva, are detected by receptors present in taste cells, which are 
embedded in structures called taste buds, located in tongue, soft palate, epiglottis, larynx, and pharynx. Taste buds 
consist in groups of 50-100 cells, which are divided in four types of cells (types I to IV), which have been described 
based on their ultrastructural and cytological characteristics: type I cells appear to be supporting cells; type II are the 
taste receptor cells; type III are  cells with characteristics that are “intermediate” between type I and type II cells and 
form synapses with afferent nerve fibres; type IV cells are basal cells, which are thought to have the capacity to 
differentiate and replace the cells in taste buds (reviewed in [10]). 
 Food molecules, responsible for taste, contact with taste cells through the taste pore located in the apical region of 
taste buds. Most of the information about taste starts with the contact of these molecules with the microvilli of these 
cells, leading to intra-cellular signal transduction. Moreover, the transduction machinery also involves ion channels on 
both the apical and basolateral membrane. When chemical stimuli interacts with taste cells, voltage-gated Na+, K+ and 
Ca2+ channels, located on the basolateral membrane of these cells, produce depolarizing potentials. This raise Ca2+ 
levels, leading to synaptic vesicle fusion and synaptic transmission [11]. The information goes from taste buds to the 
brain via afferent fibres from branches of three cranial nerves: VII, IX and X cranial nerves. Taste information is 
transmitted into the brain stem (nucleus tractus solitarius - NTS), from this to the ventroposteromedial nucleus of 
thalamus and from this to insular/opercular cortex (primary gustatory cortex) and orbitofrontal cortex (secondary 
gustatory cortex). 

2.2   Factors influencing taste sensitivity 

Although sweetness is universally accepted and preferred and bitterness avoided, the concentration at which these 
senses result in such responses varies according to the molecule that induce each of them, to the matrix in which that 
molecule is present (and the relative amount of different compounds that constitute that matrix) and to individual’s 
characteristics. 
 Taste sensitivity is by definition the ability with which each individual perceives the different tastes. The inter-
individual variability in perception of basic tastes began to be noted for bitter taste. The notion that this taste is not 
sensed in the same way by all individuals arose in the thirties, of the last century, more or less "by chance." When 
weighing the compound phenylthiocarbamide (PTC) in the laboratory, some powders from this reagent were released, 
with some investigators "complaining" of bitterness, while others did not feel or felt with very little intensity of such 
sensation [12]. From then on, variations in bitterness perception started to be studied in detail, particularly for PTC and 
the other compound of the same family, 6-n-propyl-thiouracil (PROP). Several studies have been performed to elucidate 
the mechanisms underlying variation in bitterness. Three main factors have been proposed: i) specific genetic variation 
(polymorphisms present in taste receptors) [13]; ii) generic genetic variation (eg, taste bud density) [14]; iii) and 
environmental factors, such as eating habits [15] or even saliva composition [16–18].  
 The taste receptor that responds to PTC and PROP compounds is encoded by the TAS2R38 gene, for which 
polymorphisms have been identified and related to bitter taste perception [19]. These single nucleotide polymorphisms 
(SNPs) result in the substitution of three amino acids (Pro49Ala, Ala262Val and Val296Ile), giving rise to two common 
haplotypes: PAV, dominant variation, and AVI, recessive variation. Homozygous or heterozygous individuals for the 
haplotype PAV perceive the bitterness of PROP at low concentrations and are considered tasters (homozygous being 
super tasters and heterozygous medium-tasters), while individuals homozygous for the AVI haplotype do not perceive 
PROP bitterness or perceive it only when in high concentrations, being classified as non-tasters [13]. 
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 Some studies exist also for other basic tastes, where genetic factors have been reported as influencing sensitivity. 
Variation in the TAS1R2 gene, which codifies one component of the G-protein–coupled receptors TAS1R2-TAS1R3, 
has been linked to sweet taste sensitivity and food choices, although such relationship being dependent on Body Mass 
Index (BMI) [20]. For sour and salty taste, receptors are less well characterized. Even so, Dias and colleagues [21] 
reported single nucleotide polymorphisms in the putative salt taste receptors, ENaC and TRPV1, which were associated 
with differences in salt taste perception. The association between polymorphisms in taste receptors and taste perception 
and eating behavior has been recently reviewed [22]. 
 Although genetic changes in the membrane receptor are an important factor, they do not fully explain the variations 
observed in taste sensitivity. According to Genick and colleagues [23], approximately 30% of the observed phenotypic 
variation in bitter taste response should be explained by other factors, such as changes in the characteristics of the oral 
environment involving receptors. In this context, saliva composition started to be taken into account, and nowadays 
there are evidences that this fluid is related to bitter (e.g. [16,24]) and sweet (Rodrigues et al., Salivary proteome and 
glucose levels are related with sweet taste sensitivity in young adults, submitted) taste sensitivities. More detail about 
this issue will be presented in the next point. 

3. Saliva and oral food perception 

3.1   Saliva composition and functions 

Whole saliva, the fluid that continually baths the mucosa of the oral cavity, oropharynx and larynx is a complex mixture 
deriving from the secretion of salivary glands and gingival crevicular fluid, containing oral bacteria, food remainders 
and desquamated epithelial and blood cells [25]. Total saliva is composed by a variety of electrolytes, including sodium, 
potassium, calcium, magnesium, bicarbonate and phosphates, by proteins such as immunoglobulins, enzymes (e.g 
amylase and lysozyme), mucins (glycoproteins involved in the protection and prevention of oral epithelium), microbial 
enzymes and nitrogenous products such as urea and ammonia. The relative proportion of these different components 
varies with several factors, among which changes in salivary flow [25].  
 Saliva is an exocrine secretion of specialized cells grouped in salivary glands, distributed in the oral cavity. 
According to their size and contribution for the total amount of saliva, the salivary glands are classified as "major" and 
"minor". There are three pairs of major salivary glands (which exist as bilateral pairs): parotid, submandibular and 
sublingual glands. Of the major salivary glands, the parotid is the largest one and contributes with the greatest flow (as 
much as 60% of the total) when stimulated by taste or chewing [26]. However, this gland contributes with only a small 
amount to resting salivary flow. It secretes a serous secretion that contains no mucins but is rich in amylase and proline-
rich proteins (PRPs) [27]. In addition to the major salivary glands, there are hundreds of minor salivary glands located 
in the submucosa throughout the oral cavity. Most of these glands produce a mucous secretion, in small volumes (<1 μl 
min−1 per gland) with mucin-rich content. Although only contributing approximately 10% of salivary flow, the minor 
glands are important in maintaining a mucin-rich layer adjacent to the mucosa [27]. 
 There are two main types of salivary secretion: serous and mucous secretion. The first is a fluid secretion rich in 
water, with enzymes and diverse other proteins. It plays an important role in ingestion and chewing of food. Serous 
fluid is produced and secreted by the serous acinar cells of the parotid glands and some minor salivary glands, such as 
von Ebner's glands in tongue. Mucous secretion is rich in glycoproteins such as mucins, acting predominantly in 
lubrication, bolus formation and deglutition. This type of secretion is derived from mucosal cells. Glands such as the 
sublingual glands and several minor salivary glands are mostly (or even totally) constituted by this type of cells [28]. It 
is also possible to consider a third type of secretion, mixed between the two mentioned above, as is the case of the 
secretion coming from the submandibular glands, which are mixed glands, constituted both by serous and mucous cells.  
 Five main functions of saliva have been proposed: (1) lubrication and protection, (2) buffering and antibacterial 
activity, (3) maintenance of tooth integrity, (4) tissue repair and (5) taste and digestion [25]. The major lubricating 
components of saliva are mucins. Chewing, speech and swallowing are processes aided by the lubricating effect of these 
glycoproteins. Mucins also perform antibacterial activity through the selective modulation of microorganism adhesion 
to oral tissues, contributing to protection of oral cavity. The buffering capacity of saliva is mainly due to its composition 
in bicarbonates, phosphates and proteins. Moreover, saliva contains a spectrum of proteins with antibacterial properties, 
such as histatin and lysozyme, which can hydrolyse the cell wall of some bacteria [27]. The maintenance of tooth 
integrity is another of the functions performed by saliva. This fluid is saturated with calcium and phosphate ions, 
ensuring the ionic exchange directed to the tooth surface.  
 With regard to oral perception, saliva also plays an important role. This fluid is required to dissolve the substances 
which are then transported to the taste receiving/detecting sites (taste-receiving cells located in the taste buds) [29]. 
Moreover, salivary constituents may interact with food constituents, promoting modifications or changing its 
assessment to the structures responsible or sensorial detection, such will be subsequently detailed. 
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3.2   The role of saliva in oral perception and eating behavior 

