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Abstract 
 

Chili is an important spice and used as salad, complementary dish, medicine, industrial 
product, or as decoration. It is consumed as fresh, dry, powder, paste or as sauce.  It 
enhances food palatability, inducing the consumption of other foods. It is a rich source of 
Vitamin A & C. In Asia, chili is an important component in the cropping system.  In 
terms of area, it is ranked first in Asia and third in the world as most important vegetable. 
Chilies are subject to various pest and disease constraints to optimal production. The 
contamination of the crops with mycotoxins from the growth of Aspergillus flavus and/or 
Aspergillus parasiticus is one of the most serious problems. Mycotoxins are secondary 
metabolites of fungi. Due to the widespread distribution of fungi in the environment, 
mycotoxins are considered to be one of the most important contaminants of foods and 
feeds. Aflatoxins are important class of mycotoxins. The toxins can be produced in the 
field prior to harvest, or alternatively, can arise due to fungal growth under poor storage 
conditions. Mycotoxins can produce both in temperate and tropical regions of the world, 
depending on the species of fungi. The extraction, clean up and analysis methodology for 
aflatoxins in chilies were validated and found it efficient and good in respect of recovery, 
reproducibility, repeatability, resolution and cost-effective. 
The collected chili samples from Faisalabad Division, Pakistan exhibited high level of 
aflatoxins but after treatment with γ-irradiation, more than 95% reduction in AFB1 and ≥ 
97% in Total (∑AFB1+ AFB2+AFG1 + AFG2) were observed at a dose of 6 kGy. Citric 
acid was effective for the reduction of AFs in chilies and reduced 89% AFB1 and 90% 
total AFs in contaminated chilies. Propionic acid is also used for the reduction of AFs in 
red chilies and it reduced 80% AFB1 and 76% total AFs in chilies. Antioxidants like 
butylated hydroxyl-anisole (BHA) and butylated hydroxyl-toluene (BHT) were effective 
to reduce fungal load and the of (20:20 mM) of BHA and BHT were inhibit 100% of 
fungal load in malt extract agar of chilies. From the results it is evident that among 
aflatoxin reduction techniques, γ-irradiation is a good technology to remove contaminants 
like AFs from chilies. 
The food quality of irradiated cereals was evaluated to study any chemical change in 
vitamin E and fungal biomass.  The total biomass (CFU g-1) showed linear behavior as 
increasing the dose level of gamma irradiation. In some samples of chilies, no microflora 
(fungi) was observed after 72 h. of incubation. From the results however, it is revealed 
that with increasing γ-irradiation doses a decrease in vitamin E content was observed in 
chilies but this decrease is not significant (p > 0.05). In the present study, phenolics, 
flavonoids and antioxidant activity of chilies and selected spices (cloves, turmeric, 
oregano, black pepper and cinnamon) have been evaluated in the Department of Food 
Science, Cornell University, USA. From the results, it has been evident that chilies and 
spices are good source of antioxidants.  
Special attention is urgently needed to create awareness of the high level of AFs 
contamination in chilies, among farmers, consumers, and traders. Special emphasis 
should also be given to adopt GHP and GSP in order to minimize the toxin in chilies. 
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Chapter 1 
Introduction 

 
 

Spices and herbs are important ingredients in almost every cuisine.  With the increasing use 

of spices in our food, there has been keen interest for the identification of the active 

components in spices, not only from a flavor, but also from functional perspective, to 

discover the antioxidant properties of botanicals which are important for preserving foods 

and offering health benefits for people consuming these botanicals (Noguchi and Niki, 2000; 

Shobana and Naidu, 2000). 

 Spices and herbs are valued for their distinctive flavors, colors and aromas and are 

among the most versatile and widely used ingredient in food preparation and processing 

throughout the world.  Like other agricultural products, spices and herbs may be exposed to a 

wide range of microbial contamination during pre- and post-harvest.  Such contamination 

may occur during processing storage, distribution, sale and/or use (McKee, 1995).  Early 

cultures also recognized the value of using spices and herbs in processing foods and for their 

nutraceuticals value. Spices have been used in many industries and catering being 

predominant users.  Having been dried material from plant origin, spices are commonly 

heavily contaminated with xerophilic storage moulds and bacteria (Dimić et al., 2000; 

Romagnoli et al., 2007).  Although spices are present in foods in small amounts, they are 

recognized as important carriers of microbial contamination mainly because of the conditions 

in which they were grown, harvested and processed.  In addition, because of possible 

neglects during sanitation or processing, foods containing spices are more likely to 

deteriorate and also could exert harmful effects, having in mind health risks associated with 

mycotoxins produced by some fungal genera (Koci-Tanackov et al., 2007). 

 Chilies (Capsicum annuum L.) are important spice and cultivated throughout the year, 

its sowing and harvesting time in 4 provinces of Pakistan are presented in Table 1.1.  The 

botanical species name Capsicum is a neo-Latin derivation of Greek kapsa meaning box, 

capsule and it refers to the shape of the fruits.  The genus name annuum means annual (Latin 

annus year). 

 There are strong historical evidences that Mexican Indian used chilies before the birth 

of Christ (Govindarajan, 1985). The famous archaeologist R. S. Macneish found pepper 
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seeds dating from about 7500 BC in Mexico (Fett, 2003).  Chili peppers are native of South 

and Central America. Chauca, the physician, on the second voyage of Columbus to the New 

World noted the culinary and medicinal use of chili peppers by native Americans.  Chilies 

were introduced into Europe, Middle East, India, Indonesia and other parts of Asia around 

450–500 years ago by Portuguese traders. (Aydin et at., 2007). They were used irritant 

smoke from the burning of chili peppers as a weapon against invaders. In the early 19th 

century chemical  

 
 
 
Table 1.1:  Province wise nursery sowing, transplanting and harvesting time of Chilies 

 

 

investigations began for the identification and isolation of major ingredients of chili peppers. 

Capsaicin was first crystallized from the active component in chili peppers in 1846 by Thresh 

(Thresh, 1846) and in the early 20th century, its chemical structure was determined by 

Nelson and Dawson (Nelson and Dowson, 1923).  

 The terms like chili, chilli or paprika are commonly used for the species of the genus 

Capsicum. Paprika is applied to the ground, non-pungent powder while chili to the pungent 

powder of any Capsicum species (Santos et al., 2010). Pungent spice, chili is valued 

worldwide as natural flavor, colorant, for its taste, pungency, and aroma as food additives, 

pigments, and for physiological and pharmaceutical uses (Pineda et al., 2007). It also 

Province Nursery sowing time Transplanting time Harvesting time 

Punjab 

1. Plains   
i. October February June to December 

ii. February/March April/ May  
iii. Direct sowing March/April  
2. Hilly Areas   
i. April May/June September to December 

Sindh 

i. December Last week of January April to August 
ii. January/ February  March/ April August to November 
iii. June/ July July/August November to December 
iv. September/ October October/ November February/ April 

Khyber Pakhtunkhwa i. November February/ March June to November 

Balochistan 

1. Plains   
i. October to February February/ April August to November 

2. Uplands   
i. April May/June September to November 
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contained considerable amounts of antioxidants such as vitamin E and C and carotenoids 

(Daood et al., 1996). 

 Chilies depending upon its use are classified, as vegetables, medicinal herbs, spices 

and ornamental plants. They are classified into five main species depending upon shapes, 

sizes and colors which are C. annuum, C. frutescens, C. chinense, C. pendulum, and C. 

pubescens. The varieties C. annuum and C. frutescens are the most commonly-grown in 

Pakistan. The first specie is divided into the non-pungent group, such as sweet bell pepper 

and the pungent group called hot chili. The other two species C. chinense, C. pendulum, are 

always pungent and can be used in fresh or dry form. The size and color of chili vary 

depending upon its type. It enhances food palatability, inducing the consumption of other 

foods (Ali, 2006). 

 Chilies after black pepper account 16% of the world spice trade. In Pakistan chilies 

are valuable cash crop and its share in GDP is 1.5%.  India is the major exporter followed by 

China (24%), Spain (17%), Mexcio (8%), Pakistan (7.2%), Morocco (7%) and Turkey 

(4.5%) (Iqbal et al., 2010a).  Pakistan exports chilies to Gulf States, USA, Canada, Sri Lanka 

and European Union countries. It is exported in different forms: fresh chilies, stalk less 

chilies, chili powder, curry powder and also as oleoresin. Export of red dried chilies from 

Pakistan has declined from Rs 1.127 billion (during 2003-2004) to Rs 846 million after 

European Union food authorities have detected the presence of highly toxic substances i-e- 

Mycotoxins (aflatoxins) (Pakistan Horticulture Development and Export Board 2007).  

 Mycotoxin is a combination of two words mykes (Greek word for fungus) and Latin 

word toxicum meaning poison.  Mycotoxin are known as relatively small low molecular 

(MW ~700), natural toxic chemical products produced as secondary metabolites by a certain 

fungi that voluntarily colonize crops in the field as pre-harvest or post harvest (EMAN, 2003; 

Zain, 2010).  

 In 1962, the term mycotoxin was coined for the first time when there was an unusual 

veterinary crisis near London, England, during which approximately 100,000 turkey poults 

died. This mysterious turkey X disease was connected to a peanut (groundnut) meal 

contaminated with secondary metabolites from Aspergillus flavus (aflatoxins), that provide 

researcher and scientists the opportunity to discover and characterize this toxic fungi 

(Bennett and Klich, 2003). Toxic compounds produced by fungi and belongs to fungal origin 
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are known as mycotoxins. The concentration and target of the metabolite are both important. 

Fungal products such as penicillin that are mainly toxic to bacteria are usually called 

antibiotics. Plant pathologists describe fungal products that are toxic to plants are called 

phytotoxins. Mycotoxins even in low concentration are toxic to vertebrates and other animal 

groups. Fungal metabolites of low-molecular-weight such as ethanol that are toxic only in 

high concentrations are not considered mycotoxins (Bennett, 1987).  

 Currently 400 different mycotoxins have been recognized (Zinedine and Mañes, 

2009) that are formed by more than 200 different fungal species. However, there are only 20 

mycotoxins which are found at concentrations likely to pose health hazard for animals and 

peoples are regulated in different food and food products which are also termed as “primary 

exposure (Anklam et al., 2002). These mycotoxins are aflatoxins, ochratoxin A, fumonisins, 

trichothecenes (e.g. nivalenol, deoxynivalenol and T-2 toxin), patulin and zearalenone. 

Aflatoxins and Ochratoxin A are the most important for human health perspective and in 

developing countries such as Pakistan where climatic conditions favor the formation of these 

toxic metabolites (Mcevoy, 2002). 

 Aflatoxins (AFs) are group of mycotoxins, these secondary metabolites are produced 

by toxigenic strains of Aspergillus flavus and A. parasiticus (Rasooli and Abyaneh, 2004; 

Romagnoli et al., 2007; Paterson 2007; Ferguson, 2009; Iqbal et al., 2010a, b, c, d, e) and 

rarely by A. nomius (Wen et al., 2005; Murphy et al., 2006) that contaminate different types 

of food and feed commodities, especially in hot and humid regions of the world (Murphy et 

al., 2006). The major AFs are characterized as B1, B2, G1, and G2 (based on their 

fluorescence response under UV light blue or green, and relative chromatographic nobilities 

during thin-layer chromatography), the AFs M1 and M2 are produced in milk and dairy 

products (Zain, 2010; Paterson, 2007). Aflatoxin B1 (AFB1) and aflatoxin B2 (AFB2) are 

produced by Aspergillus (A). flavus while aflatoxin G1 (AFG1) and flatoxin G2 (AFG2) are 

produced by A. parasiticus (Santacroce et al., 2008) and A. nomius (Wen et al., 2005). 

Studies have also revealed that some other fungus like Aspergillus bombycis, Aspergillus 

ochraceoroseus, A. ruber, A. wentii, Penicillum citrinum and P. frequentans and Aspergillus 

pseudotamari are less commonly encountered production of AFs (Hussein and Brasel, 2001: 

Peterson et al., 2007). AFs are the most studied (> 5000 publications) group of mycotoxins 

and are produced by different species of the genus Aspergillus. They were initially isolated 
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and identified as the cause of the Turkey X disease (i.e. hepatic necrosis) in 1960s in England 

(Hussein and Brasel, 2001; Howes and Newman, 2000; Mishra and Das, 2003; Lu et al., 

2005; Jouany, 2007). 

 AFs, due to their potential as powerful hepatotoxins and carcinogens in humans and 

their proven toxicity to animals, birds and fish are of major concern with respect to public 

health. Previous review of literature has revealed that AFs causes diverse forms of toxic 

damage including hepatotoxic, carcinogenic, teratogenic, genotoxic, mutagenic and 

immunosuppressive effects (Eaton and Gallagher, 1994; Karlovsky, 1999: Creppy, 2002; 

Verma, 2004; Paterson and lima, 2010). AFB1 is the most highly toxic and principal form 

present in various foods and feed products (Roebuck, 2004) and it is categorized by 

International Agency of Research on Cancer (IARC) as Group I carcinogen (IARC, 1993). 

Other AFs are less toxic (B1 > G1 > B2 > G2) (Santacroce et al., 2008). AFs are mainly target 

liver organ, although they affect other organs and tissues, including lungs and kidney to a 

lesser degree. Acute symptoms for aflatoxicosis in animals include proliferation of the bile.  

AFs is a combination of four letters, “A” stands for the genus Aspergillus, ‘FLA’, for the 

species flavus, and the noun ‘TOXIN’ meaning poison (Ellis et al., 1991). 

 AFs are one of the most common and hazardous mycotoxins and in developing 

countries about 4.5 billion people are systematically exposed to uncontrolled amounts of AFs 

(Williams et al., 2004). Aflatoxicosis results depressed feed efficiency, depressed immune 

response, abnormal liver chemistry, carcinogenesis, and even death (Pier, 1992). AF inhibit 

seed germination, root elongation, seedling growth, and chlorophyll and carotenoid synthesis, 

and retard protein, nucleic acid, and synthesis of some enzymes in plants (Jones et al., 1980). 

Food that is heavily contaminated with AFs may result even death. In humans and animals 

outbreaks of aflatoxicosis with high mortalities have been documented. In Kenya 2004, 317 

cases of aflatoxicosis in humans were identified with high mortality rate of 68% (215 deaths) 

(Baumgartner et al., 2005; Lewis et al., 2005).   

 Studies revealed that mycotoxins are chemically stable, they tend to survive 

processing and storage and even when cooked at high temperatures during baking bread or 

breakfast cereal production. This urges the importance to avoid the conditions that lead to 

mycotoxin formation, which is not always possible or not always achieved. Due to persistent 
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and chemically stable nature of mycotoxins, It is very difficult to remove them from food 

commodities and the best method of control is prevention (Bullerman et al., 1984). 

 The fungal production reduced nutritional value (Frisvad et al., 2006) and as a result 

these allergenic spores that constitute a risk factor for human and animal health. Mycotoxin 

ingestion cause toxic syndromes also recognized as mycotoxicosis. Surveillance for 

mycotoxins like aflatoxins, ochratoxin A, zearalenone and fumonisins in cereals and animal 

feeds have shown that, where mycotoxins were identified, mixtures of these toxins often 

occurred (Scudamore et al., 1998; Adhikari et al., 2004). 

 Mycotoxin contamination in foods and feeds can occur, regardless of the most 

strenuous efforts towards their prevention. The basic approach for the use of   practical and 

economical detoxification procedures must be utilized with the reasoning that such 

techniques should be experienced only if preventive measures have failed, although these 

methods have never been a suitable option to good cultural and storage practices. If we 

define detoxification procedures, ideally they will not only decrease the concentration of 

toxins to safe levels, but also prevent nutritional value and production of toxic degradation 

products of the treated commodity (Alboresa et al., 2009). 

 AFs were analyzed  in food and food products using several analytical methods, 

including thin-layer chromatography (Otta et al., 2000), enzyme-linked immunosorbent assay 

(Ghali et al., 2007), and high-performance liquid chromatography coupled to fluorescence or 

mass spectrometry detectors (Blesaa et al., 2003; Ventura et al., 2004; Paterson 2007; Iqbal 

et al., 2010a, b, c, d, e). HPLC with fluorescence detection is still very popular and accurate 

method for AFs confirmation and quantification.  Other analytical techniques such as thin-

layer chromatography (TLC) (Trucksess et al., 1984; Stroka et al., 2000), two-dimensional 

thin-layer chromatography (Egmond et al., 2002), high-performance liquid chromatography 

(HPLC) (Manetta et al., 2005; Giray et al., 2007) and enzyme-linked immunosorbent assay 

(ELISA) (Saha et al., 2007; Reddy et al., 2001; Sarimehmetoglu et al., 2004) have been 

available for the qualitative and quantitative analysis of AFs. TLC is although very 

convenient method but poor separation, unsatisfied accuracy and low sensitivity are 

disadvantages. In ELISA sometimes false positive result might be obtained although it is a 

fast and sensitive method. The most commonly and frequently used method for AFs analysis 

is liquid chromatography combined with fluorescence detection, which has been widely 



7 
 

studied in various food matrices (Manetta et al., 2005; Mortimer et al., 1987). However, in 

order to improve detection limits of AFB1 and AFG1 a tedious pre- or post-column 

derivatization must be done before using HPLC with fluorescence (Chun et al., 2005; Chun 

et al., 2007). 

 In Europe food safety is a burning issue. Currently, emphasis is focused on 

minimizing toxins as food contaminants and preventing them from reaching consumers. It is 

important to remember that the countries which have limited resources, their utmost desire is 

to prevent the sources which promote mycotoxin contamination in food supply rather than 

taking steps for their detoxification. The urgent priority of many developing countries in the 

world is prevention of starvation rather than any long-term illness (Wu, 2004). 

 Regulations of the new EU aflatoxin standard may have a negative impact on African 

exports of dried fruits, nuts and cereals to Europe (Dohlman, 2004). The problem of 

aflatoxicosis in humans in developed Countries rarely occurs.  It was believed in the past,  

that AFs alone are the root cause for aflatoxicosis but now scientific data revealed that the 

presence of  hepatitis virus and AFs are synergistic effect and are the root cause of 

aflatoxicosis. The presence of total AFs in processed and unprocessed food is regulated at 15 

ppb by Codex. However, the harmonized EU standard for total AFs contamination in food 

and feed products is more restrictive. It is obvious that the developing countries are relatively 

more susceptible to regulatory changes than developed nations because of scarcity of public 

resources to finance compliance with Standard Procurement System standards (Turner et al., 

2002).  

 Some studies claimed that the occurrence of mycotoxins is higher in organic 

agriculture compared to conventional agriculture. This claim can be justified by logical 

reasoning, because in organic farming the use of fungicides is prohibited and therefore, 

neither the growth of fungi nor the production of mycotoxins is inhibited. Several studies 

demonstrate that the type of agricultural system has a lower impact as compared to other 

important factors. Growth and occurrence of mycotoxins in or on the crops has favored by 

warm and humid weather. Moreover, the differences between varieties and preceding crop 

have a stronger impact on the incidence of mycotoxins than the type of agricultural system 

(Schachermayr and Fried, 2000). 
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 In our chemical environment food is one of the most important components. The 

flavor or taste plays an important role for the acceptance or rejection of food. Currently the 

focus on the chemistry of desirable and undesirable foods has been very well-liked. Modern 

instrumentation has brought revolution and has introduced rapid changes in this field. Now, 

the definition of good food has changed significantly. The concept about good food is 

considerably changed it is now not only expected to look fresh and delicious but it must be 

free from all contaminants. Fungal growth during farming, harvesting or storage depends on 

temperature, moisture content and the time of agricultural product that it remains under 

adverse conditions are the significant factors for the formation of AFs contamination in food 

and agricultural products. Furthermore the existence of spores, mechanical factors (the 

internal part of a fruit or agricultural crops is more susceptible to fungal attack than the 

external one), insect (during metabolism, they tends to increase the substrate’s moisture, 

temperature and break the defensive external part of the plant), damages due to rain or storm, 

moisture stress, mineral nutrients availability, pH (molds tolerate acid media and they are 

even generate acidic media themselves), chemical and physical treatments, oxygen and 

carbon dioxide levels, and for some commodities, the product drying and re-wetting speed 

(Amézqueta et al., 2008; Atalla et al.,  2003; Chelack et al., 1991; Eskola, 2002; Gimeno, 

2000; Magan et al., 2003). The suitable conditions for AFs production by these species is at 

25-33 °C, relative humidity of 97-99 % and 0.99 aW, while for growth temperature is 35 °C 

and water activity 0.95 (Hill et al., 1985; Şimşek et al., 2002) and in tropical and sub-tropical 

countries the risk of aflatoxin contamination is consequently much greater in food and 

agricultural products (D’Mello and MacDonald, 1997). 

 Mycotoxin contamination in world agricultural production is about 25 % according to 

FAO. US grain industry suffered economic losses about $923 million annually. The presence 

of mycotoxins in liquid products like milk, oil and wine makes serious challenges for 

beverage industry (Natale et al., 2009). Economic impacts of mycotoxins on humans and on 

animal or agriculture are evaluated by applying multiple criteria. Considerations include 

health care and veterinary care costs, loss of human and animal life, loss of forage crops and 

feeds, loss of livestock production, regulatory costs, and research cost focusing on relieving 

the impact and severity of the mycotoxin problem. It has been difficult to develop formulas 
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for worldwide economic impact, therefore, reports on mycotoxin exposure or contamination 

are mostly deals single aspect of mycotoxins contamination (Hussein and Brasel, 2001).  

 Good manufacturing practice and Good storage practices are useful for the reduction 

of AFB1 in food and feed. However, AFB1 can be reduced in feed by physical or chemical 

treatment. The physical treatments comprise microwaves, heat, X-rays, gamma-rays, ultra-

violet light, and adsorption.  In animal feed industry adsorption of aflatoxins onto hydrated 

sodium calcium alumino-silicate and other inert materials has been successfully used in an 

attempt to decrease the aflatoxin M1 content of milk. The use of ammoniation method for the 

degrading AFs in animal feed is the most successful chemical procedure, that can reduce 

AFB1 about 95–98% and this method is used in different countries. 

 Food irradiation is good method for the detoxification of contaminated food or 

foodstuff in which controlled amounts of ionizing radiation is given for a specific time 

interval to contaminated  foodstuffs either in pack or in bulk form to get certain attractive 

objective.  The method is safe and it is beyond any risk of radioactive contamination of the 

food, in spite of how long or how much radiation dose is being absorbed. Food spoilage due 

to microorganisms such as bacteria and fungi can be prevented by decontaminating the 

foodstuffs by using gamma irradiation. The radiation can also change the physiological 

processes of the plant tissues and thus slow down the process of maturation or ripening of 

certain vegetables and fruits. However, the shelf life of foods can be enhanced by radiation 

treatment. 

 Herbs and spices are trademark of many cultural cuisines. In Indian cuisine turmeric, 

cloves; while oregano, basil, garlic, and cinnamon in Italian and Greek cuisines; and cilantro, 

lemongrass, ginger and chili peppers in Thai food correspond to some of the cultural 

multiplicity in the use of herbs and spices. Cuisines of Asia, Southeast Asia, and the 

Mediterranean are perceived by many to be healthier than the typical Western diet (Satia-

Abouta et al., 2002). The use of spices and herbs in diet are imagine to play an important role 

for cancer prevention contributes  although for scientific literature about the precise role of  

spices in diet required more detailed information before solid conclusions can be drawn. 

Research have been focused to explore the active components of spices, not only from a 

flavor point of view, but also from functional perspective, to discover the antioxidant 
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properties of botanicals which are important for preserving foods and offering health benefits 

for people consuming the botanicals (Noguchi and Niki, 2000; Shobana and Naidu, 2000). 

 Spices have been recognized with specific and characteristic components acts as 

antioxidants. Some examples of antioxidants are gallates, biflorin, eugenol and eugenyl 

acetate in clove (Anon, 1997; Lee and Shibamato, 2001; Peter, 2000); curcumin and 

tetradehydrocurcumin in turmeric (C. longa Linn) has important active component curcumin, 

a yellow pigment which is observed to have a wide array of biological and pharmacological 

health effects (Ammon and Wahl, 1991). In animal systems this component has demonstrated 

to have anti-inflammatory and anti-oxidant effects (Surh, 2002; Relajakshmi and 

Narasimhan, 1996); black pepper is mainly contain flavonides, ferulic acid, phenolic amide, 

piperine and feruperine (Peter, 2000; Shahidi and Wanasundara, 1992; Nakatani et al., 1986), 

while oregano contains derivatives of phenolic acids, tocopherols, flavonoids, rosmarinic 

acid and carvacrol (Peter, 2000; Pizzale et al., 2002).  

 Fruits, vegetables and spices used in human diets have shown to contain beneficial 

components, including phenolic compounds with antioxidant properties (Croft, 1998). 

Phenolic have ability to behave as antioxidant properties because they can not only donate 

electrons to free radicals or oxidants, but also because of their stable radical intermediates, 

which can efficiently avoid the oxidation at cellular and physiological level (Cuvrelier et al., 

1992). 

 Phenolic are an important group of natural antioxidants with possible beneficial 

effects on human health and widely distributed in the spices, medicinal plants, vegetables, 

grains, fruits, pulses and other seeds. They can contribute in defense against the harmful 

action of reactive oxygen species, primarily oxygen free radicals. The most common chronic 

degenerative diseases like cardiovascular disease and cancer are mainly caused by free 

radicals which are produced in higher amounts in a lot of pathological conditions (Stratil et 

al., 2007). Scientific investigations on herbs and spices have evaluated the relationship 

between antioxidant activity and their health benefits in humans. Epidemiological facts 

indicate that there is a correlation between increased dietary intake of antioxidants and a 

lower incidence of mortality or morbidity (Devasagayam et al., 2004). 

 Phenolics are compounds which are synthesized by plants as secondary products, 

which are mainly serving in plant defense mechanisms to counteract reactive oxygen species 
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(ROS) in order to avoid oxidative damage. Phenolics acts as antioxidants in number of 

different mechanisms, such as hydrogen donation, free radical scavenging, singlet oxygen 

quenching, metal ion chelation, and acting as a substrate for radicals such as superoxide and 

hydroxyl. The presence of phenolic contents in plants, fruits, vegetable or spices can predict 

the antioxidant activity of that commodity. Natural antioxidants extracted from plants i.e. 

spices, and herbs used in processed foods are becoming vital and popular in the food industry 

as substitute to synthetic antioxidants (Velioglu et al., 1998). Therefore, this study has been 

undertaken to explore the following objectives: 

 

o To determine AFs contamination  (AFB1, AFB2, AFG1 and AFG2) in chilies 

o To investigate different absorbed doses of gamma irradiation and their efficacy for 

the reduction of AFs in chilies  

o To investigate before and after irradiation in order to examine whether the treatment 

for the reduction of AFs has affected the level of vitamin (i.e. tocopherol content) in 

chilies  

o To evaluate chemical methods (Antioxidants, Citric Acid, Propionic Acid)  for the 

reduction of AFs in red chilies  

o To evaluate total phenolic content, total flavonoids, and antioxidant activity of 

selected spices (Black pepper, Cloves, Turmeric, Cinnamon and Oregano) and their 

Cellular antioxidant activity 
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Chapter 2 

 

Review of Literature 

 

There has been an increased scientific interest in natural toxins present in food and feed over 

the recent years. The incidence of these harmful natural compounds is of growing concern to 

human or animal health. Among these natural toxins, some of them are extremely potent 

acute toxins (e.g. botulin, aflatoxins) are strong carcinogens. These natural toxins are 

classified on the basis of their origin into five main categories (Egmond, 2004). 

 Mycotoxins: The toxins produced by fungi. Most have relatively small molecular 

weights, and mostly heat-stable compounds. The significant mycotoxins in terms of their 

toxicity and occurrence are aflatoxins, ochratoxins, trichothecenes, patulin, fumonisins and 

zearalenone. Bacterial toxins: toxins produced by bacteria. Many bacterial toxins are 

proteins, which are not heat-stable. Some well-known bacterial toxins are botulin, 

Staphylococcus aureus enterotoxin and Bacillus cereus enterotoxin. Phycotoxins: toxins 

produced by algae that, through feed chains, end up in fishery products, such as shellfish. 

The significant phycotoxins for human health are diarrhoeic shellfish poisoning toxins and 

the amnesic shellfish poisoning toxins. Plant toxins (also named phytotoxins): toxins that are 

produced by edible plant species. Some play a role in the defence mechanism of plants 

against attacks of insects and fungi. Examples are the potato glycoalkaloids and toxins 

occurring in herbs, such as pyrrolizidine alkaloids, and anisatin in certain varieties of star 

anise. Zootoxins: toxins produced by animals, e.g. snakes, scorpions and certain frogs. 

Zootoxins are generally of lesser significance to human health by oral exposure, although 

exceptions occur, such as bufotoxin, a toxin excreted by Bufo marinus. Licking the head of 

this toad (a dangerous practice of drug addicts in the Netherlands) leads to hallucinations. 

 Mycotoxin is a general term applied to a class of potent toxins that affect birds and 

other animals primarily via food contamination. The primary commonality among 

mycotoxins is that they are all produced by fungi; the chemical structures of the mycotoxins 

vary widely. The many genera of fungi capable of producing mycotoxins, including 

Acremonium, Alternaria, Aspergillus, Claviceps, Fusarium, and Penicillium, account for the 

marked structural heterogeneity among the compounds (Bennett and Klich 2003). Animals 
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become affected accidentally upon ingestion of contaminated foodstuffs. The illnesses 

produced by the toxins are as different as the species of birds, mammals, and fish that have 

been shown to be affected. These toxins are metabolic by-products of the fungi; thus, the 

illnesses caused in animals and birds by mycotoxins are intoxications, not actual infections 

with fungal agents. 

 In 1960 approximately 100,000 domestic turkeys (Meleagris gallopavo) and fewer 

pheasants and ducklings died in England from what was termed “turkey X disease” (Blount 

1961). Eventually, the link between the turkey feed, a Brazilian groundnut (peanut) meal, and 

turkey X disease was identified, with the causative agent being discovered and two years 

later named “aflatoxin” (Hendrickse, 1997). Subsequently, aflatoxins (AFs) were shown to 

cause liver tumors in rainbow trout (Halver, 1965). Since the association between AFs and 

disease was recognized, extensive research has been conducted to determine the effects of 

aflatoxin on domestic animals, fish, and humans. 

 Generally, the potential target for mould growth and mycotoxin formation are the 

crops that are not stored according to good storage practices. Worldwide the temperate and 

tropical regions are most vulnerable for fungi or mycotoxins, depending on the species of 

fungi. Food commodities like cereals, dried fruit, nuts, cocoa, coffee, oil seeds, dried peas, 

beans, fruit and spices are affected from mycotoxins. Mycotoxins contaminated barley, 

cereals and grapes used for the production of beer or wine can contaminate these beverages. 

Meat or animal products such as milk, eggs and cheese as the result of livestock eating 

contaminated feed are also major source to enter the human food chain (Turner et al., 2009). 

It seems that mycotoxins contamination is the most prevalent during drought, insect 

infestation or other stressful conditions are present late in the growing season (Caloni and 

Cortinovis, 2010). 

 

2.1. Aflatoxins 

 

AFs are highly toxic, mutagenic, teratogenic, and carcinogenic compounds that are produced 

as secondary metabolites by fungi belonging to several Aspergillus species, mainly A. flavus 

and A. parasiticus (Groopman et al., 1988; Massey et al., 1995; Romagnoli et al., 2007; 

O’Riordan and Wilkinson, 2008). The term primary metabolites can be defined as the 
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chemical components of living organisms that are vital for their normal functioning, while 

secondary metabolites are the compounds which are dispensable. A distinguishing feature of 

secondary metabolites is that their production is limited to a group of species or genera and is 

rarely conserved over a wide taxonomical range, while primary metabolism is conserved 

among phyla and across kingdoms (Karlovsky, 2008). Aflatoxins have a high presence in 

tropical and subtropical regions where humidity and temperature conditions are optimal for 

toxin production. The name AFs has been derived from the combination of “a” for the 

Aspergillus genus and “fla” for the species flavus, and toxin meaning poison (Ellis et al., 

1991). Discovery of AFs dates back to the 1960s following the severe outbreak of turkey “X” 

disease in the other farm animals. The cause was attributed to feed (Brazilian peanuts) 

contaminated with A. flavus. Aflatoxins are encountered in a wide range of important 

agricultural commodities, including cereals (maize, sorghum, pearl millet, rice, wheat), 

spices (chillies, black pepper, coriander, turmeric, ginger), oilseeds (groundnut, soybean, 

sunflower, cottonseed), tree nuts (almond, pistachio, walnut, coconut), milk (human and 

animal), and butter. Until now, nearly 20 different types of aflatoxins have been identified 

wherein the major ones include AFs B1, B2, G1, G2, and M1. Fungal species belonging to A. 

flavus typically produce AFB1 and AFB2, whereas A. parasiticus produces AFG1 and AFG2 

as well as AFB1 and AFB2. The 4 major AFs (B1, B2, G1, and G2) are based on their 

fluorescence under blue or green light and their relative mobility during separation by thin-

layer chromatography (TLC) (Stroka and Anklam 2000; Bennett and Klich, 2003). Four 

other types of aflatoxins, M1, M2, B2A, G2A, that are produced in minor amounts, have been 

isolated from cultures of A. flavus and A. parasiticus. A number of closely related 

compounds, aflatoxin G, M1, parasiticol, and aflatoxicol are produced by A. flavus. 

 The AFs are white crystalline solids that are optically active and have a strong 

absorbance at wavelength of 365nm with a fluorescence emission of 415 to 450 nm, 

depending on the solvent or physical status (Table 2.1). 

 

2.2 Occurrence of Aflatoxins in food and food products 

 

Since ancient times humans have used fungi (moulds, yeasts) in the production of food, 

including bread, cheese, salami, wine, and beer. First legislation efforts and inspections of 
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foodstuff quality were implemented with the appearance of mysterious diseases. The food 

legislations Babylonians (1,700 BC, code of Hammurapi) and Hittites (˷1,500 BC) were 

known the oldest food laws. Modern food laws protection of health and prevention of fraud 

were regulated by these historic legislations. However, in 1961 fungal metabolites were 

recognized as probable health hazards (Köppen et al., 2010). Turkey-X disease in UK was 

the key event (Asao et al., 1963). 

 

Tabel 2.1:  Physical Characteristics of AFs 

Aflatoxin Formula 
Melting point 

(oC) 
Molecular 

weight 
Optical rotation 

[α]D (CHCl3) 

B1 C17H12O6 312.063 268–269 -558o 

G1 C17H12O7 328.0582 247–250 -556o 

B2 C17H14O6 314.0790 287–289 430o 

G2 C17H14O7 330.0739 230 454o 

M1 C17H12O7 328.0582 299 280o 

 

  

 Natural occurrence of mycotoxins, secondary metabolites of fungus are present in a 

large part of the world food supply and bear potential threat to food safety and food security 

(De Koe, 1999; Park and Troxell, 2002; Bennett and Klich, 2003; Abbas et al., 2006; Binder 

et al., 2007; Castells et al., 2008). Molds in dry stored food and food products are mostly 

found as dormant structures, e.g., mycelia fragments, spores, or sclerotia. Food spoilage by 

fungus involves,  losses of fruits and vegetables during post-harvest diseases, low water 

activity foods spoiled by xerophilic fungi, contamination of  foodstuffs stored at low 

temperature by psychrotolerant or psychrophilic fungi and determination of heat processed 

foods and soft drinks by heat-resistant fungi. From global prospective of food safety and food 

security, mycotoxin contamination of foods has gained much attention as potential health 

hazards for humans and animals (Udagawa, 2005). 



16 
 

 Cereals and other crops are exposed to fungal attack in the field or during storage and 

this attack may result in mycotoxin contamination of the crop (Pitt and Hocking, 1985). 

Ochratoxin A (OTA) and Aflatoxin B1 (AFB1) are among the most frequent observed 

combinations of mycotoxins in different plant products (Speijers and Speijers, 2004). 

Moreover seeds could support the growth of aflatoxigenic and ochratoxigenic molds and the 

AFB1 and OTA production of (Molinié et al., 2005; Zinedine et al., 2006). 

 

2.2.1 Rice 

 

Worldwide, Rice (Oryza sativa L.) is an important food crop along with wheat and corn, and 

has been major food in several countries of Asia and Africa (Park et al., 2005). Several 

surveys have been conducted regarding the natural occurrence of AFs in rice. Reiter et al., 

2010 has analyzed 81 rice samples from different markets in Vienna. The results exposed 

that 24 out of 81 samples were positive with 15 samples containing the presence of AFB1, 

while only one sample contained AFB2. Only 3 samples exceeded the maximum levels for 

AFB1 set by European Union (EU).  AFB1 contamination ranged from 0.45 to 9.86 µg kg-1. 

In china Liu et al., 2006 has investigated the occurrence of AF contamination in maize, 

whole grain rice and brown rice. The average AFs contamination in maize, whole grain rice 

and brown rice were found to be 0.99, 3.87 and 0.88 µg kg-1, respectively. AFG1 was 

reported in 40% of all stored grain and 92% of rice samples. Castells et al., 2007 has studied 

two varieties of hulled rice artificially contaminated with AFs. In medium and long grain rice 

the contamination varied from 356 to 818 µg kg-1 and from 244 to 645 µg kg-1, respectively. 