Several studies, in animals and humans, present evidences that saliva is involved in eating behaviour (e.g. [18,30–32]). 
The link between saliva composition and oral perception is increasingly reported. The involvement of salivary proteins 
in the perception of food has been most studied in the context of its effect on the development of astringency. Although 
the mechanisms involved in astringency development are not fully elucidates, the participation of salivary proteins is 
well accepted. One of the main accepted theories for explaining astringency is based in a two-phase model: a first 
phase, in which polyphenols (or other astringent molecules) bind to the proteins present in the "liquid part" of saliva; a 
second phase where the astringent molecules that did not bind in phase 1 can interact with the adsorbed glycoprotein 
layer, in the oral mucosa, reducing lubrication of the oral cavity and developing astringency. Different salivary proteins 
have been linked to the astringency caused by polyphenols, due to their affinity for these compounds. Among these, 
PRPs [33], histatins [34], cystatins [35] and α-amylase [36] have been observed to bind polyphenols. Salivary PRPs 
constitute the main family of salivary proteins that are associated with astringency. These proteins, due to the richness 
in the amino acid proline, have an open structure that allows them to bind tannins with high affinity, forming stable 
complexes [37]. Mucins also play a role in astringency, although there are some controversies in this regard. Studies 
developed by McColl and colleagues [38] present evidence that mucins have a reduced lubrication effect when mixed 
with tannins. Recently, it has been observed that astringent dietary components may influence the lubricating properties 
of the protective mucous barrier in the oral cavity, by affecting the arrangement of the salivary mucins MUC5 (gel 
forming) and MUC7 (non-gel-forming) [39]. 
 Other salivary proteins have also been reported as potentially involved in oral sensorial perception, namely at taste 
level. Lipocalin 1 protein, originated from the Von Ebner glands [40], shows homology with transporters of 
hydrophobic molecules, and it has been proposed that they can assist in the concentration and transport of molecules to 
the taste receptor cells [41]. Carbonic anhydrase VI (CA-VI) is the salivary protein most reported as associated with 
bitter taste perception. Besides parotid, the Von Ebner glands, which are located near tongue circumvallate papillae, 
secretes this protein. The close proximity of von Ebner’s glands with these taste papilla, which have high density of 
bitter taste receptors, lead to the suggestion that their secretion, including CA-VI, could affect directly bitter taste. CA-
VI have been pointed as implicated in the growth and renewal of taste buds, since the levels of this protein have been 
observed to be reduced in individuals with taste buds anatomical abnormalities [42]. Moreover, this salivary protein has 
been suggested to have anti-apoptotic action on taste buds [43]. Padiglia and colleagues [44] observed that different 
polymorphisms in the gene that codifies salivary CA-VI are related with the ability of this protein to bind zinc, and 
consequently with the functionality of this protein. Other proteins, such as metalloproteinases [45] and epidermal 
growth factor [46] have been related with taste perception, what can be done by the assistance, by these proteins, in 
maintaining the morphological integrity of taste buds. 
 The impact of salivary proteins on taste perception may also reside in their direct physico-chemical interaction with 
taste molecules, modifying their accessibility to receptors in taste cells. Salivary histatin 5 was reported to bind quinine 
and, for that reason, individuals with higher amounts of these proteins present lower sensitivity for quinine bitter taste 
[47]. The amino acids arginine and lysine were reported to interact with the bitter compound PROP, changing its 
perception [48]. 
 Salivary proteomic studies allowed to identify a number of salivary proteins related to taste sensitivity. Cystatins 
[16,24], CA-VI [24] and PRPs [17] are proteins present in different amounts in individuals with different levels of bitter 
taste response. Whereas these proteins interact with taste molecules or have only indirect association with taste 
perception remains to be elucidated. One suggestion that emerged from our latest studies is that the charge of the 
protein may be relevant for taste perception. We did find that, more than individual proteins, were the protein forms 
with isoelectric point (pI) lower than salivary pH that related with PROP bitter taste responsiveness [24]. But this needs 
to be explored in future studies. 
 The influence of saliva in sweet taste perception has been less explored, comparatively to bitter taste. Our recent 
study (Rodrigues et al., Salivary proteome and glucose levels are related with sweet taste sensitivity in young adults, 
submitted), comparing saliva composition among young adults with different sensitivities for sucrose sweetness, 
presented evidences that some salivary proteins may be related with sweet taste sensitivity. These are the cases of 
cystatins, CA-VI and salivary α-amylase. Salivary α-amylase plays its major role in the initial digestion process by 
hydrolyzing α-1,4 glycosidic linkage between glucose units in the starch polysaccharide chain. The possible 
involvement of this protein in the perception of sensory properties of foods has already been suggested by several 
authors, namely by the influence on the perceived viscosity of starch [49] and the texture of semi-solid foods [50]. In 
the study of Rodrigues and colleagues (Rodrigues et al., Salivary proteome and glucose levels are related with sweet 
taste sensitivity in young adults, submitted), it was in individuals with higher amounts of salivary α-amylase that 
sucrose was perceived as less sweet. Although this has been observed to depend on sex, such negative relationship 
between sweetness perception and salivary α-amylase levels can be hypothesized as a result of higher constant amounts 
of taste substances in the oral cavity of individuals with higher amounts of this salivary protein. Salivary α-amylase has 
been associated with food intake and body weight in other studies: rodents with higher susceptibility for obesity 
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development, when subjected to high-fat diet, presented higher levels of this salivary protein, comparatively to obesity 
resistant animals [51]; salivary α-amylase was observed to be increased in saliva from obese women, comparatively to 
regular-weight pairs [52]. 

4. Implications of oral food perception in healthy food design and choices 

Several studies in human nutrition have suggested that the PROP phenotype may serve as a general marker for oral 
sensations and food preferences, thus influencing dietary behavior and nutritional status [53]. Individual differences in 
the ability to discriminate and perceive bitter taste has aroused interest in assessing the relationship between this ability 
and food choices. Although some studies did not observe differences between sensitive and low sensitive individuals in 
food consumption, neither in adults [54] nor in children [55], others have proposed that PROP supertasters have higher 
sensitivity to various oral stimuli, compared to non-tasters, including bitter-tasting compounds such as dark chocolate, 
coffee, soy-based products and green tea [56], sweet foods, oral cavity irritants and high-fat foods [57]. Other studies 
did show that individuals who perceive PROP with high intensity have decreased acceptance of cruciferous vegetables, 
bitter fruits, spicy foods, and alcoholic beverages [58,59]. Children low sensitive to PROP bitter taste presented high 
intake of bitter-tasting vegetables [60], whereas children sensitive to this compound had less acceptance of foods such 
as spinach [61] and broccoli [62]. 
 Given the nutritional importance of dietary lipids, the relationships between PROP status and fat perception and 
liking have been widely investigated. Most studies reported that PROP non-tasters had low ability to distinguish fat 
content and creaminess in certain fatty foods. Besides, PROP non-tasters showed higher preferences for dietary fat 
(such as full-fat milk, high-fat salad dressings and sweet-fat dairy mixtures) and consumed more servings of 
discretionary fats and high-energy foods per day than did tasters (reviewed in [53]). 

4.1   Relationship between body mass index (BMI) and gustatory sensitivity 

The influence of oral food perception in Body Mass Index (BMI) is naturally hypothesized due to the influence that 
parameters such perception has in food choices, as it has been mentioned so far. As such, studies aimed to understand 
the factors that influence and determine obesity have related taste perception with BMI. Most of the studies emphasize 
not only the relationship between sweet taste perception and obesity, but also the relationship between the perception of 
bitter and other tastes and this condition. Several studies suggested that obese individuals perceive sweet taste with 
lower intensity than normal-weight individuals and show higher preference for it [63]. However, this relationship is not 
consensual and other authors have not observed differences in the perception of sweet taste in individuals with different 
BMI [64]. Joseph and colleagues [65], in a study with children, did not observe relationship between BMI and sucrose 
detection thresholds, however, the authors did observe that children who presented higher weight and waist width had 
lower sucrose thresholds, i.e., perceived sweetness at lower concentration of tastant.  
 The relationship between oral sensorial perception and BMI had also been reported for fat. It was stated that obese 
women, despite preferring foods low in sweetness, prefer higher fat levels, comparatively to normal weight women 
[66]. 
 Concerning bitter taste, and similarly to the other tastes, the way its perception level influences food choices and 
BMI is not consensual. Tepper and Ullrich [67] observed an inverse association between PROP phenotype and the BMI, 
in which adult individuals who were less sensitive to this compound had a higher BMI. On the other hand, the same 
group of authors [68], showed that girls sensitive to PROP had a higher BMI percentile. 

4.2   Oral perception and foods design 

Deep knowledge about the inter-relation between oral food perception and saliva may be used for design of healthy 
foods that may be appreciated by consumers. Food healthiness is one of the main driver in the creation and marketing of 
new food products [69–71]. The introduction of new ingredients with potential health benefits is a strategy for 
increasing nutritional value of foods [72]. Also the production processes used for new healthy products, which may 
optimise the amount of particular nutrients and to decrease the formation of potentially harmful compounds is an 
important strategy, for health promotion. Nevertheless, the achievement of such nutritional characteristics is many times 
at expense of food palatability. This, in turn, results in poor acceptability. Moreover, foods targeted at specific 
population groups as children [73,74] elderly or athletes [71] and intended for the prevention of specific pathological 
conditions [70,72] or with specific dietary needs [75] can be designed. 
 As such, the understanding of the factors influencing oral food perception is essential for the design of new food 
products, with optimised food structures and flavours, without compromising sensorial attributes that enhance the 
physiological regulatory mechanisms controlling appetite and energy intake having obvious benefits for weight 
management and help to achieve a balanced diet [76,77].  
 Different strategies have been used in the design of healthy foods. For example increasing the protein content of 
designed foods can be used as a strategy for enhancing that food satiating ability [78]. However, this strategy may affect 
food palatability, contributing with increased astringency or an inhomogeneous texture. As it was referred in previous 
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points, saliva may influence such sensorial attributes and from this point of view the evaluation of saliva composition 
may be useful for a better understanding and for acting at the level of changing the dynamics of in-mouth lubrication 
and the physical mechanisms underlying texture and mouthfeel perception [78]. 
 Besides taste, food texture plays a key role in satiety [76]. The understanding of oral food processing in relation to 
the microstructure of the foods and its breakdown can lead to the development of several approaches to reduce the salt 
and sugar content of semi- and soft-solid foods without altering sensorial characteristics [79]. Textured foods require 
mastication which will slow the rate of consumption and will enhance the time of orosensory exposure [76]. During 
consumption the texture of foods changes continuously by chewing, shearing, mixing, heating or cooling and salivation 
[79], influencing perception. 
 The usefulness of a deep knowledge about the role of saliva in food sensory perception can be also illustrated to 
design healthy foods for elderly. Ageing modifies various aspects of oral physiology such as dental status, bite force, 
muscle fatigue and saliva composition [80] and production [81]. On the other hand a decrease in salivary flow 
(hyposalivation), leading to a complaint of dry mouth (xerostomia), mainly as a consequence of systemic diseases and 
medications is common in old people [82]. These two aspects lead to the loss of sensory abilities, resulting in changed 
perception of food. In turn, this may have the consequence of decreasing the pleasure felt when eating, resulting in less 
acceptance of eating in a healthy way. As such, old persons need foods that require little or no chewing, that are easily 
swallowed and that have attractive sensory characteristics [83]. Additionally, the information on optimal volume of 
bolus and saliva secretion for swallowing should be considered when manipulating the rheological properties of food 
for elderly (for detail, see [84]). 

5. Conclusions 

In conclusion, the influence of saliva in oral food perception and the consequent relationship between inter-individual 
differences in the composition of this fluid and inter-individual differences in sensorial perception can be relevant in 
food science. As such, it is important to start including the knowledge about this oral fluid in the strategies adopted for 
food design and for promoting healthy dietary habits, which will have obvious benefits for food industry. This 
knowledge can also be useful for this sector at the level of sensorial panel training and sensorial evaluation for new food 
products development. 
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Use plant based-recombinant proteins in food and human health 

C.A. Oluk and P. Cubukcu 

Ministry of Food Agriculture and Livestock, Eastern Mediterranean Agriculture Research Institute, 01321 Adana, Turkey 

Recombinant protein is a manipulated form of protein, which is generated in various ways to produce large quantities of 
proteins, modify gene sequences and manufacture useful commercial products. The formation of recombinant protein is 
carried out in specialized vehicles known as vectors. 

Plants are chosen because they are ideally suitable for producing recombinant proteins with many advantages over other 
systems. First, compared to the traditional microbial fermentation, plants are able to perform post-translational 
modifications, such as glycosylation and hydroxylation, which are required for biological activity of numerous mammalian 
proteins. Second, plants, especially crops, can produce exogenous proteins on large scale at very low cost, since plant 
growth, transport, and post-harvest process requirements are relatively inexpensive . Third, unlike animal or 
microorganism systems, plant-derived products reduce contamination risk due to human pathogens. Fourth they are easily 
transformed and provide a cheap source of protein. There are also drawbacks for transgenic plant production; one of the 
concerns is that the timescale of production is relatively long compared with plant or animal cell cultures and 
microorganisms 

Most major groups of proteins have been produced successfully in a diverse variety of crops such as maize, rice, wheat, 
soybean, tomato, potato, mustard, oilseed rape, turnip, alfalfa, banana and  tobacco. We will briefly review the recent 
developments in plant-based recombinant production technology. 

Keywords: recombinant proteins; plant-derived products; protein crops 

1. Plant made recombinant proteins 

As a result of fast developing biotechnology during past few decades, nowadays plants can be used to produce various 
heterologous proteins, including pharmaceutical and industrial proteins, through recombinant DNA technology, often 
referred to as plant molecular farming [1]. Plant-based systems provide the spectrum of production capacity ranging 
from plant/algal cell bioreactor systems for lower volume, higher value product to field-grown commodity crops with 
potential for metric tons of recombinant protein at highly competitive costs. Because plants cannot harbor the human 
and animal pathogens-of-issue for mammalian cell-based production systems, they bring significant advantage in 
increased safety for patients[2]. 
 Plant-made recombinant proteins can be generally categorized into three classes: therapeutic proteins, industrial 
proteins/enzymes and biopolymers 

1.1   Therapeutic proteins 

Therapeutic proteins include monoclonal antibodies (mAbs), vaccine antigens, therapeutic enzymes, blood proteins, 
cytokines, growth factors and growth hormones[2]. Bioactivity of these proteins often requires protein folding, disulfide 
bond formation, subunit assembly, proteolytic cleavage, and/or glycosylation, highlighting the ability of plants to 
process complex human/mammalian proteins. Plant-made antibodies have received considerable interest as they are 
made at much lower cost in plants than inmammalian cells without the associated risks of potentially harboring animal 
pathogens [3]. Plants successfully glycosylate proteins at the signature recognition motif (N-X-S/T) for N-linked 
glycosylation. However, subsequent processing in the Golgi to complex glycans differs from that found in mammalian 
cells. Thus, a notable challenge in using plants as hosts for production of glycosylated therapeutic proteins is that 
plantspecific xylose and α-1,3-fucose sugars may be added with a potential to alter bioactivity or immunogenicity in 
humans[4] 
 Antibodies and vaccines are the two major classes of plant-made therapeutic proteins that are under commercial 
development. Planet Biotechnology took the lead in developing and commercializing Plantibodies produced in tobacco; 
those being tested in clinical trials include CaroRX (for dental caries), DoxoRX (for side-effects of cancer therapy), 
RhinoRX (for Rhinovirus prophylactic) and an IgG (ICAM1) (for common cold) [5] In addition, a 2G12 IgG used as 
prophylactic treatment for HIV is in Phase I clinical trials by the Pharma-Planta Consortium ) [6], and a plant-made 
scFv monoclonal antibody, used in downstream processing of a hepatitis B vaccine, has been commercialized in Cuba) 
[7]. 

1.2   Industrial enzymes 

Transgenic plants provide a viable technology for producing industrial proteins, in particular enzymes, because of low 
cost of agricultural production, stability of protein stored in specific organs such as seeds, ease and speed of scale-up as 
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well as the possibility of using crude plant materials directly in industrial processes [8]. These are hydrolases, including 
glycosidases (e.g., cellulase, α-amylase and β-glucuronidase (GUS) and proteases (e.g., trypsin). Corn seed is regarded 
as an ideal platform for the production of industrial proteins/enzymes because corn has the largest annual grain yield 
and relatively high seed protein content (10%), thus offering the highest potential recombinant protein yields per 
hectare. Corn-produced enzymes such as cellulases and hemicellulases involved in biomass conversion to produce 
biofuels such as ethanol are currently interesting candidates for commercialization [5]. 

1.3   Biopolymers 

Recombinant biopolymers are spider silk proteins, elastin-like polypeptides (ELPs), collagens and plant gums. The 
spider silk proteins (spidroins) that are modular fibrous proteins containing highly repetitive amino-acid sequences 
consisting largely of glycine and alanine [9].Spider silk fibers spun from these spidroins are regarded as one of nature's 
most extraordinary materials with exceptional flexibility, elasticity, and toughness—three times as strong as Kevlar and 
five times as strong as steel [10].Plants offer a more efficient and cheaper production platform than bacteria for 
production of recombinant spidroins. ELPs that are comprised of the repetitive pentapeptide sequence (VGVPG), which 
mainly serves as thermally responsive tags for the non-chromatographic purification of recombinant proteins [11]. ELP 
tags werefound to significantly enhance the production yield of a range of different recombinant proteins in plant leaves 
[12]. 

2. Plant expression systems 

The rapid development of plant genetic engineering technologies has expanded the diversity of well-established plant 
based bioproduction systems for recombinant proteins [12]. The used plants have advantages and disadvantages (Table 
1). Each of the systems has its own strengths and weaknesses, which are described here. 

Table 1   Comparison of advantages and disadvantages associated with the three major types of plant. 