After physical processing the obtained fractions (hull, bran, polished broken grains, and 

polished whole kernels) were analyzed for total AFs (B1, B2, G1, and G2) by enzyme-linked 

immunosorbent assay (ELISA). About 97 % AFs were removed through fractions from 

polished broken grains and polished whole kernels and suitable for human consumption. 

Reddy et al., 2009 from India has analyzed 1200 rice samples including paddy (675) and 

milled rice (525). In all samples he observed the presence of A. niger, A. ochraceus, A. 

parasiticus and dominant A. flavus. About 67.8% samples showed AFB1 ranging from 0.1 to 

308.0 µg kg-1.  AFB1 in 2% samples showed contamination above the permissible limits (>30 

µg kg-1). Mazaheri, 2009 from Iran has analyzed 71 rice samples for the presence of total 
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AFs. Among 71 samples analyzed, AFB1 was detected in 59 samples with mean 

concentration of AFB1 was 1.89 ng g-1. Total AFs were detected in 59 samples with mean 

concentration of AF was 2.09 ng g-1. AFB1 level in two samples (2.8%) was above the 

permissible tolerated level of AFB1 in Iran (5 ng g-1). Dors et al., 2009 has investigated 

newly harvested rice grain sample for the natural occurrence of mycotoxins (AFB1, AFB2, 

deoxynivalenol, ochratoxin A, and zearalenone), only the presence of AFB1 was found (17 

ng g-1). Aydin et al., 2010 has tested the mould counts, predominant mould genera, moisture 

content and mycotoxin levels in 100 rice samples collected from stores and markets from 

Turkey.  Among 70 rice samples the mould counts ranged from 1.0 × 101 to 1.5 × 104 cfu g-1 

and the correlation between moisture content and mould count was found significant at p ≤ 

0.05. The dominants mycotoxin producing fungus was Aspergillus spp. and Penicillium spp. 

Out of 32 analyzed samples  for total AFs, 14 sample contaminated with AFB1 and 30 

samples with  Ochratoxin A were higher than the maximum tolerable limits (4, 2 and 3 μg 

kg-1, according to the EC Regulation and the Turkish Food Codex) respectively. In Korea 

Park et al., 2005 has analyzed rice samples for the presence of fungal mycoflora and 

mycotoxins: ochratoxin A, fumonisins, trichothecenes, and zearalenone. They observed that 

A. candidus and P. citrinum were the most prevalent species infecting the rice samples while 

Fusarium proliferatum was found as the dominant Fusarium species. Most commonly 

detected mycotoxin in rice samples was Ochratoxin A and its level in some samples were 

above the EU tolerable limit (3 ng g-1).  However, Tanaka et al., 2007 from Japan has 

analyzed 48 brown rice samples, and none of them were contaminated with sterigmatocystin, 

AFs and fumonisins. 

 

2.2.2    Walnuts and Pistachios 

 

Pistachios, almonds, and walnuts, collectively defined as tree Nuts (Molyneux et al., 2007). 

Tree nuts are subject to infection by a variety of microorganisms that can induce spoilage or 

produce metabolites that are toxic to humans, animals and birds. Although in many cases the 

sources of infections are not known, they are exacerbated by factors such as insect damage, 

drought and high temperatures. A survey of incidence established that the most frequently 

found genera were Aspergillus, Rhizopus, and Penicillium (Bayman et al., 2002a).  Fernane 
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et al., 2010 has analyzed 31 pistachio samples that were collected from retail outlets from 

different regions of Algeria. The most commonly found fungi were Penicillium spp. (38%), 

A. Nigri (30%) and A. flavus (22%). A total of 56.5% of A. flavus isolates were able to 

produce AFB1 and AFB2 whereas OTA production capacity was detected in 33.3% of the 

Aspergillus section Nigri biseriate. At least one of the potentially ochratoxigenic species was 

found in 64.5% of samples. Moradi and Javanshah, 2006 from Iran has analyzed bulk of 

pistachio sample, about 10,068 for total AFs analysis using immunoaffinity column and 

quantitated by HPLC. AFB1 was detected in 3699 samples (36.7% of the total) with the mean 

and median of 5.9 ± 41.7 and 0.1 ng g-1, respectively. Total AFs were detected in 2852 

samples (28.3%) with the mean and median of 7.3 ± 53.2 and 0.4 ng g-1, respectively. AFB1 

level in 1191 samples (11.8%) was above the maximum permissible level of AFB1 in 

pistachio nut in Iran (5 ng g-1). Sebastiá et al., 2010 has reported a SPE method for the 

determination of total AF in tigernuts and tigernut beverages using HPLC equipped with 

fluorescence detector.  The method shown good recoveries of each AFs from tigernut (spiked 

at 10 μg kg-1 level) and from tigernut beverages (spiked at 10 μg/L level) ranged from 72.3 to 

82.1% and from 74.0 to 86.3%, respectively. The LOD ranged from 0.21 to 1.49 μg kg-1 (for 

tigernuts) and from 0.13 to 0.57 μg L-1 (for tigernut beverages).  Fresh and stored kernels of 

walnut were investigated for fungal infection and mycotoxin contamination.  Species of 

Aspergillus, Alternaria, and Penicillium were predominant and 39% of Aspergillus flavus 

isolates were toxigenic and produced up to 2170 µg L-1 of AFB1 in the liquid media. AFB1 

was the most common mycotoxin in the stored samples and 21% of fresh samples contained 

AFB1 in low concentrations. The concentration of AFB1 was in the range from 140 to 1220 

µg kg-1 in fresh as well as stored samples (Singh and Shukla, 2008).  Saleemullah et al., 2006 

investigated the presence of A. flavus and AFs in artificially inoculated cereals and nuts by 

TLC. AFs content in cereals (wheat, maize and rice) ranged from 14 to 45 µg kg-1, and that 

of nuts (almond, walnut and peanut) ranged from 5 to 17 µg kg-1. The AF content was within 

the permissible limit (50 µg kg-1) recommended by FAO.  From Nigeria high contamination 

of AFs in roasted nut has reported by Bankole  and Eseigbe , 2004.   The moisture content of 

roasted samples ranged from 2.1 to 3.6% while the mould counts, ranged from 2.9×102 to 

6.3×102 cfu g-1.  About 64.2% of samples were contaminated with AFB1 with mean of 25.5 

ppb. AF B2, G1 and G2 were detected in 26.4, 11.3 and 2.8% of the samples with mean of 
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10.7, 7.2 and 8 ppb, respectively. In Canada Overya et al., 2003 identified the presence of 

fungus and mycotoxins in nuts by TLC. In 350 nuts samples three mycotoxigenic fungi were 

dominated (Penicillium crustosum, Penicillium glabrum/spinulosum and Penicillium 

discolor) and with ranges of 67.1, 18.6 and 17.7%, respectively. 

  

2.2.3   Maize and Maize Products 

 

Maize is a commodity considered to be one of the most susceptible to mycotoxins world-

wide (Hell et al., 2000; Adda et al., 2002). Maize is colonized and contaminated by a range 

of different fusaria, including F. graminearum, F. verticillioides, F. proliferatum, F. 

subglutinans, causing maize ear rot, as well as by Aspergillus section Flavi. The dominant 

mycotoxigenic species is strictly related to meteorological conditions in the regions of 

cultivation. AFs contamination of maize is almost exclusively from infestation by A. flavus, 

which produces AFB1 and AFB2. Aflatoxigenic strains of A. flavus are capable of growing on 

maize in the field and in storage. Infection of host plants in the field is unavoidable since 

factors that promote fungal infection and AFs production such as inoculums availability, 

weather conditions and pest infestation during crop growth, maturation, harvesting and 

storage are difficult to control (Garcia and Park, 1998). The optimum conditions for growth 

and subsequent production of aflatoxins by A. flavus include moisture content above 14%, 

optimum temperature of 28 to 30 oC and water activity of 0.83 to 0.97. The oxygen to carbon 

dioxide ratio, physical integrity of the grain, initial levels of mould infection, pest activity 

and genetic properties of the grain also determine the degree of contamination (Dierner et al., 

1987). 

 Li et al., 2001 from China has reported the natural occurrence of AFs and Fusarium 

toxins in corn samples. About 85% samples are contaminated with AFB1 which ranged from 

9 to 2496 µg kg-1. Among the samples, 13 (76%) was above the Chinese regulation of 20 µg 

kg-1 for AFB1 in corn.  The average daily intake of AFB1 from corn high-risk area was 184.1 

µg, and the probable daily intake is estimated to be 3.68 µg kg-1 of body weight/day.  In 

Kenya, Mutungi et al., 2008 has reported the presence of AFs contamination in muthoki 

(traditional dehulled maize dish in Kenya). They observed that dehulling reduced the AFs 

content by 46.6% (5.5 to 70%) in maize samples ranged from 10.7 to 270 ng g-1.  Soaking the 
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muthokoi with 0.2, 0.5 and 1.0% of sodium hypochloride or ammonium persulphate reduced 

AF content by 28 to 72% in maize samples ranged level of 107 to 363 ng g-1. Heating at 98oC 

for 150 min. can reduce AFs content by 80 to 93% in samples having AF level 101 ng g-1. 

Brera et al., 2006 has investigated the distribution of AFs and zearalenone levels in various 

corn-milling fractions. Animal feed flour, bran, showed a marked concentration factor from 

239 to 911% accounting for both the low yields of the derived products and the distribution 

of AFs and zearalenone contamination in the outer parts of the kernels. They observed that 

polenta samples were unaffected by the cooking process, with no reduction of contamination 

levels in flour samples. Simas et al., 2007 from Brazil has reported the presence of AFs and 

ochratoxins in brewers grain used in dairy feed.  He observed that Aspergillus was the most 

frequently isolated genus (42.5%), followed by Penicillium, Mucor, Rhizopus and Fusarium. 

Analyses revealed the presence of AF in 33.75% (27) of the samples, with contamination 

levels ranged from 1 to 3 µg kg-1. Castells et al., 2008 has investigated the distribution of 

fumonisins (B1, B2, and B3) and total AFs (B1, B2, G1, and G2) in 92 batches of whole corn 

and derived dry-milled fractions (animal feed flour, flaking grits, corn flour and corn meal). 

Results revealed that the high level of contamination observed in fractions processed from 

outer layers (animal feed flour and corn flour) while low level was found in fractions 

processed from inner portions, such as corn meal and flaking grits. Levels of fumonisins in 

cornflakes were lower than 400 µg kg-1, the permissible limit set by the EU. Fumonisins and 

AFs contamination in animal feed were 317 and 288%, respectively. Shah et al., 2010 has 

reported the incidence and occurrence of AFB1 and ochratoxin A in maize kernels from Swat 

Valley, North West Frontier Province of Pakistan. Results indicated that the mean moisture 

content of the kernels was within the recommended safe storage levels of ≤ 15%. In samples,  

Aspergillus, Fusarium, Penicillium and Rhizopus were the most predominant fungal genera 

identified and amongst the mycotoxigenic species, Aspergillus flavus had the highest 

incidence. AFB1 content ranged from 30.92 µg kg-1 with the average values of 14.94 and 

16.22 µg kg-1 for Upper and Lower Swat regions, respectively. Fu et al., 2008 has 

investigated the contamination of AFs in corn and peanuts samples. The recoveries of 

aflatoxins from non-infected peanut and corn samples spiked with AFB1, B2, G1 and G2 at 

concentrations from 0.22 to 5µg kg-1 were between 83.4 and 94.7%. The LOD for B1, B2, G1 

and G2 were 0.32, 0.19, 0.32 and 0.19 µg kg-1, and QOD were 1.07, 0.63, 1.07 and 0.63µg 
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kg-1, respectively. Among 16 peanut and 18 corn samples, 2 (12.5%) peanut and 4 (22%) 

corn samples were contaminated.  

 

 2.2.4   Peanut 

Peanuts are used in the fabrication of sweets, candies and pastes and mainly as a raw material 

in oil production. About 60% of the world production of peanut kernels is destined to the 

extraction of oil, with peanut oil being the fifth most consumed type of oil (Santos, 2000). 

The peanut seed possesses a high nutritional and commercial value due to the presence of 

proteins, fatty acids, carbohydrates, and fibers, in addition to vitamins, calcium and 

phosphorus (Câmara, 1998). Contamination of peanuts with aflatoxins is one of the main 

factors that compromise the quality of the product. AFs are secondary metabolites mainly 

produced by A. flavus, A. parasiticus and A. nomius, fungi frequently isolated from peanut 

seeds especially in tropical and subtropical regions during the storage period (Nakai et al., 

2008). 

 Nakai et al., 2008 has evaluated the mycoflora and occurrence of AFs in stored 

peanut samples (hulls and kernels) from Brazil. The samples were analyzed monthly over a 

period of one year. The results showed a predominance of Fusarium spp. (67.7% in hulls and 

25.8% in kernels) and Aspergillus spp. (10.3% in hulls and 21.8% in kernels), and the 

presence of five other genera. The growth of A. flavus was mainly influenced by temperature 

and relative humidity. Analysis of hulls showed that 6.7% of the samples were contaminated 

with AFB1 (mean levels = 15 to 23.9 µg kg-1) and AFB2 (mean levels = 3.3 to 5.6 µg kg-1); in 

kernels, 33.3% of the samples were contaminated with AFB1 (mean levels = 7.0 to 116 µg 

kg-1) and 28.3% were contaminated with AFB2 (mean levels = 3.3 to 45.5 µg kg-1). Analysis 

of the toxigenic potential revealed that 93.8% of the A. flavus strains isolated were producers 

of AFB1 and AFB2. 

 Sultan and Magan 2010 has reported the incidence of mycotoxigenic fungi in 

Egyptian peanuts, samples from five regions. The most frequent genus was Aspergillus in 

seeds and in-shell peanuts. However, there was no direct correlation between the moisture 

content of the samples and the fungal load on peanut seeds. The species Aspergillus section 

Nigri (9.4 to 52.6%), Aspergillus section Flavi (4.7 to 78.3%), and Aspergillus section 

Circumdati (5.1 to 30.9%) were the most common. The lowest fungus population in-shell 
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peanut samples were 3.7 to 4.0 log10 cfu g-1 from El- Beheira and Asyut while the highest 

one the lowest populations were recorded in (cfu g-1) and the highest in Alexandria and 

Elsharqiya (4.1 to 6.0 log10 cfu g-1). Of a total of 88 Aspergillus section Flavi strains 

examined, 95% were A. flavus based on production of AFB1 on yeast extract sucrose (YES) 

medium and confirmation using molecular analyses. Of 64 Aspergillus section Circumdati 

strains only 28% produced ochratoxin A (OTA), and were identified as A. westerdijkiae. No 

Aspergillus section Nigri strains produced OTA, and they were identified as A. niger 

(uniseriate). The presence of these toxigenic fungi indicates that there is a potential risk of 

mycotoxin contamination in Egyptian peanuts and suggests that problems can arise from 

contamination with both aflatoxins and perhaps also OTA. 

 LI et al., 2009 has studied the natural occurrence of AFs in Chinese peanut butter and 

sesame paste samples. AFB1 in 41 out of 50 peanut butter and 37 out of 100 sesame paste 

samples were determined with level up to 68.51 and 20.45 μg kg-1, respectively. Samples, 15 

(37%) peanut butter and 19% of sesame paste samples with AFB1 exceed European Union 

(EU) and Chinese regulations, respectively.  

 

2.2.5     Milk and Milk Products 

 

Aflatoxin M1 (AFM1) recognized as milk toxin, is the principle hydroxylated product of 

AFB1. After the consumption of AFB1 contaminated food, cytochrome P450- associated 

enzymes in liver metabolized it which appears in milk, feces and urine of lactating animals 

(Aycicek et al., 2005; Fallah et al., 2009). After the ingestion of AFB1, it could be detected in 

milk within 12 h. The concentration of AFM1 in the milk decreased to an untraceable level 

within 72 h. after the removal of contaminated source (Rahimi and Karim, 2008). The 

consumption of AFB1 through foodstuff and the amount of AFM1 has observed a direct 

relationship. The conversion of AFB1 into AFM1 is extremely variable, ranged from 0.3 to 

6.2% (Creppy, 2002; Var and Kabak, 2009). The level of AFM1 in milk exceeding the 

permissible level (0.050 µg L-1) daily intake of 70 µg or more of AFB1 in our diet (Hussein 

and Brasel, 2001). In Turkey, Aycicek et al., 2005 has reported AFB1 and AFM1 

contamination in 223 dairy products (49 samples of cheese, 53 samples of Kashar cheese, 94 

samples of white cheese,  and 27 samples of butter), 51 dehulled hazelnut and 40 cacao 
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hazelnut cream samples. The occurrence of AFM1 contamination in dairy products was 

90.58%. In dehulled hazelnut and cacao hazelnut samples AFB1 was detected in 43 (84.32%) 

ranged from <1 to 10 ppb and in 38 (95%) ranged from <1 to 13 ppb samples. Total AFs 

contamination in dehulled hazelnut 47 (92.16%) and cacao hazelnut cream samples were 39 

(97.5%). In 19 (8.52%) of 223 dairy product samples AFM1 was  reported  higher than 

maximum permissible limit of the Turkish Food Codex, whereas total AFs levels in one out 

of 51 dehulled hazelnut and one out of 40 hazelnut cacao cream samples were exceeded the 

legal limit.  In Iran, Fallah, 2010 has investigated the seasonal variation of AFM1 in 298 

dairy products consisting of   yoghurt (68 samples), pasteurized milk (91 samples), butter (31 

samples), white cheese (72 samples), and ice cream (36 samples) collected from the markets 

of different cities.  AFM1 was detected in 45 (66.1%) yoghurt samples (mean 0.032 µg kg-1; 

ranged from 0.015 to 0.119 µg kg-1),  66 (72.5%) pasteurized milk samples (mean 0.052 µg 

L-1; ranged from 0.013 to 0.250 µg L-1), 8 (25.8%) butter samples (mean: 0.005 µg kg-1; 

ranged from 0.013 to 0.026 µg kg-1), 59 (81.9%) white cheese samples (mean 0.297 µg kg-1; 

ranged from 0.030 to 1.200 µg kg-1), and 25 (69.4%) ice cream samples (mean 0.041 µg kg-1; 

ranged from 0.015 to 0.132 µg kg-1). The concentration of AFM1 in, 20.6, 36.2, 9.6%, 30.5, 

and 27.7% of yoghurt, pasteurized milk, butter, white cheese, and ice cream samples, 

respectively, were higher than Iranian national allowed limits. It was concluded that levels of 

AFM1 in winter samples of pasteurized milk, yoghurt, butter and ice cream were significantly 

higher (P < 0.05) than those collected in summer while in case of white cheese, AFM1 level 

was higher in winter than in summer, but the difference was not statistically significant (P > 

0.05).  

 Battacone et al., 2005 has studied the transfer of AFB1 from feed to milk and from 

milk to cheese. The effects of AFB1 in 15 ewes were studied the liver function and 

hematological parameters after giving the oral doses of 32, 64, or 128 μg/d of AFB1 for 7 

days.  The results demonstrated that the level of AFB1 used did not harmfully affect animal 

health and milk production traits. The mean were significantly affected by the AFB1 doses. 

The AFM1 concentration was linearly related to the AFB1 intake/ kg of BW. The ingested 

AFB1 from feed into AFM1 in milk (0.26 to 0.33%) were not influenced by the AFB1 doses. 

Tekinşen and Eken 2008 reported the presence of AFM1 in 100 UHT milk and 132 kashar 

cheese samples.  AFM1 detected in 67 of the UHT milk ranged from 10 to 630 ng kg-1 and 
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82.6% of the kashar cheese samples ranged from 50 to 690 ng kg-1. AFM1 concentration in 

31 (31%) UHT milk and 36 (27.3%) kashar cheese samples beyond the maximum 

permissible limit of the EC and the TFC. High level of AFM1 levels in the milk and 

constitutes a human health risk in Turkey. In another study Tekinşen and Uçar 2008 has 

reported the presence of AFM1 in 92 butter and 100 cream cheese samples. All 100 % butter 

and 99% cream cheese samples contained AFM1 level at detectable level of 10 ppt. The 

occurrence of AFM1 in the butter and the cream cheese samples ranged from 10 to 7000 ng 

kg-1 and from 0 to 4100 ng kg-1, respectively. AFM1 levels in 28% of the butter and 18% of 

the cream cheese samples were higher than permissible tolerable limit of the Turkish Food 

Codex.  

 A total of 321 milk samples (177 fresh, 105 long life and 27 powdered milk, and 12 

human milk), 40 cheese samples and 84 feed samples were analyzed for AFM1 and total 

aflatoxin. The samples were collected randomly during January 2005 to March 2007, from 

Kuwaiti markets. The method used was ELISA technique. Results showed that all fresh milk 

samples except one were contaminated with AFM1 ranging from 4.9 to 68.7 µg kg-1. Eight 

samples exceeded the EC’s regulatory limit. For the long-life milk samples, the ranges of 

AFM1 were from below the detection limit to 88.8 µg kg-1, with four samples above the 

action limit of the EC. In the powdered milk samples, AFM1 ranged from 2.04 to 4.14 µg kg-

1. Of the human milk samples, only five were contaminated, with AFM1 levels ranging from 

8.83 to 15.2 µg kg-1 with a mean 9.7 µg kg-1. The cheese samples recorded 80% 

contamination with AFM1 with a range 23.8 to  452 and mean of 87.6 µg kg-1, with one 

sample being above the regulatory limit (250 µg kg-1) while the feed samples, showed 79.8% 

contamination with total aflatoxin (Dashti et al., 2009). 

 AFs contamination has also been investigated in helva prepared by mixing tahin, 

obtained by milling dehulled roasted sesame seeds, with sugar, citric or tartaric acid, and 

Saponaria officinalis root extract from Turkey, a total 102 sample were analyzed of which 34 

are plain, 34 containing cacao, and 34 helva containing pistachio nuts using TLC. AFB1 was 

found higher than the Turkish legal limit (5µg kg-1) in 4 of 102 helva samples and 8 of 34 

samples containing pistachio sample were positive. LOD of AFB1 was 1 µg kg-1 (Var et al. 

2007).  Giray et al., 2007 has reported the contamination of AFs in 41 wheat samples grown 

and consumed in some regions of Turkey. The total AFs contamination in the wheat samples 



25 
 

were ranged from 10.4 to 643.5 ng kg-1. Samples 49% were found to be positive for total 

AFs. The individual percentage of positive samples for AFB1, AFB2, AFG1, and AFG2 were 

42, 12, 37, and 12%, respectively. Matumba et al., 2010 has reported the presence of AFs in 

sorghum grains and beer from sorghum malts. Samples 15% malt and 43% beer samples 

were contaminated with AFs. The sorghum malt used for beer brewing, had a significantly (p 

< 0.01) higher total AF content (average 408 ±68 µg kg-1. The mean AFs contamination in 

the beer was 22.32 µg L-1, which is higher than the permissible maximum level implemented 

by Codex Alimentarius Commission (10 µg kg-1).  Zinedine et al., 2006 has reported the 

presence of mycotoxins in 60 cereals samples (20 of corn, 20 of barley, and 20 of wheat) and 

55 samples of spices (14 of paprika, 12 of ginger, 14 of cumin, and 15 of pepper). The 

contamination of ochratoxin A in cereals were 1.08, 0.42, and 0.17 µg kg-1 for corn, wheat, 

and barley, respectively. Corn was also analyzed for zearalenone and fumonisin B1 and the 

mean contaminations were 14 and 1930 µg kg-1, respectively. Spices samples were analyzed 

for AFs and the mean contaminations found for AFB1 were 0.09, 0.63, 2.88 and 0.03 µg kg-1 

for black pepper, ginger, red paprika and cumin, respectively. The highest concentration of 

AFB1 was found in red paprika 9.68 µg kg-1. 

 From Nigeria, Bankole et al., 2004 has investigated 137 samples of melon seeds for 

AFB1 contamination. Two genera were predominately found in all samples i-e Aspergillus 

and Penicillium predominating, while A. flavus had the highest species count. The other 

fungal isolates in order of decreasing incidence were A. niger, P. citrinum, Botryodiplodia 

theobromae, Cladosporium sp and A. clavatus. Samples 32% in the forest and 21% in the 

savanna contained AFB1 with mean concentration of 14.8 µg kg-1 in the forest and 11.3 µg 

kg-1 in the savanna respectively. Positive correlations were found between number of AFB1 

positive samples and the percentage of A. flavus infected. 

 Ghali et al., 2008 has reported mycotoxins contamination in total of 209 samples of 

different groups of foods. Samples were analyzed for contamination with AFs, ochratoxin A 

and zearalenone, using ELISA. Ochratoxin A was the predominant mycotoxin with a mean 

level of 3.5 ± 5.3 ng g-1 in 59.8% of studied samples. Furthermore, AFs were detected in all 

commodities with a contamination frequency of 50.5% while the frequency of AFB1 was 

37% in all samples. The zearalenone was detected around 15% with a mean concentration of 

10.4 ± 11.8 ng g-1. Specie sorghum and dried fruits were the most contaminated samples by 
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AF and ochratoxin whereas Rice was the least contaminated. In 33.8% analyzed samples the 

co-occurrence of AFs and ochratoxin A, have been detected. In 7.2% sample the 

simultaneous contamination of AFs, ochratoxin A and zearalenone was observed.  Soliman 

2002 has analyzed the presence of A. flavus and AFs in coffee beans. The frequency of A. 

flavus were detected between 4 to 80% in green coffee beans and 1 to 71% in roasted coffee 

beans.  AFs in green coffee beans and roasted coffee beans were detected as 76.5 and 54.6% 

with mean concentration of AFs 4.28 and 2.85 µg kg-1, respectively. Roasting can reduce the 

AFs level  42.2 to 55.9% depending on the type and temperature of roasting. The maximum 

concentration of Afs were detected in the decaffeinated green coffee beans (24.29 µg kg-1) 

and roasted coffee beans (16.00 µg kg-1).  Brera et al., 2002 from Turkey, investigated the 

presence of AFs and Ochratoxin A in 44 dust samples collected where most susceptible 

foodstuffs (coffee, cocoa and spices) are processed. The contamination of AFs level ranged 

from less than the limit of detection to 0.080 and 5.481 ng for OA. Airborne levels of AFs 

B1, B2, G1 and G2 and OA, and were in the range of < 0.002 to 0.038, < 0.002 to 0.029, < 

0.002 to 0.036, <0.014 to 0.131 and 0.001 to 8.304, ng m-3, respectively. Results showed that 

ochratoxin A level was much higher 0.94 to 3.28 ng OA mL-1) than the mean level found in 

the Italian population, presentation that inhalation in the workplace can be considered 

another route of exposure additional to the consumption of contaminated foodstuffs. 

 

2.2.6    Dates 

 

Shenasi et al., 2002 has reported the presence of AFs, total microbial counts and 

aflatoxigenic Aspergillus sp contamination in 25 varieties of dates at different maturation 

stages. The results showed that microbial count were high at the first stage of maturation and 

increased at the second stage, then decrease significantly at the final dried stage of 

maturation. In 12% samples AFs and 40% of the dates varieties, Aspergillus were detected.  

Zinedine et al., 2006 from Morocco has investigated 58 samples of cereals (20 corn flour and 

17 wheat flour) for human consumption and 21 samples of poultry feeds.  The occurrence of 

AFs in corn, wheat flour and poultry feeds was about 80, 17.6 and 66.6% respectively. Corn 

and poultry feeds samples show high AFs contamination levels. The range of AFB1 level in 

corn, wheat and poultry were 0.23 to 11.2, 0.03 to 0.15 and 0.05 to 5.38 ng g-1, respectively.  
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AFB1 and total AFs in 10% corn samples was higher than the limit set by EU regulations.  

Bircan, 2009 has studied 98 dried figs, 53 sultanas and 20 dried apricots samples for the 

presence of ochratoxin A and AFs.  Results presented that 2 (4%) of the sultanas exceeded 

the 10 ng g-1 allowable limit set by the EU, 28 (53%) out of 53 sultana samples contained 

detectable levels of OTA, in the range of 0.51 to 58.04 ng g-1. Samples 18 out of 98 (18%) 

dried figs contained detectable levels of OTA, ranged from 0.87 to 24.37 ng g-1. However 

one sample out of 20 dried apricots was contaminated, with 0.97 ng g-1OTA. Seven samples 

shown the presence of AFs contamination, ranged from 0.23 to 4.28 ng g-1, and 2 samples 

contained both toxins, with a maximum concentration of 24.37 ng g-1 for OTA and 1.02 ng g-

1 for AFB1. Juan et al., 2008  has studies the occurrence of AFs in 100 samples of dried fruits 

and nuts. Results demonstrated the incidences of total AFs and AFB1 in peanut were 5, 20% , 

dried raisins 30, 30%, dried figs 45 ,5%, walnut 20, 5%, and pistachio30 and 45%, 

respectively. The maximum incidence levels of AFB1 were found in one walnut sample 

(2500 µg kg-1) and one pistachio sample (1430 µg kg-1). Samples 5% pistachio, 20% walnut 

and 20% dried raisins were exceeded the maximum permissible limit (2 µg kg-1) set for AFB1 

by EU regulations. While 15% of dried figs samples were above the allowed limit (4 µg kg-1) 

set by EU regulations for total AFs.  

 Iamanaka et al., 2007 has reported the presence of AFS, A. flavus and A. parasiticus 

in dried fruits in a total of 62 dried fruit samples (24 black sultanas, 19 white sultanas and 19 

dried figs. In 3 out of 19 (16%) white sultana samples contaminated with AFs and the limits 

remains below 2.0 µg kg-1. In dried figs 11 out of 19 (58%) samples were contaminated with 

AFs and the level of AFB1 contamination remain below 2.0 µg kg-1 except one sample which 

has level of 1500 µg kg-1. In black sultanas no AFs or neither aflatoxigenic fungi were 

detected. 

 

2.2.7    Cassava 

 

From Benin, Gnonlonfin et al., 2008 has reported the presence of fungi, AF and fumonisin 

B1 in cassava and yam chips.  Samples collected during the two seasons, had moisture 

contents ranged from 10.0 to 14.7% in cassava chips and from 11.4 to 15.3% in yam chips.  

The samples contained A. flavus predominantly. The cassava and yam chips have 8950 and 
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6030 cfu g-1, of fungal count respectively. The other fungal species included P. chrysogenum, 

M. piriformis, Phoma sorghina, F. verticillioides, R. oryzae and Nigrospora oryzae.  

However, both cassava and yam chips showed no contamination by either AFs or fumonisin 

B1. 

 

2.2.8    Spices 

 

Zinedine et al., 2006 has analyzed 60 samples of cereals (20 of corn, 20 of barley, and 20 of 

wheat) and 55 samples of spices (14 of paprika, 14 of cumin, 12 of ginger,  and 15 of pepper) 

purchased from popular markets of Rabat, Morocco for mycotoxins analysis. Ochratoxin A 

was detected in cereals with concentration 1.08, 0.42, and 0.17 µg kg-1 for corn, wheat, and 

barley, respectively. Corn samples were also analyzed for zearalenone and fumonisin B1 with 

average contaminations 14 and 1930 µg kg-1, respectively. The concentration of AFB1 in 

spice samples were analyzed only for a AFs and the average contaminations found for 

aflatoxin B1 were 0.09, 0.63, 2.88 and 0.03 µg kg-1 for black pepper, ginger, red paprika and 

cumin, respectively. Red paprika found the higher contamination level of AFB1 (9.68 µg kg-

1). From Portugal, Alvito et al., 2010 has reported the occurrence of AFM1, AFB1 and 

ochratoxin A (OTA) in processed cereal-based foods (flours) and infant formulae (milk 

powder). These toxins were detected in 12 out of 27 analyzed samples.  AFM1 positive in 4 

(26%), AFB1 in 1 (7%) and OTA in 10 (67%) samples.  The level of AFM1 contamination 

ranged from 0.017 to 0.041 µg kg-1, 0.034 to 0.212 µg kg-1 OTA, and one sample had a value 

of 0.009 µg kg-1 for AFB1. The results demonstrated that the presence of mycotoxins in baby 

foods does not constitute a public health problem. Whitaker et al., 2009 has reported the 

presence of AFs and ochratoxin A in bulk of powdered ginger.  Samples 12 of 5g each 

laboratory samples were taken from two different lots. Analytical variances due to sampling 

from both lots, accounted for 87 and 13% for AFs and 97 and 3%, for OTA. For AFs the 

sampling and analytical coefficients of variation were 9.5 and 3.6%, and 16.6 and 2.9% for 

OTA.  Results demonstrated that increasing laboratory sample size and/or number of aliquots 

on reducing the variability of the test procedures used to estimate OTA and AFs in powdered 

ginger. 
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2.2.9    Bee pollen 

 

Pitta and Markaki, 2010 have investigated the presence of Aspergillus species such as A. 

parasiticus and A. flavus in bee pollen. In this study, AFB1 was analyzed in bee pollen using 

high pressure liquid chromatography (HPLC) with a fluorescence detector (FD). The 

recovery of the method was found to be 111% and LOD was 0.08 ng AFB1/g.  Results 

demonstrated that no mycelial growth or presence AFB1 was detected in bee pollen samples 

during 20 days period. However, A. parasiticus inoculated in bee pollen samples (15 g 

pollen/flask) revealed that AFB1 production was significantly higher (p≤0.05) compared to 

control samples. Maximum production was observed on 12th day with 79.29 ng AFB1/flask 

and 32.44 ng AFB1/flask for inoculated and non-inoculated bee pollen, respectively.  

 

2.2.10    Animal Feed 

 

Binder et al., 2007 has reported the presence of mycotoxin contamination in feed and raw 

feed products.  Results demonstrated that Fusarium (deoxynivalenol (DON), T-2 toxin, 

zearalenone (ZON), fumonisins B1, B2, and B3) mycotoxins are dominants in tested feed 

samples.  Total 1507 samples from European and Mediterranean markets and 1291 samples 

originating from the Asian-Pacific region were analyzed. More than half of materials 

sampled in Europe and one third of samples on Asian-Pacific sourced were contaminated at 

levels above the LOQ. The contamination of spices by AFs and AFB1, were similarly high as 

reported by Bircan, 2005. From Morocco, AFs in a 100% spices of paprika and in 86% of 

black pepper were reported (Zinedine et al., 2006). Co-occurrence of AFs and OTA was 

detected in 33.8% of analyzed food samples and 69% for dried fruits samples. For cereal and 

cereal products from Turkey, the AFs/OTA contamination was observed in 19.6, 19.4 and 

28% of wheat, corn and barley samples, respectively.  

 

2.3 Occurrence of AFs contamination in Chilies (Paprika/ pepper) 

 

Chilies around the world used as important flavoring ingredients and imparting pungency to 

ethnic foods which are either prepared in the home or purchased as frozen from the market.  
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However, chilies are susceptible to AFs contamination produced by certain fungal species, 

especially, A. flavus and A. Parasiticus (Iqbal et al., 2010; O’ Riordan and Wilkinson, 2008; 

Paterson, 2007; Romagnoli et al., 2007).  

 Many researchers have reported high level of AFs contamination in chilies, pepper or 

paprika.  Shundo et al., 2009 from Brazil, analyzed 70 paprika samples, 58 (82.9%) were 

contaminated with AFs.  From 58 samples, 43 (61.4%) were contaminated only by AFB1 and 

15 (21.5%) were contaminated by total AFs.  In 13 (18.6%) samples, AFB1 were higher than 

the permissible limit of European Communities which is 5 µg kg-1 for AFB1. In Korea Cho et 

al., 2008 has analyzed 88 spices including 41 samples of red pepper and 15 are pepper paste.  

 AFs contamination were observed in 7 (17.1 %) in red pepper and 2 (13.3 %) in 

pepper paste samples. In analyzed 103 spice samples, only 5 chili samples were positive with 

aflatoxins contamination and maximum concentration of AFB1 was 26.9 µg kg-1. Two 

samples contained toxin at non-permissible level (Romagnoli et al., 2007). From Spain, 

Santos et al., 2010 has reported the presence of Ochratoxin A (OTA), Zearalelone (ZEA) and 

AFs in 64 paprika and 35 chili samples (total 99) and found that 59% of paprika samples 

were contaminated with AF, 39% with ZEA and 98% with OTA whereas 40% of chili 

samples were contaminated with AFs, 100% with OTA and 46% with ZEA. In another study 

from the same country, Hierro et al., 2008 has reported the presence of OTA and AFs in res 

paprika samples. He observed that OTA were more frequent with mean concentration of 11.8 

μg/kg compared with AFs which is found below the permissible level of AFs in spices.  