 Advantages Disadvantages 

Seed 
crops 

 Grown in open-fields,  
 the economy of scale, 
 established agricultures practices, 
 Seed proteins do not degrade at ambient temperature 
 Stable for long term storage 
 seed has superior aspects as a mucosal delivery vehicle for oral 

peptide ⁄ protein therapeutics 
 improved consistency of protein product with the use of 

controlled bioreactors which are less prone to biotic- and abiotic-
induced variations that commonly hamper field/greenhouse 
grown plant-based protein production 

 lower biomass yields 
 They have long growth cycle 
 Not suitable for transient expressions 
 In the pollination period, the potential 

transgene could escape into the enviroment 
 Issues of gene silencing of nuclear transgenes 

limit production performance 

Leafy 
crops 

 High biomass yield,  
 possibility for multiple growth cycles per year,  
 established agricultural infrastructure like seed systems  
 less risk of pollen spreading (flowering can be prevented) 
 low-up front capitilazation costs 

 using transient expression  
 applied specifically to expression of 

monoclonal antibodies (mAbs), vaccines, and 
other therapeutics products 

 high water content,  
 Non storage stability of harvested biomass,  
 recombinant protein stability which does not 

allow decoupling of upstream and downstream 
processing. 

 phenolic compounds, and chlorophyll-derived 
pigments that could pose difficulties during 
downstream processing 

Aquatic 
plants 

 safe 
 fast-growing 
 easy to grow and harvest 
 has a high protein content  
 offers an attractive system for oral vaccines 

 contain small amounts of phenolics (primarily 
ferulic and coumaric acids), phytic acid, lipids, 
and lectins that may interfere with protein 
purification 

 Difficulty in culture scale up 
 Higher capital investment 

 The selection of the promoter is the first thing to consider before making the construct. Promoter elements can 
dramatically affect the level of messenger RNA and, thus, influence the accumulation of the protein[14]. To obtain high 
transcription levels, many constitutive promoters have been used to drive the transgene. The most widely used promoter 
is the cauliflower mosaic virus (CaMV) 35S promoter [15], but it is much weaker in monocotyledonous plants. In 
dicotyledonous plants, strong constitutive promoters, such as rice actin-1 or maize ubiquitin-1, are more frequently used 
for expressing foreign proteins [16]. 
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 Codon usage should be considered when a transgene is expressed in a host plant with different codon use frequency 
to achieve optimal expression levels. Nowadays, codon optimization is a standard practice for transgene expression. 
Many codon optimization programs are available on the Internet based on the analysis of sequences available for a 
given species[17,18]. 
 Subcellular targeting is an alternative strategy to enhance the expression of exogenous proteins by avoiding protein 
degradation caused by proteases in the host plant. Recombinant proteins can be targeted to the cell wall, the vacuole, the 
mitochondria, and the chloroplast by fusing with different targeting signal. If a targeting signal sequence is not 
designed, the recombinant protein may be released in the cytoplasm where the protein could be degraded by proteases 
[19]. The endoplasmic reticulum (ER) is an ideal target compartment for recombinant proteins. The ER retention 
sequences, such as KDEL (Lys-Asp-Glu-Leu) or HDEL (His-Asp-Glu-Leu), are used to keep recombinant proteins 
within the endoplasmic reticulum. This strategy has significantly enhanced the expression of foreign proteins in 
transgenic plants[20]. 
 Protein fusion approaches are effective for boosting the expression, increasing solubility and stability, and facilitating 
isolation and purification of recombinant proteins [21]. Zera is maize seed storage protein γ- zein derived proline-rich 
N-terminus domain, which has self-assembling and protein body formation properties [14]. Another successful fusion 
partner example is elastin-like polypeptides, which are artificially-designed biopolymers. 
 In the maize o2 mutant, non-zein proteins have increased, while zeins are reduced significantly, resulting in 
improved maize seed nutritional quality [22]. In cotton, the RNAi mediated knock-down of two key fatty acid 
desaturase genes leads to the increase of high-oleic and high-stearic cotton seed oil, essential fatty acids for human heart 
health [23]. In soybean, while the expression of α and α’ subunits of β-conglycinin is suppressed by sequence-mediated 
gene silencing in seeds, another soybean seed storage protein glycinin is increased to balance the total seed protein [24]. 
A strategy is raised to improve the nutritional quality or to enhance the expression of recombinant proteins in seeds, 
using the gene silencing mechanism to reduce a major seed protein gene [25].In Arabidopsis thaliana, a transgene 
arcelin5-I from Phaseolus vulgaris increased up to 15% of the total soluble protein of the seed when the endogenous 
seed storage protein 2S albumin is silenced by antisense. Two major maize seed storage proteins, α- and γ-zeins, have 
been silenced by antisense or RNAi methods [26]. Non-zein proteins increased in these transgenic maize lines and seed 
nutritional quality improved high-lysine maize [27]. 

2.1   Stable Seed based systems 

Seeds have used many applications in the area of molecular farming. Seed provides its genotype with powerful selective 
advantages because of its flexibility in the face of a changing environment. They provide a plant with the ability to 
germinate and grow under nutrient-limited conditions because of the availability of storage products. Seeds allow 
germination to take place under environmental conditions, which most favour the seedling’s survival[28]. Seeds are 
naturally designed for protein storage for long periods of time without or with very little degradation [29]. Seed 
dormancy is a very important property of many seeds. The ability of a seed to go into a quiescent state for long periods 
or until an appropriate environmental signal is detected provides a substantial survival advantage for many wild species. 
The stability of the recombinant protein and the dormancy of the seed also allows for a complete decoupling of the 
cycle of cultivation from the processing and purification of the protein. Current Good Manufacturing Practices (cGMP) 
manufacturing, this is extremely helpful as it permits the establishment of such concepts as a ‘master seed bank’ and 
also allows for the establishment of quality-based release criteria for the seeds as a precursor. Seeds can be stored after 
harvest without cooling or immediate isolation that are required for leafy tissues [28] 
 Proteins expressed in seeds are generally protected from proteolytic degradation, and storage upwards of three years 
at room temperature (longer with cold storage) resulted in minimal loss of protein activity. Seeds have a relatively lower 
biomass and higher cross-contamination risk by pollen drift for non-self-pollinated plants. However, considering the 
stability of foreign proteins, post-harvest processing, and overall cost, the seed-based platform is still more suitable for 
many recombinant proteins production on a large scale [30]. Localization of storage products at the cellular level is a 
major determinant of accumulation levels of the product as well as the potential stability of the product during 
prolonged periods of dormancy. For example, a recombinant protein targeted to the cytoplasm may accumulate at 
moderate levels, but never satisfactory levels, whereas the same protein in a configuration which targets the secretory 
pathway can accumulate at high levels suitable for economic production [28]. Recombinant protein accumulation in 
seed has been shown to mimic the abilities of naturally occurring proteins. So, for example ,in rice, the use of storage 
protein promoters to drive expression of genes for mammalian proteins such as human lysozyme has resulted in an 
average expression level of 13%–14% of total soluble protein[31]. Neither seed nor leaf extraction can be performed at 
a large scale under aseptic conditions, most seeds can be subjected to a surface ‘sterilization’ technique, which reduces 
bioload to industrially accepted standards for a raw material. This is difficult if not impossible to do with a large mass 
of leaves without damaging the mesophyll cells, which carry the bulk of the recombinant product. One of the 
disadvantage in seed-based expression systems is speed to proof-of-concept, or in the case of recombinant proteins 
required in relatively smaller volumes, the time-to-product may be preclusive. [28]. 
 The first plant-derived commercialized product was produced in maize derived  avidin and trypsin. Hovewer, oil-
seeds are emerging as a promising platform for recombinant protein production due to their inherently low associated 
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proteolytic activity and simplified protein isolation via oil body separations. During the past decade, plants have 
emerged as promising biopharming systems for commercial production of pharmaceutical proteins (Table 2). 
SemBioSys Genetics (Calgary, Canada), which has developed the oleosin-fusion platform, in which the target 
recombinant protein is produced as a fusion with oleosin and accumulates in safflower oilbodies (www. 
sembiosys.com/). Ventria Biosciences and Meristem Therapeutics, which have invested in field-grown rice for the 
production of the human proteins lactoferrin and lysozyme (www.ventria.com/). ORF Genetics Ltd., based in Iceland, 
has targeted barley grain as the expression site for a number of human cytokines and growth factors 
(www.orfgenetics.com/). 

Table 2   Plant-derived pharmaceutical products in clinical development manufactured. 

Product  Platform-plant Comments 

Escherichia coli heat-labile enterotoxin (LT-B) 

Transgenic potato tubers 

[32] 

Norwalk virus coat protein [33] 

Norwalk virus capsid protein  [34] 

Rabbit haemorrhagic disease virus (RHDV) VP60 [35] 

HBsAg [36,37] 

Combination cholera⁄ E. coli⁄ rotavirusvaccine [38] 

Human papilloma virus E7 and L1 proteins [39,40,41] 

Newcastle disease virus envelope proteins [42] 

ZMapp Tobacco leaves [43] 

Immuno adhesin (DPP4-Fc) 
Transgenic tobacco 

[44] 

Hepatitis B surface antigen (HBsAg) [45] 

Human growth hormone Tobacco and sunflower [46] 

Taliglucerase alfa; Recombinantglucocerebrosidase (prGCD) 
Carrot cellculture 

[47] 

Therapeuticenzym (Glucocerebrosidase (UPLYSO) [48,49] 

Human Vascular endothelial growth factor (VEGF) Barley [50,51] 

Trypsin Transgenic maize [52] 

Soybean derived monoclonal antibodies(mAbs) Soybean [53] 

Human acidic fibroblast growth factor 1 (FGF-1) Salviamiltiorrhiza [54] 

Therapeutic protein (Apo-A1 Milano) Saffflower [55] 

Antibody(Anti-CD20 mAb (BLX-301) Lemna (Duckweed) [56] 

Human serum albumin Flax [57] 

Lactoferrin Transgenic rice [58,59] 

Collagen Transgenic maize 
 

[60]  

Therapeutic enzyme [61] 

Human intrinsic factor Transgenic Arobidopsis [62,63] 

Pandemic and seasonal influenza vaccines N. benthamiana [64] 

Hepatitis B surface antigen Transgenic potato Transgenic lettuce [65,66] 

Rabies glycoprotein Viral vectors in spinach [67] 

Various anti-idiotype IgG antibodies clinical trial NCT01022255 N. benthamiana [68,69] 

hGAD67/ 65 mut Arabidopsis Thalina Petunia  [70] 

2 G12 Maize, Arabidopsis Thalina [71,72,73] 

NVCP 

Lettuce [74] 

Potato 
[75] 

Tomato 

hGAD65 Carrot [76] 

2.2   Stable Leaf based systems 

Tobacco is the leading leaf-based protein expression system for commercial products [1]. The first commercial products 
were tobacco-derived secretory IgA. Tobacco is genetically well studied and easily manipulated, is classified as a non-
food/non-feed crop, produces high biomass (upwards of 300 tons per acre) and is one of the best studied platforms to 
date for expressing recombinant biopharmaceuticals. [77]. Many other leafy crops have been used for stable expression 
of proteins including lettuce, alfalfa and clover. The use of crops like alfalfa has additional benefits; it is a perennial that 
fixes nitrogen and displays notable homogeneity of N-glycosylated recombinant proteins[78].The process of extracting 
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recombinant proteins from leafy plants does not require additional operations, such as seed grinding, soaking, and de-
oiling [30], but leafy plants have high water content and low storage stability [3]. Leaf-based systems are able to 
produce a high yield of recombinant proteins, this yield may be offset by an increased instability of expressed proteins 
in metabolically active tissues, such as leaves [3]. 
 Both nuclear and plastid integration have been used when expressing recombinant proteins in leaf tissue. The choice 
of gene integration within the plant cell is generally dictated by the post-translational requirements of the target protein. 
For glycosylated proteins, nuclear integration of the transgene is needed to enable proper processing of the protein in 
the endomembrane system [4].There are many cases of recombinant proteins in leaves having associated stability and 
accumulation issues. Product yields in field-grown materials can be highly variable due to environmental impacts (both 
biotic and abiotic stresses) leading to increased consideration of growth in more controlled conditions (e.g., under 
plastic or in greenhouses), especially for pharmaceutical applications [13]. For example, algae possess a number of 
advantages over transgenic plant systems for the production of recombinant proteins. They can be grown in 
contained bioreactors, reducing the risk of contamination of the production system by airborne contaminants, and 
also protecting the environment from any potential flow of transgenes into the surrounding ecosystem. Growth in 
containment also greatly reduces the potential for loss of the crop due to predation or pathogen attack[79]. Robert 
[80], assessed the potential of methyl jasmonate (MeJA) as a generic trigger of recombinant protein enrichment in 
Nicotiana benthamiana leaves before harvesting. They found that overall the ability of MeJA  trigger ribulose 1,5-
bisphosphate carboxylase oxygenase (RuBisCO) depletion and recombinant protein enrichment in N. benthamiana 
leaves. 

2.3   Transient Expression System 

Transient expression systems, mediated by recombinant viral or plant binary vectors, are being increasingly used for the 
expression of biopharmaceuticals in plants due to speed, high protein yields, and regulatory considerations. During this 
process, foreign genes are typically introduced into leaf tissue of intact plants (generally non-transgenic) by vacuum 
infiltration of engineered Agrobacterium (containing gene(s) of interest within T-DNA with or without additional virus-
derived components). Recombinant protein production (based on extrachromosomal gene expression within the plant 
cell) is initiated in the leaves within 24 h and continues for several days (Agro-mediated) to several weeks (viral 
mediated) depending on vector and protein. While chromosomal integration is possible, it occurs at considerably lower 
frequency in comparison to the number of cells transiently expressing the desired gene [81]. 
 There are two basic approaches for plant transient expression based on the mechanism by which the transgene is 
transferred into the plant cell: viral-mediated or plant binary vector-based [82]. The accumulation of recombinant 
proteins in plants occurs within a shorter time, typically 2–4 days post-infiltration, with recoveries typically ranging 
from ~0.1 to 180 μg/g fresh leaf depending on the gene of interest by conventional” plant expression vectors, [83]. Plant 
viral vectors also use the same Agro-infiltration system to introduce DNAcopies into the plant cell. This transient 
expression process generally produces higher levels of recombinant protein with yields reported to be as high as 5 mg/g 
of fresh leaf for GFP (green fluorescence protein gene) [84. However, recombinant protein expression by this process 
takes up to 14 days, which can present issues for proteins prone to protease degradation and instability. Recombinant 
protein production using transient expression is now being mobilized to large scale by industry such as pharmaceuticals 
and vaccines. The production of large quantities of recombinant protein offered by transient plant expression systems, 
coupled with use of current technology to increase yields and many technical promising solutions seem to favorably 
compare with mammalian or insect cellbased systems in quality, cost, and scale. [13]. 
 The production of vaccines using a transient plant expression system has been developed rapidly, somewhat due to 
the recent outbreak of avian and swine flu, which led to the development of seasonal and pandemic influenza vaccines. 

2.4   In Vitro Culture System 

In vitro culture systems are characterized by the fact that plant biomass is cultured in confined bioreactors under sterile 
conditions for large-scale production of recombinant proteins. 
 Like microorganisms, undifferentiated clusters of plant cells (callus) can be dispersed and propagated in a liquid 
medium to generate stable cell suspension cultures, which can retain the same production capacity as whole plants. 
Increased concerns about regulatory compliance and product safety of mammalian systems recently have renewed 
interest in plant cell cultures as an alternative production platform for complex pharmaceutical proteins. These systems 
provide cGMP-compatible production environments more acceptable to the established pharmaceutical industry with 
added benefits of complex protein processing compared to bacteria and yeasts, and increase safety compared 
tomammalian cell systemswhich can harbor human pathogens. [13]. 
 Hairy roots are generated by infection of plants with Agrobacterium rhizogenes that harbors a large root-inducing 
plasmid [85]. Hairy roots can be axenically cultured in a controlled environment suitable for the production of high-
value pharmaceutical proteins under cGMP requirements. In addition, the possible extracellular secretion of expressed 
proteins from cultured hairy roots, or rhizosecretion The advantages of rapidly growing hairy roots over suspension 
cells include long-term genotype and phenotype stability, efficient productivity and the ability of hairy roots to grow on 
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hormone-free medium. [13].The challenges for large scale culture of hairy roots because they have a tangled, 
filamentousmorphology and often possess unique physiological characteristics. 

3. Strategies of recombinant proteins 

There are several strategies for the primary recovery and purification of recombinant proteins from seed, leafy, and 
bioreactor-based platforms. They are upstream processing and downstream processing. These strategies will be briefly 
reviewed below: 