In Turkey several reports of AFs contamination in chilies were documented. Ardic et al., 

2008 analyzed 72 deep red ground pepper samples and 96% were positive with AFB1 ranging 

from 0.11 to 24.7 µg kg-1. The average level of positive samples was 1.9 μg kg-1 with 11 

(14.7%) samples were above the permissible limit of EU.  However, Bircan, 2005 has 

reported high level of AFs contamination in chilies. They documented that 27 samples of 

paprika, all chili powder and 4 ground black pepper were positive with AFB1 with range of 

0.5 to 116.4, 1.6 to 80.4 and 0.3 to 1.2   µg kg-1.  About 23 (30%) samples of paprika and 

chili samples were above the regulatory limits implemented by EU. Erdogan, 2004 has tested 

44 red-scaled peppers, 26 red ground peppers and 20 isot (red pepper produced in Sanliurfa, 

Turkey) for AFs analysis. AFs (B+G) were detected in 8 (18.2 %) red pepper samples, and 3 

(10.7%) red powder peppers, and 1 (5%) isot sample. The AFs concentration were ranged 
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from 1.1 to 97.5 ng kg-1  and red scaled pepper samples were highly contaminated. Aydin et 

al., 2007 has analyzed 100 red ground pepper samples collected from Istanbul. Aflatoxin B1 

levels in 32 samples were below the minimum detection limit (0.025 µg kg-1 while 18 

samples had unacceptable contamination levels higher than the maximum permissible limit 

(5 µg kg-1).  About 68 (68%) of powdered red pepper samples were higher than the detection 

limit (0.025 µg kg-1). The maximum concentration of AFB1 was 40.9 µg kg-1. 

 Reports from AFs contamination in chilies from UK have also revealed the 

importance to take strict measure for the implementation of regulation about AF in chilies.  

Macdonald and Castle, 1996 has analyzed total 50 samples of chilli, cayenne pepper and 

paprika. Of these 32 samples (64%) contained < 1.0 µg kg-1 while nine samples (18%) 

contained more than 10 µg kg-1. The highest level was 14.8 µg kg-1 in a cayenne pepper 

sample. In 14 imported chili consignments, of whole chili and chili powder were also 

analyzed. Only one sample was found to contain more than the 50 µg kg-1 level, which was a 

sample of chili powder from China. One other sample contained more than 10 µg kg-1 and 

this was also a chili powder. O’ Riordan and Wilkinson, 2008 has tested 130 spice samples, 

including pepper, chili, curry powder, cayenne, paprika, cinnamon, coriander, turmeric and 

cumin, using high performance liquid chromatography (HPLC). AFB1 was found in 20 of the 

130 samples. The highest concentration was detected in chili powder and cayenne pepper as 

27.5 µg kg-1 and 18.5 µg kg-1, respectively. About 5 (3.8%), consisting of chili, cayenne 

pepper and turmeric pepper, were above the regulatory limits of EU.  

 High incidence of AF contamination was observed in spice samples from Morocco.  

Zinedine et al., 2006 has reported high levels of contamination in red paprika, with 100% of 

positive samples and an average concentration of 2.88 and 5.23 µg kg-1 for AFB1 and total 

AF, respectively. Red paprika sample has high concentration 9.68 µg kg-1. Fazekas et al., 

2005 from Hungary has reported that 18 of the 70 ground red pepper samples contained 

AFB1, seven of them in a concentration beyond the permissible level of 5 µg kg-1. The 

maximum concentration of AFB1 was 8.1 µg kg-1. Reddy et al., 2001 from India has 

analyzed 182 chili samples, 59% of the samples were contaminated with AFB1 and 18% 

contained the toxin at level above the permissible limit of EU. Grade 3 chili sample 

contained 969 µg kg-1 of AFB1. Overall grade 3 chili pods were showing AFB1 levels higher 

than 30 µg kg-1 (non permissible levels). In Portugal, Martins et al., 2001 has analyzed AFB1 
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in 34 samples of prepackaged spices (43.0%). AFB1 were ranging from 2 to 32 µg kg-1 in 

cayenne pepper. In paprika samples AFB1 ranging from 1 to 20 µg kg-1.  

 The commercial potential of chilies for developing countries such as Pakistan is 

compromised by contamination with AFs which severely restricts exports. AFs 

contamination in chilies from Pakistan is serious problem (Ahmad and Ahmad, 1995; 

Paterson, 2007; Iqbal et al., 2010) where concentrations were particularly high. The 

deficiencies in production methods for chilies lead to increased AF and growth of the 

relevant fungi (e.g. A. flavus).  Ahmad and Ahmed 1995 has analyzed 176 red pepper 

samples in Pakistan and 66% of samples were found to be contaminated with AFB1. 

Although the authors found the AF levels generally lower, however average AFB1 levels 

were found 25 µg kg-1 in seven red pepper samples. Paterson, 2007 demonstrated the 

presence of A. flavus, AFB1 and AFB2 in chili samples bought randomly from the market 

place in Pakistan in the first such report from that country. The concentrations of AFs were 

often beyond the EU’s maximum limit for spices, and, interestingly, the number of A flavus 

strains isolated was not related to the concentration of AF. The highest value was 93.00 µg 

kg-1of AFB1 in powdered samples with a mean value of 32.11 µg kg-1 for powder and pods.  

Iqbal et al., 2010a has analyzed 22 chili powder and whole samples demonstrated high 

concentrations of AFB1 ranging from 0.00 to 89.5 µg kg-1 and 0.00 to 96.3 µg kg-1, 

respectively by using HPLC with fluorescence detection in Pakistan (Iqbal et al., 2010a).  

 AFs have unpleasant and adverse effects on the health of humans and living 

organisms. It can be divided as Biochemical Effects and Biological Effects. The detection of 

AFs in food and food matrices have extremely difficult because they are found in below the 

limit of detection. In recent study the sample contained below one half of LOQ level of AFs 

in food reported the mean dietary intake estimates of 0.12 and 0.32 ng kg-1 respectively, bw 

in adults and children (Leblanc et al., 2005). AFM1 intake was estimated at 0.22 in children, 

and 0.09 ng kg-1 bw per day in adults. In Sweden, adults are exposed to a mean of 0.76 ng kg-

1 bw per day (95 2.1 ng kg-1 bw per day) (Thuvander et al., 2001). However, several studies 

in a majority of samples shown contamination above the detection limit.  In Brazil the rather 

high intake was driven almost exclusively by extremely high levels of contamination in 

pistachios and nuts. AFB1 is highly carcinogenic and mutagenic and is one of the most 

effective liver carcinogens known.  However, AFM1 is around tenfold less potent.  Due to the 
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risk of liver cancer, the JECFA did not set a total dietary intake for AFB1 because it is 

carcinogenic even very low levels of exposure. Instead, it was estimated that intake of as 

little as 1 ng kg-1 bw per day would result in one extra cancer case in 105 individuals. 

Subjects with hepatitis B infection with AFs exposure are at increased risk of hepatocellular 

carcinoma. Good manufacturing and storing practices are useful to keep the contamination 

levels as low as possible (Creppy, 2002). 

2.4  Health Effect of Aflatoxins 

2.4.1 Biochemical Effects 

2.4.1.1 On Energy Metabolism 

 

After consumption of contaminated food, the human gastrointestinal tract rapidly absorbs 

AFs and the circulatory system transports the AFs to the liver. Ingested AFs about 3%, 

irreversibly bind to proteins and DNA bases to form adducts such as aflatoxin B1– lysine in 

albumin. Liver toxicity results as disruption of proteins and DNA bases in hepatocytes 

(Rogers, 1993; Azziz-Baumgartner et al., 2005). 

 

2.4.1.2 On Protein Metabolism  

 

Studies conducted on animal suggested that AFs are spermatotoxic (Faisal et al., 2008; 

Agnes and Akbarsha, 2003; Faridha et al., 2003) therefore, it is sensible to theorize on the 

probable link between sperm cell dysgenesis and AFs in humans. Several mechanisms for 

these effects have been purposed. In liver the inhibition of enzyme synthesis, production of 

sex hormones precursor molecules and fatty acid metabolism are the toxic effects of AFs 

(Ibeh et al., 1994). Studies have shown that AFs cause a direct lysis of sperm cell membrane, 

which results in the loss of lysozyme, an enzyme which facilitates the diffusion of the ova by 

spermatozoa (Ibeh et al., 1994; Patten, 1981). Which is a evidence and possible causes of the 

damage and mutagenesis in DNA (Verma, 2004; Wild and Turner, 2002). Further research to 

explore the interference with spermatogenesis, maturation of spermatozoa and damage of 

DNA is necessary to assess these relationships. 
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2.4.2 Biological Effects 
 

The biochemical effects are discussed as Carcinogenicity, Teratogenicity, Hepatotoxicity, 
Mutagenicity and Aflatoxicosis. 

 

2.4.2.1 Carcinogenicity 

 

AFB1 is a ‘‘pro-carcinogen” in that enzymatic bio-activation is a prerequisite for toxic and 

carcinogenic activity (Garner et al., 1972). In past several studies focused on the  elucidation 

of the mechanisms of AFB1 metabolism.  The reactive, electrophilic exo-AFB1-8,9-epoxide 

(AFBO) which binds to DNA is formed in the liver when  hepatic microsomal cytochrome 

P450s (P450) metabolized AFB1 shown in Figure 2.1 (Ball and Coulombe, 1991; Wogan, 

1992; Coulombe, 1993; Gallagher et al., 1996; Guengerich et al., 1996). Due to unstable 

nature of AFBO, it reacts with the DNA to form N7 guanine adducts (Iyer et al., 1994). The 

formation of AFB1-DNA adducts is recognized as a critical step in the initiation of AFB1-

induced carcinogenesis (Sharma and Farmer, 2004; Klein, 2002; Preston and Williams, 2005; 

Abdulmajeed, 2010). 

 

2.4.2.2 Teratogenicity 

 

Reports on the teratogenic properties of AFs have been found in tissues of children suffering 

from Kwashiorkor and Reye’s syndrome and AFs were thought to be a contributing factor to 

these diseases (Becroft and Webster, 1972). The target organism of AFs are Liver and Reye’s 

syndrome, which is characterized by encephalopathy and visceral deterioration, results in 

liver and kidney enlargement and cerebral edema (Becroft and Webster, 1972; Blunden et al., 

1991). 
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Figure 2.1: Mechanism of action of AFB1 and other products formation (Adopted from Wu et 
al., 2009). 
 

2.4.2.3 Hepatotoxicity 

  

The variation of hepatotoxicity of AFB1 depends on spices.  According to Wogan, 1992, the 

dose of 15 to 30 µg kg-1 is extremely sensitive for fish and poultry. The sensitive dose for rats 
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were at levels of 15 to 1000 µg kg-1, however, mice showed no effects to levels as high as 

150,000 µg kg-1. Bailey et al., has reported that 62% incidence of liver tumor in rainbow 

trout resulted with AFB1 dietary concentrations of 20 µg kg-1. However, Hussain et al., 2010 

studied the dietary levels of AFB1 in liver and muscles of broiler chicks. In different 

experiments broiler chicks of 7, 14 and 28 days of age given respectively the doses of 1600, 

3200 and 6400 µg kg-1, AFB1 for 7 days. The highest residue levels in liver and muscles of 

young chicks fed 6400 µg kg-1 AFB1 was 6.97 and 3.27 ng g-1 respectively. Highest residue 

concentration of AFB1 was found in young chicks kept with high AFB1 dose. AFB1 was 

detectable in liver and muscles of birds for longer duration in younger birds after the 

withdrawal of AF contaminated food. 

 

2. 4.2.4 Mutagenicity 

 

It is generally recognized that AFB1 causes mutagenic effects by a cytochrome P450 (CYP)-

mediated reaction, yielding AFB1 8,9-epoxide (Eaton et al., 1994). Different forms of CYP 

enzymes, such as CYP 3A4 and 2A6, are identified to catalyse the activation (Bèrèziat et al., 

1995; Gallhager et al., 1996; Pelkonen et al., 2000). The AFB1 8,9-epoxide reacts with DNA 

to form persistent adducts, while metabolic processing of the AFB1 epoxide leads to the 

production of dihydro-diol (8,9-dihydro-8,9-dihydroxy-aflatoxin AFB1), which is responsible 

for cell injury and eventual cell death (Mclean and Dutton, 1995). 

 

2.4.2.5 Aflatoxicosis 

 

Aflatoxicosis is defined as “poisoning those results from the ingestion of AFs”. It can be 

subdivided into two forms the first is primary (Acute) aflatoxicosis and the other is secondary 

(chronic) aflatoxicosis (Shephard, 2004; Lewis et al., 2005).  

 

2.4.2.5.1 Primary Aflatoxicosis 

 

In acute severe intoxication results in direct liver damage and subsequent illness or death. 

Previous studies on farm animals and wild life species have revealed the cases of 
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aflatoxicosis (Robens and Richard, 1992; Dabbert and Oberheu, 2001). In experimental 

studies on farm or lab animals shown the acute toxicity symptoms like reduced liver 

function, icterus (jaundice), derangement of blood clotting mechanism, decrease in essential 

serum proteins synthesized by the liver. Severe acute liver injury with high morbidity and 

mortality has been linked with high dose exposures of AFs (Chao et al., 1991).  It has been 

studied that ingestion of 2 to 6 mg/day of AF for a month can cause acute hepatitis and death 

(Patten, 1981). 

 

2.4.2.5.2 Secondary (Chronic) Aflatoxicosis 

 

Ingestion or exposure of low or moderate dose of AFs results in chronic or secondary 

aflatoxicosis. The general signs of primary chronic aflatoxicosis are oedema of the lower 

extremities, abdominal pain, and vomiting. Early symptoms of may include as anorexia, 

malaise and low-grade fever. Aflatoxicosis can progress to potentially lethal acute hepatitis 

with vomiting, abdominal pain, hepatitis and death (Etzel, 2002). 

 It has been reported that AFB1 extensively linked to human liver cancer in which it 

acts synergistically with HBV infection and was classified as a human carcinogen (Group 1 

carcinogen) by the International Agency for Research on Cancer (IARC, 1993). In 

developing countries this combination represents a heavy cancer burden. In Kenya and 

France, a recent comparison of the estimated population risk between highlighted the greater 

burden that can be placed on developing countries (Shephard, 2006; Lewis et al., 2005).  

 

2.5 Aflatoxins detection in Food and Food Products 
 

Since the discovery of mycotoxins, several methodologies for their determination have been 

developed. Methods routinely used nowadays are mainly based on either thin-layer 

chromatography (TLC), high-performance liquid chromatography (HPLC) or enzyme linked 

immuno sorbent assay (ELISA). 

 There are several types of chromatographic methods available for mycotoxins 

analysis (Turner et al., 2009). Traditionally the most popular methods used for mycotoxins 

analysis are thin layer chromatography (TLC), high performance liquid chromatography 



38 
 

(HPLC), gas chromatography (GC) and capillary electrophoresis (CE). These methods 

require extensive sample preparation and are expensive to perform. Therefore, a rapid and 

sensitive technique for routine assay of mycotoxins in foods is necessary. Over the last 20 

years, the importance and application of immunoassays, especially enzyme-linked 

immunosorbent assay (ELISA), has grown significantly (Lee et al., 2004). ELISA test kits 

became very popular recently due to their relatively low cost and easy application and their 

results could be comparable with those obtained by other conventional methods such as TLC 

and HPLC (Zheng et al., 2004; Zheng et al., 2005). 

 

2.5.1 Sampling/ Sample preparation for aflatoxins 
 

 The importance of sampling has been recognized in analytical method validation and that 

meaningful and reliable results can only be obtained if representative samples are taken and 

properly homogenized prior to sub-sampling for analysis. However despite this recognition, 

sampling is still much neglected before analysis because sampling and sample preparation is 

very time consuming and that’s way proper sampling is frequently overlooked (Whitaker, 

2001). The distribution of the concentration of mycotoxins in products is an important factor 

to be considered in establishing regulatory sampling criteria. The distribution can be very 

heterogeneous, as is the case with AFs in peanuts and figs. The number of contaminated 

peanut kernels in a lot is usually very low, but the contamination level within a kernel can be 

very high. If insufficient care is taken for representative sampling, the mycotoxin 

concentration in an inspected lot may therefore be wrongly estimated.  

 Studies has documented the importance of sampling as a contribution to total 

variability and observed that the variability increases as AFs concentration increases. 

Johansson et al., 2000a has observed the variability due to sampling for the analysis of AFs 

in peanuts. They documented that by taking samples of peanut 1.1 kg and sub-samples 50 g, 

the overall variance, sub-sampling variance, sample preparation variance and variance in the 

analytical determinative step were 82.9, 73.1, 37.5 and 10.7%, respectively. 

 An international organization such as Codex Alimentarius has focused on the 

techniques of sampling and it has become an integral part of AFs regulations. They have 

discussed in detail that the sampling regime to be followed depending on lot size for the 
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presence of AFs in nuts, dried fruit, cereals and spices (Commission Directive, 1998). 

According to their directive the aggregate sample (30 kg in most cases) should be divided 

into three 10 kg sub-samples and each 10 kg sub-sample must be separately ground finely 

and mixed thoroughly to complete homogenization. They have also suggested that the 

acceptance/rejection of the lot will mainly depend on the analytical results obtained for the 

sub-samples. The EU Directive about sampling plan has absolutely explained that how the 

sample should be taken. Furthermore it helps to impose the regulatory limit is to be applied is 

unequivocal to both producers and importers. In all probability the EU Sampling Plans 

(Commission Directive, 1998), which cover a range of commodities of very different particle 

sizes and for which in many instances little is known about AFs distribution, have all been 

derived by extrapolation from work on AFs distributions in lots of peanuts which has been 

the most studied area.  It was mainly derived out of 10 different theoretical distributions 

(Whitaker et al., 1996a) to simulate AFs distribution of contaminated peanut lots.  

 The performance of sampling plans has been tested in the United States, UK and the 

Netherlands to test raw shelled peanuts for AFs (Whitaker et al., 1995). The results clearly 

shown the practical advantages in using smaller sample sizes and small numbers of samples 

for analysis, there are compromises in performance. Of the three plans the overall evaluation 

was judged to be that, the United States plan accepted the highest number of lots and the 

Dutch plan rejected the greatest number of lots while the UK plan lying in-between. 

   In a subsequent paper Johansson et al., 2000c has observed that the six sampling 

plans to show the effects of sample size (5, 10 and 20 kg) and sample acceptance levels (10, 

20 and 30 ng g-1) on misclassification of lots.  It was concluded that the performance of a 

sampling plan is a function of the level of contamination at which the plan is applied, 

Vandeven et al., 2002 has demonstrated a method by which the plan performance can be 

predicted by linking it to the AFs distribution in the crop. From the above discussion it has 

been concluded that sampling is very important for the reliable and reproducible results of 

mycotoxins in food and food commodities and emphasized the need to adopt a suitable 

sampling plan before mycotoxin analysis. 
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2.5.2 Extraction/ Clean up of aflatoxins 

Extraction of AFs from different food matrices generally involves aqueous mixtures of polar 

organic solvents such as methanol, acetone or acetonitrile, whereas extraction with 

chloroform used in a number of previous methods has largely been superseded by these other 

environment friendly solvents as part of the international drive to reduce the consumption of 

chlorinated solvents (Shephard, 2009). 

 The results of the most sophisticated chromatographic procedures depend on the 

efficiency of the prior sample preparation, in particular on sampling, extraction and the 

further treatment of the extract, including any purification. As a large number of interfering 

compounds present in samples may contaminate the primary sample extract, these 

components must be removed in order to get reliable and desired method applications (Krska 

et al., 2005). Commonly used purification methods employ column chromatography, liquid–

liquid extraction, solid phase extraction columns (SPE), as well as immuno-affinity columns 

(IAC), and one-step multifunctional clean-up columns (Mycosep®), which offer advantages 

several advantages like speed, simplicity, solvent efficiency, and, in some cases increased 

recovery and lower cost (Trucksess et al., 1994; Fuchs et al., 2004).  Sample purification 

normally takes only 10 to 30s.  This fast, rapid and efficient purification supersedes and 

represents an alternative to conventional solid phase extraction (SPE) or immunoaffinity 

(IAC) methods since both require usually three to four steps i.e. precondition columns, retain 

extracted substances on packing material of the column, wash undesirable compounds, and 

elute analytes of interest (Fuchs et al., 2004). However, the major advantage of IACs is that 

the purification is highly specific due to the antibody–mycotoxin interaction principle, 

resulting in minimal interference in subsequent chromatography and allowing low detection 

levels. 

 The use of suitable solvent and its appropriate polarity for the extraction of desired 

mycotoxins is also depending on the food or food products under analysis. In most of the 

studies extracting solvent methanol: water (80:20) has successfully utilized for the extraction 

of AFs in different food commodities like in spices (Fazekas et al., 2005; O’ Riordan and 

Wilkinson, 2008), chilies (Santos et al., 2010; Paterson, 2007; Hierro et al., 2008), wheat 

(Giray et al., 2007), sorghum (Matumba et al., 2010), vegetables oil (Elzupir et al., 2010). 
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 However the use of sodium chloride for better precipitation and increasing polarity 

has also been utilized like Fazekas et al., 2005 has used 25 g sample and added 5 g NaCl in 

100 ml of extraction mixture of methanol–water (80:20) on a shaker for 1 h. In pre-column 

derivatization is prerequisite for HPLC analysis in which the fluorescence of AFB1 and AFG1 

has increased with trifluoroacetic acid (TFA) or Br2 (Iqbal et al., 2010c).   Santos et al., 2010 

has reported to use 20 g of spice samples with 2 g NaCl extracted using 120 ml of methanol–

water (80:20, v/v). According to O’ Riordan and Wilkinson 2008, who reported the use of 

25g sample with 5g NaCl in 100 ml of extracting mixture of 80:20 (%, v/v) methanol–water 

and the mixture was homogenized for 5 min. However, Matumba et al., 2010 documented 

the use of 50g of dry sample with 5g NaCl in a extracting mixture of methanol and water 

(80:20, v/v).  

 Several researchers have used NaCl in different proportions depending on the matrix 

they were analyzing for the analysis of AFs. Giray et al., 2007 has analyzed 25 g of the 

ground wheat extracted with 100 ml methanol: water (80:20, v/v) containing 5 g of sodium.  

However, there were some reports without the presence of NaCl like Hierro et al., 2008 

reported to use 4 g of paprika powder in a centrifuge tube containing of 20.0 ml 

methanol/water (80:20) extracting solvents. Paterson, 2007 has utilized 50 g of chili sample 

blend in 200 ml of acetone: water at a ratio of 80:20. Shundo et al., 2009 has reported the 

extraction of chili samples using 25 g sample in 100 mL of methanol–water (60:40, V/V).  

However, in other study Cho et al., 2008 has utilized 25 g of spice sample in 100 ml 

methanol: water (70:30, v/v) containing 1% of sodium chloride by mechanical shaker for 20 

min. In similar study Ghali et al., 2008 has demonstrated the extraction of AFs in food stuff 

in extraction mixture of methanol–water (70:30, v/v).  In Turkey Ardic et al., 2008 has to use 

5g of sample of red pepper in 25 ml of methanol (70%).  

 Akiyama et al., 2001 has extracted AFs in spice and took 20 g sample size in 160 ml 

of acetonitrile–water (90:10) by shaking vigorously for 30 min. The solution was filtered and 

5-ml portion of the filtrate was transferred to a MultiSep cartridge column and passed 

through at a flow-rate of 2 ml min-1. After then, 0.5-ml portion of the first 1 ml eluate was 

evaporated to dryness at 40oC in a centrifuge glass tube.  

 Erdogan, 2004 has described the extraction of AF from pepper. He used 25g of 

sample and blended in 100 ml of Methanol: water (85: 15) for 30 min. The mixture was 
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filtered and centrifuged in a refrigerated centrifuge with 4000 rpm, in order to separate the 

phases.  Then 50-ml sample of filtrate was collected in a 100-ml cylinder and transferred in a 

250 ml separatory funnel. To the mixture of 50 ml, 10% NaCl solution was added, followed 

by the addition of 25 ml hexane. After shaking for 1 min, the phases were separated. 

From the above discussion it fully understood that the choice of proper solvent, in proper 

proportion is very important to get reliable results in different food commodities.  

 

2.5.3 Confirmation/ Quantification of aflatoxins 

 

Several methods have been used to analyze AFs in foods; enzyme linked immunosorbent 

assay (ELISA) procedures (Gunsen, 2002) and liquid chromatography (LC) with 

fluorescence detection (FLD) are the most commonly employed (Jaimez et al., 2000). To 

allow confirmation of AFs contamination, a mass-spectrometric (MS) method is the most 

suitable (Commission Decision 2002). Several studies documented the different MS methods 

for AFs analysis in various foods (Cappiello et al., 1995; Ventura et al., 2004; Takino et al., 

2004; Schatzki and Haddon 2002; Tuomi et al., 2001; Cavaliere et al., 2006a; Cavaliere et 

al., 2006b; Cavaliere et al., 2007), however, a few reports described the LC coupled to MS 

for analyzing AFs in hazelnut (Blesa et al., 2003), but never the less HPLC with fluorescence 

detection is always very popular and employed effectively for AFs analysis.  

 

2.5.3.1 TLC 
 

For the separation, purity assessment and identification of organic compounds, thin-layer 

chromatography (TLC) is used effectively. In 1930 TLC was used first time and after that it 

becomes a very useful and easy technique for the analysis of a wide range of compounds 

(Betina, 1993). It is also recognized as flat-bed chromatography or planar chromatography 

and one of the most widely used separation techniques in AFs analysis in the past. In 1990 

AOAC has included TLC method as an official method and the method of choice to identify 

and quantify AFs at levels as low as 1 ng g-1. Studies demonstrated that, mycotoxins were 

easily separated by TLC using several solvents (Odhav and Naicker, 2002). 
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 Normal-phase TLC consists of a stationary phase like alumina, silica and cellulose 

immobilized on a glass or plastic plate and a solvent as the mobile phase (Betina, 1993). In 

TLC the sample, either liquid or dissolved in solvent, is deposited as a spot on the stationary 

phase. The constituent of a sample can be recognized by simultaneously running standards 

with the unknown spot. Then one edge of the plate is vertically placed in a solvent tank and 

the solvent moves up the plate by capillary action. After the solvent reaches other edge, the 

plate is removed from tank and the separated spots are visualized by UV, fluorescence, MS, 

or other techniques. Pittet and Royer, 2002 has used this method for the determination of 

ochratoxin A in green coffee. 

 In 2-dimentional TLC the plate is dried after first-development and rotated through 

90◦ and developed in another solvent and this technique was used for better resolution or 

removal of interfering compounds (Betina, 1995). Advancement in TLC is the combination 

of TLC with high-performance thin-layer chromatography (HPTLC). The advantage of this 

coupled technique is in reduction of layer thickness (down to 100 microns) and particle size 

(2 to 10 microns) of the stationary phase leads to an improved separation within a shorter 

time. The main advantages of HP-TLC over conventional TLC are a precise and accurate 

analysis which can be comparable to that of HPLC and ELISA methods. Therefore, 

quantitative as well as qualitative analysis of AFs has been developed using HP-TLC 

fluorescence excitation and applied effectively in peanut butter samples by Liang and others, 

1996. In 2006, Toteja et al., 2006 has determined AFB1 of rice samples, using HP-TLC after 

extraction with water/chloroform and silica gel column cleanup.  This technique can be good 

choice to use multiple detection systems with a fair amount of accuracy and the possibility of 

performing quantitative analysis which makes it a very good tool as analytical technique. 

Efficient sample preparation could further improve and increase the range of mycotoxins 

determination through TLC. In future more sensitive analytical system and improved 

automation could make TLC as well-liked analytical technique. However, HPLC with UV or 

FD has taken over TLC and currently being employed with combination with other tools like 

MS or GC. 
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2.5.3.2  HPLC-UV and FD 

Since the last decade or so the analysis of mycotoxins depending physical and chemical 

structure relies heavily on HPLC employing various adsorbents. The separation of toxins 

depending on the polarity was carried out using normal or reversed-phase HPLC mode. For 

sample pretreatment, immunoaffinity or MycoSep columns were used and large preparative 

columns were used for preparation of mycotoxin standards (Reinhard and Zimmerli, 1999; 

Shephard et al., 1990; Giacomelli et al., 1998). Most of the protocols used for HPLC 

detection of mycotoxins are similar with slight modification or variation in the polarity of 

mobile phase depending on the nature of mycotoxin under analysis.  Detection through 

fluorescence or UV detectors is most commonly found detection methods which rely on the 

presence of a chromophore in the molecules.  Most of the mycotoxins already have natural 

fluorescence (e.g. AFs, OTA, CIT) and can be detected directly in HPLC–FD (Valenta, 

1998), but many do not. FUMs mycotoxins as produced by Fusarium genus, lack a suitable 

chromophore, and therefore its determination required derivatization (EMAN, 2003; 

Shephard, 1998). The derivatising agents like o-phthaldialdehyde and 9-(fluorenylmethyl) 

chloroformate are commonly used (Holcomb et al., 1993). Derivatization is either employed 

pre- or post-column treatment (Kussak et al., 1995; Chiavaro et al., 2001; Jimenez et al., 

2000; Iqbal et al., 2010a,b,c,d,e).  

 Ghali et al., 2009 has developed a rapid and sensitive reversed-phase high-

performance liquid chromatographic method for the determination of AFs in Tunisian 

sorghum and pistachios. The extraction of samples were carried out in methanol/water 

solution and cleaned by immune-affinity column. The method proved to be rapid, selective 

and reproducible. The calibration curves were linear from 0.12 to 8 ng g-1 for AFs B1 andG1 

and from 0.06 to 4 ng g-1 for AFs B2 and G2.  The LOQ were found to be significantly lower 

than Tunisian and European AF regulatory limits. They were 0.16 ng g-1 for AFB1 and 0.08 

ng g-1 for AFs B2, G1 and G2. AFs recoveries in sorghum and pistachios samples spiked at 0.5 

and 2 ng g-1 varied from 68.3 to 87.7%.  

 Chan et al., 2004 has investigated AFs and Ochratoxin A contamination by HPLC 

with fluorescence detection. The samples were extracted with acetonitrile/water mixture and 

diluted with phosphate buffer saline (PBS). The analysis of Ochratoxin A and AFs were 

quantified using HPLC with a run time of approximately 40 min. LOQ were estimated 0.2 µg 
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kg-1 for Ochratoxin A and AFB1, AFB2, AFG1 and AFG2. The recoveries of this method were 

ranged from 72 to 101% for OA and AF.  Sobolev et al., 2007 has developed a HPLC 

method for the determination of AFs in important agricultural commodities. AFs were 

quantified by HPLC equipped with a C18 column, a photochemical reactor, and a 

fluorescence detector. Water/MeOH (63:37, v/v) served as the mobile phase. Recoveries of 

AFs B1, B2, G1, and G2 from peanuts spiked at 5, 1.7, 5, and 1.7 ng g-1 were 89.5, 94.7, 90.4, 

and 98.2, respectively. The LOQ for AFs in peanuts were 50 pg g-1 for AFB1 and 17 pg g-1 

for AFB2.  

 Khayoon et al., 2010 has demonstrated a reversed-phase HPLC method with 

fluorescence detection for the determination of AFs in 42 animal feeds, (corn (16), soya bean 

meal (8), mixed meal (13), sunflower, wheat, canola, palm kernel, copra meals (1 each)). The 

extraction of samples was extracted using acetonitrile: water (90:10), and was further 

cleaned-up using a multifunctional column. They operated isocratic chromatographic 

conditions with mobile phase acetonitrile: methanol: water (8:27:65, v/v/v), and separation of 

the four AFs was possible within 30 min. The recoveries for AFs B1, B2, G1 and G2 were 98, 

95, 94, and 97%, respectively.  

 Herzallah, 2009 has demonstrated the detection of AFs, AFM1 and AFM2 in raw and 

pasteurised sheep’s, cow’s and goat’s milk, eggs, and beef samples by HPLC using UV and 

Fluorescent detectors. The results documented that the total AFs contents in the analyzed 

imported and fresh meat ranged from 1.10 to 8.32 µg L-1 and 0.15 to 6.36 µg L-1, respectively 

from samples collected during March. The recovery for the HPLC method ranged from 92 to 

109% and the quantification levels were 50 ng L-1 for AFM1 and AFM2. 

 The main advantage of using HPLC, along with the high quality of separation, and 

low LOD, is the option to combine multiple detection systems (fluorescent, UV) with this 

technology, allowing for multiple detections of compounds from one sample. It can also be 

automated, which offers a major advantage over other techniques, such as TLC and ELISA.  

2.5.3.3 GC /GC-MS 

GC is being employed for the identification and quantification of mycotoxins in food 

samples and various protocols have been developed for these materials. For the 

determination volatile compounds normally the system is linked to MS or flame ionization 

detector (FID) or Fourier transform infrared spectroscopy (FTIR) (Young and Games, 1994; 
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Onji et al., 1998). For not volatile mycotoxins in GC, pre-derivatization is required (Scott, 

1995). There has been different derivatization techniques developed for mycotoxins. 

Reaction like silylation or polyfluoroacylation is employed in order to obtain a volatile 

material (Scott, 1995). For example the detection of OTA cannot be directly determined by 

GC as it is not volatile. Different protocols for the detection of derivatized OTA have been 

documented (Jiao et al., 1995). The developed protocol has LOD of 0.1 µg kg-1.  However, 

commercially the use of GC analysis is not popular due to the presence of cheaper and faster 

alternatives such as HPLC. There are some examples describing GC analysis in mycotoxins. 

 When GC is coupled with MS the simultaneous determination of more than one 

mycotoxin with running time of 23 min was possible. Volatile fungal metabolites in grain 

were measured as indicators of fungal contamination (Olsson et al., 2002).  For the detection 

of other classes of mycotoxins like ergosterol, OTA and DON were effectively analyzed 

through GC-MS and the results demonstrated that the LOD of OTA can be detected below 

the maximum limit of 5µg kg-1, established by the Swedish National Food Administration for 

grain.   

 Despite a number of examples for the successful application of GC analysis for 

mycotoxins, however, there are several disadvantages. First, the samples that have to be 

analyzed should be volatile or could possibly be converted into volatile compound. Secondly, 

thermal stability at high temperatures is a problem because heating sometimes degrades the 

samples. Thirdly, in some cases the injection of sample has been shown to be a problem 

mainly because the sample gets lost when it comes into contact with the heated areas of the 

injector leading to the loss in vaporization.  

2.5.3.4 LC-MS/MS 

LC-MS/MS appears to be most capable as a highly specific, broadly applicable detection 

method that provides both qualitative and quantitative data. Considering the possible 

contamination of foodstuffs by several mycotoxin producing fungal species and the 

production of different types of mycotoxins by one mould, a trend is to develop methods 

suitable for the determination of several mycotoxins in a single run (Sewram et al., 1999; 

Monti et al.. 2000; Rundberget and Wilkins, 2002; Royer et al., 2004; Göbel and Lusky, 

2004: Berthiller et al., 2005; Cavaliére et al., 2005; Kokkonen et al., 2005; Sorensen and 
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Elbaek, 2005; Abbas et al., 2002; Sulyok et al., 2006; Spanjer et al., 2008; Herebian et al., 

2009). 

 Bacaloni et al., 2008 has developed a very sensitive and reliable liquid 

chromatography–tandem mass spectrometric with electrospray ionization method for AFs 

determination in hazelnuts. Extraction from three different techniques, such as 

homogenization, matrix solid phase dispersion and ultrasonic extraction have been tested and 

compared in terms of recovery, matrix effect, accuracy and precision. Results demonstrate 

that ultrasound extraction was the most performing sample preparation method.  The absolute 

recoveries and I.S. ranged were ranged from 93 to 101%. Precision and accuracy were 

calculated using matrix matched calibration, and ranged 2 to11% and 91 to102 %, 

respectively.  

 According to Frenich et al., 2009 has reported a rapid, sensitive and reliable method 

for the simultaneous determination of 12 mycotoxins (deoxynivalenol, AFB1, B2, G1, G2 and 

M1, fumonisins B1 and B2, ochratoxin A, HT-2 and T-2 toxin and zearalenone) in maize, 

walnuts, biscuits and breakfast cereals. The method is based on single step extraction with 

acetonitrile/water mixture (80/20v/v) followed by ultra-high performance liquid 

chromatography coupled with tandem mass spectrometry (UHPLC–MS/MS). The recoveries 

of extraction process were ranged from 70.0 and 108.4%, with relative standard deviations 

lower than 25%, when samples were spiked at 5 and 50 µg kg-1. The LOD ranged from 0.01 

to 2.1 µg kg-1 and LOQ ranged from 0.03 to 6.30 µg kg-1.  

 Cavaliere et al., 2007 has reported the analysis of AFs in olive oil using liquid 

chromatography–tandem mass spectrometric with electrospray ionization (LC/ESI-MS/MS) 

method. The extraction of AFs from oil sample was carried out by solid phase dispersion 

(MSPDE), utilizing C18 as dispersing material. AFM1 was used as internal standard. The 

coefficients of determination of all AFs were above 0.9991. The method shown good 

recoveries ranged from 92 to 107%, with relative standard deviations below 13% for spiking 

levels between 0.5 and 5 ng g-1. The LOQs were ranged between 0.04 and 0.12 ng g-1. 

Although the developed LC/ESI-MS/MS method was not as sensitive as LC coupled to 

fluorescence detection but is rapid, selective, accurate and precise, thus it can be used as 

confirmatory assay.  
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 The limiting factors in the use of MS as an analytical tool are the high cost of 

equipment, complex laboratory requirements, and limitations in the type of the solvents used 

in extraction and separation. 