3.1   Downstream processing 

Downstream processing efficiency is influenced by the recombinant protein concentration, the complexity of the plant 
extracts or cell-free culture media, and required final product purity. Downstream processing can be divided into two 
phases: primary recovery and purification [86]. 
 The primary recovery steps for leafy- and seed-based production systems consist of product release from the biomass 
by homogenization or aqueous extraction;  solid–liquid separation; and  conditioning, pretreatment, and clarification. 
Some primary recovery unit operations, such as centrifugation, cross-flow filtration, and dead-end filtration, are multi-
functional, and their strategic applications are defined by the extract composition, particle size, extract properties, and 
product stability [1]. 
 Fractionation uses established processing methods, such as dry milling, dry fractionation, and wet milling, to reduce 
total processing volume and solids content, to enrich the recombinant protein, and to generate co-product revenues for 
seed-based systems [87]. 
 The protein release/extraction process is a critical recovery step because it dictates the total extract volume, 
recombinant protein concentration and purity, and the type and quantity of impurities that have to be removed during 
purification [88]. Ground seed is extracted with low-shear mixers using 4 to 5 L of buffer per kg dry seed. Extraction of 
oil bodies for oleosin-fusion technology requires much greater water-to-tissue ratios [89]. The ratio of recombinant 
protein to native protein is another critical factor for reducing the purification burden that can be easily manipulated by 
adjusting the extraction buffer pH and ionic strength and plant-tissue-to-buffer ratio[90]. For example, extraction of 
corn seed with pH 3 buffer instead of pH 9 bufferresulted in an eight-fold decrease in native protein concentration and a 
two-fold decrease for the same pH range for tobacco leaves [91]. Low pH extraction (pH 3) allowed easier purification 
of collagen and aprotinin from transgenic corn extracts [92]. 
 Centrifugation is a common method for solids removal and/or clarification of plant extracts and homogenates 
because continuous or semi-continuous processing is feasible, the process is easy to scale up, and can handle a variety 
of solid–liquid suspensions. 
 Plant extracts and plant cell homogenates have a unique composition of native proteins, cell metabolites, and 
process-derived impurities, and the presence of these potentially harmful impurities may require distinct handling or 
conditioning of the extract. The purpose of conditioning is to maximize product binding by capture chromatography, 
reduce binding of plant components to the recombinant protein, and stabilize extracts for purification. Traditional 
conditioning methods, also referred to as pretreatment methods, for any protein production platforms include 
adjustment of extract or media pH, ionic strength, buffer composition, and volume reduction by cross-flow filtration. 
[1]. Several approaches have been implemented specifically for pretreatment of plant extracts including aqueous two-
phase partitioning, adsorption, precipitation, and membrane filtration.  
 The purification phase usually starts with a capture step to concentrate the recombinant protein and most importantly, 
remove critical plant impurities that would be detrimental to protein yield, quality, and/or purification efficiency [93]. 
Purification of plant-derived proteins, similarly to other protein production systems, is dependent on protein properties 
and host cell impurities, and utilizes similar strategies for purification development as other heterologous expression 
systems. There are very few studies reporting purification processes for plant-derived recombinant proteins that have 
reached clinical trials or been scaled-up to commercial production. The reason for this is twofold. First, relatively few 
companies have reached later stages of clinical trials (Phases II and III) to have established robust, at-scale downstream 
processes and, second, newly developed processes are often deemed proprietary [28]. 
 Capture chromatography resins have two primary functions, concentration and partial purification, and should be 
inexpensive, resistant to chemicals needed for resin regeneration, and able to retain capacity and selectivity over 
multiple cycles. Resin selection is determined by recombinant protein properties such as charge, hydrophobicity, and 
biospecificity. Selecting a resin based on the property most unique to the recombinant protein compared to the host 
system can improve purification efficiency by increasing binding capacity and/or product purity. Once suitable 
chromatography resin functionality is determined (cation/anion-exchange, affinity, hydrophobic), various resins with 
different particle sizes, surface areas, and resin backbones need to be screened along with binding conditions, such as 
pH and ionic strength. [1]. 
 The manufacturing cost for plant-produced proteins consists of upstream (biomass production) and downstream 
purifications costs. The downstream processing costs are also affected by the ease of product recovery, the complexity 
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of clarified plant or cell culture extracts, protein stability, and required purity [94]. The support activities, such as 
process and cleaning validation, buffer preparation, equipment cleaning, and quality control and quality assurance, 
could be a substantial fraction of operating costs. From a downstream cost perspective, several evaluation criteria could 
be applied for selecting the best system that matches product characteristics and allows overall manufacturing cost 
reduction. In addition to protein expression level and stability, the following criteria should be considered: biomass 
yield and storage stability (allowing processing flexibility and decoupling), selection of off-the-shelf purification tools, 
biomass disposal cost, and byproduct revenues (e.g. biomass and starch conversion to energy) [1]. 

3.2   Upstream processing 

The commercial and economic success of any plant-based production platform for recombinant proteins depends on the 
product yield, since the costs of upstream production relate to the amount of biomass produced, and the greater the 
amount of product per unit of biomass the better. 
 The subcellular localization of a protein contributes to its stability, so further yield improvements have been achieved 
by adding targeting sequences, such as a signal peptide to allow secretion (into the medium for plant cells, or to the 
apoplast in whole plants), a signal peptide and a KDEL/HDEL tetrapeptide so that secreted proteins are retrieved to the 
ER, or a signal peptide and a transmembrane domain so the recombinant protein is concentrated in the membrane 
fraction[95]. Another strategy involves the expression of recombinant proteins as fusions with stabilizing sequences, 
such as the elastin-like peptide repeat, which not only increases yields but also provides a convenient extraction method 
known as reverse transition cycling (reversible temperature-dependent precipitation) [12]. 
 The initial step in the process usually involves milling of the tissue in either a dry state or together with an aqueous 
extraction buffer. In some cases, this may be preceded by a dehulling step or separation of endosperm and germ (corn) 
to remove a portion of the biomass that is largely devoid of the recombinant protein. If a dry milling process is 
employed, it is usually followed by a separate aqueous extraction step. The method of choice may be dependent on seed 
type, target protein and nature of the process. For an undisclosed protein expressed in corn, it was found that wet 
milling resulted in product losses and so the two-step dry milling and extraction process was preferable [96]. Extraction 
of the tissue is generally followed by some form of filtration or centrifugation to remove solids that can represent 5%–
30% of the total mass of the slurry. At this stage, in most seedbased processes, it is often desirable to perform a 
concentration step to reduce volumes prior to advancing into chromatography. The safflower oilbody process differs 
here in that the extract consists of an emulsion in which the recombinant protein is bound to seed oilbodies. The 
oilbodies and bound protein are separated from the majority of endogenous seed protein through a series of flotation–
centrifugation steps. The washed oilbody fraction is then treated to either elute or cleave off the recombinant protein 
and the oilbodies removed [28]. 

4. Legal regulations  

The potential to use agronomically important food/feed commodity crops and other seed crops for non-food/feed GM-
based applications such as biofuel enzymes or pharmaceuticals raises several regulatory issues for both regulatory 
agencies and consumers. Regulatory compliance for field growth (e.g., USDA APHIS/EPA) will encompass concepts 
of product segregation and stewardship. Crops expressing therapeutics or vaccines will likely remain under regulatory 
oversight for the life of the product and require containment protocols and documentation at each step in the process. In 
contrast, for industrial enzymes which are/will be produced at large scale, producers will likely seek deregulation. One 
of the regulatory considerations for food-based grains is that while there is the need to segregate the bioproduct source 
grain from the food/feed supply chain, they do have a G.R.A.S. status from the US Food and Drug Administration 
(FDA) which may reduce downstream hurdles linked with pharmaceutical use of these plant-based products [97]. 
 Both US (FDA) and European (EMEA) regulatory authorities have recently published guidance documents on the 
production of therapeutic proteins from genetically engineered plants providing a framework for manufacturing in these 
systems [98,99]. The documents cover all aspects of the process from generation of the bioengineered plant through 
propagation and final purification. As the part of the process that differs most from that of conventional cell-based 
systems, considerable attention is given to production of the plant material used for manufacturing.  
 In 2005, the World Health Organization (WHO) conducted an ‘informal consultation on scientific basis for 
regulatory evaluation of candidate human vaccines from plants’[100]. In its report, the WHO recommended that the 
guidelines on Good Agricultural and Collection Practices (GACP), which are typically applied to herbal plants, should 
also be applied to plants producing biopharmaceuticals. A report of quality-control methods for medicinal plant 
materials recommended tests to assess the identity, purity, and content of biopharmaceutical plant materials. [101]. 
 Since 2008, the United States Department of Agriculture (USDA) has approved field release of transgenic seeds 
expressing human lysozyme, lactoferrin, and serum albumin in rice, apolipoprotein in safflower, and hepatitis B surface 
antigen and brazzein in corn. 
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5. Conclusions 

Since plant cell cultures are inherently simpler, cheaper and safer than mammalian cell approaches and support 
eukaryotic processing (e.g. complex glycosylation) absent in microbial systems, this technology has continued to attract 
attention as an alternative host system. For the process of recombinant proteins, most suitable subcellular compartment 
or organelle should be selected for easy recombinant protein extraction; protein product and plant extract properties 
should be match for optimal purification; for oral vaccines, plants should be selected with GRAS status, it should 
benefit chloroplast expression for high expression levels. 
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It has been reported that a low dietary intake of vitamin B6 is associated with a high risk of mortality from heart disease 
among Japanese, Americans, and Europeans [1]. Many studies have suggested that vitamin B6 supplementation reduces a 
risk of heart disease [1–3]. However, the relationship of vitamin B6 intake and risk of heart disease is controversial, and 
the underlying mechanisms are not fully understood. Since 1969, the role of vitamin B6 in heart disease risk has been 
mostly addressed through homocysteine hypothesis [4]. However, many recent studies have indicated that the association 
between vitamin B6 and heart disease risk has been independent of homocysteine, suggesting that vitamin B6 may exert a 
heart-protective effect through other mechanisms [2,4]. Recently, we found that vitamin B6 supplementation in rats had no 
effect on homocysteine concentrations in the heart tissue, but markedly increased heart concentrations of histidine-related 
compounds, such as carnosine, anserine, and histamine [5]. Thus, in the present chapter we propose a novel mechanism 
underlying heart-protective effect of vitamin B6 and review the currently available knowledge.  