 

2.6 Regulation about Mycotoxins/Aflatoxins in Foodstuff 
 

Food that we eat is not absolutely sure to have free from contamination or safe. It is almost 

inapplicable to test every single item for every possible toxin, contaminant, adulterant, or 

food borne pathogen, not to mention that this would make our food prohibitively expensive. 

Food having reasonably no harm is known as food safety, and every country has an agency 

or organization that oversees food safety and regulates what additives and in what levels are 

allowed in food. In USA Food and Drug Agency (USFDA, Table 2.2), is responsible for the 

safety of all foods except meat, poultry, and egg products, which are synchronized by the 

Food Safety Inspection Service (FSIS) of the US Department of Agriculture (USDA). These 

agencies regularly monitor the food supply in order to implement permissible levels of 

contaminants and toxins, and if their own study or scientific discoveries point out a new 

hazard or higher risk than, they carry out risk assessments. Risk is a function of exposure and 

hazard/toxicity. Therefore, risk assessment is a combination of hazard identification and 

characterization, exposure assessments, and subsequent risk characterization (Borchers et al., 

2010). 

 Currently ISO 22000 international standard specifies the requirements for a food 

safety organization system that involves interactive communication, quality management 

system, prerequisite programs and the hazard analysis of critical control points (HACCP) 

principles shown in ( Hontz  and Scott, 1998; ISO 22000, 2005; ISO/TS 22004, 2005; King, 

1992; Manivisharma, 2002; Mortimore, 2001; Norton, 1992; Sperber et al., 2003; Wallace 

and Williams, 2001; William, 2005). 

 Internationally, regulatory agencies most usually take a chemical-by-chemical approach 

to risk assessment. However, it is increasingly documented that we are exposed to hundreds 

of chemicals on a regular basis and that many of these chemicals may share a common mode 

of action and affect the same target organ(s) or tissue(s). The risk assessment of mixtures 

required new approaches and the data that have emerged from is fairly new, but rapidly 
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expanding (Borchers et al., 2010). Implementation or setting regulatory standards is very 

difficult not because of only potential health benefits but also political and economical issues 

have to taken in consideration. During implementation of regulation on mycotoxins in food 

and food products, several scientific and socio-economic factors have also considered  

 (Egmond and Jonger, 2004a,b) like 

o Accessibility and availability of toxicological data, 

o Availability of data on the occurrence in different commodities, 

o Knowledge of the distribution of mycotoxin levels within a lot, 

o Availability of analytical methods, 

o National legislation, and 

o Need for sufficient food supply 

 

 Furthermore, legislation calls for methods of control. The enforcement of the regulations 

required the availability of reliable and sophisticated analytical methods. It’s a wastage of 

resources if the tolerance levels that do not have reasonable expectation of being met because 

they will condemn products that are perfectly fit for consumption. The European 

Standardization Committee and AOAC International have a number of standardized methods 

of analysis for mycotoxins available that have been validated in formal inter-laboratory 

method validation studies (Egmond and Jonger, 2004a). 

 

Table 2.2. USDA tolerance levels for total aflatoxin 

 

 

 

 

Aflatoxin 
Tolerance level 

(µg  kg-1) 
Food/Feed 

Bl 5 Feed for dairy cattle 
Ml 0.05 Milk 

Bl +Gl+B2+G2 15 Raw peanut and spices for human consumption

Bl +Gl+B2+G2 10 Spices 
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 The Joint FAO/WHO Food Standards Program and the Codex Alimentarius Commission 

(CAC) defined international food standards and codes of practice related to food as shown in 

Table 2.3. The CAC is the superior body of the Codex system, meeting alternating between 

the FAO headquarters in Rome and the WHO in Geneva regularly every two years. CAC has 

more than 165 Nations Members. In 1956, FAO/WHO Joint Expert Committee on Food 

Additives, JECFA, was established as the scientific advisory body the FAO, WHO and 

Codex Alimentarius. JECFA organized meetings once or twice every year and deals with 

assessment of food additives, contaminants, toxins and residues of veterinary drugs in food 

and feed. It is the responsibility of JECFA to providing risk assessment advice to CCFAC 

and other Codex Committees (Berg, 2003). 

 The economic costs and damages occurred due to mycotoxins are impossible to be 

determined accurately, but the US Food and Drug Administration (FDA) provided 

estimations based on a computer model. In the US alone the mean economic annual costs of 

crop losses from the mycotoxins aflatoxins, fumonisins, and deoxynivalenol, were estimated 

to be USD 932 million (Cast Report, 2003). 

 

Table 2.3: Aflatoxin tolerable limits set by the Joint FAO/WHO Expert Committee  

 

 

 

 

 

 

 

 Mycotoxin regulations have been recognized and adopted in about 100 countries, out 

of which 15 are African, to protect the consumer from the harmful effects of these 

mycotoxins (Van Egmond, 2002; Barug et al., 2003; Fellinger, 2006). Human foods are 

allowed 4 to 30 ppb AFs, depending on the country involved (FDA, 2004). In the USA, 20 

Commodity Level (in ng g-1) 

All commodities 20 

Milk (finished) 0.5 

Corn meal for dairy cattle 20 

Corn meal for breeding cattles 100 

Cottonseed meal used as a feed ingredient 300 
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µg kg-1 is the maximum AFs residue limit permissible in food for human consumption, 

except for milk (Wu, 2006) while 4 µg kg-1 total AFs in food for human consumption are the 

maximum acceptable limits in the EU, the strictest in standard worldwide (EC, 2006; Wu, 

2006). The European Union (EU) has recently issued a proposal to lower maximum tolerated 

limits for several mycotoxins in food and feed which became effective from 1st October 

2010 (European commission, 2010). 

 

2.7 Control/ Detoxification of Aflatoxins 

 

Techniques to reduce AFs concentration in liquid foods include prevention strategies to 

reduce the fungal contamination before harvest, decontamination methods to select only the 

uncontaminated commodities and detoxification procedures aiming to reduce the mycotoxin 

content of foods by means of physical, chemical or biological treatments. The main 

disadvantage of decontamination processes is related to the intrinsic complexity of 

recognizing and separating the contaminated crops from the uncontaminated ones. Currently, 

there are no automatic methods for the rapid detection and separation of AFs contaminating 

crops. Indeed, while for small-scale productions a manual selection can be reasonably 

adopted, for large-scale productions the manual selection becomes almost inapplicable. 

Therefore, the detoxification of contaminated liquid foods appears to be much more reliable 

than the decontamination of the original raw materials. Detoxification methods/ treatments 

(Piva et al., 1995) should be technically and economically reliable, and should meet the 

criteria listed by the FAO/WHO/UNEP Conference on Mycotoxins held in Nairobi, Kenya in 

1997. According to these criteria the perfect and ideal process should meet the flowing 

o Destroys or inactivates the toxin  

o Does not produce toxic or carcinogenic products in the finished product 

o Destroys fungal spores and mycelia that could proliferate and produce the toxin 

o Preserves the nutritive value and acceptability of the product 

o Does not significantly alter important technological properties of the product 

 

 The mycotoxin must be inactivated by transformation to non-toxic compounds; the 

physical properties of raw material should not change significantly and it must be 



52 
 

economically feasible.  Principally there are three possibilities to avoid harmful effects of 

contamination of food and feed caused by mycotoxins i.e. prevention of contamination, 

decontamination of mycotoxin containing food and feed and inhibition of absorption of 

mycotoxin in consumed food in the digestive tract. 

  

2.7.1 Physical Treatments on Aflatoxins Reduction  
 

Currently, several physical methods are available to decrease the mycotoxin contamination in 

the food or food products. Among them mechanical sorting, density segregation, washing, 

irradiation or thermal inactivation are the most commonly used. However, the efficacy of 

physical treatments depends on the level of contamination and the distribution of mycotoxins 

through the food or food products.  If these treatments are not properly employed then in 

some case the results obtained are often uncertain and associated with high losses.  

 
2.7.1.1 Heat 

Although AFs are highly stable to dry heat up to temperatures below their thermal 

decomposition, use of heat to inactivate AFs in contaminated food has been documented. 

Some studies have indicated that AFs can be degraded by heat treatment in contaminated 

food like roasting is effective. The extent of destruction achieved was depended on initial 

level of contamination, heating temperature, moisture content and duration of heating 

(Yazdanpanah et al., 2005). 

  Although prevention is the most effective intervention, heat has been used to 

inactivate AFs in contaminated foodstuff. Yazdanpanah et al., 2005 has reported the effect of 

roasting on reduction of AFs in pistachio nuts.  They observed that all treatment showed 

some degree of AFs degradation from 17 to 63%. The results shown that roasting at 150 oC 

and 120 min condition degraded more than 95% of AFB1 in pistachio.  

 Hwang and Lee, 2006 has also investigated the effects of various cooking treatments 

such as washing, heating and steaming on the reduction of AFs in different wheat varieties. 

The results shown that AFB1 in dried wheat was decreased to 50% and 90% by heating at 

150 and 200 o C, respectively compared with the reduction of AFB1 in wet wheat in which 

water (10%) was intentionally added. From the above discussion it is concluded that although 
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heating can be effective for the reduction of AFs in different food stuff but AFs are more 

resistant at heating or toasting at temperature < 250 oC.   

 

2.7.1.2 Irradiation 
 

Ionization or radiation energy has been effectively used for the purposes of inhibition of 

sprouting, destruction of food borne insects and parasites, delay of physiological ripening, 

extension of shelf life or improvement of food qualities (Loaharanu, 1989; Radomyski, et al., 

1994; Thayer, 1996). It can be effective in reducing microorganisms, viruses and fungus, and 

is known as a good method for inactivating pathogens in food materials (Stewart, 2001). 

Gamma ray irradiation is now recognized worldwide as an effective method for the 

maintaining of quality of food and food products. The Directive, 1999 has established the list 

of foods and food ingredients that may be treated with ionizing radiation and set a 10 kGy 

maximum overall average absorbed dose that may be permissible suitable for dried aromatic 

herbs, spices and vegetable seasonings. However, the FDA limit for culinary herbs, seeds, 

spices, vegetable seasonings, and blends of these aromatic vegetable substances is exceed up 

to 30 kGy (CAST, 1996). 

 Irradiation is effective for detoxification of AFs as Das and Mishra, 2000 reported 

that AFB1 in groundnut meal was detoxified up to 97% by a combination of enzymatic and 

irradiation processes. Aziz and Moussa, 2002 has analyzed 100 fruit samples for mycotoxins 

determination and to investigated the effect of gamma-irradiation on the reduction of 

mycotoxins in fruits. They observed that 60 out of 100 samples were positive with 

mycotoxins and concluded that a dose of 1.5 and 3.5 kGy decreased significantly the total 

fungal counts compared with un-irradiated controls. They observed that mycotoxins 

production in fruits decreased with increasing irradiation dose. Irradiation is very effective 

technique for the reduction of fungal load and mycotoxin reduction. 

 

2.7.1.3 Adsorbents 

 

Adsorption treatments are usually cost effective, they exclude the formation of secondary 

contaminants and they are proven to have high removal efficiency for AFB–AFG removal 
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from aqueous and organic solutions. Furthermore, a unique feature of adsorption processes 

are their ability to auto-adapt to inflow pollutant content. This feature is of the greatest 

relevance for the high variability of AFs concentrations in natural contaminated milks. 

Different kind of adsorbent materials like clays and activated carbons has been shown to 

capture B and G AFs in aqueous solutions (Phillips et al., 1988; Galvano et al., 1996; 

Daković et al., 2005; Diaz et al., 2002;). Currently, activated carbons and phosphosilicate 

clay are used as alimentary integrator for grazing animals as they bind AFs in their intestinal 

apparatus reducing the occurrence of pathologies and contamination of milk (Hatch et al., 

1982; Galvano et al., 1996; Rao and Chopra, 2001; Diaz et al., 2004).  

Applebaum and Marth, 1982 has pointed out that the adsorption on bentonite of AFMs from 

naturally contaminated milk showed the removal efficiency ranging from 65% to 89% by 

increasing solid loading from 5 to 20 g kg-1.  

 Several studies have been carried out during the last 15 years on inorganic binders 

and, more recently, on organic binders. Clays are natural adsorbents chemically made of 

silicates or aluminosilicates. They include a large range of products such as hydrated sodium 

calcium aluminosilicates (HSCAS), phyllosilicates of which montmorillonite (magnesium 

hydrated HSCAS) is one of the major representative, and bentonite and zeolite which are 

special clays of volcanic origin. They are inorganic porous material harboring rings of 

silicate tetrahedrons, each made of a silica molecule with a positive charge surrounded by 

four oxygens with negative charges that produce a sheet-like structure. Mycotoxins can be 

absorbed into this porous structure and be trapped by electric elementary charges. The rate of 

adsorption will depend on the size and the electric charge of the toxin with regard to the 

structure of the clay. Most of them have been recognized as efficient binders of AFs (Phillips 

et al., 1987, 1988, 1990, 1991, 1994) when added at a concentration of 10 g kg-1. 

 Ellis et al., 2000 has demonstrated that  using 2% dietary bentonite  supplementation 

in fish diet has blocked intestinal absorption of dietary AFs, reducing liver and kidney AFs 

loads by at least 80 ± 10% after giving oral dose of AFB1 in fish diet. He concluded that 2% 

bentonite contained in trout diets contaminated with 20 µg kg-1 of AFB1 significantly reduces 

the amount of AFB1 absorbed from the digestive system following ingestion of contaminated 

diets.  
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 Natale et al., 2009 has used several types of natural as well as industrial sorbents for 

the detoxification of AFM1 of bovine milk by adsorption processes. They observed that at 

different doses of sorbents has proportional effect on the quality of milk samples. They 

concluded that activated carbon due to its high surface area, sufficiently wide micropore size 

and higher affinity between the AFM molecules showed highest removal efficiencies (g > 

90% for AFMs = 0.5 µg kg-1). However, bentonite showed significant removal efficiency, 

combined with lower side effects on the treated milk. Adsorbents are also good for 

detoxification of AFs in contaminated liquids but the use of this technique is limited on small 

scale or lab scale experiments. 

 

2.7.2 Chemical Treatments 

 

A wide range of chemical, have been attempted to reduce the toxicity of mycotoxins. 

Although some chemical detoxification methods (i.e., ammonia, sodium bisulfite, and 

propionic acid, antioxidants treatments) are effective (Piva et al., 1995). Studies have shown 

that approximately 100 chemical compounds have been effective to inhibit AFs production. 

The mode of action of most of them is to inhibit the fungal growth (Zalka and Buchanan, 

1987). 

 Joseph et al., 2005 studied the effect of hexane and chloroform extracts from the fruit 

rinds of Garcinia cowa and Garcinia pedunculata on the growth and AFs production in 

Aspergillus flavus. It was also observed that, the extracts from G. cowa and G. pedunculata 

at lower concentration, the degree of inhibition of AFs production was much higher than the 

inhibition of fungal growth. However, some antioxidants like butylated hydroxyanisole 

(BHA), butylated hydroxytoluene (BHT) and propyl paraben (PP) have prove their 

fungitoxic effect on Aspergillus section Flavi strains. The results shown that in peanut 

aflatoxigenic strains, all antioxidant treatments showed the highest effectiveness on control 

of growth of at 0.937 aW and at 11 days of incubation and raveled that antioxidant mixtures 

have potential for controlling and prevent aflatoxin accumulation (Passone et al., 2007).   

Albores et al., 2007 has demonstrated that Citric acid has the ability for the decontamination 

of AFB1 and showed that 1N Citric acid reduced 86 % AFB1 in the contaminated animal 

feed.  
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 Albores et al., 2009 has investigated the total concentration of AFB1 and AFB2 at 140 

±7.3 ng g-1 in contaminated sorghum. The flour moisture content was adjusted at 200, 250 

and 300 g kg-1 by means of aqueous citric acid at concentrations of 0, 0.5, 1, 2, 4 and 8N. The 

maximum percentage of AFs degraded from cooking the milled sorghum ranged from 17 to 

92%. Velazhahan et al., 2010 has used aqueous extracts obtained from leaves/seeds of 

various medicinal plants were evaluated for their ability to detoxify AFG1 by thin-layer 

chromatography and enzyme-linked immunosorbent assay (ELISA). The results showed the 

maximum degradation of AFG1 up to 65%. The AFs detoxifying activity of the T. ammi 

extract was drastically reduced upon boiling at 100 oC for 10 min. Significant levels of 

degradation of other AFB1 (61%), AFB2 (54%) and AFG2 (46%) by the dialyzed T. ammi 

extract was also observed. Propionic acid as well as its calcium or sodium salts has long been 

recognized as the most powerful mold inhibiting chemical on the market. Although propionic 

acid exhibits antimycotic activity, its use is limited to foods in which the pH is fairly acidic, 

since it has virtually no activity at neutral or near neutral pH values. Molinaa and Giannuzzi, 

1999 has observed the effects of temperature (25, 30 and 36oC) and propionic acid 

concentration (129, 258 and 516 ppm) on the growth of Aspergillus parasiticus in solid 

media. The results demonstrate the the reciprocal growth rate at different propionic acid 

concentrations.  

 

2.7.3 Biological Treatments 
 

The detoxifications of AFs through biological approaches are very innovative and have 

gaining attention worldwide because of being environment friendly. However, some of the 

biological methods have limitations, such as long degradation time (lasting more than 72 h), 

incomplete degradation, non-adaptation to typical food systems, culture pigmentation, or 

odor production. These reduce their potential for use in the food industry (Pierides et al., 

2000).  Studies have documented that the incorporation of probiotic mixtures of 

Lactobacillus spp and Propionibacterium spp could reduce the bioavailability of dietary AFs 

in feeds (El-Nezamin et al., 2004).  

 Topcu, et al., 2010 has investigated the detoxification of AFB1 and patulin from 

aqueous solution by probiotic culture of Enterococcus faecium and commercial culture of E. 

faecium. Both strains have shown their ability to remove AFB1 and patulin. The strain 
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Enterococcus faecium has removed 19.3 to 30.5% of AFB1 and 15.8 to 41.6% of patulin, 

while  E. faecium removed 23.4 to 37.5% of AFB1 and 19.5 to 45.3% of patulin throughout a 

48 h incubation period. The results revealed that the removal of AFB1 and patulin was 

highest at pH 7.0 and 4.0, respectively. According to Magnusson et al., 2003 has explained 

three mechanisms that explained the antimicrobial efficiency of Lactic acid bacteria for the 

inhibitory effect of fungus. The above discussion revealed that although the detoxification 

through biological treatments is cost effective but it can’t be effectively utilized on industrial 

scale. 

 

2.8 Prevention or management of Mycotoxins Contamination 
 

By adopting good management practices can maximize plant performance and minimize 

plant stress and can decrease mycotoxin contamination substantially. This includes planting 

adapted varieties, weed control, proper fertilization, necessary irrigation, and proper crop 

rotation (Ewards, 2004). But even by adopting best management strategies cannot grantee for 

the elimination of mycotoxin contamination. Fungi, belongs to several classes of Fusarium 

species, are widespread colonizers of crop residues, where the pathogen survives during 

winter. Thus wheat stubble, rice stubble and maize stalks can be major sources of these 

moulds, which develop powerful inocula as temperatures increase during spring. During or  

after rainy periods airborne release of spores might peak and will distribute the fungal 

sources over wide distances, and causing epidemics. It is important during harvest to prevent 

excess damage to kernels, which may predispose them to infection during storage. Too high a 

moisture content is likewise a high risk factor for mycotoxin infestation, with the final “safe” 

moisture content depending on the crop and the climatic conditions under which the 

commodity is stored, although drying to 150 g moisture content per kilogram or below is 

widely recognized as being suitable. It is well documented that when conditions are generally 

favorable for fungal contamination it is not uncommon for more than one type of fungus to 

be involved. Implementation of an HACCP concept with emphasis on fungal toxins can be 

outlined as follows as stated below (Table 2.4) (FAO, 2001). 
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 The first critical point of action is to conduct a hazard analysis, preparation of a list of 

steps in the process where mycotoxin or mould infestation could occur and description of 

preventive measures.  

The second step in a HACCP system is to determine the critical control points, i.e. 

determination of materials, products or production steps that have to be monitored for fungal 

contaminants.  

The third step is to establish critical limits, i.e. to determine the maximum tolerable toxin 

levels.  

 Step number four is the establishment of procedures for monitoring the critical 

control points. This can include procedures for sampling, sample preparation and testing 

itself, or the out-sourcing of parts of or even the total analytical process. 

 Step five covers the establishment of corrective actions, which could comprise the 

introduction of certain cleaning procedures for silos, bins, hoppers, and elevators into the 

maintaining plan, as repeated contamination could originate from bins containing materials 

like wheat bran that have never been cleaned so that contamination might originate from and 

spread within the same operation and not only from purchased ingredients. 

 

Table 2.4: Hazard analysis of critical control points concepts which focus on mycotoxin 
(FAO, 2001) 

 Principles of HACCP 
Plan 

Exemplary measures 

1 Hazard Analyis 
Identification of potential hazards, i.e.  points where mould or 
mycotoxin invasion could occur, access the risk connected  and 
describe the preventive actions 

2 Critical control Points 
Define materials or processes, that have to be monitored for 
fungal contaminants 

3 Critical Limits 
Define maximum permissible toxin limit, that are acceptable 
within an operation 

4 Detection procedures 
Establish procedures for monitoring of critical control points, 
e.g.  sampling, sample preparation, analytical testing etc. 

5 Corrective actions 
Establish procedures for corrective actions, when measuring at 
a critical control point deviate from an established critical limit 

6 Verification procedures 
Establish procedures for verification to confirm the 
effectiveness of HACCP plan, sampling plan, audit plan 

7 
Documentation and record 
keeping 

Establish documentation to record the procedures and principles 
and their applications 
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 Step six comprises the verification procedures. Step seven comprises the 

documentation and record keeping procedures (Binder, 2007). 

 Environmentally sustainable and cheap methods that can be applied pre or post-

harvest to reduce the contamination of AFs are available. These methods consists of proper 

irrigation, choice of genetically resistant crop strains and bio-pesticide management which 

involves using a non-aflatoxigenic strain of Aspergillus that competitively excludes toxic 

strains (Chen et al., 2001; Cleveland et al., 2003). Furthermore the other methods including 

sorting and disposal of visibly moldy or damaged seeds, reducing the bioavailability of AFs 

using clay such as NovaSil (Philips  et al., 2002; Wang and Liu, 2006) and chemo-protection 

with Oltipraz, chlorophylin or vegetables such as broccoli (Kensler et al., 2004). 

 

2.8.1 Improved Farm management  

 

 Research on pre-harvest AFs contamination has revealed that on favorable conditions 

fungus can attack on plants in the field and therefore, result AFs contamination. Certain 

commodities such as peanuts, corn and cottonseed growing under stress condition are 

vulnerable for fungus attack. To prevent pre-harvest mycotoxin contamination, good 

management practices, such as using sound, fungus free seeds for planting, controlling 

insects and plant disease and controlling irrigation practices, should be implemented. 

Furthermore, mycotoxin contamination can also be minimized by using proper adjustment 

and operation of harvesting equipment during crop harvesting (CAST, 2003). 

    

2.8.2  Temperature 

 

The use of proper temperature management during storage could prevent mycotoxins 

contamination in food or food products. To avoid mycotoxin contamination during 

transportation containers or sacks must be free from any contamination before taking mature 

products. The food overripe, damaged, fermented or fallen onto the soil must be discarded 

and eliminated even off the field, as they are likely to have high mycotoxin levels or to 

harbor mycotoxin-producing molds which could be rapidly propagated (Belli et al., 2007a; 

Bucheli and Taniwaki, 2002; Paulino de Moraes and Luchese, 2003; Perez de Obanos, et al., 
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2005). Blend with poor quality products or with other commodities is also unadvisable 

(Lopez-Garcia, et al., 2008). The food and food products have to be homogeneously and 

fastly dried under clean and environmentally controlled conditions. In the case of tropical 

crops, it is very important not to store fresh products (FAO, 2006; Goryacheva et al., 2006; 

Magan and Aldred, 2005; Teixeira, et al., 2001). Piles have to be turned over in order to 

promote their aeration and to prevent mycotoxigenic mold development (Kouadio et al., 

2006). The FAO/WHO/UNEP, 1999c has recommended that carrying out a fast drying and, 

in general, under a moisture level of 10%. In coffee, it has been demonstrated that sun 

drying, less expensive than mechanical dryers, entails greater risks of mycotoxin  

contamination (Suarez-Quiroz et al., 2005). Moreover, Lopez-Garcia et al., 2008 have 

pointed out the importance of using small driers to avoid long periods of wet products 

storage. 

 

2.8.3 Adsorbing Gages 

 

For many years modified atmospheres or alternative gases have been examined for the 

medium and long term storage of cereal grain destined for food/feed. While fungi involved in 

biodeterioration of grain are considered to be obligate aerobes, many are actuallymicro-

aerophilic, being able to survive and grow in niches where other species cannot grow and 

thus dominate specialized grain ecosystems. In many cases decreasing O2 by 0.14% is 

required before growth can be substantially reduced. Increasing CO2 to N2 50% is required 

for inhibition of mycelial growth (Magan and Lacey, 1984). Some fungi, e.g. P. roqueforti, 

are able to grow and infect grain at 80% CO2 provided at least 4% O2 is present. The use of 

integrated post-harvest systems for prevention of deterioration entails modifying O2 and CO2 

simultaneously and the use of (O2 free) N2. The tolerance to low O2 and high CO2 is also 

influenced by interactions with grain type and water availability. The drier the grain, the 

more effective the treatment.  

 Modified atmosphere storage is used for control of both moulds and insects in moist 

stored grain. Regimes sufficient for moulds may not however be effective against some 

storage insects, which can survive and grow over a wider equilibrium relative humidity 

range. Modified atmosphere storage has been examined for the storage of moist grain, 
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especially for animal feed. Studies with P. verrucosum and A. ochraceus with up to 50% CO2 

suggest that spore germination is not markedly affected, although germ tube extension and 

hence colonization is significantly inhibited by 50 to 75% CO2, especially at 0.90 to 0.995 aw 

for both P. verrucosum and A. ochraceus (Cairns-Fuller, 2004; Cairns-Fuller et al., 2005). 

Growth and OTA production were highest in air, followed by 25 and 50% CO2 regardless of 

the aw level tested on wheat grain. Generally, CO2 and aw together cause an enhanced 

inhibitory effect, although this was not synergistic. 

 

2.9  Mycotoxins as Bio-weapons 
 

The highly poisonous toxins that can be produced by living organisms are defined as biologic 

toxins. They are extensively abundant in nature, relatively cheap to manufacture and 

weaponize in a variety of forms, and have no ultimate treatment or prophylaxis. In many 

aspects, they are the perfect weapons for terrorists.  

 Species of Coccidioides that cause coccidioidomycosis are potential biological 

warfare agents, and illustrate the principles of aerosol delivery of a fungal pathogen. 

Contamination of food by fungi that synthesize mycotoxins has adverse economic and health 

effects and could occur as an act of biological warfare. Rapid on-site detection of toxigenic 

fungi and mycotoxins are under development. Ingestion, inhalation, or dermal absorption of 

trichothecene mycotoxins causes illness. Characteristics of trichothecene mycotoxins that 

lend them to biological warfare include ease of delivery, lack of specific treatment or 

prophylaxis, and high potency. Aerosolized T-2 trichothecene mycotoxin probably has been 

used as a biological warfare agent. Ergotism typically followed ingestion of Claviceps 

purpura. Ergot alkaloids from contaminated rye were used as biological warfare agents in the 

sixth century BC. Aflatoxins are common contaminants of peanuts, soybeans, grains, and 

cassava that were produced in large quantities as a bioweapon by Iraq (Klassen-Fischer, 

2006).  

 Fungal toxins as weapons or ‘‘expressions of discontent’’ are taken seriously. They 

can be used intrinsically as weapons, which could be employed by governments and/or small 

groupings of individuals. However, an individual could use them in a revenge attack on an 

employer for example. The supposed governmental deployments have ranged from the 
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suspected use of T-2 toxin by the former Soviet Union (the evidence for this is very thin) to 

the development of aflatoxins by Iraq (the efficacy of which is minimal) (Bennet and Klich 

2003). It is axiomatic to state that any government would be interested in developing such 

weapons if they had the desired characteristics.  

 Drinking, or non-drinking water may be an effective medium for mycotoxin dispersal 

as a weapon and is worthy of a separate section. The threat from contaminated drinking water 

is obvious. In the case of non-drinking water, the toxin could be spread by spray from a 

shower and then breathed in. Work places where a lot of water may be employed, such as 

farms, or a car wash, could be susceptible. The levels of safety required for water for 

livestock may be considerably lower than water for human consumption, so this could be a 

potential route of attack. In an example, stored water that was demonstrated to contain 

aflatoxins was used to clean laboratories and so contaminated dust could be spread 

accumulatively. Toxins in water are possible naturally, unnaturally, and from inoculation of 

fungi (Paterson and Lima, 2005). 

 Recently at surprisingly, the presence of penicillin in different foodstuffs has been 

highlighted.   Obviously when there is such concern about resistant bacteria, and sensitized 

patients, this needs serious consideration. The penicillins are also inherently toxic as many 

who have been on a course of the drug will testify. Again the issue is concentration; exposure 

to low concentrations causes some of the resistance problems. Another example is 

mycophenolic acid. This has only recently has been adopted as an immuno-suppressive 

pharmaceutical but has been longer known as a minor mycotoxin. Patulin may also be worth 

mentioning as it was originally described as a pharmaceutical but was considered to be too 

toxic for general use (Laich et al., 2002).  

 Low molecular weight toxins from fungi need to be recognized as the biggest threat 

as bioweapons. Fungi are perhaps not a significant threat, although some toxins from them 

are. However, various factors need to be considered and not simply overall toxicity or 

notoriety. Ease of ‘‘weaponisation’’ is important. However, T-2 toxin is a significant threat. 

Toxins, other than the well-known mycotoxins, require consideration. It is fundamental to be 

able to differentiate between normal and abnormal concentrations of toxins or fungi in the 

food and water supplies (Paterson, 2006). 
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2.10 Spices 
 

Spices and herbs are important ingredients in almost every cuisine. With the increasing use 

of spices in our food, there has been keen interest for the identification of the active 

components in spices, not only from a flavor but also from functional perspective, to discover 

the antioxidant properties of botanicals which are important for preserving foods and offering 

health benefits for people consuming these botanicals (Carlsen et al., 2010; Pellegrini et al., 

2006). 

 The first attempt to recognize the antioxidants properties of spices was studied by 

Chipault et al., 1952 and reported that sage and rosemary shown to increased the antioxidant 

capacity of foods. Over the last decade or so numerous studies have generated a huge amount 

of data indicating that the antioxidant and phytochemicals in food prevent from chronic or 

degenerative diseases (Liu, 2004). The degenerative diseases associated with aging include 

cancer, immune-system decline, cardiovascular disease, brain dysfunction and cataracts 

(Ames and Gold, 1991). It is well documented that free radicals are associated to damage 

DNA and accumulation of proteins and other macromolecules with age and have proposed to 

be a major damage of endogenous system results in aging (Fraga et al., 1990; Harman, 

1981). Radiation produce hydrogen peroxide, superoxide, and hydroxyl radicals are also by-

products of normal metabolism (Sies, 1986; Wagner et al., 1992). Oxidation, besides giving 

rise to mutagenic lipid epoxides and other free radicals like hydro peroxides, alkoxyl and 

peroxyl radicals, lipid peroxidation are major cause of food deterioration, affecting color, 

texture, flavor and nutritional value (Halliwell and Gutteridge, 1999).  

 Studies have demonstrated the superior antioxidant activity of culinary and medicinal 

herbs over berries, fruits, vegetables and nuts (Wojdylo et al., 2007; Zheng and Wang, 2001). 

The use of synthetic antioxidants butylated hydroxytoluene (BHT) and butylated 

hydroxyanisole (BHA) in food products are questionable and peoples are more conscious to 

use natural antioxidant into their food, especially from herbs and spices (Kaefer and Milner, 

2008; Madsen and Bertelsen, 1995). However in experimental animals synthetic antioxidants 

BHA and BHT were found to be anti-carcinogenic as well as carcinogenic. Studies have 

demonstrated that BHA appeared to have tumor-initiating as well as tumor promoting action. 

Recently, it has been established BHA and BHT have tumor promoting action rather then 



64 
 

tumor formation (Botterweck, et al., 2000). Currently the use of spice and herbs as natural 

antioxidants as well as their potential application in stabilizing food from oxidation received 

much attention because of the reports of carcinogenic properties of some synthetic 

antioxidants (Aruoma et al., 1996; Gu and Weng, 2001; Lim et al., 2001; Madsen, et al., 

1996). 

 The consumption of plant foods, such as vegetables, fruits, spices, red wines and 

juices provides protection against various diseases, including cancer, cardio and 

cerebrovascular diseases (Ames et al., 1993; Weisburger, 1999). This protection can be 

explained by the ability of antioxidants present in plant foods to scavenge free radicals, 

which are responsible for the oxidative damage of lipids, proteins, and nucleic acids.  

 Herbs and spices, except from basic plant antioxidants have some specific and 

characteristic antioxidants. The antioxidant activity of spices like cloves, black pepper, 

cinnamon, turmeric and oregano are well recognized and discussed as under.  

 

2.10.1 Turmeric 

 

In subcontinent, Turmeric (Curcuma domestica) is extensively used as a spice, coloring, food 

preservative and material (Aggarwal et al., 2007; Chattopadhyay et al., 2004). Traditionally 

many medicinal properties are recognized to this spice. Since 1900 Bc, the time of Ayurveda, 

turmeric is believed to prevent wide variety of diseases and conditions like, including those 

of the skin, pulmonary, gastrointestinal systems, pains, aches, wounds, sprains and liver 

disorders (Aggarwal et al., 2007). Some major and important phytochemicals contained this 

spice are curcumin, demethoxycurcumin, zingiberene, bisdemethoxycurcumin, curcumenol, 

curcumol, eugenol, triethylcurcumin, tetrahydrocurcumin, turmerin, turmerones, and 

turmeronols (Chattopadhyay et al., 2004). Cloves as a food additive is classified by the FDA 

to be a substance that is generally regarded as safe (Anderson, 2004), clove oil contained 90 

to 95 % of active substance eugenol (4-allyl-2-methoxyphenol) (Briozzo et al., 1989). 

 

2.10.2 Oregano 

Oregano, due to its natural cross pollination is a genetically recognized as heterogeneous 

species. The use of oregano as ingredient of functional food is limited due to variation in 
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phenolic content which is attributed to its heterogeneity (Lambert et al., 2001; 

Chorianopoulos and Kalpoutzakis 2004; Burt et al., 2005). The antioxidant activity both in 

the essential oil and soluble phenolic fractions has shown its positive health effects on human 

health (Araujo et al., 2003; Portillo-Ruiz et al., 2005). Studies have revealed that the 

antioxidant effect in oregano was due to the presence of hydroxy groups in their phenolic 

compounds. The the extracts of oregano have the most effective antioxidant activity among 

aromatic herbs (Nakatani and Kikuzaki 1987; Kikuzaki and Nakatani 1989).  

 

2.10.3 Cinnamon 

  

Cinnamon is widely used in food products as flavoring ingredient. It also exhibited health 

beneficial properties in addition to its flavoring application, such as antimicrobial activity, 

inhibiting the proliferation of various cancer cell lines, for controlling glucose intolerance 

and treating common cold (Anderson and Broadhurst, 2004; Murcia et al., 2004).  According 

to Mancini-Filho and Van-Koiij, 1998 reported that cinnamon extracts were able to reduce 

lipid peroxidation in the β-carotene-linoleic acid system, and the inhibitory effect at a level of 

100 ppm was comparable to that of synthetic antioxidant standard (BHT). In similar study, 

cinnamon extracts exhibited a antioxidant capacity against lipid peroxidation in liposomes 

induced by irradiation, and quenched hydroxyl radicals and hydrogen peroxide (Murcia et 

al., 2004). 

 

2.10.4 Black pepper 

 

The spice black pepper (Piper nigrum L.), has recognized interesting pharmacological or 

toxicological properties and clinical applications. Its pungency is due to the presence of 

alkaloid piperine which constitutes from 2 to 7.4% of P. nigrum cultivars (Dorman and 

Deans, 2000). In vitro study its antioxidant and  anti-inflammatory properties have reported 

when it acts as protection agent in the oxidative damage by inhibiting or quenching free 

radicals, reactive oxygen species and hydroxyls radicals (Mittal and Gupta, 2000). Studies 

have exposed that it can significantly increase the bioavailability of numerous drugs and 

nutritional supplements on both animals and humans (Atal et al., 1985; Badmaev et al., 1999; 
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Badmaev et al., 2000; Bano et al., 1991; Dhuley et al., 1993; Prasad et al., 2004; 

Vijayakumar et al., 2004). Peppercorns are the berries of Piper nigrum and also recognized 

as African black pepper. They are not only used as spices and preservatives but also have 

applications as insecticides, used in herbal medicine and in the cosmetic industry (Nakatani 

et al., 1986). Peppercorns depending on the time of harvest are typically white or black 

(Purseglove et al., 1981; Omafuvbe et al., 2004). It contained major compounds like lignans, 

flavonoids, alkaloids, aromatic compounds, and amides (Jirovetz et al., 2002). 

 

 

2.11 Evaluation of Phenolic, Flavonoids, and ORAC analysis  

 

Food plays a vital role in our life not only provides essential nutrients but also other bioactive 

compounds for health promotion and disease prevention (Liu, 2003). Epidemiological studies 

have consistently exposed that regular consumption of vegetables, fruits, whole grains, spices 

and other plant foods is associated with reduced risk of developing chronic diseases, such as 

cardiovascular disease and cancer. Phytochemicals, the bioactive compounds in vegetables, 

fruits, grains and other plant foods, have been suggested to be responsible for their 

bioactivity associated to the reduced risk of major chronic diseases (Liu, 2003; Liu, 2004). It 

has been estimated that approximately 30% of all cancers could be prevent through the use of 

healthy diet (Liu, 2004). 

 Phenolics are the major groups of non-essential dietary components that have been 

associated with the inhibition of atherosclerosis and cancer (Teissedre et al., 1996; Williams 

and Iatropoulos, 1997). The bioactivity of phenolics may be linked to their capacity to 

chelate metals, inhibit lipoxygenase and scavenge free radicals (Decker, 1997). In food 

industry, natural antioxidants are developing keen interest such as phenolics (Ibáñez et al., 

2003). The effect of phenolics on fruit maturation, prevention of enzymatic browning, and 

their role as food preservative has investigated to use in food industry (Robbins, 2003). 

Phenolics exhibited antimicrobial activity against many phytopathogens such as yeast, fungi 

and bacteria (Field and Letinga, 1992).  

 In plants phenolic or polyphenols are the most important and widely distributed. 

Polyphenols are the end products of the secondary metabolism of plants. Polyphenols are 
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consisted of flavonoids and phenolic acids both benzoic and cinnamic- acid derivatives are 

the most important classes and currently, more than 5000 compounds already identified 

(Anklam, 1998). Dietary significant point of view flavonoids can be classified as flavanones, 

flavonols, flavones, anthocyanidins and isoflavones. Wide range of biological effects is 

attributed to flavonoids like antibacterial, anti-allergic, anti-inflammatory and antithrombotic 

activities (Gheldof et al., 2002). The antioxidants mechanism of action may be explained in a 

variety of ways, including direct trapping of reactive oxygen species, inhibition of enzymes 

responsible for producing superoxide anions, chelation of transition metals involved in 

processes forming radicals and prevention of the peroxidation process by reducing alkoxyl 

and peroxyl radicals (Rice-Evans et al., 1996; Konczak et al., 2010). 

 Flavonoids have documented and aroused substantial interest recently because of 

their potential beneficial effects on human health such as antiviral, anti-inflammatory, anti-

allergic, antioxidant activities, and protection against cardiovascular diseases and certain 

forms of cancer (Benavente-García et al., 1997; González-Molina et al., 2010; Salah et al., 

1995; Tripoli et al., 2007). Several studies for the estimation of phenolic, flavonoids and 

antioxidant activity in vegetables, fruits, spices and other food products are conducted for 

their potential to use as natural antioxidants.    

 Shin et al., 2007 has reported the antioxidant components of strawberry fruit stored in 

75, 85 or 95% relative humidity (RH) at 0.5, 10 and 20 oC for 4 days. Fruit quality declined 

more rapidly at 20 oC, at 95% RH. Anthocyanin concentrations were relatively unchanged at 

0.5 or 10 ◦C but increased rapidly at 20 oC as fruit ripened. Total phenolic compounds were 

slightly higher at 20 oC than at other temperatures and total ascorbic acid concentrations of 

the fruit remained similar for the first 2 days of storage, then declined in fruit stored at 0.5 

and 20 oC. Total flavonoid content of fruit at all temperature did not change. Results shown 

that total antioxidant activity of fruit was higher at 10 oC than at 0.5 and 20 oC on day 3, and 

no effect  of RH was detected. Wolfe et al., 2003 has evaluated the potential of phenolic 

compounds in peels of four different varieties of apples commonly used in New York USA. 

Total phenolic and flavonoid contents were highest in the peels, followed by the flesh + peel 

and the flesh. Total phenolic content in Idared and Rome Beauty apple peels were 588.9 

±83.2 and 500.2 ±13.7 mg of gallic acid equivalents/100 g of peels, respectively.  Total 

flavonoids were also highest in Rome Beauty and Idared peels were 306.1 ± 6.7 and 303.2 ± 
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41.5 mg of catechin equivalents/100 g of peels, respectively. Idared apple peels of the four 

varieties had the most anthocyanins, with 26.8 ± 6.5 mg of cyanidin 3-glucoside 

equivalents/100 g of peels.  The effectively of apple peels to inhibit the growth of HepG2 

human liver cancer cells was more than the other apple components.  The most bioactivity of 

inhibiting cell proliferation by 50% at the low concentration of 12.4 ± 0.4 mg of peels/mL 

was shown by Rome Beauty apple peels. Results revealed that apple peels may impart health 

benefits when consumed due to the presence of high content of phenolic compounds, 

antioxidant activity, and antiproliferative activity. 

 Adom et al., 2003 has analyzed 11 varieties of whole grain for its photochemical and 

antioxidant activity. Total phenolic free, soluble-conjugated, and insoluble-bound forms, 

flavonoids, and ferulic acids and carotenoid content including lutein, zeaxanthin, and β-

cryptoxanthin were investigated. Total phenolic content was ranged of 709.8 to 860.0 µmol 

of gallic acid equiv/100 g of wheat, total flavonoid content 105.8 to141.8 µmol of catechin 

equiv/ 100 g of wheat and total antioxidant activity 37.6 to 46.4 µmol of vitamin C g-1.  

Among verities however, significant differences in total ferulic acid content (p < 0.05) and 

carotenoid content (p < 0.05 were observed, with carotenoid content shown the greatest range 

of values.  

 In Brazil, according to John and Shahidi 2010 has investigated nuts for their 

antioxidant activity. In nuts soluble phenolics in brown skin were 1236.07 as compared to 

406.83 in kernel and 519.11 mg/100 g in whole nut. While bound phenolics content of brown 

skin was 86 and 19 folds higher than kernel and whole nut, respectively. Results 

demonstrated that the phenolics were dominant in the brown skin. Javanmardi et al., 2003 

has investigated 23 basil accessions (Ocimum basilicum L.) for antioxidant activity.  Results 

shown the total antioxidant activity varied from 10.8 to 35.7 µM Trolox, and total phenolic 

content ranged from 22.9 to 65.5 mg gallic acid/g dw in ‘‘Dezful I’’ and ‘‘Babol’’ 

accessions, respectively. There exist a linear positive relationship between the antioxidant 

activity and total phenolic content of the tested basil accessions. Cheung et al., 2003 

investigated methanol and water crude extracts from Shiitake mushroom and straw 

mushroom for their antioxidant capacity in three different methods. Results shown that the 

four mushroom extracts, the water extract from L. edodes showed the most potent radical 

scavenging activity in each assay, showing 75.9% (at 20 mg ml-1) in the β-carotene bleaching 
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method, 55.4 % in the DPPH radical scavenging method (at 6 mg ml-1) and 94.9 % of 

inhibition of erythrocyte hemolysis (at 5 mg ml-1).  It was concluded that total phenolics in 

the water extracts were higher than that of the methanol ones. 

  

2.12 Cellular Antioxidant Activity (CAA)  

In fruits and vegetables the measurement of antioxidant activity is an important screening 

method to compare the oxidation/reduction and their phytochemicals in a range of systems. 

Currently, different chemical methods are available, including the oxygen radical absorbance 

capacity (ORAC) (Cao et al., 1993), total radical-trapping antioxidant parameter (TRAP) 

(Ghiselli et al., 1995; Wayner et al., 1985), Trolox equivalent antioxidant capacity (TEAC) 

(Miller et al., 1993), total oxyradical scavenging capacity (TOSC) (Winston et al., 1998), and 

the peroxyl radical scavenging capacity (PSC) assays, the latter of which was developed by 

Adom and Liu, 2005. The DPPH free radical method (Brand-Williams et al., 1995) and ferric 

reducing/antioxidant power (FRAP) assay (Benzie and Strain 1996) are measure the ability 

of antioxidants to reduce ferric iron and 2,2- diphenylpicrylhydrazyl, respectively. In vivo 

antioxidant activity is always questionable because of several reasons despite the availability 

and ease of these chemical antioxidant activity assays. These methods could not take 

consideration of the bioavailability, uptake, and metabolism of antioxidant compounds and 

most of them are performed at non physiological pH and temperature (Liu, 2005). These 

methods and protocols often do not include the suitable biological substrates to be protected, 

relevant types of oxidants encountered, or the partitioning of compounds between the water 

and lipid phases and the influence of interfacial behavior (Frankel and Meyer 2000). 

Biological systems compared to the simple chemical mixtures are much more complex and 

antioxidant compounds may operate via multiple mechanisms (Liu, 2004). The different 

efficacies of compounds in the variety of assays demonstrate to the functional difference. 

Animal models and human studies are the best measures however, these are expensive and 

time-consuming and not appropriate for initial antioxidant screening of foods and dietary 

supplements (Liu, 2005). Cell culture models provide (Figure 2.2) an approach that is cost-

effective, relatively fast, and concentrate on some issues of uptake, distribution, and 

metabolism. Therefore, to develop a cell-based antioxidant activity assay to screen foods, 
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phytochemicals, and dietary supplements for potential biological activity is required and 

explained. 

 

 

Figure 2.2: Method and proposed principle of the cellular antioxidant activity (CAA) assay. 

Cells were pretreated with antioxidant compounds or fruit extracts and DCFH-DA. The 

antioxidants bound to the cell membrane and/or passed through the membrane to enter the 

cell. DCFH-DA diffused into the cell where cellular esterases cleaved the diacetate moiety to 

form the more polar DCFH, which was trapped within the cell. Cells were treated with 

ABAP, which was able to diffuse into cells. ABAP spontaneously decomposed to form 

peroxyl radicals. These peroxyl radicals attacked the cell membrane to produce more radicals 

and oxidized the intracellular DCFH to the fluorescent DCF. Antioxidants prevented 

oxidation of DCFH and membrane lipids and reduced the formation of DCF. 
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Chapter 3 
 
 

MATERIALS AND METHODS 
 

3.1 Sampling 
 
 
The detection of aflatoxins (AFs) in chilies was carried out in different phases and batches in 

order to perform the complete survey of AFs. The samples of ground and whole chilies were 

collected from local markets, wholesale outlets and from forms, Faisalabad District and some 

central areas of Punjab, Pakistan.  

However it is well known that AFs are heterogeneously distributed. Fungi generally tend to 

develop in isolated pockets and are not evenly distributed in stored commodities. Therefore, 

it is important to develop a protocol to ensure that if a sample is taken for analysis it should 

be representative of the whole consignment. Grab samples have been reported generally to 

give very low estimates of mycotoxin content. In fact, nearly 90% of the error associated 

with mycotoxin assays could be attributed to how the original sample was collected. Since 

mycotoxins are not evenly distributed in grain or in mixed feeds, taking a feed or grain 

sample which will give a meaningful result in mycotoxin analyses is reported to be difficult 

(Lauren et al., 2006). Sample sizes of ground chilies were taken as 0.5 kg each and due to 

uneven distribution of fungi in whole chilies, sample size were taken as 1kg each. The 

detection and detoxification studies of AFs in chilies were performed in Pesticide Chemistry 

Lab, Plant Protection Division, Nuclear Institute for Agriculture and Biology (NIAB), 

Faisalabad, Pakistan. The analyses of phenolics, flavonoids, Oxygen Radical Absorbance 

Capacity (ORAC) and cellular antioxidant activity (CAA) in spices and chilies were carried 

out in the Department of Food Science, Cornell University Ithaca, New York, 14850, USA. 

     

3.2 Detection of  Aflatoxins  
 
 
Previous studies have documented a number of reviews and research articles focusing the 

analytical methodologies for the determination of AFs in foods and food products (Shepard, 

2001) and more specifically covering rapid and more reliable methods (Trucksess, 2001), 

such as TLC (Lin et al., 1998) as well as HPLC methods with fluorescence detection (Jaimez 
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et al., 2000). There have also been studies which specifically concern with the validation of 

analytical methods for mycotoxins in foods and feeds (Gilbert and Anklam, 2002). However, 

in present studies HPLC with fluorescence detector has been used for the analysis of AFs in 

chilies.  

 

3.2.1 Extraction of Aflatoxins from Chilies 

 

Extraction of AFs from various food matrices generally involves aqueous mixtures of polar 

organic solvents, such as methanol, acetone or acetonitrile. The effectiveness of sample 

preparation depends on sampling, extraction and purification (Shephard, 2008). Stroka et al., 

1999 recommended employing aqueous methanol extractants specifically for AFB1, with 

aqueous acetone being a useful alternative. Methanol/water (80:20) has been utilized 

successfully for the extraction of AFs in various food commodities, such as spices (Fazekas 

et al., 2005; O’Riordan and Wilkinson, 2008), chilies (Santos et al., 2010; Paterson, 2007; 

Hierro et al., 2008), wheat (Giray et al., 2007), sorghum (Matumba et al., 2010), and 

vegetable oil (Elzupir et al., 2010). However, the use of acetonitrile/water (86:14) to increase 

polarity and extraction efficiency has been reported (Fu et al., 2008; Iqbal et al., 2010a, b, c, 

d, e) and acetonitrile/water (90:10) has been used for the extraction of AFs in spices 

(Akiyama et al., 2001). It is noted that the methods employed by Iqbal et al., 2010a, b, c, d, e 

were suitable and appropriate for the analysis of total AFs. The most common method for the 

determination of AFs in food and feed is HPLC coupled with fluorescence detection 

(Paterson, 2007; Iqbal et al., 2010a, b, c), although AFB1 and AFG1 possess less natural 

fluorescence. Consequently, AFs are derivatized with TFA, iodine or bromine to improve 

fluorescence. 

Extraction of AFs from chilies were done according the method described by Akiyama et al., 

2001 with some modification as described by (Iqbal et al., 2010a,b).  Briefly, Samples of 

whole chilies were ground to uniform consistency using the coffee mill, 25 g of whole or 

ground chilies were extracted with 100 mL of acetonitrile - water (86:14; v/v) by shaking for 

35 min at 50 rpm in 250 mL glass flasks fitted with stoppers. The solutions were filtered 

through Whatman No.5 papers. To each of 9 mL portions of the filtrates was added 70 μL 

acetic acid and each was transferred to MycoSep (226) columns and passed through at a flow 
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rate of 2 mL min-1. Finally 2-mL aliquot was evaporated using N2 flux to dryness at 40 oC in 

a centrifuge glass tube for pre column derivatization.  Pre-column derivatization was carried 

out by adding 100 μL of TFA to the evaporated residues or AFs standards to derivatize AFB1 

and AFG1. The samples were allowed to stand at room temperature for 20 min. in the dark. A 

0.4 mL of acetonitrile: water (1:9; v/v) was added to each sample or standard. A 20 μL 

portion of the sample was subjected to LC analysis. 

 

3.2.2 HPLC Conditions 

 

The mobile phase was acetonitrile: methanol: water (20:20:60; v/v/v) which was degassed by 

sonication. The analyses were carried using reverse phase mode isocratically. The HPLC 

(Shimadzu, Kyoto, Japan) with Supelco C18 column (Discovery HS Bellefonte, USA) was 

equipped with fluorescence detector (RF- 530). Excitation and emission wavelengths were 

360 and 440 nm, respectively. The flow rate was 1 mL min-1 and column was maintained at 

40o C. The injection volume was 20 μL. 

 

3.3 Detoxification of Aflatoxins 

 

Although certain treatments have been establish to reduce the levels of specific mycotoxins, 

no single method has been developed that is equally effective against the wide variety of 

mycotoxins which may occur together in various food commodities (Shapira and Paster, 

2004). The most commonly used strategy of reducing exposure to mycotoxins is the decrease 

in their bioavailability by the inclusion of various mycotoxin binding agents or adsorbents. 

Among the physical methods irradiation has proved effective for the reduction of AFs in food 

products although some chemical e.g. citric acid, propionic acid and some synthetic 

antioxidants have also known to reduce the fungal growth and AFs in lab scale. In the 

undertaken study, the use of gamma radiation, citric acid, propionic acid and synthetic 

antioxidants have been employed for the reduction of fungal as well as AFs contamination in 

chilies.     

 

 



74 
 

 

3.3.1 Gamma Irradiation 

 

World health organization (WHO), Food and Agriculture organization (FAO) and 

International Atomic Energy Agency (IAEA) have recommended that irradiation is a suitable 

physical process for treating food and food products. The international organizations have 

confirmed that a maximum average dose of 10 kGy pays no toxicological risk and hence, 

toxicological testing of food treated in this way is no longer required. Furthermore, doses up 

to 10 kGy create no particular nutritional or microbiological problems (WHO, 2003). The 

samples of chilies were irradiated using a γ-ray (60Co) facility at Nuclear Institute for 

Agriculture and Biology (NIAB), Faisalabad, Pakistan. The radiation source was Gammacell 

220 (MDS Nordion, Ottawa, Canada), the dose rate was 4.74 kGy h-1. and the irradiation 

temperature varied between 25 and 28 oC. The test samples were irradiated to the absorbed 

doses of 2, 4 and 6 kGy except the control sample to eliminate the natural microbial 

contamination and for the reduction of AFs levels in chilies.  

 

3.3.2 Antioxidants Effect 

  

Synthetic antioxidants such as Butylated Hydroxyanisole (BHA) and Butulated 

Hydroxytoluene  (BHT) with different concentrations have been used for the inhibition of the 

growth of A. Parasiticus and AFs reduction in chilies followed by the method as described 

by Passone et al., 2007. Five grams of ground chilies were dispensed as a monolayer into 

sterile Petri dishes. The petri dishes with chilies were amended with the appropriate 

antioxidant according to the treatment. The substrate was conditioned with the appropriate 

amount of water and kept at 4 °C for 48 h with periodic shaking to allow absorption and 

equilibrium. Fungi were grown on malt extract agar (MAE) for 5 days at 30 °C to obtain 

heavily sporulating cultures. Chilies were inoculated with 1 mL of spore suspensions (1×104 

spores mL-1). The experiments were all carried out with three separate replicates per 

treatment. The cultures were incubated at 28 °C. Chilies fungal colonization was analyzed at 

the end of the incubation periods of 11 and 35 days. 
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3.3.3 Fungal Count 

 

The colonization of the chili was assessed as colony forming unit per gram of chili (CFU/g) 

after 11 and 35 days of incubation. A sample (2 g) was taken from each treatment and shaken 

for 5 min with 90 mL of 1 g L-1 peptone/ distilled water plus 0.06 g L-1 of Tween 80. Serial 

decimal dilutions until 10− 9 for control samples and until 10− 4 for treated samples were done. 

A 0.1 mL aliquot of the three last serial decimal dilutions of each treatment was spread on the 

surface of the solid media A. parasiticus agar (AFPA) by triplicate (Pitt and Hocking, 1997). 

Plates were incubated in darkness at 30 °C for 48 h. The colony that showed orange/ yellow 

reverse colors was counted and the average was reported as colony forming units of 

Aspergillus section Flavi per gram (CFU g-1) of chili. Analyses of AFs were carried out as 

described in section 3.2.1. 

 

3.4 Citric acid and Propionic acid Treatments 

 

Different concentrations of Citric acid and Propionic acid were used to evaluate the 

inhibition of Aspergillus parasiticus and reduction of AFs in chilies followed by the method 

(Gowda et al., 2004).  Chilies, 100 g, were weighed to a series of 500 mL conical flasks.  

Distilled water, 9 mL was added to each flask to bring the moisture level to 180 g kg-1. Based 

on the results of preliminary screening, different concentrations of the selected test 

compounds were added to these flasks in triplicate, except the control flasks. All flasks were 

then autoclaved at 121 ◦C for 15 min, inoculated with 0.1 mL spore suspension (25 × 107 

CFU per mL) of A. parasiticus (strain  APNIAB232 provided by Plant protection Division 

(NIAB) and incubated separately for each treatment of Citric and Propionic acid at 27 to 30 

◦C in the dark for 7 days. On the 7th day, approximately 1 g of representative sample from 

each flask was used for spore counting and the rest was autoclaved, dried, and powdered for 

AF analysis (as described in section 3.2.1). 

Sample, 1 g from each flask, was serially diluted 10-fold with sterile distilled water and 0.1 

mL of each dilution was spread uniformly on MEA plates and incubated in the dark for 3 
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days. On the 3rd day, colonies were counted and expressed as log colony forming units per 

gram (log CFU g-1). 

3.5 Determination of Tocopherols (Vitamin E) 

 
For the analysis of Tocopherol in chilies the oil was extracted from chilies as shown in flow 

sheet diagram. The sample preparation and analysis of Tocopherol in chilies were performed 

as described in method (Świgło and Sikorska, 2004). Sample of chilies were weighed (0.0400 

to 0.1200 g) and dissolved in 1mL of 2-propanol. The selection of 2-Propanol was chosen 

because it allows solubility of oils and it is miscible with all solvents used in 

chromatography. Thus, no additional sample treatment is necessary. Vortexed-mixed samples 

were directly injected onto HPLC column. Stock and working solutions of tocopherols were 

also prepared in 2-propanol. Sample and standard solutions were prepared directly before 

analysis. Care was taken to exclude air and light exposure of sample and standard solutions 

throughout the analytical procedure. The extraction of tocopherols from chilies has been 

illustrated in Diagram 3.1. 

All HPLC analyses of tocopherols were performed at room temperature on Shimadzu LC-

10A high performance liquid chromatograph (Shimadzu, Kyoto, Japan) equipped with 

Discovery supelco C18 (250mm × 4.6 mm, 5µm, MA, USA).  

For determination of tocopherols in oils, a mobile phase consisting of 50% of acetonitrile 

(solvent A) and 50% of methanol (solvent B) was used with the flow rate 1 Ml min-1. 

Injection volume was 20 µl. The eluate was detected using a fluorescence detector (RF-530) 

set at emission wavelength of 325 nm with an excitation at 295 nm. Tocopherols were 

identified by comparing their retention times with those of corresponding standards and by 

spiking of samples with appropriate standard.  

 

3.6 Total Biomass in Chilies 
 
Chilies samples of 10 g (powder) were mixed thoroughly with 90 mL of sterile distilled 

water and shaken in sterile tubes for 30 min after the irradiation. Plate-count technique was 

used for spore counting in the DRBC agar (OXOID) medium using each suspension in a 

serial dilution from 10-1 to 10-6. After 7 days of incubation at 25 ± 1 0C, the counting was 
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performed according to the method stated by Pitt et al. (1983) and the results are presented in 

colony forming units per gram (CFU g-1). 

 

 

 
 

 
 
 

     Add 
 
 
 

250 mL n-Hexane in round bottom flask 
 
 
 

Extract the oil in Soxhlet appratus at 110 oC for 24 hr.  
 

Cool it 
 
 
 

Rotary evaporate (remove n-Hexane) 
 
 
 

Dry flask 
 
 
 

Centrifuge 
 
 

Separate supernatant 
 

Diagram 3.1:  The supernatant was collected and analyzed for Tocopherol analysis in chilies. 

 

 

 

 

Sample 20 g in 
cotton Thumb-bell  
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3.7 Extraction of Phenolics  
 

Free phenolic compounds were extracted using the method which is previously reported by 

(Adom and Liu, 2002; Adom et al., 2003; 2005; Dewanto et al., 2002). Briefly, blended 2 g 

of spice with 50 mL of 80% chilled acetone for 5 min. and homogeninized for 3 min. in 

homogenizer and then centrifuged at 2500 rpm for 10 min. The supernatant was removed, 

and the extraction was repeated. The supernatant was evaporated under vacuum at 45 °C in 

rotary evaporater and reconstituted with 70% methanol to a final volume of 5 mL. The 

extracts were stored at -40 °C until used. 

 

3.7.1 Determination of Total Phenolics  

 

The total phenolic content of sample extracts were determined using the Folin-Ciocalteu 

colorimetric method described previously by Singleton et al., 1999 which was modified later 

(Dewanto et al., 2002). Briefly, thaw samples at 37 oC in water bath and prepared different 

concentrations of galic acid as 0, 20, 60, 100, 150, 200, 300, 400, 500 and 600 µg mL-1 in 

deionized water. Pipette 1 mL sample into centrifuge tube and centrifuged at 12000 rpm for 5 

min. and if the phenolic concentration was too high then diluted it with appropriate dilutions 

with deionized water and samples were prepared in triplicate.  Added 100 µL sample or 

standard solution and 400 µL deionized water to glass culture tubes, after vortex them 100 

µL Folin-Ciocateu regent was added, mixed well and let the samples and standard stand for 6 

minutes. Then 1 mL of 70 % sodium carbonate and 0.8 mL deionized water were added and 

mixed and allowed to stand for 90 minutes at room temperature. Meanwhile turned on the 

spectrophotometer and after 90 min. 100 µL was added in triplicate of samples and standards 

to 96-well plate and read the plate using MRX II (Micro plate Reader, Dynex Technologies, 

Inc., Chantilly, Virginia, USA) at 760nm.  The total phenolic content was expressed as mean 

(micrograms of gallic acid equivalents per 100 g of dry weight of sample) ± SD for 

triplicates. 
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3.8 Determination of Total Flavonoid Contents 

  

Total flavonoid content was determined by a colorimetric method described previously (He 

et al., 2008). Tested extracts were added to test tubes (15× 150 mm) and dried to dryness 

with N2 flux and reconstituted in 1 mL of THF/EtOH (1:1; v/v) while querecetin standards 

(0.1 to 10.0 mM) were prepared fresh before use in 1 mL of THF/EtOH (1:1; v/v) into test 

tubes. Volumes of 0.5 mL of 50 mM NaBH4 solution and 0.5 mL of 74.6 mM AlCl3 were 

added to each test tube that already has 1 mL of sample or quercetin standards. The tubes 

were shaken on the lab-line orbital shaker at room temperature for 30 min. and then added 

0.5 mL of 50 mM NaBH4 in each test tube followed by shaking for 30 min. more on orbital 

shaker.  After 30 min. shaking 2 mL cold 0.8 M acetic acid was added to each test tube and 

the solutions were protected from light and allowed to stand them on orbital shaker for 15 

min. Then 1 mL of 20 mM chloranil was poured to each tube and were placed in dry bath 

incubator at 95 oC on red rotor orbital shaker with shaking at 4 rpm for 60 min. After the 60 

min. shaking the tubes were cooled using tap water and solutions were transferred to glass 

culture tubes and brought the volume of each tube to 5 mL with methanol and then 1 mL of 

16 % vanillin methanol solution was added to each tube and mixed well. Finally 1 mL of 12 

M HCl was mixed to each tube and kept in the dark at room temperature (20-25 oC) for 15 

min. The solutions in glass culture tubes were centrifuged at 2500 rpm for 3 min. and 100 µL 

of each solution was added into 96 well plate in triplicate and optical densities of the samples 

were measured at wavelength of 490 nm using a micro plate reader (Dynex Technologies, 

Inc., Chantilly, Virginia, USA). Flavonoid contents were expressed as micromoles of 

catechin equivalent per gram of grain. The data has been reported as mean ± SD for at least 

three replications 

 

3.9 Determination of Antioxidant Activity 

  

The antioxidant activity was determined using the oxygen radical absorbance capacity 

(ORAC) assay described by Huang et al., 2002 and modified in our laboratory (Wolfe et al., 

2008). Pipette 20 µL sample, blank, or Trolox standard or 200 µL fluoroscein working 

solution (the F well, also 40 µL phosphate buffer) to the appropriate well according to Figure 
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3.1 and incubated for 10 min. Then 200 µL fluoroscein working solution was added to each 

well except F well and covered micro plates and incubated at 37 oC for at least 20 min. Then 

20 µL ABAP working solution was poured to each well except F well and the plate was read. 

Fluorescence intensity was measured using a Fluoroskan Ascent FL plate-reader (Thermo 

Lab-systems, Franklin, Massachusetts, USA) at excitation wavelength of 485 nm and 

emission wavelength of 520 nm for 35 cycles after every 5 min. Oxygen Radical Absorbance 

Capacities were expressed as micromoles of Trolox equivalents per gram of dry weight of 

spice or chili samples. The relative area under the curve is calculated as 

    

   AUC = (0.5× f1/f1 + f2/f1+ f3f1+….. + fi/f1+ 0.5× f35/f1) ×CT 

Where f1 is the first fluorescence reading, fi is the reading at the cycle i and CT is cycle time 

in minute.  

 

3.10 Cell Culture 

  

HepG2 cells were grown in growth medium (WME supplemented with 5% FBS, 10 mM 

Hepes, 2 mM L-glutamine, 5 μg mL-1 insulin, 0.05 μg mL-1 hydrocortisone, 50 units mL-1 

penicillin, 50 μg mL-1 streptomycin, and 100 μg mL-1 gentamicin) and were maintained at 37 

°C and 5% CO2 as described previously (Liu et al., 1994; Liu et al., 1992). Cells used in this 

study were between passages of 25 to 27. 

 

 1 2 3 4 5 6 7 8 9 10 11 12 

A F B B B B B B B B B B B 

B B T1 T2 T3 T4 B S1 S2 S3 S4 S5 B 

C B S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 B 

D B S13 S14 S15 T1 T2 T3 T4 B S1 S2 B 

E B S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 B 

F B S15 S14 S13 S12 S11 S10 S9 S8 S7 S6 B 

G B S5 S4 S3 S2 S1 B T4 T3 T2 T1 B 

H B B B B B B B B B B B B 

    

Figure 3.1:  Layout of 96-well plate (F = 200 µl fluoroscein solution + 40 µl phosphate   
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                    buffer, B = Blank, T = Trolox, S = Sample) 

 

3.10.1 CAA of Pure Phytochemicals and Spice Extracts  

 

Human hepatocellular carcinoma HepG2 cells were seeded at a density of 6 × 104/well on a 

96 well microplate in 100 μL of growth medium/well. The outside wells of the plate were not 

used to grow the cell culture due to there was variation among inner and outer wells. Twenty-

four hours after seeding, the growth medium was removed and the wells were washed with 

PBS. Triplicate wells were treated for 1 h with 100 μL of pure phytochemical compounds or 

fruit extracts plus 25 μM DCFH-DA dissolved in treatment medium. When a PBS wash was 

utilized, wells were then washed with 100 μL of PBS. Then 600 μM ABAP was applied to 

the cells in 100 μL of HBSS, and the 96-well micro plate was placed into a Fluoroskan 

Ascent FL plate-reader (Thermo Lab-systems, Franklin, MA) at 37 °C. Emission at 538 nm 

was measured with excitation wavelength at 485 nm after every 5 min. for 1 h. Each plate 

included triplicate control and blank wells: control wells contained cells treated with DCFH-

DA and oxidant; blank wells contained cells treated with dye and HBSS without oxidant. 

 

3.10.2 Quantification of CAA 

 

After blank subtraction from the fluorescence readings, the area under the curve of 

fluorescence versus time was integrated to calculate the CAA value at each concentration of 

pure phytochemical compound or fruit extract as follows: 

 

 

 

Where ∫SA is the integrated area under the sample curves, fluorescence versus time curve, 

and ∫CA is the integrated area from the control curve. The median effective dose (EC50) was 

determined for the pure phytochemical compounds and fruit extracts from the median effect 

plot of log (fa/fu) versus log (dose), where fa is the fraction affected and fu is the fraction 

unaffected by the treatment. To quantify intra-experimental variation, the EC50 values were 

stated as mean ± SD for triplicate sets of data obtained from the same experiment. Inter-
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experimental variation was obtained for some representative pure phytochemical compounds 

and fruit extracts by averaging the fluorescence values from triplicate wells in each trial to 

obtain one EC50 value per experiment and calculated the mean ± SD for at least four trials. In 

each experiment, quercetin was used as a standard, and cellular antioxidant activities for pure 

phytochemical compounds were expressed as micromoles of quercetin equivalents (QE) per 

100 μmol of compound, whereas for spice/chili extracts they were expressed as micromoles 

of QE per 100 g of sample. To compare the antioxidant quality of different spices, CAA was 

also calculated as micromoles of QE per 100 μmol of total phenolics. 

3.11 Statistical Analysis 
 

Each sample was prepared and analyzed in triplicate and data are reported as mean (n = 3 x 

3) ± SD (n = 3 x 3).  An analysis of variance (ANOVA) was executed using SPSS software 

(IBM SPSS, PASW Statistics 18, USA). Difference between means was calculated by 

Student t test and the difference between analytical treatments was calculated by Duncan’s 

multiple range tests (DMR). Differences were considered statistically significant at p ≤ 0.05.  
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Chapter 4 
 
 

RESULTS AND DISCUSSION 
 
 
 
Mycotoxins are of high relevance in human food and animal feed safety, where as the most 

harmful mycotoxins are the aflatoxins (AFs). Toxic effects in animals have been reported often 

having acute or chronic disease (Iqbal et al., 2010). To reduce consumer's health risks, 

maximum levels were set for mycotoxins. According to the FAO the contamination of 

mycotoxins in food and feed is a real problem worldwide. The United Nation's Food and 

Agriculture Organization has estimated that about 25% of the world's food is significantly 

contaminated with mycotoxins in such a way that it can’t be utilized for human or animals 

(http://www.ifst.org). Aflatoxins are difuranocumarin derivates, which consist of 5 

heterocycles. Currently about 20 AFs are known. The main producers of the AFs are the fungi 

A. flavus and A. parasiticus. Aflatoxins are further produced by phenotypically similar species 

such as A. nomius, A. zhaoqingensis and A bombycis and similar species of A. parasiticus 

namely A. toxicarius or A parvisclerotigenus (Paterson and Lima, 2010). 

In the present study, efforts were made to develop and validate the methodology for the 

analysis of AFs in order to get reliable, reproducible and acceptable results in the international 

scenario.  

 
4.1 Validation of Extraction and Chromatographic Techniques 

 

In order to obtain consistent and reliable results and hence to bolster the consumers and 

producers confidence in analyzed methods, there is an urgent desire for internationally 

validated methods which could serve as confirmatory methods and form the other main pillar 

in a reliable and cost-effective measurement as well as prevention strategies. In 

circumstances, where legal proof may become necessary, analytical methods must be subject 

to validation procedures. The objective of the method validation is to demonstrate that the 

defined system (which may include various steps in the analytical procedure, and may be 

valid for a restricted matrix) produce acceptably accurate, reproducible and repeatable results 

for a given property. Depending upon the projected purposes of the analysis, i.e. qualitative 
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and/or quantitative screening or quantification, different validation parameters have to be 

evaluated. The precise quantification of mycotoxins in food products is extremely important 

in order to demonstrate that the levels of contamination are below the legal limit (s). 

However, large-scale collaborative studies, considerable level of efforts and resources should 

be conducted only on those methods that have undergone appropriate pre-testing. Such pre-

tests are designed to define the performance characteristics of a method and to set target 

values for the parameters to be evaluated in the validation trials. These data provide 

information on the expected precision (within laboratory standard deviation), possible 

systematic error (bias), recovery values (on the basis of spiking measurements), applicability, 

interference with other compounds and/or matrix components during analysis and best 

calibration approaches. Some important parameters of the method validation are defined in 

Table 4.1. 

 

Table 4.1:  Parameters determined through performance and validated studies  

 

 

Different methods are used for the determination of mycotoxin and those must rely on the 

proper extraction and clean up except for ELISA which may not require cleanup (Chu, 1991). 

The extraction method used to remove the mycotoxin from the biological material is mainly 

depending on the structure of the toxin.   

Specificity 
The probability of obtaining a negative result, given that there is no analyte 
present 

Linearity 
Probability of the signal to the amount of reference material, demonstrated by the 
calculation of regression line with adequate statistical methods 

Range 
Range of analyte concentration over which the method is consider to perform in a 
linear manner 

Accuracy The closeness of agreement between the test result and accepted reference value  

Trueness 
The closeness of agreement between the average value obtained from large series 
of test results and accepted reference value  

Detection 
limit 

Minimum level from on the presence of analyte can be measured with a given 
certainty (e.g. 95%)  

Quantification 
limit 

Minimum level from on the presence of analyte can be quantified with a given 
certainty (e.g. 95%)  

Robustness 
Stability of the method with respect to deliberate variations in the method 
parameters 
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Polar fungal compounds, like fumonisins, require water and organic solvents for extraction 

(Shephard, 1998). Hydrophobic toxins like AFs rely on the use of organic solvents (Holcomb 

et al., 1992; AOAC, 1992). These can be extracted directly, or may be partitioned with other 

solvents, such as n-hexane for partial clean up to remove excess components of the biological 

matrix. The preference of solvent extraction is also dependent on the matrix from which the 

extraction is required, as the different chemical mixtures can affect it. 