Keywords: vitamin B6; histidine-related compounds; carnosine; histamine; heart; cardiovascular disease 

1. Introduction 

Vitamin B6 is an essential water-soluble vitamin. In humans, our body is lack of an ability to produce this vitamin as 
well as to store it to long extent due to its water-soluble property. Thus, in order to keep balance of vitamin B6 status, 
we mainly rely on food consumption. Vitamin B6 can be found in various foods such as fish, beef, poultry, milk 
products, whole grains, legumes, potatoes, and nuts. There are six isoforms of vitamin B6, which are pyridoxine (PN), 
pyridoxal (PL), and pyridoxamine (PM), and their phosphorylated forms of pyridoxine 5’-phosphate (PNP), pyridoxal 
5’-phosphate (PLP), and pyridoxamine 5’-phosphate (PMP) (Fig. 1). Among those six isoforms, PLP is the most active 
form that acts as a co-factor or coenzyme in more than 150 enzymatic reactions including amino acid, fatty acid, and 
carbohydrate metabolisms. For example, PLP is important for enzymes responsible for syntheses of niacin, alanine, 
histamine, and γ-aminobutyric acid (GABA) from tryptophan, pyruvate, histidine, and glutamic acid, respectively. In 
fatty acid metabolism, PLP is a co-factor of enzymes responsible for polyunsaturated fatty acid synthesis. In 
carbohydrate metabolism, PLP is important for generating energy of our body by helping enzymes to breakdown 
storage carbohydrates to glucose. Being involved in diverse enzymatic reactions, vitamin B6 deficiency has been 
reported to be associated with an increased risk of many diseases including cardiovascular disease or heart disease [2].  

 
 

Fig. 1  Vitamin B6 
forms. In food, vitamin 
B6 is existing in PN form. 
After being absorbed into 
our body, PN is changed 
to PLP (the most active 
form) and/ or PMP, which 
act as co-factors or co-
enzymes. 
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2. Vitamin B6 and heart disease 

After discovery of vitamin B6 in 1934, 15 years later the association of vitamin B6 with heart disease was reported. In 
1949, Rinehart and Greenberg [6] demonstrated that monkeys fed a diet with vitamin B6 deficiency had atherosclerosis, 
a major condition leading to heart disease. Later on, many studies were conducted extensively to address this issue. In 
1985, plasma PLP level was proposed to be a risk index for coronary artery disease (CAD), in which low level of PLP 
in plasma was found to be associated with a high risk of CAD [7]. Both animal and human studies have suggested that 
vitamin B6 supplementation reduces a risk of various types of heart disease [2,3]. The role of the vitamin in heart 
disease risk has been mostly addressed through homocysteine and inflammation hypotheses as reviewed below.  

2.1   Homocysteine hypothesis 

Homocysteine is a sulphur-containing amino acid, which is derived from metabolism of methionine. In general, 
homocysteine plasma levels increase after meals, especially meals rich in red meat and milk products. Our body 
maintains homocysteine homeostasis through two main pathways, which are remethylation, in which homocysteine 
receives a methyl group and is reconverted into methionine, and transulphuration, in which it is degradated to cysteine 
[4], as shown in Fig. 2. In transulphuration pathway, vitamin B6 plays a crucial role as a coenzyme of cystathionine β-
synthetase for the conversion of homocysteine to cystathionine and of cystathionase for the synthesis of cysteine from 
cystathionine [4]. Thus, vitamin B6 deficiency leads to the accumulation of homocysteine in the body.  
 Since 1969, homocysteine has been reported to be involved in the pathophysiology of the atherosclerotic process [8]. 
Since then, many studies have suggested the correlation of elevated homocysteine with cardiovascular risk and 
established homocysteine as an independent risk factor. Increased homocysteine plasma levels promote blood clots and 
initiation of endothelial cell damage, which leads to inflammation in the blood vessels [8]. Then, inflammation induces 
atherogenesis that is an important factor causing blockage of blood flow, which finally contributes to heart disease such 
as heart attack. Based on the fact that vitamin B6 is a key determinant of total plasma homocysteine concentrations, 
dietary supplement of vitamin B6 has been proposed for many years to use as a tool for reducing plasma homocysteine 
levels and incidence of heart disease.  

 

Fig. 2   Homocysteine metabolism. MTHFR: methylene tetrahydrofolate reductase; MS: Methionine Synthase; CBS: Cystathione β-
synthase.  

2.2   Inflammation hypothesis 

Over recent 20 years, vitamin B6 has been proposed to play a role in heart disease through inflammation, which is 
believed to be a crucial mechanism underlying atherosclerosis and heart disease progression. Many epidemiological 
studies have demonstrated a strong relationship between vitamin B6 status and inflammation, in which plasma PLP 
concentrations were inversely correlated with inflammation markers such as C-reactive protein (CRP) [9–13]. A 
possible mechanism is that vitamin B6 or PLP serves as co-factor in an anti-inflammatory mechanism. When 
inflammation occurs, vitamin B6 from liver and peripheral tissues is mobilized to the inflammatory sites and acts as a 
coenzyme in pathways producing metabolites exerting anti-inflammatory or immunomodulatory effects. The use of 
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vitamin B6 in inflammatory processes results in a decrease in the vitamin concentrations in the body, which could 
promote and enlarge inflammatory process, thereby leading to chronic inflammatory disease progression. Based on 
scientific evidences, including human studies, it is unclear whether inflammation induces vitamin B6 deficiency in the 
body or vitamin B6 deficiency, due to inadequate vitamin B6 intake, induces inflammation. However, it could be said 
that vitamin B6 deficiency could possibly contribute to impairment of an anti-inflammatory mechanism, consequently 
leading to chronic inflammation and establishment of heart disease.  
 Recent research has been focused on clarifying underlying mechanisms in vitamin B6-dependent inflammatory 
pathways. One of the main pathways is the kynurenine pathway, which involved in tryptophan metabolism [13] as 
shown in Fig. 3. In this pathway, PLP acts as a co-factor of enzymes that convert kynurenine into a variety of 
compounds, including kynurenic acid, antranilic acid, xanthurenic acid, and 3-hydroxyanthranilic acid. These 
kynurenine-related compounds have been reported to have various beneficial effects on anti-inflammatory mechanism.  

 

Fig. 3   Kynurenine pathway of tryptophan metabolism and PLP-dependent enzymes involved. KAT: kynurenine aminotransferase; 
KYNU: kynureninase.  

2.3   Controversial in clinical studies  

In spite of extensive studies since 1949, the link between vitamin B6 and heart disease is controversial, and the 
underlying mechanisms are not fully understood. Several large clinical trials have been designed to test the theory of 
vitamin B6 preventing heart disease, such as the Second Cambridge AntiOxidant Heart Study (CHAOS-2), the Vitamin 
Intervention for Stroke Prevention (VISP) trial, the Norwegian Vitamin (NORVIT) trial, the Heart Outcome Prevention 
Evaluation-2 (HOPE-2) trial, the Homocysteinemia in Kidney and End-Stage Renal Disease (HOST) trial, the Women’s 
Antioxidant and Folic Acid Cardiovascular Study (WAFACS), the Western Norway B-vitamin Intervention Trial 
(WENBIT), and the Atherosclerosis Risk in Communities (ARIC) study [4]. These studies demonstrated inconsistent 
results. Many studies have reported that vitamin B6 had no preventive effects on heart disease and there was no inverse 
association between PLP levels and homocysteine and CRP levels. The controversial results may suggest a potential 
protective effect of vitamin B6 through mechanisms other than those related to homocysteine metabolism and 
inflammation.  

3. Possible novel mechanism of heart-protective effects of vitamin B6 through 
histidine-related compounds 

Since there are controversial data about heart-protective effects of vitamin B6, in our present study, we directly assessed 
metabolites in heart tissues of rats fed a normal diet supplemented with low, mild, or high concentration of vitamin B6 
(1, 7, or 35 mg pyridoxine (PN) HCl/kg diet, respectively) for 6 weeks. As a result, all vitamin B6 supplementations had 
no effect on food intake, final body weight, and heart weight (data not shown). PLP concentrations in heart tissues and 
serum of the 7 and 35 mg PN HCl/kg groups were higher (P < 0.01) than those in the 1 mg PN HCl/kg group, while 
there was no significant difference in PLP concentrations between the 7 and 35 mg PN HCl/kg groups (data not shown). 
The preliminary study [5] demonstrated that the 7 and 35 mg PN HCl/kg groups had markedly higher concentrations of 
carnosine (+114 and +162%, respectively, P < 0.01, Fig. 4) and anserine (+89 and +101%, respectively, P < 0.01, Fig. 
4) than those in the 1 mg PN HCl/kg group, while significant differences of those in the 7 and 35 mg PN HCl/kg groups 
were not observed. These preliminary results led us to apply metabolomics analysis for assessing metabolites in heart 
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tissues of rats fed a normal diet supplemented with the supplemental level (the 35 mg PN HCl/kg diet) and the marginal 
deficient level (the 1 mg PN HCl/kg diet). As a result, both vitamin B6 supplementations in rats had no effect on 
concentrations of homocysteine and kynurenine-related compounds, suggesting that vitamin B6 was not likely to play 
the role through these two pathways. Over 500 detected compounds, 13 compounds were found to be significantly 
different between the two groups (Table 1). Serine, alanine, leucine, isoleucine, valine, β-alanine, GABA, histamine, 
carnosine, 1-methyl histidine, anserine, and homocarnosine levels in the 35 mg PN HCl/kg group were significantly 
higher than those in the 1 mg PN HCl/kg group. Ornithine was the only compound that its level was lower in the 35 mg 
PN HCl/kg group than in the 1 mg PN HCl/kg group. Based on these results, we have proposed how vitamin B6 played 
a role in regulating the levels of those compounds as below.  