 
4.1.1 Quality Control and Quality Assurance  

 

It is important to note that the robustness of the analytical method or process implies stability 

over several extents; e.g. time, chemical/biological/separative/sensing approach, and 

including calibration. The control steps/mechanisms/programmes often specified as quality 

control and quality assurance systems/schemes are recognized to guarantee the robustness of 

analytical processes in different dimensions. Such schemes/systems make use of general or 

sometimes very specific criteria related to: e.g. minimum sampling variability for the 

sampling step (i.e. coefficient of variation (CV), representative sampling, recovery rates, 

minimum number of ‘suspected false negatives and positives’ (i.e. samples analyzed by the 

applied test as being negative or positive but which are either positive instead of negative or 

negative instead of positive in reality). The other examples for such criteria are, minimum 

cross-reactivity of immune-technology based procedures, linearity of the calibration curve, 

within- and between-day variability of the injection of calibrants, as well as within and 

between-laboratory repeatability and reproducibility of results, minimum degree of 

chromatographic peak separation, etc. (Boenke, 1995b, 1998b; Heitzman, 1994). These 

criteria are either specified in or related to regulations, by international bodies (e.g. Codex 

Alimentarius), in norms/written standards, in industrial product requirements, and/or 

consumer health needs (CEN, 1999; European Council, 1985, 1989, 1993; Pittet, 1995; 

Verardi and Görtz, 1995; Wood, 1997). The researcher or analyst has various tools at hand 

which help to guarantee that each individual step of the analytical process is in agreement 

with its specific criteria and is consequently robust. 

The superiority of any analytical data was determined by evaluating the limit of detection 

(LOD), reproducibility, percentage recovery, linearity of instrument and by checking of 
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sample artifacts. The instrument was checked daily with mixture solution of AFs.  Instrument 

detection limits for all aflatoxins (B1, B2, G1 & G2) were determined according to published 

guidelines at a signal-to-noise ratio (S/N) of three (Wolksa, 2002).  Blank and pre-cleaned 

samples were prepared, treated and analyzed in the same manner as the real samples. 

 
4.1.2 Extraction Efficiency 
 
The validation of the present experiment followed the “Guidance for Industry—Bio 

analytical Method Validation” suggested by the Food and Drug Administration (FDA) of the 

United States (FDA, 2002). 

Due to awareness and strict regulation, it is much desirable that such solvents are used that 

extract the whole contaminants (AFs) from commodity under observation. Different solvents 

such as acetonitrile, methanol in combination with water were used for the extraction of AFs 

from chili samples.  The samples were spiked at 2, 5 and 10 µg kg-1 equivalent 

concentrations for each AFs standard. 

Spiked samples of chilies were mixed well, extracted with acetonitrile: water (84:16), 

filtered, cleaned up using multifunctional column 226 and analyzed by Shimadzu HPLC in 

reverse phase system.  The recovery percentage for AFB1 at spiked level 2, 4 and 6 µg kg-1 is 

listed in Table 4.6.  Each sample was treated and analyzed in three times. The recoveries of 

AFB1, AFG1, AFB2 and AFG2 at spiked level 2, 5 and 10 µg kg-1 were presented in Tables 

4.10, 4.13, 4.16 and 4.19, respectively. 

From the data mentioned above revealed that recoveries percentage of AFs in chili samples 

were ≥ 86%.  The interfering compounds in the sample did not effect on recoveries of AFs.  

The solvent used (acetonitrile and water) showed good behavior to trap the hydrophobic AFs 

in all type of chilies (whole pod, ground).  

 
4.1.3 Performance of HPLC System 
 
To assess the performance of the linearity of system used (HPLC, Shimadzu) different 

concentrations of reference standards were injected. The calibration curves of AFB1 and 

AFG1 in the range of 1-100 µg mL-1 in acetonitrile and for AFB2 and AFG2 in the range of 

0.5-12 µg mL-1 were made in Microsoft Excel using the working solutions.  The linear 

regression parameters measured for AFB1, AFB2, AFG1, and AFG2 using Discovery column, 
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Supelco are given in Table 4.2.  The calibration curves were also evaluated by its correlation 

coefficient, slope and intercept.  Linear curves with linear equations for individual AFs were 

shown in Table 4.2.  

 
Table 4.2.  Parameters of linear regression measured for aflatoxins (AFB1,   
  AFB2,  AFG1, and AFG2) in HPLC 
 

Aflatoxin 
Concentration 

µg mL-1 
Slope (m) Intercept (x) R2 

AFB1 1 – 100 4103.3 – 2941.2 0.98 

AFB2 0.5 – 12 3421.9 1798 0.99 

AFG1 1 – 100 15435.2 11317 0.99 

AFG2 0.5 – 12 14315.3 2014.7 0.98 

y = mx + c; y = peak area, x = µg injected, R2 = regression coefficient  
 
 
The injected working solution gave excellent values of regression coefficient, slope and 

intercept for AFs (AFB1, AFB2, AFG1, and AFG2).  Regression coefficient (R2) values are ≥ 

0.98 whereas slope and intercept are in the range of 3421.9 – 15435.2 and -2941.2 – 2014.7, 

respectively (Table 4.2).    

 
4.1.4 Precision and Accuracy 
  
The validated method was tested to fine applicability to the analysis of quality parameters 

such as limit of detection (LOD) and limit of quantitation (LOQ), sensitivity and precision 

(Miller and Miller, 1988). Validation results are demonstrated in Table 4.3.  In order to 

assess the precision of the proposed method, reproducibility (R) and repeatability (r) were 

estimated. Both were expressed as percent RSD and compared with the established values by 

Codex Alimentarius Commission of the World Health Organization and European Union 

(EU Directive, 2001). 
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Table 4.3.  Analytical parameters executed with the HPLC method for the analysis of  
  aflatoxins (AFB1, AFB2, AFG1, and AFG2). 

 
 RSD: relative standard deviation; LOD: limit of detection; LOQ: limit of quantification. 
a Supelco C18 5 µm column at 40 oC, flow rate: 1.0 mLmin-1; mobile phase: acetonitrile: methanol water:, 
(20;20:60 v/v/v); Excitation wavelength: 360 and Emission wavelength 440 nm 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4.1:  Standard chromatogram of AFs standards 
 

 

 

 

Within-day (Intra-day) precision and accuracy of the present methodology were evaluated by 

analyzing three extracts of each quality control (QC) sample on the same day. To determine 

between-day (Inter-day) accuracy and precision, the QC samples were analyzed in triplicate 

Aflatoxin 
Retention 

time 
(min.)a 

Linearity 
(µg mL-1) 

LOD 
 (µg mL-1) 

LOQ  
(µg mL-1) 

Precision 
(%RSD) 

Repeatability Reproducibility 
AFB1 4.85±1.16 1 – 100 0.05 0.53 4 8 

AFB2 7.58±0.78 0.5 – 12 0.1 0.60 2 12 

AFG1 5.76±1.05 1 – 100 0.05 0.53 2 12 

AFG2 6.28±0.56 0.5 – 12 0.1 0.60 5 10 

AFB12aAFG12a 

AFG2 

AFB2 
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for five days. Between- and within-day precisions were expressed as the relative standard 

deviation (RSD%) of the measured QC samples. Precision and accuracy of the aflatoxin 

analyses were carried out separately according to the quoted guidelines in literature (Tavcar-

Kalcher et al. 2007; De Smet et al., 2009). 

 
 
Table 4.4: Between- and within-day precision (RSD%) and accuracy of aflatoxins. 
 

Added Conc. 
(µg kg-1) 

Within-day assay (n = 3) Between-day assay (n =3) 
Measured Conc. 
 (mean ± SD) (µg kg-1) 

RSD 
(%) 

Accuracy 
(%) 

Measured Conc.  
(mean ± SD) (µg kg-1) 

RSD 
(%) 

AFB1 
2 1.70 ± 0.10 6 85.00 1.45 ± 0.14 10 
5 4.85 ± 0.36 7 97.00 4.66 ± 0.30 6 
10 9.95 ± 0.62 6 99.50 9.25 ± 0.75 8 
AFB2      
2 1.45 ± 0.15 10 72.50 1.38 ± 0.13 9 
5 4.60 ± 0.42 9 92.00 4.46 ± 0.49 11 
10 9.44 ± 0.72 7 94.40 9.35 ± 0.76 8 
AFG1      
2 1.62 ± 0.12 7 81.00 1.39 ± 0.14 10 
5 4.44 ± 0.48 11 88.80 4.42 ± 0.43 10 
10 9.90 ± 0.78 8 99.00 9.40 ± 0.81 9 
AFG2      
2 1.25 ± 0.11 9 62.50 1.19 ± 0.17  14 
5 4.44 ± 0.51 11 88.80 4.36 ± 0.51 12 
10 9.35 ± 0.78 8 93.50 9.15 ± 0.88 10 

 
 
 
 
Mycotoxins are group of toxic and low molecular weight compounds that are present 

naturally in foods and food products and affect humans and animals. They are produced by 

filamentous fungi, but the presence of toxins in food does not grantee the presence of fungi at 

a same time. It is critical to distinguish that which class of mycotoxins are more toxic and 

could be used as the most effective for bio-weapons. Some classes of mycotoxins which are 

not found in food may be more toxic. The knowledge regarding fungi and then corresponding 

toxins production which is known fungal chemotaxonomy is crucial and of complicated. 

Generally mycotoxins are classified as toxic organic compounds produced by fungi that 

contaminate crops in field during pre-harvest or during storage as post-harvest and thus pose 
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a potential hazard to human and animal health.  Among 500 recognized mycotoxins, only 

some moulds have the ability to produce mycotoxins and they are called as toxigenic molds. 

The main mycotoxin-producing fungal genera are Aspergillus, Fusarium, and Penicillium 

(Santin, 2005). 

The validation procedure was performed with samples of chili, projected for human 

consumption, procured from the local market and from different locations of Punjab, 

Pakistan.  The validation has been performed on samples which are not contaminated with 

AFs.  For validation measurements, samples were spiked with aflatoxin B1, B2, G1 and G2 

prior to the extraction using the working standard solution with the aflatoxin (B1, B2, G1 and 

G2) concentration of 10.0 ng mL-1. The preferred volume of standard solution was applied to 

analytical portion of ground chili and the spiked samples were kept at room temperature for 

half an hour prior to their extraction. 

The extraction of aflatoxins (B1, B2, G1 and G2) from samples were made with little 

modification of the method mentioned in section 3.2 (Akiyama et al., 2001).  Different 

studies have documented the use of immunoaffinity columns to clean the extract and HPLC 

measurements following the instruction for the use of immunoaffinity columns (R-Biopharm 

Rhone, 2001) whereas in present  studies, MycoSep # 226 clean up columns were used which 

gave excellent recovery of the spiked concentration and no interfering compounds were 

detected in the chromatograms. 

The validation and performance of an analytical method is checked with recoveries of the 

analytes, LOD, LOQ and detector response to linear equations.  The data given in Tables 4.6, 

4.10, 4.13, 4.16 and 4.19 indicated that overall recoveries percentages of AFs spiked at level 

2, 4 and 6 µg kg-1 in Table 4.6 while 2, 5 and 10 µg kg-1 in the remaining tables revealed that 

the recoveries were in the range of 89 to 95% and 82 to 93% with relative standard deviation 

(RSD%) 3 to 4 and 1 to 9, respectively.  The recoveries % of the present validated method is 

much better than the value reported by Tavcar-Kalcher et al. 2007. They reported 72% 

recoveries with 17 to 22 RSDR after spiking of AFB1 to animal liver using immunoaffinity 

column. The recoveries results of present studies are encouraging and much better after 

comparing the values with Codex values (Aysal et al., 2007). 

HPLC is always very popular method for the analysis of AFs in food and food products. The 

advantage of the present studies is the linear response of all AFs in reverse phase by HPLC 
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equipped with fluorescence detector. The mobile phase in combination with methanol, water 

and acetonitrile has shown good resolution of all peaks of AFB1, AFB2, AFG1 and AFG2 as 

presented in Figure 4.1.  The linear behavior of all metabolites of AFs was calculated using 

the equation y = mx + c where y = peak area and m represents to th amount (µg) of standard 

injected to HPLC system.  The linear regression coefficient (R2) values were ≥ 0.98 which is 

comparable with other studies (Trucksess et al., 1994; Tanaka et al., 2007). 

In method validation, Limit of detection (LOD) and limit of quantification (LOQ) are 

important parameters to be determined.  The LODs for AFs are 0.05 and 0.1 µg mL-1 for 

AFB1, AFG1 and AFB2, AFG2, respectively.  The values of repeatability (RSDr) and 

reproducibility (RSDR) are in the range of 2 to 5 and 8 to 12, respectively.  The LOQs listed 

in Table 4.3 are in agreement as reported by Muscarella et al., 2007 who validated a method 

for AFM1 by HPLC with fluorescence detector in milk. 

Intra-day and Inter-day precision and accuracy are also evaluated for the authenticity of the 

developed method for the undertaken study.  Each spike level was analyzed three times and 

then accuracy and precision were calculated in Excel programme (Table 4.4).  The results 

produced from the study showed good agreement with latest study conducted Italian scientist 

to validate methodologies for the analysis of aflatoxin M1 in different samples of milk.  The 

within-laboratory reproducibility (RSDR) was in the range of 6.9 to 16.8% whereas in the 

present study the values were in 6 to 14%. 

The validated method based on MycoSep-226 followed by a liquid chromatographic 

separation with Fluorescence detection, for the determination of fungi produced aflatoxins in 

cereal, in terms of recovery, precision, limit of detection, limit of quantitation, reproducibility 

and repeatability showed results according to the published data and Codex guidelines.  

Provided the necessary facts of validated method it is clear that this can be an efficient, cost 

effective and time saving methodology for the analysis of aflatoxins in cereal commodities. 
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4.2 Detection of Aflatoxins in Chilies 
 
Spices are contaminated with various microorganisms as well as toxigenic moulds 

(especially Aspergillus spp.) which have AFs producing potential (Martins et al., 2001; 

Fazekas et al., 2005; Reddy et al., 2001; Banerjee and Sarkar, 2003). Spices are either 

eaten raw or used in food without any further processing therefore, they pose considerable 

health problems. Regulatory agencies have imposed uniformly rigorous standards on the 

level of acceptance in imported commodities including spices, due to the frequent 

occurrence of mycotoxins. European Union (EU) has set an acceptable level of AFs for 

spices at 5 µg kg-1 for AFB1 and 10 µg kg-1 for total AF (B1 + B2+G1 + G2) (Commission 

Regulation, 2010). 

In humans and animals, AFB1 is the most potent hepatocarcinogen recognized and it is 

classified by the International Agency of Research on Cancer (IARC) as Group 1 

carcinogen (IARC, 1993). In tropical and subtropical regions, the incidence of AFs in 

foods and feeds is relatively high, where climatic conditions provide optimal conditions 

for the growth of moulds (Rustom, 1997). Furthermore, in some areas of Africa and Asia 

a correlation between dietary exposure to AFs and the incidence of human liver cancer 

has been documented (Hill et al., 1986). 

Chili (Capsicum annuum L.) is a cash crop of Pakistan, Sindh is the major producer of 

chilies followed by Punjab and Balochistan.  Chilies are commonly grown in countries 

having warm climates and are used as ingredients in the preparation of sauces, including: 

Gargoyle chilli sauce, Classic chili sauce and Cornish winter sauce. Aflatoxin 

contamination of chilli components in spice preparations used in domestic cooking can 

occur and pose a serious public health risk (Patel et al., 1996). Red pepper, in particular, 

appears to be quite a susceptible product for aflatoxin formation as a result of unsuitable 

processing conditions (Coksoyler, 1999). Several reports have shown the presence of 

xerophilic mould species, especially Aspergillus fumigatus, A. flavus, A. niger and A. 

ochraceus in pepper samples (Seenappa and Kempton, 1980; Mathyastha and Bhat, 1984; 

El-Kady et al., 1995; Adegoke et al., 1996; Friere et al., 2000). 

 
4.2.1 Determination of AFB1 in whole and ground chilies 
 
Aflatoxins, particularly AFB1 which can be found as a residue in animal liver and chicken 

eggs (Hayes et al., 1977; Fernandes et al., 2000), are considered to be the most potent and 
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carcinogenic mycotoxins. Their content in food and feed is synchronized by legislation 

worldwide, also in EU (FAO, 2004; European Commission, 2010). 

AFB1 was determined in each of 22 whole and ground chili samples. The recoveries of 

AFB1 were analyzed by spiking 2, 4 and 6 µg kg-1 of AFB1 in uncontaminated chilies and 

shown in Table 4.5.  

 

Table 4.5:  Recoveries of AFB1 from spiked chilies 

 
 

 

 

 

 

 

 

 

 

a Mean recoveries were calculated by analyzing three replicate samples at each spiked level 
 

 

The data of AFB1 contamination was presented in Table 4.6.  Out of 22 samples 19 of 

ground and 16 of whole chilies were positive with AFB1 contamination and maximum 

concentration was 89.6 µg kg-1 and 96.3 µg kg-1
, respectively.  

 
Table 4.6.  AFB1 level (µg kg-1) in chilies samples collected from different regions of   
                  Punjab, Pakistan 

 

Type n 
Positive 
Samples 

n (%) ≥ 5 
µg kg -1 

n (%) > 
10µg kg -1 

Max  
µg kg -1 

Range 
µg kg -1 

*Mean ± SD 
µg kg -1 

Ground 
Chilies 

22 19 4 (21) 12(55) 89.6 0.00- 89.6 32.20 ±9.15 

Whole 
Chilies 

22 16 6  (38) 8  (36) 96.3 0.00- 96.3 24.69 ±8.19 

 
*Aflatoxins = Mean of AFB1 

 

The mean concentration of AFB1 in ground and whole chili was 32.20 ± 9.15 µg kg-1 and 

24.69 ± 8.19 µg kg-1, respectively.  Distribution of AFB1 in samples was also observed in 

terms of acceptable upper limit for AFB1 established by EU i.e. 5 µg kg-1 for AFB1 and 

10 µg kg-1 for Total AFs. About 21% ground and 38% whole chili samples were 

contaminated above the recommended limit of EU for AFB1 for chilies.  

Type of AFs 
Spiked Level 

µg kg-1 

aMean Recovery 
% 

RSD 
% 

AFB1 

2 89.2 2.91 

4 93.8 2.95 

6 95.3 3.94 
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This part of work has been already published as (Iqbal et al., 2010a). 

 

4.2.2 Aflatoxins Contamination in Chili samples from Faisalabad District 

 

 Faisalabad is an important city in terms of industrial and agricultural activites. It is 3rd 

biggest city of Pakistan in terms of Population and in terms as city of textile. Samples, 28 

of whole and 22 of ground chili were collected from Faisalabad district and were 

analyzed for the presence of AFs contamination. The mean concentration of total and 

individual AFs were presented in Table 4.7: 18 out of 28 sample of whole while 14 out of 

22 of ground chilies were found positive with AFs contamination. The mean total AFs in 

whole and ground chilies were 16.34 ± 0.78 and 18.75 ±1.12 µg kg-1, respectively. 

 

 
Table 4.7:  Mean of total and individual aflatoxins in whole and ground chilies 

a Mean of positive samples 

 

 

Table 4.8 summarizes the aflatoxins contamination data: 18 (64 %) samples were positive 

in whole chilies having contamination ranging from 0.0 to 61.5 µg kg-1, compared with 

14(63.6 %) for ground chilies ranging from 0.0 to 65.9 µg kg-1. However, 50 % and 32 % 

of whole and ground chilies respectively had levels of AFB1 above the EU legislative 

permissible limit. Total AFs concentration were found to be higher than the permissible 

EU limit in 36 % and 41% of wholes and ground chilies respectively, implying that the 

problem is more severe in case of ground chilies.  

 
 
 
 
 
 
 
 

Sample 
Category 

n 
Positive 
samples 

aMean AFs 
( µg kg-1

) 

aMean of individual Aflatoxins ( µg kg-1) 

AFB1 AFB2 AFG1 AFG2 
Whole 
chilies 

28 18 16.34 ± 0.78 14.73 ± 0.48 0.41 ± 0.12 1.01 ± 0.15 0.19 ± 0.04 

Ground 
Chilies 

22 14 18.75 ± 1.12 15.68 ± 0.61 0.57± 0.19 1.74 ± 0.29 0.76 ± 0.03 
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Table 4.8: Total aflatoxins level in whole and ground chilies from Faisalabad (n= sample  
  size) 

 

 
 
4.2.3 Aflatoxins Contamination in Chilies from different regions of Punjab 

 Pakistan 
 

Total AFs contamination was determined in each of 78 samples of whole and ground 

chilies collected from different regions of Punjab. The recovery study was performed by 

adding 2, 5 and 10 µg kg-1 of each AFs standard to uncontaminated chilies (Shown in 

Table 4.9). The spiked samples of control chilies provided high levels of recoveries of all 

AFs. 

 

Table 4.9:  Recoveries of aflatoxins from spiked chilies 

a Each value is a mean of three replicates 

 

The mean concentration of total and individual AFs are presented in Table 4.10: The data 

indicates that 26 out of 78 sample of whole and 31 out of 78 samples of ground chilies 

were positive with AFs contamination.  The mean total AFs in whole and ground chilies 

were 19.4 ± 0.78 and 21.1 ± 1.2 μg kg-1, respectively.  

 

 

 

 

 

Sample 
Category 

n 
Positive 
Samples  

AFB1 Total AFs Range of AFs  RSD 

  n (%) 
n  > 5 ( µg kg-1) 

% 
n   > 10 ( µg kg-1) 
% ( µg kg-1) % 

Whole Chilies 28 18  (64) 50 36 0.00- 61.50 3.02 

Ground chilies 22 14  (63.6) 32 41 0.00- 65.93 4.30 

Spiked 
Level 
( μgkg-1 ) 

AFB1 AFB2 AFG1 AFG2 
aMean 
Recovery 
(%) 

RSD 
(%) 

aMean 
Recovery 
(%) 

RSD 
(%) 

aMean 
Recovery 
(%) 

RSD 
(%) 

aMean 
Recovery 
(%) 

RSD 
(%) 

2 90.7 7.1 87.0 9.15 90.0 6.7 91.5 7.5 

5 90.0 8.9 91.8 7.82 87.7 5.7 91.8 5.6 

10 90.7 6.3 90.0 8.11 91.3 8.3 90.0 8.9 
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Table 4.10:  Mean of total and individual aflatoxin levels in positive samples of  
  whole and ground chilies from different regions of Punjab 

 

a Mean of positive samples , b.c Values not sharing a common superscript alphabet differ significantly, p < 
0.05. 

 

Table 4.11 summarizes the AFs contamination data: 26 (33 %) of samples were positive 

in whole chilies with concentrations ranging from 0.00 to 81.5 μg kg-1, compared to 31(40 

%) for ground chilies and ranging from 0.00 to 84.8 μg kg-1. However, 18 (23 %) and 23 

(30 %) of whole and ground chilies respectively had levels of AFB1 above the EU 

statutory permissible limit. Total AFs concentration were found to be higher than the 

permissible EU limit in 12 (15 %) and 18 (23%) of wholes and ground chilies 

respectively implying that the problem is more severe in ground chilies. 

 
Table 4.11:  Incidence and range of total aflatoxins level in whole and ground   
  chilies  from different regions of Punjab (n= sample size) 

 

 

The findings of this research work has already been published as (Iqbal et al., 2010b). 

 

 

 

Sample 

Category 
n 

Positive 

samples 

aMean AFs  

( μg kg-1 ) 

aMean of individual Aflatoxins ( μg kg-1 ) 

AFB1 AFB2 AFG1 AFG2 

Whole 

chilies 
78 26 19.4 ± 0.8b 17.4 ± 0.5 0.5 ± 0.1 1.2 ± 0.2 0.4 ± 0.1 

Ground 

Chilies 
78 31 21.1 ± 1.1c 18.5 ± 0.6 0.5± 0.2 1.7 ± 0.3 0.3 ± 0.1 

Sample 
Category 

n 

Positive 
Samples  

AFB1 Total AFs 
Range of 
AFs  

RSD 

n (%) 
n  ˂  5 
( μg kg-1 ) 
% 

n  > 5  
(μg kg-1 )  
% 

n  ˂ 10 
( μg kg-1 ) 
% 

n   > 10  
( μg kg-1 ) 
% 

( μg kg-1 ) % 

Whole 
Chilies 

78 26  (33) 8  (10) 18  (23) 14  (18) 12  (15)  0.0- 81.5 4.0 

Ground 
chilies 

78 31  (40) 8  (10) 23  (30) 13  (17) 18  (23) 0.0- 84.8 5.3 
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4.2.4 Variation of Aflatoxins Contamination in Chilies from Different 
 Production Areas 

  
Analysis of AFs contamination in 44 samples each (n = 22 whole and n = 22 ground) 

chilies from rural, semi-Urban and urban areas of Punjab were analyzed. Table 4.12 

demonstrates the recoveries by adding 2, 5 and 10 µg kg-1 of each AFs standard to 

uncontaminated chilies. The spiked samples of control chilies provided high levels of 

recoveries of all AFs. 

 

Table 4.12:  Recoveries of aflatoxins from spiked chilies 
 

 

 

 

 

 
a aEach value is mean of three replicates  

 

The mean concentrations of AFB1 and total AF of the samples are presented in Table 

4.13. There exists statistically significant differences between sampling areas and AF 

level (t = -9.8 and p ˂ 0.05 at α = 0.05) and chili preparation (i.e. powdered or whole) and 

AFs levels (t = - 8.4 and p ˂ 0.05 at α = 0.05). Twenty three (52.3%), 22 (50%) and 29 

(65.9%) of samples from rural, semi-rural and urban areas respectively, were higher than 

the EU limits (> 5 μg kg-1for AFB1 and > 10 μg kg-1 for total AFs) for AFs that apply to 

spices. The totals of ground samples which were higher than EU regulation for AFs were 

12 (54.5%), 10 (45.4%) and 15 (68.2%) from the same areas. Mean values for AFB1 in 

ground samples were 23.8, 14.8 and 14 μg kg-1 for rural, semi-rural and urban areas 

respectively. Total AFs in ground samples were 27, 17.7 and 16.2 μg kg-1 for these 

locations.  

 

 

 

 

 

Spiked 
Level 
(μg kg -1) 

AFB1 AFB2 AFG1 AFG2 
aMean 
Recovery 
(%) 

RSD 
(%) 

aMean 
Recovery 
(%) 

RSD 
(%) 

aMean 
Recovery 
(%) 

RSD 
(%) 

aMean 
Recovery 
(%) 

RSD 
(%) 

2 87.5 2.23 85.5 1.34 83.2 3.14 85 2.30 

5 86.6 2.14 87.3 1.65 85.4 1.86 89 2.34 

10 89.4 1.94 88.8 3.23 87.3 1.65 87 2.84 
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Table 4.13.  Mean concentrations of aflatoxin B1 and total aflatoxins in chilies   
  from rural, semi-rural and urban areas 

 

 

 

 

 

 

 

 
a Mean of positive samples, The value with different letters are significant at (p < 0.05) 

 

On the other hand, the numbers of samples higher than EU limit for AFs in whole chilies 

were 11 (50%), 12 (54.5%) and 14 (63.6%) from rural, semi-rural and  urban areas 

respectively (Table 4.14). Mean AFB1 values for whole chilies were 18.4, 11 and 12 μg 

kg-1 for these samples. Total AFs for whole chilies were 23.2, 14.9 and 16.1 μg kg-1 for the 

equivalent samples. 

 

Table 4.14.  Incidence of aflatoxin B1 and total aflatoxins in chilies from rural,  semi- 
  rural and urban areas 

 

 

 

 

 

This part of work has been published as (Iqbal et al., 2010c) 

 

Region Chilies  n 

Positive 
Sample

s 
Mean of AFB1 Total AFs 

n 
aMean 

( µg kg-1) 
SD 

aMean 
( µg kg-1) 

SD 

Rural Ground  22 12 23.83 1.26 27.68b 1.34 
Whole 22 11 18.39 1.07 23.02c 1.45 

Semi Urban Ground  22 10 14.84 1.14 17.86d 1.23 
Whole 22 12 11.00 1.11 14.89e 1.16 

Urban Ground  22 15 13.99 0.89 16.20f 1.24 
Whole 22 14 11.97 0.76 16.05f 1.31 

Region Chilies n 

Positive 
Samples 

Range of AFB1 Range of Total AFS 

(%) (µg kg-1) 
% age  
n > 5 
µg kg -1 

(µg kg -1) 
% age  
n > 10µg kg -1 

Rural Ground  22 54.5 0.00- 67.33 45.4 0.00-73.6 40.91 

Whole 22 50.0 0.00- 60.00 27.3 0.00-70.67 27.3 

Semi Urban Ground  22 45.4 0.00-48.33 36.4 0.00-55.60 27.3 

Whole 22 54.5 0.00- 39.00 40.9 0.00-45.67 31.8 

Urban Ground  22 68.2 0.00-45.17 59.0 0.00-55.00 50.0 

Whole 22 63.6 0.00-31.83 50.0 0.00-43.67 40.9 
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4.2.5 Variation of Aflatoxins Contamination in Chilies produced in Summer 
 and Winter Seasons 

 
To investigate the seasonal effect on the AFs contamination, 43 sample in winter and 42 

samples in summer has been analyzed. Table 4.15 demonstrates the recoveries by adding 

2, 5 and 10 µg kg-1 of each AF standard to uncontaminated chilies. The spiked samples of 

control chilies provided high levels of recoveries of all AFs. 

 

Table 4.15:  Recoveries of aflatoxins from spiked chilies  

 

a Each value is of three replicate    

 

Significant increases in AFs contamination was demonstrated in summer compared to 

winter chili samples at α = 0.05 (p = .001 and t = -13.4). Also, ground chilies had 

significantly more contamination than whole at α = 0.05 (p = 0.002 and t = - 9.97). Table 

4.16 summarizes the AFs contamination data: In the case of the winter samples, 18 (72 

%) samples were positive in whole chilies compared with 14 (71 %) for ground chilies. 

Forty eight and 50 % of whole and ground chilies respectively had levels of AFB1 above 

the EU legislative permissible limit for spices. In the case of the summer samples, 17 

(64%) whole chilies and 12 (76%) ground chilies were positive. The mean concentration 

of total AFs in whole and ground chilies in the winter samples were 14.1 ± 0.8 and 16.8 

±1.1 µg kg-1 compared with 18.1 ± 1.0 and 21.0 ± 1.0 µg kg-1 for the summer samples, 

respectively.  

 

 

 

 

 

Spiked 
Level 
( µg kg-1

) 

AFB1 AFB2 AFG1 AFG2 
aMean 
Recovery 
(%) 

RSD 
(%) 

aMean 
Recovery 
(%) 

RSD 
(%) 

aMean 
Recovery 
(%) 

RSD 
(%) 

aMean 
Recovery 
(%) 

RSD 
(%) 

2 90.7 2.08 87.0 1.15 90.0 1.67 91.5 1.44 

5 90.0 2.94 91.8 0.82 87.7 1.71 91.8 1.37 

10 90.7 2.29 90.0 1.11 91.3 2.28 90.0 2.94 
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Table 4.16 :  Mean of total and individual aflatoxin levels in positive samples of   
  whole and ground chilies from winter and summer seasons 

 
a Mean of positive samples, b,c the different letters in column are statistically significant at α = 0.05  
 
 
The percentage of samples of whole chilies with AFB1 and total AFs greater than EU 

limit were 52 and 38% compared to 54 and 49 % in ground chilies respectively (Table 

4.17). Total AFs contamination was high in summer ground chili samples ranging from 

0.0 to 95.9 µg kg-1 compared with the whole chilies samples which ranged from 0.0 to 

61.5 µg kg-1. However, samples from winter ground and whole chilies had AF 

contamination ranging from 0.0 to 74.6 and 0.0 to 52.3 µg kg-1, respectively. 

 

Table 4.17 :  Incidence and range of total aflatoxins level in whole and ground chilies  
  from winter and summer seasons (n= sample size) 
 

 

 

 

This study has been published as (Iqbal et al., 2010d) 

 
Sample 
Category 

n 
Positive 
samples 

aMean AFs 
 ( µg kg-1

) 

aMean of individual Aflatoxins ( µg kg-1) 

AFB1 AFB2 AFG1 AFG2 
Winter  Whole 

chilies 
25 18 14.12 ± 0.78 12.51± 0.44 0.41 ± 0.12 1.01 ± 0.11 0.19 ± 0.10 

Ground 
Chilies 

18 12 16.79 ± 1.12 13.72 ± 0.34  0.57± 0.13 1.74 ± 0.45 0.76 ± 0.54 

Total 43 30 15.46 ± 1.89 b 13.12 ± 0.86 0.49 ± 0.11 1.38  ±0.52 0.48 ± 0.40 

Summer Whole 
Chilies 

24 17 18.11 ± 0.95 16.50 ± 1.32 0.41 ± 0.21 1.01 ± 0.32 0.19 ± 0.14 

Ground 
Chilies 

18 12 20.97 ± 1.01 17.90 ± 1.25 0.57 ± 0.19 1.74 ± 0.21 0.74 ± 0.12 

Total 42 29 19.54± 2.02c 17.20 ± 0.99 0.49 ±0.12 1.38 ± 0.52  0.48± 0.40 

Seasons 
Sample 

Category 

n 
Positive 
Samples 

AFB1 Total AFs 
Range of 

AFs 
RSD 

 n (%) 
n  > 5  

( µg kg-1)  % 
n   > 10  

( µg kg-1) % ( µg kg-1) % 

Winter 
Whole Chilies 25 18  (72) 48 36 0.00- 52.3 4.02 

Ground chilies 20 14  (60) 50 45 0.00- 74.56 5.30 

Summer 
Whole Chilies 24 17 (64) 52 38 0.00-61.5 3.03 

Ground Chilies 18 12 (76) 54 49 0.00-95.93 4.49 
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4.2.6 Aflatoxins Determination in different Chili varieties  
 

 
 The recoveries of the AFs are provided in Table 4.18. The recovery study was performed 

on three separate days by adding 2, 5 and 10 µg kg-1 of each AFs standard to 

uncontaminated chilies. The spiked samples of control chilies provided high levels of 

recoveries of all AF. For spiking 2, 5, 10 µg kg-1 of AFB1 and AFB2 have mean recoveries 

of 89.7, 91.0, 86.7 and 89.0, 92.3, 90 µg kg-1, respectively. AFG1 and AFG2 have mean 

recoveries 90.0, 87.7, 88.5 and 87.4, 90.4, 89.9 at level of 2, 5 and 10 μg kg-1, 

respectively. This method demonstrated good repeatability and intra-laboratory 

reproducibility. 

 

Table 4.18:  Recoveries of aflatoxins from spiked chilies  

 

 

 

 

 

 
a aEach value is mean of three replicates    

 

Table 4.19 summarizes the AFB1 and total AFs concentrations in the three varieties. In 

Longi these were from 4.7 to 30.8 and 4.7 to 34.6 μg/kg respectively. In Wonder hot these 

were from 1.00 to 14.3 and 1.00 to 14.3 µg kg-1, respectively. In Skyline 1 these were 

from 7.5 to 13.4 and 7.80 to 15.60 µg kg-1, respectively. There was a significant 

difference between Longi and Wonder hot (p = .009), but there is no significant 

difference of variance between Longi and Skyline 1 (p = 0.287). Tamhane analysis gave 

similar results to the Scheffe test.  

Table 4.21 compares the samples for AFB1 and total AF which were higher than the EU 

maximum limit for spices. Sixty percent samples were positive for AFs from Longi and 

53% were higher than EU permissible limits for AFB1 and total AFs. For Wonder hot, 

67% of samples were positive, whereas 33 and 8% samples were higher than the EU limit 

for AFB1 and total AFs, respectively. Fifty four percent samples were positive for Skyline 

 
Spiked 
Level 

AFB1 AFB2 AFG1 AFG2 

a
Recovery RSD aRecovery RSD aRecovery RSD aRecovery RSD 

( µg kg-1) (%) (%) (%) (%) (%) (%) (%) (%) 

2 89.7 2.5 89 1.4 90 1. 7 87.4 2.3 

5 91 3.1 92.3 2.1 87.7 1.7 90.4 2.4 

10 86.7 1.9 90 1.1 88.5 2.5 89.9 3.5 
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1 and the numbers of samples which were higher than the EU limits were 54 and 38% 

respectively. 

 

Table 4.19:  Total and individual concentration (µg kg-1) of aflatoxins in three   
   varieties of chilies  
 

 
 
 
 
 
 
 
 
 
 

n.d = Not detected;  ˂LOQ = ˂ Limit of Quantification 
 

 
Table 4.20:  Incidence range of aflatoxins in different chilies varieties 

 

Chili Varieties 
Total 

sample 
Positive 
sample 

Range n for AFB1  ≥ 
5  µg kg-1 % 

n for total AFs  
≥ 10  µg kg-1 

% 
n (%) ( µg kg-1) 

Variety 1 15 60 4.70- 34.6 53 53 

Variety 2 12 67 1.00- 14.3 33 8 

Variety 3 13 54 7.80 -15.6 54 38 

Varieties Name Concentration  (µg kg-1) 
AFB1 AFB2 AFG1 AFG2 Total AFs 

Variety 1 (Longhi) 

11.9 n.d 2.30 n.d 14.2 ±0 .76 
9.80 n.d 2.90 n.d 12.7 ±0.92 
7.50 1.50 2.50 n.d 11.5 ±0.56 
30.8 1.40 2.40 ˂ LOQ 34.6 ±1.12 
4.70 n.d ˂ LOQ n.d 4.70 ±0.11 
12.8 n.d n.d n.d 12.8 ± 0.34 
24.5 n.d n.d n.d 24.5 ±0.98 
14.1 ˂ LOQ 1.50 ˂LOQ 15.6 ±0.78 
12.6 n.d n.d n.d 12.6 ± 0.23 

Variety 2 (Wonder hot) 

     
9.00 n.d n.d n.d 9.00 ± 0.21 
5.60 n.d 2.90 n.d 8.50 ± 0.34 
2.00 n.d ˂ LOQ ˂ LOQ 2.00 ± 0.31 
14.3 n.d n.d n.d 14.3 ± 0.79 
1.00 n.d n.d n.d 1.00 ± 0.09 
5.00 n.d n.d n.d 5.00 ± 0.15 
3.40 n.d n.d n.d 3.40 ±0.39 
3.00 n.d n.d n.d 3.00 ± 0.21 

Variety 3 (Skyline 1) 

     
11.2 1.50 2.90 n.d 15.6 ± 0.67 
13.4 n.d 1.10 n.d 14.5 ± 0.62 
12.5 n.d ˂ LOQ n.d 12.5 ± 0.89 
7.50 1.10 3.60 1.20 13.4 ± 0.52 
9.60 n.d n.d n.d 9.60 ± 0.31 
7.80 n.d n.d n.d 7.80 ± 0.49 
11.7 n.d n.d n.d 11.7 ± 0.53 
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are especially favorable for mould contamination and AFs production (Vrabcheva, 2000; 

Fazekas et al., 2005). Among mycotoxins, AFs is the most common in spices. AFs can 

contaminate spices in the field, during drying, during storage or during processing stages 

(Elshafie et al., 2002). 

Mycotoxins are the fungal compounds that can pollute agricultural matrices and threaten 

food safety.  The Food and Agriculture Organization (FAO) estimates that mycotoxins 

contaminate ≈ 25% of agricultural crops in the world (Smith et al., 1994).  Aflatoxins have 

mutagenic, carcinogenic, hepatotoxic actions and spermatotoxic effects (Groopman et al., 

1996; Mace et al., 1997; Agnes and Akbarsha, 2003).  Aflatoxins (AFs) are noxious 

compounds formed by the moulds Aspergillus parasiticus, Aspergillus flavus, and 

Aspergillus nomius which grow on food grains, fruits, nuts etc. mainly under humid 

conditions.  The toxins are usually found as a mixture of AFB1, AFB2, AFG1 and AFG2 and 

can access the human and animal systems through contaminated food, and cause the disease 

known as aflatoxicosis.  A lot of research has been conducted worldwide and reported the 

presence of AFs in retail chilies (Sugimoto et al., 1977; Norizuki et al., 1987; Sugita-Konishi 

et al., 2006). 

AFs are produced by strains of A. flavus, A. parasiticus and A. nomius (Iqbal et al., 2010d). 

The fungus A. flavus produces only B AFs (AFB1 and AFB2), while A. parasiticus and A. 

nomius have the ability to produce both B and G toxins. Toxic effects of aflatoxins include 

carcinogenic, mutagenic, teratogenic, and immunosuppressive activity (Paterson and Lima, 

2010). 

The presence of AFs contamination above the EU recommended limit in paprika has banned 

by the Hungarian Government in 2004 (EC, 2006). Paprika has entered European Union via 

Spain, imported overseas from developing countries, including Brazil (FSIS, 2005). The 

large extent of aflatoxins and OTA contamination in paprika samples could be explained by 

tropical and subtropical climate, under which pepper is grown. High temperature and 

humidity offer a favorable environment for mould growth and mycotoxin development 

(Shundo et al., 2009). 

Most local chilies products have been designated for export, therefore, controlling AFs and 

OTA levels in paprika produced in our country is important in order to guarantee a 
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contamination-free product, at the same time decreasing the health risks and improving the 

quality of these products. 

Huge number of scientific papers has documented the list of raw materials and processed 

foods contaminated by AFs and indicated that it is continuously increasing from 1960s, only 

peanuts are recognized to be contaminated by AFs, to cereals, cocoa, coffee, dried fruits and 

spices (Zinedine et al., 2006). AFB1 is the most common toxin in spices with high levels and 

chili samples are the most frequent contaminated substrate (Romagnoli et al., 2007).  

The results of the AFB1 analysis of whole and ground chilies were presented in Table 4.7. 

About 86% samples of ground chilies while 73% of whole chilies were positive with AFB1 

which is in complete agreement with previous finding by Hierro et al., 2008 from Spain who 

observed that 90% of red paprika samples were positive with AFB1 with average 

concentration of 1.1 µg kg-1. However, Zinedine et al., 2006 from Morocco has reported 

100% samples of paprika contaminated with AFB1 ranged from 2.88 µg kg-1 for AFB1, and 

5.23 µg kg-1 for total AFs. In present finding samples of whole chilies showed relatively 

lowest AFB1 contamination. Ground chili samples showed the highest mean concentration of 

AFB1 (32.20 ± 9.15 µg kg-1) compared with whole chilies (24.69 ± 8.19 µg kg-1). The 

number of whole chilies with at least 5 µg kg-1 AFB1 (the EU limit) was 16 (73%) with a 

range of 0.00–96.3 µg kg-1; 19 (86.4%) of the ground chili samples (range from 0.00 to 89.56 

µg kg-1) were contaminated with AFB1. The highest concentration in ground chilies was 

89.56 µg kg-1, which is 18- times higher than the EU permissible limit. Erdogan, 2004 from 

Turkey has observed that 96% sample of red pepper contaminated with AFB1, however less 

number of samples i.e. 15% of the samples having AFB1 was excess of the maximum 

permissible level compared with the present finding.  

The reason for high levels of AFB1 is a result of lying red peppers on soil and asphalt for 

drying and storage under high humidity levels and insufficient control of transport and shop 

conditions. These results showed that AFB1 occurrence in red pepper could relatively be a 

critical point, regarding the quality of red peppers. Red chilies and chili powder prepared 

from dried fruits could be naturally contaminated with AFB1 (Reddy et al., 2001).  It is well 

known that growth of moulds and consequent mycotoxin production is dependent upon a 

number of factors such as temperature, humidity, handling during the harvesting and storage.   
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However, Tabata et al., 1993 has reported less number of positive samples (42%). In another 

study from Portugal, Martins et al., 2001 has found 43% of samples were positive with 

AFB1, ranging from 1 to 20 µg kg-1. Moreover, other authors described high presence of AFs 

in red pepper (Fufa and Urga, 1996; Vrabcheva, 2000; Erdogan, 2004). 

Hayaloglu et al., 2005 has reported that in only one of 40 red-blackish ground pepper (isot) 

samples (2.5%) contained AFB1 at level 3 µg kg-1. Konishia et al., 2010 has analyzed 484 

samples from Japan for the analysis of AFB1 in 24 different food products and found the 

AFB1 contamination from 0.21 to 28 µg kg-1. 

The presence of AFB1 may give rise to high risks to human health because of their 

carcinogenic, mutagenic and teratogenic effects. Aspergillus flavus strains were shown to 

acquire the ability to produce exclusively AFB1 (Reddy et al., 2005). Among the aflatoxins, 

AFB1 is very toxic form for mammals and exhibits teratogenic and mutagenic and 

hepatotoxic properties that cause edema, hepatitis, hemorrhage, immunosuppression and 

hepatic carcinoma (Speijers and Speijers, 2004). It has been categorized as a class 1 human 

carcinogen by the International Agency for Research on Cancer (IARC, 1993). 

As Pakistan is the 6th leading country for the production of red pepper (Iqbal et al., 2010a), 

more precaution should be taken on hygiene controls in order to prevent microbiological and 

chemical hazards. Since red pepper is being used in almost in every traditional foods of 

Pakistan, further studies should be made on the occurrence of AFB1 in traditional foods. 

These results seem to indicate that AFB1 contamination in this kind of food is significant and 

they seem to suggest that between aflatoxins, AFB1 is the most frequent one and with higher 

levels and that chilli samples are the most frequent contaminated substrate.  

From section 4.2.2 to 4.2.5, AFs have been analyzed from different areas and their 

contamination was observed a similar level of AFs contamination in chilies from Punjab, 

Pakistan.  The results of chili samples analyzed from Faisalabad district were presented in 

Table 4.8. The data revealed that about 64% of samples were positive in whole chilies 

ranging from 0.0 to 61.5 µg kg-1, compared with 63.6% for ground chilies ranging from 0.0 

to 65.9 µg kg-1. While the chilies samples analyzed from different areas of Punjab, shown 

similar kind of results presented in Table 4.11, about 33 % of samples were positive in whole 

chilies with concentrations ranging from 0.00 to 81.5 μg kg-1, compared to 40% for ground 

chilies and ranging from 0.00 to 84.8 μg kg-1. The contamination of AFs produced in 
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different environment has been investigated in rural, semi-rural and urban environment and 

from the Table 4.13. It was observed that 52.3, 50 and 65.9% of samples from rural, semi-

rural and urban areas respectively, were higher than the EU limits (> 5 μg kg-1for AFB1 and > 

10 μg kg-1 for total AFs) that apply to spices. The total of ground samples which were higher 

than EU regulation for AFs were 12 (54.5%), 10 (45.4%) and 15 (68.2%) from the same 

areas. Mean values for AFB1 in ground samples were 23.8 μg kg-1, 14.8 μg kg-1 and 14 μg kg-

1 for rural, semi-rural and urban areas respectively. Total AF in ground samples were 27.7, 

17.7  and 16.2 μg kg-1 for these locations.  AFs contamination were also investigated in chili 

samples stored in winter and summer seasons and from the results presented in Table 4.16 in 

winter samples, 72% samples were positive in whole chilies compared with 71% for ground 

chilies. Forty eight and 50 % of whole and ground chilies respectively had levels of AFB1 

above the EU legislative permissible limit for spices. In the case of the summer samples, 

64% whole chilies and 76% ground chilies were positive. The mean concentration of total 

AFs in whole and ground chilies in the winter samples were 14.1 ± 0.8 and 16.8 ±1.1 µg kg-1 

compared with 18.1 ± 1.0 and 21.0 ± 1.0 µg kg-1 for the summer samples, respectively.  

In present finding of AFs analysis in different production areas also pose significant health 

threat of people of Pakistan. In previous studies, even high contamination of AFs in chilies 

has been reported. From Ethiopia, eight of 60 samples of red pepper collected from markets, 

shops and storage facilities were contaminated with AFB1 in concentrations of 250 to 525 µg 

kg-1 (Fufa and Urga, 1996). In Turkey, 5.0 to 18.2% of samples of different pepper contained 

1.1 to 97.5 µg kg-1 total AFs as reported by Erdogan, 2004 was in complete agreement with 

the present finding of total AFs contamination in chilies. However, in Portugal, 79 of ground 

spice of which about 43% of the samples contaminated with AFB1. They reported the range 

of AFs level between 1 to 20 µg kg-1 (Martins et al., 2001).  MacDonald and Castle, 1996 has 

reported high contamination of total AFs in spices and found observed 48 µg kg-1 of total 

AFs in chili samples and reported that cooking did not decrease the level of AFs in 

contaminated samples.  

The analysis of AFs contamination in different varieties of chilies has been performed and 

presented in Table 4.21 which revealed that about 60 % samples of Longi (variety 1) were 

positive for AFs from which 53% samples were higher than EU permissible limits for AFB1 

and total AFs. For Wonder hot (variety 2) 67% of samples were positive, whereas 33 and 8% 
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samples were higher than the EU limit for AFB1 and total AFs, respectively. In third variety 

about 54 % of samples were positive for Skyline 1 (variety 3) and the numbers of samples 

which were higher than the EU limits were 54 and 38%, respectively. 

AFs contamination is a serious constraint for effective chili production in Pakistan. Very high 

levels of AF were also observed in Paterson, 2007 and Iqbal et al., 2010a and further 

investigations are required to determine what implications caused these high concentrations. 

In the present findings, Wonder hot has significantly lower AFs contamination compared 

with the other varieties. Wonder hot is the most pungent of the chilies and the pungency of 

chilies are due to the presence of capsaicin. Further studies involving the determination and 

isolation of capsaicin from chilies would be helpful to obtain and use good quality seeds. In 

present study the results shows that wonder hot is more resistant variety against AF 

contamination compared with Longi or Skyline 1, it will be informative for farmers to 

cultivate a better crop in order to prevent AFs contamination. Moreover Santos et al., 2010 

has documented that chilies with high concentrations of capsaicin had lower AFs and OTA 

contamination.  

In conclusion, Iqbal et al., 2010b has observed that chilies from urban production sites had 

lower AFs concentrations. The present work establishes that the Wonder hot variety had 

reduced AFs. In another study seasons may affect AFs contamination and favors fungal 

growth. The chili samples collected from summer have higher level of AFs contamination 

compared to sample collected in winter season (Iqbal et al., 2010c). Hence these factors, 

established by empirical research, can be employed to produce chilies. The parameters will 

also be relevant to other countries that produce chilies and should be considered when 

attempting to reduce AF in this commodity together with the more intuitive protocols 

described by Paterson, 2007 and Iqbal et al., 2010a, b, c, d. Work is continuing by us to 

establish scientifically other factors that may be involved in producing chilies with reduced 

AFs concentrations. 

From the above surveys it is found that the AFs contamination is serious in chilies from 

Pakistan. In a variety of agricultural products AFs can be produced, either there is a delay of 

drying agricultural commodities or during storage, if the moisture level exceeds critical 

values for the mold growth. Moreover, the incidence of AFs in food is relatively high in 

tropical and subtropical regions, where the warm and humid weather provides optimal 
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conditions for the growth of the molds (Rustom, 1997; Martins et al., 2001). As mentioned 

above, most of countries (Like Pakistan, India, Spain, Brazil, Turkey, China, Portugal, 

Hungary and Mexico etc) which were reported high levels of AF contamination in spices 

have tropical and subtropical climate. These climatic conditions are conducive for AFs 

contamination. In recent years, the natural occurrence of AFs in spices has been documented 

by several researchers (Martins et al., 2001; Fazekas et al., 2005; Zinedine et al., 2006; 

Romagnoli, et al., 2007; Aydin et al., 2007). Climatic conditions may influence AFs 

contamination and in countries where temperate climate exists such as Korea the low 

temperature and high humidity level compared with those of tropical climatic conditions i.e. 

high temperature and humidity not favors the fungal growth on food commodities. Therefore, 

the incidence level of AFs were found relatively low in such environments. 

This study provides useful information about the risk of AFs hazard and hopes to raise the 

consciousness among consumers, researchers, farmers and traders about the importance to 

improve processing methods (harvest, drying, transportation and storage) and to establish a 

monitoring programs on food and the necessity to obtain more and more data on the 

distribution and contamination levels of AFs in human food like spices, herbs and med 

plants. 

Growing conditions, harvesting, processing methods, storage conditions and post-harvest 

treatments should be carefully controlled in order to prevent mycotoxin risks due to 

contaminated spices, because mycotoxins can be produced in different steps of the paprika 

and chili production. ZEA is more likely to be produced under field conditions or at the 

beginning of drying, whereas AFs and OTA could be produced during processing or during 

storage if not carefully controlled. There have been reports of the presence of different kind 

of mycotoxins in paprika and chili include AFs, ochratoxin A (OTA), zearalenone (ZEA), 

trichothecenes and sterigmatocystin. OTA is mainly produced by Aspergillus section 

Circumdati, Aspergillus section Nigri and Penicillium verrucosum, while ZEA is produced 

by species of the genus Fusarium. The simultaneous occurrence of different mycotoxins in 

paprika and chili increases the probability of interactions, such as additive or synergistic 

effects (Speijers and Speijers, 2004), which may increase the risk to human health. There 

have studies that describe the occurrence of mycotoxins in Capsicum fruit powder (Saxena 

and Mehrotra, 1989; Patel et al., 1996; Fazekas et al., 2005; Saha et al., 2007; Hierro et al., 
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2008). From India, OTA contamination of spices has been reported and  14 of 26 black 

pepper, 20 of 50 coriander, two of 25 ginger and nine of 25 turmeric samples exceeded the 

permissible limit of 10 µg kg-1, with concentrations in the range of  10 to 102 µg kg-1 

(Thirumala-Devi et al., 2001). Saxena and Mehrotra 1989 has analysed nine chili samples for 

AFs, OTA, ZEA, rubratoxin, citrinin and sterigmatocystin contamination, of which four 

samples were AFs contaminated with AFB1 in the range of 15 to146 µg kg-1, AFB2 11 to 88 

µg kg-1, AFG1 8 to 58 µg kg-1 and AFG2 6 to 40 µg kg-1. Patel et al., 1996 has analyzed four 

chili samples for AF, OTA, ZEA, Fumonisins and trichothecenes contamination, which were 

contaminated with AFs (1.1 to5.4 µg kg-1). Fazekas et al., 2005 has analyzed 70 paprika 

samples and 5 chili samples for AF and OTA contamination, of which 18 paprika samples 

and 2 chili samples contained AFB1 ( ranged from 0.14 to 15.7 µg kg-1) and 10 paprika 

samples and 1 chilli sample contained AFB2 (0.22 to 1.25 µg kg-1).  

In present study AFs analysis in chilies were analyzed by HPLC equipped with fluorescence 

detector. One of the problems of fluorescence detection of AFs is the necessity to enhance 

the fluorescence of aflatoxin B1 and G1, which may have their fluorescence quenched by 

aqueous components in the HPLC mobile phase. Fluorescence quenching may be overcome 

by using post-column derivatization with iodine or by electrochemical derivatization with 

potassium bromide (Shepherd et al., 1987; O’ Riordan and Wilkinson, 2009). However the 

pre-column derivatization with triflouroacetic acid (TFA) in present study was effective 

(Iqbal et al., 2010a, b, c, d, e). 

In the development of an analytical method, rapid and efficient extraction of the target 

material from the sample is probably the most important step. This requires optimisation of 

the efficiency of substance recovery in the extraction step and limiting extraction of 

interfering compounds thus avoiding further clean-up steps (Bradburn et al., 1995; Roch et 

al., 1995; Meister, 1999). 

During the past decades a huge number ( ≥ 10,000) of scientific papers have demonstrated 

that the list of raw materials and processed foods actually contaminated by mycotoxins is 

continuously increasing spanning from peanuts, known to be contaminated by AFs since 60s, 

to cereals, spices, coffee, cocoa and dried fruits (Zinedine et al., 2006). 

There is great variation of the contamination of AFs in chilies. Samples purchased from 

supermarkets were pre-packaged. However, it is important to mention that packaging just 
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protects the clean and dried spices from contamination and the re-absorption of ambient 

moisture in humid climates, but it could not prevent from AFs contamination in spice 

products which are not appropriately processed and stored. In present finding the ground 

chilies were more contaminated with AFs compared with whole chilies and the most likely 

explanation for this result is that chilies with low quality, unused chilies were also ground 

with good chilies before selling for the consumption for peoples (Iqbal et al., 2010a). This 

could explain the reason in the differences observed in contamination levels. Contamination 

of spices specially chilies starts in the field mainly due to high temperature and humidity 

under which plants are grown, and it can continue during processing and handling because of 

drying on bare ground, storage in the open air and under the sun (Iqbal et al., 2010d). In 

order to prevent contamination, chilies should be grown and harvested according to good 

agricultural practice in areas free from potentially harmful chemicals. Appropriate quality 

control measures (in accordance with the principals of good manufacturing practice, good 

handling practice and hazard analysis and critical control points) should be implemented at 

all stages after harvesting (Paterson, 2007: Iqbal et al., 2010a). Besides considering the risk 

of high levels of AFs to the consumers health, it is necessary to monitor the levels of AFs in 

chilies periodically and this requires manufacturers to take preventive measures to reduce the 

contamination levels below the regulatory limits in both exported and domestic commodities 

(Bircan, 2005; Paterson, 2007: Iqbal et al., 2010a, b, c, d). 

There are more and more indications that primary liver carcinoma and other serious diseases 

may be induced by consuming food or using raw materials for food processing contaminated 

with fungi or mycotoxins (AFs). Aflatoxins, ochratoxin A and sterigmatocystin proved 

resistant to heat and have an ability to accumulate in the organism (Galvano et al., 2005; Jay 

et al., 2005). There have been reports that the products stored even at low temperatures are 

vulnerable to some fungi (Duraković et al., 1989). Spices, especially chilies contaminated 

with fungal invasion when they are not properly dried or when stored in a highly humid 

environment (Dimić et al., 2008). 

According to Manabe and Tsuruta, 1991 reported that the majority of fungal species are 

mesophytes (optimal growth temperature: 22 to 35 °C) that are able of growing between 5 

and 45 °C and therefore, the problem of mycotoxin is serious in the temperate and in the 

tropical/subtropical climatic countries. The tropical climatic condition like Pakistan suitable 
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for the growth conditions for a wide variety of mycelium fungi. According to literature, the 

required level of water activity in the commercial distribution of harvested grains is 

considered to be 0.65 to 0.80 or below. Chilies in Pakistan are stored in jute bags, open 

spaces covered with polythene sheets, and warehouses. Due to lack of proper fumigation and 

high conducive condition for multiplication of Aspergillus species, contamination of food is 

always in danger with fungi metabolites.   

The spores of A. flavus and A. parasiticus can germinate on the stigma surface of plants 

(chilies) and then penetrate through germ tube to the embryo and establish an endotrophic 

relationship which does not harm the plant.  However, if the plant is at stressed condition 

(drought), then significant level of AFs may be produced in plant tissue during growth in the 

field.  Under these circumstances food commodities may already be contaminated at harvest 

(Hill et al., 1985). 

Cultural practices, especially those followed after harvest, which can lead to minimization of 

mycotoxin contamination, should be investigated.  One reason for the presence of high level 

of AFs contamination is that the whole chilies often are wetted by sprinkling with water prior 

to marketing to increase its weight. This practice is likely to favor the growth of moulds. 

Therefore guidance on post-harvest handling of chilli pods to farmers as well as traders can 

greatly help in minimizing mould growth. Since chili is an important high value export 

commodity, we expect from farmers to respond to any improved processing methods which 

can result in a safe and quality product. Additionally, making of awareness among the 

consumers about the presence of mycotoxins in chilies may induce producers as well as 

traders to market mycotoxin-free chilli pods as well as `Ready to Use’ powders. 

In this study, it was demonstrated that ground as well as whole chilies collected from 

different parts of Faisalabad and Punjab, Pakistan exhibited high level of AFs contamination 

and significantly high levels were found in ground chilies. The seasons may affect the fungal 

growth in chilies because the samples collected in summer have high incidence of AFs 

contamination compared to samples analyzed in winter season. Chili varieties with high 

pungency have shown low level of AFs contamination. Special attention is urgently needed 

to create awareness of the high level of AFs contamination in chilies, among farmers, 

consumers, and traders. Special emphasis should also be given to adopt GHP and GSP in 

order to minimize the toxin in chilies. 
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4.3 Food Irradiation and Aflatoxins 

 

Ionizing radiation becomes one of the most effective means to sterilize food and food 

ingredients. This treatment has effectively inhibited the cellular life division, like 

microorganisms, and promotes a molecular structural modification (Farkas, 2006; 

Villavicencio et al., 2007: Fanaro et al., 2011).  It has been now an important technique used 

worldwide (Ahmed, 2001; Fan et al., 2003). If applied properly, irradiation not only being an 

efficient way to reduce the incidence of food borne disease but also eliminates a variety of 

potential problems in our food supply. It is competent of improving the safety and extending 

the shelf life of many foods. However, irradiation is not a cure-all process. It is not 

necessarily suitable for every food and it cannot reverse spoilage that has already occurred in 

food or food products (Morehouse, 2002).  

Gamma irradiation is extensively used for food preservation because it can extend the shelf-

life of treated foods without inducing the formation of any radionuclide. Food can be treated 

with high energy radiation either before or after packaging thus eliminating the need of 

heating, preservatives or other processing methods.  Gamma irradiation is an ideal technique 

because it is effective against insects and most microbes at doses that do not influence the 

quality of the food (Wen et al., 2006). The use of low doses of gamma irradiation has 

eliminated insects and extends the shelf-life, without significantly changing the composition.  

It has also been reported an efficient technology used for the reduction of fungus species 

(Aspergillus flavus) and detoxification of aflatoxins (Patil et al., 2004; Azelmat et al., 2006). 

In undertaken study, different doses of gamma radiation were given to study the reduction of 

fungal load and the detoxification of AFs in chili samples and evaluated their efficacy. In this 

study the chili samples whole and ground were irradiated to different doses in order to 

decontamination from fungus and other pathogens. Furthermore, the quality character 

(Vitamin E) has also been evaluated with reference to the radiation treatments.  

  
4.3.1 Effect of γ-irradiation on Fungal Biomass 
 

The control (un-irradiated) and treated (irradiated) samples contaminated with toxigenic 

fungi were analyzed using plate count method.  Effects of radiation on total microbial 

biomass and AFs reduction in ground and whole chilies were investigated in present study. 
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Moulds of the genera Aspergillus and Penicillium occur in different agriculture matrices and 

create toxins which pose health hazards problems for humans and animals. The effects of γ-

irradiation on initial fungal population on whole and ground chili samples were evaluated 

and data was presented in Table 4.21.  It is evident that initial fungal load in control sample 

was 9.2 x 106 ± 7 CFU g-1 and after irradiation at different doses (2, 4 and 6 kGy) a drastic 

decrease in fungal population was observed.  

 
 
Table 4.21:  Effect of irradiation on the fungal load (CFU g-1) of ground and whole chili  
  samples 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Values are mean of triplicate samples  ±  Standard Deviation 
 *CFU = Colony Forming Unit 

 

In ground chili sample, at a dose of 6 kGy, only 11 CFU g-1 in sample (3G) was observed 

compared with 16   CFU g-1 in (2W) whole chili sample. In another study Aziz and Moussa 

2004 has reported that significant decrease in fungal counts were observed in treated fruits at 

dose level of 1.5 and 3.5 kGy as compared to untreated samples.  From the data it is a clear 

that decreases in fungal biomass is directly proportional to the intensity of radiation dose.  

Our results have also been supported by Youssef et al., 1999 who found that the doses from 4 

to 6 kGy were effective for the complete inhibition of fungi in different food and feed 

Chilies type Total Biomass Irradiated doses (kGy) 

Ground Samples  *(CFU g-1)  2  4  6  

1G  9.2 × 10
6

 ± 7  8.5× 10
5

 ± 6  4.6× 10
3

 ± 4    32 ± 2  

2G  8.3 × 10
5

 ± 4  4.1× 10
4

 ± 4  3.4× 10
2

 ± 3    12 ± 3  

3G  6.5× 10
7

 ± 6  3.2× 10
5

 ± 3  2.9× 10
2

 ± 5    11 ± 2  

4G  7.1× 10
4

 ± 3  6.9 × 10
3

 ± 2  45 ± 3   <45  ± 3  

5G  4.5× 10
5

 ± 8  3.9× 10
4

 ± 7  3.7× 10
2

 ± 3    ˂ 21 ± 2  

Whole Chilies  

1W  6.1× 10
7

 ± 3  5.2× 10
6

 ± 2  4.8× 10
5

 ± 4  2.9× 10
2

 ± 3  

2W  3.4× 10
5

 ± 5  2.9 × 10
3

 ± 4  1.6× 10
1

 ± 2  <16 ± 3  

3W  4.6× 10
7

 ± 9  2.9 × 10
5

 ± 7  2.3 × 10
4

 ± 5  1.2 × 10
2

 ± 3  

4W  5.2× 10
5

 ± 4  4.6 × 10
3

 ± 2  3.9 × 10
2

 ± 4  2.1 × 10
1

 ± 4  

5W  3.5× 10
5

 ± 7  2.7 × 10
3

 ± 6  1.9 × 10
1

 ± 5  < 19 ± 4  
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products. In another study Sung, 2005 has reported that as the dose of γ-irradiation was 

increased the intensity of aerobic biomass was decreased substantially. 

It is evident that the use of γ-radiation is an important way of prevention against fungal 

contamination from present study.  The data reported in the present study revealed that the 

fungal load after irradiation in chili samples were negligible as compared to the established 

limits of world health organization (WHO) during 1999 i.e. 103 CFU g-1 (WHO, 1999).  The 

chili samples contaminated with toxigenic fungi can be made safe for the consumption of 

consumers with gamma irradiation. 

 
4.3.2  Effect of γ-irradiation on the Reduction of Aflatoxins 
 
Most of the countries, used fumigation with ethylene oxide and heat sterilization with 

varying degrees of success, however, for sterilization of food and agricultural products these 

methods have several disadvantages, such as the change in  organoleptic properties or 

residues of toxic substance as a result of their application. For these reasons, reduction of 

pathogenic microflora by alternative means is highly enviable and irradiation may be a 

method of choice, particularly because it does not destroy nutrients unlike heat 

decontamination (Campbell et al., 1986). 

In post-harvest pest control management gamma irradiation can be a useful technology due 

to its ability to destroy insects (Sirisoontaralak and Noomhorm, 2006) and inhibit mycotoxin 

biosynthesis during storage (Kabak et al., 2006). The chili samples whole and ground, 

collected from different regions of Punjab were irradiated at different doses of radiation and 

analyzed by HPLC equipped with fluorescence detector after derivatization with  TFA.  The 

data was presented in Table 4.22.  It is clear from the data that high dose 6 kGy of γ-

irradiation was significantly effective for the reduction of AFB1 and total AFs as compared to 

low doses i.e. 2 or 4 kGy.  Least reduction of AFs was observed at a dose of 2 kGy radiation 

while at a high reduction of AFs was found at 6 kGy.  In ground chili sample the lowest 

initial level of AFB1 and total AFs was observed in 5G sample i.e. 11 and 13 µg kg-1, 

respectively and they were reduced up to 92 and 88% after 6 kGy radiation, respectively.  

Likewise in whole chili sample the lowest level of AFB1 and total AFs were observed in 5W 

sample which were 11 and 14 µg kg-1 and reduced at a dose of 6 kGy to 97% for AFB1 and 

92% for total AFs.  The data was analyzed statistically by analysis of variance (ANOVA) and 
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found that 6 kGy eliminate AFs significantly.  Our data is in-line with previously reported 

studies (Aziz and Mahrous, 2004). However, it is also documented that natural 

phytochemicals present in chilies may inhibit the growth of fungus (Nesci et al., 2007).  

Table 4.22 shows that treatment of ground chili with gamma-irradiation at dose level of 4 

kGy resulted in significant destruction of AFB1 by 46, 50 , 75, 73 and 55% in sample 1G, 

2G, 3G, 4G and 5G, respectively. Application of an absorbed dose of 6 kGy resulted in the 

destruction of AFB1 by 94, 92, 98, 92 and 92% in respective 1G, 2G, 3G, 4G and 5G 

samples.  Also from Table 4.22 it is clear that a dose of 6 kGy was sufficient for almost 

complete destruction of AFB1 in ground and whole chilies.  Similar trend was also observed 

in the reduction of AFB1 in whole chilies demonstrated in Table 4.22.  

From the ANOVA analysis it is also observed that the reduction of AFs is directly 

proportional to dose employed and removal of AFs was highly significant at dose level of 6 

kGy.  Figure 4.4 represents the comparison of different doses of gamma irradiation on the 

reduction of AFB1 and total AFs in control and irradiated ground chili samples. While Figure 

4.5 demonstrate the comparison of different doses of gamma irradiation on the reduction of 

AFB1 and total AFs in control and irradiated whole chili samples. 

 
Table 4.22. Effect of gamma irradiation on the reduction of aflatoxins in chili sample 
 

 
The values are mean of triplicate observations; values without parenthesis represent AFB1 concentration while 
the values in parentheses was represent the total aflatoxins concentration 
 

Chilies  Initial Level Irradiated doses  (kGy) % Reduction 

Ground 
chilies 

AFB1  
(µg kg-1)  

Total AFs 
(µg kg-1) 

2  4  6  2 4 6 

1G  35  39  24 (21) 19 (13)  1.8 (4.0) 31 (46) 46 (67) 94 (90) 
2G  24  29  17 (11) 12 (7)  2.0 (5.0) 29 (62) 50 (76) 92 (83) 
3G  20  22  13 (8)  5 (3)  0.5 (2.0) 35 (64) 75 (86) 98 (91) 

4G  15  16  9 (11)  4 (2)  1.2 (3.0)  40 (31) 73 (88) 92 (81) 

5G  11  13  7 (9)  5 (3)  0.9 (1.5) 36 (31) 55 (77) 92 (88) 
Whole 
Chilies 

 

1W  28  32  21 (25) 15 (19)  4.0 (6.0) 25 (22) 46 (41) 86 (81) 
2W  25  27  17 (19) 13 (15)  2.0 (3.0) 32 (30) 48 (44) 92 (89) 
3W  21  23  14 (18) 9 (11)  1.4 (2.0) 33 (22) 57 (52) 93 (91) 
4W  13  19  8 (12)  5 (8)  0.8 (1.5) 38 (39) 62 (58) 94 (92) 
5W  11  14  6 (7)  2 (5)  0.3 (1.1) 45 (50) 82 (64) 97 (92) 
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The results of present study are in agreement with the data reported by Aziz and Mousa, 

2004 who has observed 74 to 77% detoxification of AFs in chickpea samples after a 6 kGy 

irradiation dose.  

 

 

 

 

 

 

 

 

 

 

 

 
Figure: 4.4 Comparison of different doses of gamma irradiation on the reduction of AFB1 
  and total AFs in control and irradiated chili samples 
 
 
 
 

 

 

 

 

 

 

Figure 4.5: Comparison of different doses of gamma irradiation on the reduction of AFB1 
  and total AFs in control and irradiated whole chili samples 
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The reduction % ages were significantly high in ground chili sample as compared to whole 

chili samples.  The data was subjected to ANOVA analysis and found that 6 kGy dose of γ-

irradiation is highly significant and effective for maximum reduction of AFs in chilies at (P < 

0.05).  

Our results are in agreement with the previous finding by Rustom, 1997 who has observed 

that 20 kGy exposure of gamma irradiation reduced 100% of AFB1 activity in solution form. 

Irradiation was carried out at several doses to find the optimal dose for getting maximum 

microbial reduction and minimum degradation of quality parameters.  In undertaken study 

more than 90% reduction both in whole or ground chilies were observed.  Although different 

studies have investigated the effect of irradiation on microbiological and organoleptic 

attributes in fruits and vegetables (Chachin and Ogata, 1969; Buchanan et al., 1998; Song et 

al., 2006; Kim et al. 2007). 

The high incidence of AFB1 in chili samples in present finding was in accordance with the 

several investigators (Magan and Lacey, 1984; Cuero et al., 1986; Cuero et al., 1988; Sinha 

and Sinha, 1991) who have confirmed that A. flavus could produce maximum concentration 

of AFB1. However, some scientists reported that the dose of 4 kGy is effective for the 

reduction of AFB1 and total AFs. Shahin and Aziz, 1997 has reported and established a 

relationship that by increasing the radiation doses the viable population and AFB1 production 

were decreased and results have reported that there was no growth and AFs production 

detected in peanuts at dose of 4.0 kGy radiation. Aziz and Mahrous 2004 and Aziz et al., 

1997 have found that in maize a dose of 4.0 kGy eliminated all viable fungi and observed 

that AFB1 production was decreased with increasing levels of irradiation and at 4.0 kGy.  

However on inactivation of mycotoxins occurrence in food, there are a several conflicting 

reports on the influence of irradiation on fungal load. Aziz and Youssef, 2002 has reported 

that treatment of food and food products with gamma irradiation at 5 kGy radiation destroyed 

44 to 48% of AFB1, 16 to 20% of ochratoxin A and 56 to 75% of zearalenone, whereas 

application of a 10 kGy dose resulted in reduction in AFB1 by 82 to 88% and zearalenone by 

88 to 94%.  Even some authors reported that at a dose of 20 kGy was effective for complete 

reduction of AFB1 and zearalenone and reduced the amount of ochratoxin A in samples by 

72 to 76%.  Refai et al., 1996 has found that a dose of 15 and 20 kGy was effective for 
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complete reduction of ochratoxin A in  soya bean and yellow corn and reported that a dose of 

20 kGy reduced the amount of ochratoxin A in laying hen concentrates, broiler concentrates 

and cotton seed cake by 50, 47 and 36%, respectively. Recently, Aziz and Moussa, 2004 has 

revealed that AFB1 can be reduced from 61 to 67% in maize, chick-peas and groundnut seeds 

at 4 kGy, whereas application of radiation at 6 kGy, reduced AFB1 by 74.3 to 76.7%.   From 

previous finding it is evident that fungal strain, condition of storage and irradiation dose 

affect mould growth and toxin production and further information concerning the ability of 

gamma radiation to destroy other mycotoxins in food commodities is needed.  It has been 

shown that gamma-irradiation is an effective and safe treatment and could be used as a 

method to control mould growth in food products (Aziz et al., 1997, 2005; Gharib and Aziz, 

1995; Refai et al., 2003).  Hence food treated in this way should no longer require analysis 

for presence of mycotoxins, provided there is no opportunity for subsequent contamination 

and growth of moulds after application of the irradiation treatment (Mahrous et al., 2000; 

Seda et al., 2002; Aziz et al, 2002; Aziz and Mahrous, 2004).  