 
 

Fig. 4   Effect of dietary levels of vitaminB6 (PN HCl) on concentrations of carnosine and anserine in heart of rats. Mean ± SE (n = 4 
for carnosine and anserine). The supernatant samples of each two rats from the same group of eight rats were combined to obtain the 
pooled four samples. Values with different superscript are significantly different by Tukey’s multiple‐range test (P < 0.05). 

Table 1 Compounds with significant different levels detected in heart of rats fed low and high concentrations of vitamin B6 (PN 
HCl/ kg diet). 

 
 As shown in Fig. 5, it seems likely that vitamin B6 induced the synthesis of histidine-related compounds (HRCs), 
which were histamine, carnosine, anserine, and homocarnosine. Among these four compounds, histamine is the only 
compound that its synthesis is directly depended on vitamin B6, since histidine decarboxylase is a PLP-dependent 
enzyme. For carnosine, anserine, and homocarnosine, these three compounds are the products of carnosine synthase. 
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Although carnosine synthase is not a PLP-dependent enzyme, it is possible that the vitamin may enhance the enzyme 
activity by increasing the levels of enzyme substrates, which are β-alanine and GABA. Since β-alanine is rate-limiting 
for carnosine synthesis [14], it can be speculated that an availability of GABA may be a factor limiting the rate of 
homocarnosine-synthesis as well. This speculation can be supported by a previous report suggesting that the availability 
of GABA greatly affected homocarnosine synthesis [15]. It seems reasonable to assume that vitamin B6 upregulates 
metabolism of amino acids that are reservoirs of β-alanine and GABA (Fig. 5). Vitamin B6 may regulate the levels of 
serine, alanine, leucine, isoleucine, and valine, which, in turn, play a role in maintaining homeostases of glutamic acid 
as well as aspartic acid. Then, vitamin B6 is directly involved in the formations of β-alanine and GABA by serving as a 
coenzyme of aspartate decarboxylase and glutamate decarboxylase, which were reported to be the rate-limiting steps in 
β-alanine and GABA formations [16,17]. In addition, vitamin B6 might be responsible for the degradation of ornithine 
to β-alanine and GABA by acting through ornithine decarboxylase and ornithine aminotransferase in polyamines and 
glutamic acid metabolic pathways. Taken together, we have hypothesized that vitamin B6 may positively influent 
enzymes involved in the formations of β-alanine and GABA, which are the rate-limiting precursors of histidine-related 
compounds. 

 

Fig. 5   Putative pathways of compounds affected by vitamin B6 in heat tissues of rats. 1: Serine-pyruvate aminotransferase; 2: β-
alanine-pyruvate aminotransferase; 3: Branched-chain-amino acid aminotransferase; 4: Alanine aminotransferase; 5: Aspartate 
aminotransferase; 6: Ornithine aminotransferase; 7: Ornithine decarboxylase; 8: Glutamate decarboxylase; 9: Aspartate 
decarboxylase; 10: Histidine decarboxylase; 11: Carnosine synthase; 12: Carnosine N-methyltransferase  

 There is a large body of evidence showing heart-protective effects of carnosine and related HRCs (anserine and 
homocarnosine). Recent human study demonstrated that oral administration of carnosine increased exercise tolerance 
and quality of life in chronic heart failure patients [18]. Many animal studies showed that carnosine and HRCs protected 
heart tissue from ischaemia-reperfusion damage and cardiomyopathy [19–25], improved contractility of heart in cardiac 
ischemia [19,26], and decreased cardiotoxicity [24,27]. Carnosine has been reported to have several biochemical 
functions, including control of pH, antioxidant, metal-ion chelator, carbonyl scavenger, antiglycator, vascular tone 
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regulator, immunostimulant, and wound healing agent [28,29]. Owning to their imidazole group, HRCs have the crucial 
physiological function of proton or pH buffering [30]. This crucial function makes HRCs important to skeletal muscle, 
where there is highly expression of HRCs. Under anaerobic exercise, there is high production of lactic acid, in which its 
dissociation results in production of protons that brings pH lower than normal levels, which leads to muscle contractile 
fatigue. Here is where HRCs play a crucial role in proton sequestering to maintain physiological pH. Thus, it can be 
expected that HRCs also serve this function in heart muscle. In addition to acid-buffering activity, antioxidant activity is 
another important function of HRCs that have been reported to potentiate preventive effects on cardiac hypertrophy, 
heart failure, ischemia-reperfusion injury, and myocardial infarction [26,31,32]. Several in vitro and animal studies have 
demonstrated the ability of carnosine and HRCs to deactivate precursors of advanced lipoxidation end-products (ALEs) 
and advanced glycoxidation end-products (AGEs), leading to the inhibition of AGEs and ALEs formations [33]. Since 
ALEs and AGEs are associated in the onset and propagation of several oxidative-based diseases such as atherosclerosis, 
a key factor leading to heart disease, HRCs may exert heart-protective effects through this mechanism. Finally, based 
on several studies reporting antihypertensive, vasorelaxant, and intracellular calcium-regulating effects of HRCs, it can 
be expected that HRCs may play a role in modulating contraction/ relaxation of heart muscle [34–41].  
 Histamine have been reported to be inflammatory mediator and associated with atherosclerosis and myocardial 
infarction [42]. However, several recent studies have showed beneficial effects on heart. It was found to exert anti-
inflammatory effect on human white blood cells [43]. It was also reported to exert a protective role in coronary arteries 
or heart blood vessels [44]. The study in mice lack of histidine decarboxylase demonstrated that histamine deficiency 
reduced heart function and enhanced the damage of infarcted heart. The study has suggested a protective role of 
histamine in the process of myocardial infarction through inhibition of cardiomyocyte apoptosis and promotion of 
macrophage infiltration that contributes to myocardial healing [45]. It has been proposed that in cardiovascular system, 
mast cells might not be the predominant source of histamine. Carnosine may serve as a non-mast cell reservoir for 
histidine as a substrate for histamine synthesis during stress conditions [45–47]. These results may suggest the 
importance of HRCs in heart.  
 GABA has been reported to be involved in the regulation of cardiovascular function in mammals, including humans 
[48]. It was found to exhibit regulatory effects on blood pressure and heart rate [48]. In inducible myocardial ischemia 
patients, a strikingly decrease in plasma levels of GABA was observed [49]. This compound has been reported to not 
only be present exclusively in the central nervous system in humans, but also be formed and present in other tissues 
such as kidney [50]. Based on these results, it is possible to consider that GABA may also play a role in heart 
protection.  
 Collectively, among complex metabolic pathways in heart, HRCs such as carnosine, anserine, homocarnosine, and 
histamine as well as GABA may be the key mediators taking important part in the regulation of heart function and 
cardiovascular system.  

5. Conclusion 

Over 60 years past of the discovery of the association of vitamin B6 in heart disease, we still have no complete 
understanding of its mechanisms. Although its preventive role in heart disease has been mostly addressed through 
homocysteine and inflammation hypotheses, many recent studies have demonstrated the controversial results and 
suggested that vitamin B6 may exert a heart-protective effect through other mechanisms. In the present study, we found 
that the vitamin B6 supplemental level (the 35 mg PN HCl/kg diet) increased the final metabolites in histidine 
metabolic pathways, which are carnosine, anserine, homocarnosine, and histamine in rat heart tissues, as compared with 
the marginal deficient level (the 1 mg PN HCl/kg diet). In the present chapter, we propose a novel putative mechanism 
underlying the heart-protective role of vitamin B6, by which vitamin B6 controls enzymes that are a rate-limiting step in 
the formation of β-alanine and GABA, which are the rate-limiting precursors of HRCs. Being reported to exert heart-
protective effects, those HRCs may, in turn, play important roles in preventing heart disease. Although vitamin B6 is 
involved in a very large number of physiologic reactions and may affect heart disease in a complex fashion of inter-
relationships among several factors and thereby it could be very hard to define the exact mechanism(s), our proposed 
novel mechanism may add a new piece in the puzzle of how vitamin B6 prevents heart disease.  
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