Radiation treatment is widely renowned as a suitable method for decontaminating food 

products. In several countries commercial-scale use of radiation processing for food and feed 

commodities has been successful (Ley, 1983; Giddings, 1984; Grecz et al., 1986; El-

Zawahry et al., 1991; Gharib and Aziz, 1995). The current finding clearly indicated that chili 

samples contaminated to various degrees with Aspergillus moulds and AFB1 can be 

detoxified by gamma-irradiation. During storage of chili samples care should be needed for 

adopting good storage practices because of the normal occurrence of mycotoxinogenic 

moulds as part of the natural micro flora. Further investigation is desirable to elucidate the 

interactions of gamma-irradiation on other quality parameters in food materials which were 

contaminated with mycotoxin. 

 

4.3.3 Effect of Irradiation on Vitamin E in Chilies (Tocopherols)  

 

To achieve longer shelf lives without inducing radio-activity, food preservation by γ-

irradiation is gaining importance. The purpose of food irradiation is to eliminate or minimize 

pathogenic organisms to enhance the shelf lives of food under different storage conditions 

and to ensure sterility and food safety (Grolichova et al., 2004; Braghini et al., 2009). 
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Irradiation to 2 to 7 kGy is helpful in eliminating pathogens such as Salomenella, 

Staphylococucus aureus, Campylobacter, Listeria monocytogenes and Escherichia coli 

without affecting sensory, nutritional and other characteristics of the food (Braghini et al., 

2009). As for control of mold growth is concerned, γ-irradiation dose level above 5 kGy 

radiations was effective in reducing the mold population on the surface of cereals and peanut 

kernels.  Irradiation doses of ≥ 3 kGy both strains growth and toxin production of Aspergillus 

flavus were found to be completely inhibited in ground nutmeg and peanuts. 

 

4.3.4 Vitamin E (tocopherol Content) in Chilies  

 

Vitamin E (a family of eight natural structurally related tocopherols and tocotrienols 

compounds) represents an important antioxidant in human nutrition which is required for the 

preservation of lipids in stable form in biological systems. Vitamin E are considered to 

behave as radio protectors, i.e., to reduce radiation deleterious effects (Weiss and Landauer, 

2000; Kammerer et al., 2001). The dietary level of 10 mg of vitamin E is considered the 

dietary reference intakes (DRI) for adults to account for the different biological activities of 

the various forms of vitamin (ANVISA, 2005). In present study vitamin E content in 

contaminated whole and ground chilies were determined by HPLC equipped with 

fluorescence detector. 

 

4.3.5 Oil extraction 
 
Whole chilies were ground in a high speed mill into powder form (~ 18-mesh). Samples of 

25 grams of ground whole chilies and already ground chilies were extracted in approximately 

150 mL n-hexane for 8 hrs using glass Soxhlet apparatus. The n-hexane was evaporated by 

rotary evaporator ( Buchi, Rotovapor R-421,Switzerland) under reduced pressure at 50 oC 

and the pure oils were re-weighed and percent oil was calculated.  The oils were stored at 

ambient temperature under nitrogen in the dark until further determination of Vitamin E 

content. The chromatogram of α, γ and δ Tocopherol standards was shown in Figure 4.6 

which demonstrated good resolution and separation of each tocopherol in a mixture of 

standards. Vitamin E content in ground and whole chilies were presented in Table 4.23.  
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Table 4.23: Vitamin E content (α, γ and δ Tocopherol) in whole and ground chilies 

*  Mean ± S.D 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  Figure 4.6: Standard chromatogram of tocopherol standards 

 

From the data in Table 4.23 it has been evident that α-tocopherol was detectable in all 

samples, while β-tocopherol was not detected in any of the ground or whole chili samples.  In 

ground chilies the contents of α, γ and δ tocopherol was 35.5, 20.5 and 5.5 mg/100g and total 

vitamin E was 61.6 mg/100g.  While in whole chilies the amount of α, γ and δ tocopherol 

was 39.5, 21.3 and 7.8 mg/100g and total level of vitamin E was 68.6mg/100g.  Figure 4.7 

represents the comparison of α, γ ,δ  and total tocopherol contents in whole and ground 

chilies.  It has been evident that whole chilies contain higher level of vitamin E as compared 

Chilies n 
α*  Tocopherol 

(mg/100g 
γ * Tocopherol 

(mg/100g) 
δ * Tocopherol 

(mg/100g) 
Total Vitamin E* 

Content (mg/100g) 

Ground Chilies 30 35.6 ± 1.93 20.5 ± 1.51 5.5 ± 1.31 61.6 ± 2.09 

Whole Chilies 34 39.5 ± 2.03 21.3 ± 2.09 7.8 ± 2.34 68.6 ± 2.31 

δ  

γ

α
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to ground chilies.  β- tocopherol level was not detected in all samples because fruits and 

vegetables have been reported to contain little or even no β-tocopherol (Chun et al., 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7:  Comparison of α, γ, and δ and total tocopherol content in whole and ground 
  chilies  
 

Table 4.24 represents the chili samples (ground, whole) irradiated using γ radiation at doses 

of 2, 4, and 6 kGy.  As evident from the data that irradiation decreased the level of 

tocopherols. However, this decrease was not significant (P ˃ 0.05) in all samples. The 

highest decrease in α-tocopherol was shown at dose of 6 kGy where α-tocopherol in ground 

chilies decreased from 31.4 to 21.2 mg/100g while this decrease in while chilies was 31.8 to 

18.1 mg/100g. However δ-tocopherol showed less decrease in ground and whole chilies (2.06 

to 0.03 and 2.19 to 0.02 mg/100g) and appeared more resistant in irradiation process than α-

tocopherol, and γ-tocopherols. 
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Table 4.24: Ground and whole chili samples irradiated at different doses (2, 4 and 6 kGy)   

* Each sample is of 3 replicates  

 

 

The comparison of irradiation at different doses in whole and ground chilies was 

demonstrated in Figure 4.8.   

 

 

 

 

 

 

 

 Figure 4.8: Effect of irradiation on α, γ, and δ tocopherol in ground and whole chilies  

 

In several studies it has been reported that vitamin E is the most labile in all fat soluble 

vitamins to irradiation. Irradiation of various kinds of food and food products especially meat 

can decrease tocopherol level (Lakritz and Thayer, 1992; Lakritz and Thayer, 1994; Lakritz 

et al., 1995; Buckley et al., 1995).  

Chilies n Doses of γ irradiation (kGy) 
α  Tocopherol (mg/100g) γ  Tocopherol (mg/100g) δ  Tocopherol (mg/100g) 

  *(2 kGy) *(4 kGy) *(6 kGy) *(2 kGy) *(4 kGy) *(6 kGy) *(2 kGy) *(4 kGy) *(6 kGy) 

G round 
Chilies 

5 31.4 ± 3.2 27.9 ± 2.9 21.2 ±2.6 18.1± 2.9 15.1± 1.8 10.6± 3.0 2.06 ± 0.1 1.76 ± 0.1 0.03 ± 0.1 

Whole 
Chilies 

5 31.8 ± 2.7 26.2 ± 2.5 18.1 ±2.4 17.5± 1.5 13.3± 1.8 9.3± 3.2 2.19 ± 0.1 1.34 ± 0.1 0.02 ± 0.1 
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However, it was observed that the samples with low tocopherol concentration the depletion is 

higher.  The decrease in α- and γ-tocopherol (30 and 15 %, respectively) after irradiation of 

fresh chicken breasts was reported by Lakritz and Thayer, 1994.  In another study they 

reported a decrease (6 %) in α-tocopherol but however found no significant changes in γ-

tocopherol after irradiation.  Lakritz et al., 1995 observed that α-tocopherol decreased 

significantly in meat when irradiated with dose of 0 to 9.4 kGy. But however, Galvin et al., 

1998 reported the retention of α-tocopherol and lipid oxidation after irradiation with 2.5 and 

4.0 kGy in cooked minced chicken, and concluded that irradiation has shown no effect on the 

α-tocopherol content. 

Gupta et al., 2009 reported that a dose of 2.5 kGy resulted in 2 log reduction in the total 

viable count (105 cfu g-1).  They found that at a dose of 5 kGy no microbial load was 

recorded in the samples. They concluded that the gamma irradiation at 10 kGy resulted in 

complete sterilization of powder samples and which was maintained for 14 days. These 

results are also supported by the previous studies (Tjaberg et al., 1972; Loaharanu, 1994; 

Thayer et al., 1996; Olson, 1998) who stated that the treatment with ionizing radiation was 

more effective against bacteria than thermal treatment, and does not leave chemical residue 

in food products. 

The decrease in tocopherol content in chilies could be explained due to the oxidation of 

vitamin E and formation of secondary compounds. Frankel, 1982 has observed that 

irradiation resulted in the production of primary and secondary volatile lipid oxidation 

compounds. According to Frankel, 1982 nonanal and decanal indentified in irradiated 

almonds, comprise secondary lipid oxidation products.  Gyawali et al., 2006 has reported that 

irradiation dose of 3 kGy resulted nonanal production.  Jo and Ahn, 2000 has studied the 

relationship of the production of several aldehydes and  observed that there is decrease in the 

concentration of aldehyde with radiation absorbed dose. 

In the present study, quality parameter (vitamin E) of chilies (Capsicum annuum L.) 

irradiated at 0, 2, 4, and 6 kGy were evaluated. There is decrease in tocopherol content by γ 

irradiation but this decrease is not significant (p ˃ 0.05). Maximum decrease in tocopherol 

content was observed at dose of  ≥ 6 kGy. However, chilies irradiation at such high doses 

dramatically reduced fungal load and AFs contamination. Regarding good irradiation 

practices established for industrial treatment of fruits and vegetables. Dose of 1 kGy is 
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sufficient to eliminate insects and mites while a higher dose of 7 kGy should be applied for 

the destruction of molds. In view of the results of the present study, such high doses (≥ 6 

kGy) results in unacceptable decrease in tocopherol content in ground and whole chilies. 

 

4.4 Effect of Citric acid on Aflatoxin Reduction 

 

The contamination of foods and feed stuffs with AFs is a serious problem to human and 

livestock health, and consequently has affected the agricultural economics (Schmidt and 

Esser, 1985). Several studies have therefore been performed to reduce the level of 

mycotoxins in contaminated crops (Mercado et al., 1991; Samarajeewa et al., 1991). In 

England due to well publicized incident in 1960 i.e. turkey x disease, it was highly 

recommended that the causes of toxicosis should not be occurred again (Asao et al., 1965). 

Once a commodity has been identified as being contaminated beyond a level fit for human or 

animal consumption, the problem arises that what should then be done with it. The producer 

of a highly contaminated commodity may be faced with the problem of its disposal, unless 

some treatment may be found which could reduce the toxic content to an acceptable level. A 

number of methods have been investigated in connection with their effectiveness to 

inactivate AFs in contaminated food and feedstuffs. The aim of these methods is either to 

remove or to destroy the toxin from the food. They can be classified into chemical, biological 

and physical methods. 

A large number of chemicals can react with aflatoxins and convert them to less toxic and 

mutagenic compounds. These chemicals include acids (Buchi et al., 1967; Dutton and 

Heathcote, 1968), bases (Dollear et al., 1968; Mann et al., 1970; Park et al., 1981, 1984, 

1988), oxidizing agents (Cater et al., 1974; Applebaum and Marth, 1982; McKenzie et al., 

1997, 1998), bisulphites (Doyle and Marth, 1978a,b; Moerck et al., 1980; Hagler et al., 1982, 

1983) and gases (Brekke et al., 1978; Samarajeewa et al., 1991).  

However most of the chemical processes that have been investigated are impractical 

(required to be carried out under extreme conditions of temperature and pressure), unsafe 

(due to the formation of toxic residues) and compromising the nutritional, sensory and 

functional properties of the product. Currently, ammoniation and treatment with sodium 

bisulphate are the major industrial processes that are most widely used to inactivate AFs in 
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different foodstuff. Use of citric acid for the detoxification is although not being applied on 

industrial level but proves its effectiveness in lab works. In present study different 

concentration of citric acid are applied in chilies which was incubated on malt extract ager 

(MEA) and the results are presented in Table 4.25.    

The initial fungal count was 41 ± 2.08 CFU g-1 and at 0.5% concentration it left 21 in ground 

and 20 in whole chilies with reduction of 49 and 51%, respectively. Maximum decrease of 

fungal load was observed at concentration of 0.50% of citric acid. Figure 4.9 presented the 

comparison of decrease in fungal load with different concentration of citric acid on fungal 

load in whole and ground chilies.     

 

 Table 4.25:  Effect of different concentration of Citric acid on fungal load 

 
Concentration 

%  

Ground Chilies  Whole Chilies  

*Spore count 
CFU  

Percentage 
inhibition  
% 

*Spore count 
CFU

 

 
Percentage 
inhibition 
%  

Control  - 41 ± 2.08 - 41 ± 2.08 - 
Citric Acid  

(w/v)  
0.08 41 ± 1.04 0 41 ± 1.39 0 

 0.10 40 ± 1.75 2 39 ± 1.34 5 
 0.20 32 ± 2.09 22 31 ± 2.45 24 
 0.30 27 ± 2.71 34 30 ± 2.35 27 
 0.40 23 ± 1.49 44 22 ± 3.01 46 
 0.50 21 ±1.32 49 20 ± 1.65 51 

 *  Each sample is of 3 replicates  

 

 

Table 4.26 demonstrate the reduction of AFB1 and total AFs level in ground and whole 

chilies with citric acid treatments having different concentrations of. It has been evident that 

at concentration of 0.50% citric acid AFB1 and total AFs were reduced 88 each in ground 

chilies while 89 and 90% in whole chilies, respectively. Figure 4.10 represents the 

comparison of citric acid concentration on the reduction of AFB1 and Total AFs in whole and 

ground chilies.  
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Figure 4.9:  Comparison of the decrease in fungal load with different concentrations of 
   citric acid in ground and whole chilies 
 

 

 

Table 4.26: Reduction of AFB1 and total AFs with different concentrations of citric acid 

 

 

 

 

 

 

 

 

 

 

 

 

 
Concentration 
%  

Ground Chilies  Whole Chilies  

AFB1 
(µg kg-1) 

Total AFs 
(µg kg-1) 

AFB1 
(µg kg-1) 

Total AFs 
(µg kg-1) 

Control  - 25 49  19 42 
Citric Acid  

(w/v)  
0.08 22 (12) 41(16) 14 (26) 35 (17) 

 0.10 15 (40) 34 (31) 11 (42) 26 (38) 
 0.20 11 (56) 26 (47) 8 (58) 18 (57) 
 0.30 9 (64) 20 (59) 5 (74) 11 (74) 
 0.40 6 (76) 14 (71) 3 (84) 7 (83) 
 0.50 3 (88) 6 (88) 2 (89) 4 (90) 
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Figure 4.10:  Effect of citric acid concentrations on AFB1 and total AFs in chilies 

 

Albores et al., 2005 reported that aqueous citric acid had detoxification activity in treating 

AFs contaminated maize.  Authors mention that the detoxification of AFB1 initially involves 

the formation of the β-keto acid structure, which is catalyzed in a acidic medium then 

followed by hydrolysis of the lactone ring thus yielding AFD1 (shown in Figure 4.11). The 

properties of degraded product are those resembles to phenolic and lacks the lactone group 

derived from the decarboxylation of the lactone ring-opened form of AFB1 which retains the 

difurane moiety but lacks both the lactone carbonyl and the cyclopentenone ring, 

characteristic of the AFB1 molecule (Albores et al., 2008).  

The degraded product as a result of reaction of citric acid with AFB1 produces 450 times less 

mutagenic than AFB1 and presenting a decrease of toxicity up to 18 fold (Lee et al., 1981; 

Schroeder et al., 1985).  Albores et al., 2007 reported that the acidic treatment protects 

animals from AFs toxicity and greatly reduces the mutagenic/carcinogenic activity of AFs. It 

has been reported that A. flavus produces mainly these toxins (De Arriola et al., 1988). 
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Figure 4.11: Mechanism of the degradation of AFB1 by citric acid 

 

In developing countries these total AFs concentration may be found in commercial grains 

and is one of the major reason of mortality and low productivity in animals. Animals which 

digest high levels of these toxins may develop various health problems, depending on their 

vulnerability. In the case of poultry, aflatoxicosis is characterized by weakness, anorexia with 

lower growth rate, poor utilization, decreased weight gain, decreased egg production, 

increased susceptibility to environmental/microbial stress and increased mortality (Bailey et 

al., 1998; Kubena et al., 1993). 

Albore et al., 2007 reported that AFB1 at an initial concentration of 110 ng g-1 was partially 

detoxified up to 86% by citric acid treatment which is in complete agreement with our 

present finding, furthermore citric acid is effective for the detoxification of AFs (Coker, 

1979; Bintvihok et al., 1987, 1991, 2002; Mollenhauer et al., 1989; Espada et al., 1992; 

Ledoux et al., 1999).  In another study Albore et al., 2007 reported that AFs can be reduced 

up to 92% with citric acid and up to 67% by lactic acid treatments. 

Cazzaniga et al., 2001 also reported that extrusion of maize flour with low levels of AFB1 

(50 ng g-1) was partially successful (10 to 25%) for the decontamination of AFs with 

metabisulphite addition (1%) at temperatures of 150 and 180oC, respectively while in another 

study Thiesen, 1977 has observed that in groundnut meal the detoxification of AFB1 was 

found above 99% when the meal was treated with 5% NH3 and 200 g water kg-1 during a 10 
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day period. In present finding the addition of different amounts of citric acid in the MEA of 

chilies has improved the extent of detoxification when using concentrations of 0.5% of citric 

acid.  

Our finding and previous studies have shown that citric acid is a promising chemical agent to 

be used in the detoxification processes in AFs contaminated food and feed. The current 

application of this type of research is specially limited to the treatment of materials at 

laboratory scale. The resulting data will be helpful for the effective application of citric acid 

on commercial and industrial scale for detoxification of AFs in food and agricultural 

products. 

 

4.5 Effect of Propionic acid on Fungal Load 

 

Propionic acid or its calcium or sodium salts have long been documented as the most 

powerful mold- inhibiting chemical.  Although propionic acid exhibits antimycotic activity, 

but due to pH sensitivity its use is limited in foods in which the pH is fairly acidic because it 

is ineffective at neutral or near neutral pH values.  In previous investigations scientists have 

been working on the effective application of an acid for the prevention of fungal spoilage in 

processed foods (Gould, 1995).  These efforts faced various hurdles which separately may 

not give adequate preservation but which, when combined, will give proper preservation.  

These hurdles may include lowering the temperature, pH, water activity or the addition of 

preservatives. If the hurdle concept is to be applied successfully, the influence of the various 

environmental factors on fungal growth needs to be quantified. 

In present finding propionic acid was employed for the inhibition of fungus load and the data 

was presented in Table 4.27. From the data it is revealed that the doses 0.30 and 0.40% were 

effective for inhibiting 100% fungal count in ground as well as in whole chilies incubated on 

malt extract agar. Table 4.28 demonstrated the reduction in AFB1 and total AFs with 

different concentration of propionic acid. From the data the dose of 0.40% was found to be 

the most effective and it reduced AFB1 and total AFs by 80 and 71% respectively in ground 

chilies and 74 and 76% respectively in whole chilies.   
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Table 4.27: Effect of Propionic acid different concentrations on fungal load in chili  
  samples 

 

 

 

 

 

 

 

 

 

 

CFU= Colony Forming Unit 

 

 

 

Table 4.28:  Effect of Propionic acid different concentrations on reduction of AFB1 and total 
  AFs 
 

 

 

 

 

 

 

 

 

 

 

 

Previous studies revealed that powders and extracts of many spices, herbs and higher plants 

have been reported to inhibit the production of AFs (Yin and Cheng, 1998; Paranagama et 

al., 2003). Some investigators have reported that a number of micro-organisms affected the 

  Ground Chilies  Whole Chilies  

 
Concentration 
%  

Spore count 
CFU 

 

 
% 
inhibition  

Spore count 
CFU  

Percentage 
inhibition  

Control  -  41 ± 2.08  -  41 ± 2.08  -  
Propionic 
Acid  (v/v)  

0.02  24 ± 3.79  41  23± 1.00  44  

 0.04  22±1.53  46  20 ±2.10  49  
 0.06  19± 2.00  54  18 ± 3.01  56  
 0.08  16 ± 1.53  61  12 ± 2.19  71  
 0.10  11 ± 3.51  73  8 ± 1.42  80  
 0.20  3 ± 0.13  93  0  100  
 0.30  0  100  0  100  
 0.40  0  100  0  100  

  Ground Chilies  Whole Chilies  

 
Concentration 
%  

AFB1 
(µg kg-1) 

Total AFs 
(µg kg-1) 

AFB1 
(µg kg-1) 

Total AFs 
(µg kg-1) 

Control  --- 25 49  19 42 
Propionic Acid 

%  
0.02  23 (8) 46 (6) 18 (5) 39 (7) 

 0.04  17 (32) 43 (12) 17 (10) 36 (14) 
 0.06  14 (44) 39 (20) 15 (21) 33 (21) 
 0.08  12 (52) 35 (29) 15 (21) 29 (31) 
 0.10  11 (56) 32 (35) 14 (26) 23 (45) 
 0.20  9 (64) 21 (57) 8 (58) 14 (67) 
 0.30  7 (72) 15 (69) 5 (74) 11 (74) 
 0.40  5 (80) 14 (71) 5 (74) 10 (76) 
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production of AFs in a competitive environment. Several fungi like Mucor, Rhizopus and 

nontoxigenic strains of A. flavus and A. parasiticus have the ability to detoxify AFs 

considerably ((Zuber and Lillehoj, 1993; Dorner et al., 2003). Yet there is need for a suitable 

strategy, which has easy accessibility, simplicity in application, low mammalian toxicity, 

nonphytotoxicity and ability to retain fungi toxic activity for long duration (Hamilton- Kemp 

et al., 2000). However, the problems associated in collecting data from bacterial growth 

curves and obtaining reproducible and similar quality growth curves for fungi are much more 

complicated (Bratchell et al., 1989). 

Our finding is in agreement with the previous studies reported by Shekhar  et al., 2009. They 

reported that propionic acid, acetic acid and sodium propionate at 4 mL kg-1 grains on maize 

were found effective in reducing the AFs concentration up to 69.4 % in ambient storage 

condition for eight months duration. 

Propionic acid is used as antifungal and Scudamore et al., 2004 studied the growth of storage 

moulds in barley at 22% and approximately 28% moisture content treated doses of propionic 

acid over a 6 month storage period at 20 oC. Barley was fully protected against the growth of 

A. flavus and AFs formation when the recommended dose was applied. The risk of the 

development of ochratoxin A during storage increased as the optimum dose was reduced, 

particularly for barley at 22% moisture content.  

Kumar et al., 1993 reported that concentration of propionic acid of 2 mL kg-1 was found to 

be effective in inhibiting the growth of fungi for 12 months in grains stored under gunnybags.  

Sauer 1978 and Singh et al., 1987 has reported that the 2 mL kg-1 concentration of propionic 

acid was adequate for preservation of grain stored in bags.  

Huitson 1968 has recommended the application of 5 x 103 to 1.3 × 104 mg kg-1 of propionic 

acid to prevent mould growth in high moisture (15 to 32%) grains. Ghosh et al., 1982 has 

suggested propionic acid or butyric acid concentrations of 4 mg kg-1 as effective antifungal 

compounds in wheat stored under tropical conditions.  AI-Hiili and Smith 1979 has found no 

inhibition of A. flavus growth in propionic acid at 500 to 1000 mg L-1 after 9 days in vitro. 

Reboux et al., 2002 has employed new formulation of propionic acid, a hay additive and 

reported that treating hay with propionic acid reduced the subsequent development of total 

fungal species isolated by 40%, E. amstelodami by 65% and thermophilic actinomycetes by 

60%.  
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Although propionic acid is used extensively for the preservation of stored grains but its use is 

limited on lab scale work. 

 

4.6 Effect of Antioxidants on the Reduction of Fungal Count and Aflatoxins 
 

Chemical treatments at post-harvest level to reduce both fungal growth and toxin production 

have been recognized in different food products. From a human health perspective, the 

antioxidants such as butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) 

are allowed for use as antimicrobial agents by the US Food and Drug Administration (FDA) 

and are regarded as safe (GRAS) chemicals. The maximum usage level of single or multiple 

antioxidants approved by the more restricted legislation is 200 µg g-1 based on the weight of 

the fat or oil (Codex Alimentarius, 2006). Considering that the oil content of peanuts ranges 

from 40 to 50% (Appelqvist, 1989), therefore, a dose of 100 µg g-1 based on the total sample 

weight could be applied.  

In undertaken study BHA and BHT at different concentrations have been employed to study 

their efficacy against the inhibition of A. Parasiticus growth in chili malt extract agar and 

reduction of AFB1. The data was represented in Table 4.29. From the data the maximum 

inhibition of fungus was observed at 20:20 mM of BHA and BHT concentration and at the 

same concentration was effective to reduce AFB1 and total AFs to 52 and 67% respectively 

after 11 day of incubation. While the combustion of BHA and BHT at concentration (20:20 

mM) was found more effective to reduce AFB1 and total AFs to 83 and 78% respectively 

after 35 days of incubation. Figure 4.12 elaborated the effect of different concentrations of 

BHA and BHT on fungal load.       
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Table 4.29: Concentration of BHA and BHT employed for the reduction of AFB1 and total 
  AFs  

 

CFU= Colony Forming Unit 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.12:  The effect of different concentrations of BHA and BHT on fungal load 

 
Con. 

 

Spore 
Count 

 

Reduction
 

11 days 35 days 

 (mM) CFU % 
AFB1 

µg kg-1 
TAFs 
µg kg-1 

AFB1 

µg kg-1 
TAFs 
µg kg-1 

Control  - 39 ± 5.09 - 23  36 27 41 

BHA  10 35 ± 6.05 10 19 (17) 33 (8) 15 (35) 29 (19) 

BHA 20 26 ± 7.12 33 18 (22) 30 (17) 14 (39) 27 (25) 

BHT  10 36 ± 4.98 8 18 (22) 31 (14) 17 (26) 29 (19) 

BHT 20 29 ± 7.34 26 16 (30) 29 (19) 14 (39) 26 (28) 

BHA: BHT  10:10 32 ± 9.15 18 14 (39) 24 (33) 9 (61) 17 (53) 

BHA: BHT  10:20 15 ± 7.67 62 12 (48) 19 (47) 8 (65) 15 (58) 

BHT:BHA  20:10 9 ± 9.79 77 12 (48) 15 (58) 6 (74) 12 (67) 

BHA:BHT  20:20 - 100 11 (52) 12 (67) 4 (83) 8 (78) 
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The filamentous fungi in genus Aspergillus are most notable as sources of highly debilitating 

human diseases, such as aspergillosis, and production of mycotoxins (Denning 1998; 

Campbell et al., 2003). Fungus like Aspergillus parasiticus and Aspergillus flavus are 

ubiquitous opportunistic pathogens. They are capable of forming highly invasive infections, 

especially in immune-compromised individuals or in those suffering chronic granulomatosis 

(Roilides et al., 1993; Marr et al., 2002; Anderson et al. 2003). Even at very low quantities 

(parts per billion), this contamination can cause a significant negative effect on food 

safety/human health and the economic value of affected crops (Campbell et al., 2003). 

However, the single effect of BHA, propyl paraben (PP), BHT and trihydroxybutyrophenone 

(THB) on A. flavus and A. parasiticus growth and AFB1 production over a wide range of 

concentrations (1 to 20 mM) at four water activities (aW) on peanut extract meal agar have 

studied (Passone et al.,  2005). The results reported that single food grade antioxidants such 

as PP and BHT combined with lowered water activity (aW) could significantly help to control 

A. flavus and A. parasiticus growth and AFB1 accumulation. 

Passone et al.,  2005 has reported that the application of BHA over the range of 10 to 20 mM 

concentrations totally inhibited fungal growth and AFs production which was confirmed our 

finding the growth of fungus was inhibited in present finding was at 20:20 of BHA and BHT. 

A study conducted by Reynoso et al., 2002 has demonstrated that low concentrations of BHA 

and PP applied on irradiated corn might be more effective together than either one alone in 

reducing the growth of Fusarium section Liseola. 

Passone et al., 2007 has demonstrated that Aspergillus section Flavi population was found to 

be significantly affected by binary mixture M1 (10 + 10 mM; 0.982 aW; 35 days) BHA:PP, 

showing reduction percentages of 37.9% (analytical grade) and 24.6% (industrial grade). 

Furthermore they reported that butylated hydroxyanisole (10 and 20 mM) has controlled AFs 

accumulation at 0.955 aW at all sampling periods with percentages of reduction 19 and 56% 

and 67 and 37% for analytical and industrial grade antioxidants, respectively. 

Kim et al., 2006 has demonstrated that antioxidants and antioxidative response systems are 

potentially useful molecular targets for controlling of Aspergillus fumigates and Aspergillus 

flavus. 

Several reports have demonstrated the use of antioxidant against AFs producing fungi. 
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Nesci and Etcheverry, 2006 has reported that10 mM cinnamic acid was effective against the 

growth and production of AFs in high moisture maize and heavily inoculated with A. flavus/ 

parasiticus. It is well recognized that antioxidants are usually combined to take advantage of 

their differing proprieties (Mazzani et al., 1998; Rivera-Carriles et al., 2005). 

In the present work, it was evident that the antifungal effect of BHA when it is combined 

with BHT increased to achieve total growth inhibition. Among chemicals it has been widely 

demonstrated that citric acid showed metal chelating characteristics (Turgut et al., 2004), 

antioxidant effects (Sammel and Claus, 2006), antifungal and antibacterial activity (Kuwaki 

et al., 2002; Sommers et al., 2003) among other proprieties. 

In undertaken work gamma radiation, citric acid, propionic acid and synthetic antioxidants 

have been employed for the reduction of AFs in chilies and gamma radiation and citric acid 

are the techniques which would be employed on industrial scale for the detoxification of AFs 

in chilies.  

 
4.7 Phytochemical and antioxidant profile of chili and selected Spices 
 
4.7.1 Phenolic Content in Chilies and Spices   
 
Studies have shown the contribution of oxidative stress in the pathology of cancer, 

arteriosclerosis, rheumatoid arthritis, malaria, neurodegenerative disease and aging processes 

(Aruoma, 1997; Hollman et al., 1996; Meyer et al., 1998; Nakagami et al., 1995). The 

correlation between rancidity odors and flavors and the oxidative deterioration of fats and 

oils, which resulted in a decrease in the nutrition quality and safety of foods, is also fully 

documented. Compounds with antioxidant activity can preserve color and flavor, avoid 

vitamin destruction in foods and more importantly protect living systems from oxidative 

damage (Moure et al., 2001). Several researchers have documented the capacity of 

antioxidants to protect cells from free radical damage and to preserve severe diseases (Moure 

et al., 2001; Gaulejac et al., 1999; Servili et al., 2004). 

Chilies with some specific varieties are also rich in phenolics and flavonoids, which may 

occur as glycosides and contribute highly to the antiradical activity (Lee, 1995). This activity 

of phenolic compounds is mainly due to the redox properties of their hydroxyl groups and the 

structural relationships between different parts of their chemical structure (Oboh and Rocha, 

2007). Many studies have established protective roles of flavonoids and other phenolic 
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compounds against coronary heart disease, stroke, and some forms of cancer. These 

protective effects of phenolic compounds are attributed to their antiradical and signaling 

activities in the cells (Oboh and Rocha, 2007). 

Total phenolic content in chilies (ground and whole) and spices were determined in the work 

which was carried out in the Department of Food Science, Cornell University, Ithaca, New 

York, USA. Phenolics in chilies were presented in Table 4.30 and data revealed that the total 

phenolic contents in whole and ground chilies were significant (p < 0.05). The highest total 

phenolic content in ground and whole chilies were 438.2 ± 12.5 and 407.4 ± 21.5 mg of 

gallic acid equivalents/100 g DW observed in samples 5G (ground) and 4W (whole), 

respectively. The lowest phenolic content in ground and whole chilies were 232.1 ± 11.4 and 

242.3 ± 14.4 mg of gallic acid equivalents/100 g DW observed in sample 4G and 3G, 

respectively.  

 
Table 4.30: Total Phenolic Contents in whole and ground Chilies  
 

Chili Samples *Total Phenolics S.D CV 

4G 0.232 11.4 4.9 
2G 0.254 13.3 5.2 
3G 0.359 9.8 2.7 
1G 0.408 10.5 2.6 
5G 0.438 12.5 2.9 
3W 0.242 14.4 5.9 
2W 0.269 12.3 4.6 
1W 0.339 13.6 4.0 
5W 0.372 12.6 3.4 
4W 0.407 21.5 5.3 

 
*  g of gallic acid equivalents/100 g DW of chilies 
G= Ground chilies, W= Whole chilies 
C.V= Coefficient of variance  
 

The total phenolic contents in spices were demonstrated in Table 4.31 and phenolics   were 

ranged from 208.5 ± 13.9 (Black Pepper) to 14056.4 ± 1023.4 (Cloves) µmol gallic acid 

equivalents/100 g DW.  The total phenolic content was high in cloves. The comparison of 

phenolic contents in different spices was shown in Figure 4.13. The letters with different 

letters represented the significant difference of phenolic content at (p < 0.05).  
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 Table 4.31:  Total phenolic contents in spices 

 

 

 

 

 

 

 

 

*Each value is replicate of 5 individual samples G= Ground chilies, W= Whole chilies 
C.V= Coefficient of variance  
 
 

 

 

 

Figure 4.13: Comparison of Total Phenolics Content in Different Spices 
 

 

 

 

 

Spice Name 
*Total Phenolics 
(mg GAE/100g) 

SD CV 

Black Pepper 0.208 0.13 6.7 

Oregano 3.92 0.22 5.6 

Cloves 14.06 1.02 7.3 

Turmeric 1.38 0.36 9.6 

Cinnamon 6.52 1.44 8.2 



139 
 

4.7.2 Flavonoids in Chilies and Spices 

 

The major active nutraceutical ingredients in plants are flavonoids. The flavonoids are a 

group of organic molecules ubiquitously distributed in vascular plants. Approximately 2000 

individual members of the flavonoids group of compounds have been described. As is typical 

for phenolic compounds, they can act as potent antioxidants and metal chelators. They also 

appear to be effective at influencing the risk of cancer. Overall, several of these flavonoids 

appear to be effective anticancer promoters and cancer chemopreventive agents. The 

presentation in this chapter is designed to provide the reader the tools to understand the 

biological and molecular role of plant flavonoids, including their antioxidant and 

antiproliferative activities and their role in intracellular signaling cascades. Studies on cancer 

prevention have assessed the impact of a wide variety of flavonoids and a selected few 

isoflavones for their efficacy in inhibiting cancer in a number of animal models. These 

studies demonstrated that flavonoids inhibit carcinogenesis in vitro and substantial evidence 

indicates that they also do so in vivo (Caltagirone et al., 2000; Miyagi et al., 2000).  

Flavonoids may inhibit carcinogenesis by affecting the molecular events in the initiation, 

promotion, and progression stages. Animal studies and investigations using different cellular 

models suggested that certain flavonoids could inhibit tumor initiation as well as tumor 

progression (Deschner et al., 1991; Makita et al., 1996; Tanaka et al., 1997, 1999). 

Among natural antioxidants, flavonoids exhibit a wide range of biological effects, including 

antiviral, antibacterial, anti-inflammatory, antiallergic, antithrombotic, and vasodilatory 

actions (Cook and Sammon, 1996). Antioxidants and antioxidant activity play a vital and 

fundamental role and inhibit many oxidants produced during metabolism. Antioxidant 

activity involves in many biological functions, such as antimutagenicity, anticarcinogenicity, 

and antiaging (Velioglu et al., 1998). 

Table 4.32 and 4.33 demonstrated the total flavonoids content in chilies and spices. The 

highest flavonoids in chili sample was 779.89 ± 34.73 in 5G sample while the lowest content 

was observed in 4G sample which was  545.19 ±  47.06  mg of catechin equiv/ 100 g of DW. 

The total flavonoids range in spices were from 525.71 ± 42.12 (Black pepper) to 12204.51 ± 

861.02 mg of catechin equiv/ 100 g of DW in cinnamon (Table 4.31).  
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 Table 4.32: Total Flavonoid content in whole and ground chilies 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
*Each value is replicate of 5 individual samples  
G= Ground chilies, W= Whole chilies 
C.V= Coefficient of variance  

 
 

Table 4.33: Flavonoids Content in Spices 
 

 

 

 

 

 

 

 

 
*Each value is replicate of 5 individual samples  
C.V= Coefficient of variance  
 

The letter in superscripts not sharing common letters represents the significant difference of 

total flavonoid contents in spices at p < 0.05. 

 

 

 

 

Chili Samples *Total Flavonoids S.D CV 

4G 545.19 47.06 8.6 
2G 552.12 40.12 7.3 
3W 595.15 23.36 3.9 
2W 630.34 38.52 6.1 
1W 696.56 32.89 4.7 
3G 702.67 48.12 6.8 
4W 709.23 51.04 7.2 
1G 722.16 52.82 7.3 
5W 736.23 56.09 7.6 
5G 779.89 34.73 4.8 

 Spices  
(mg of catechin 
equiv/ 100 g of 
DW) 

SD CV 

1 Black Pepper 525.71a 42.12 8.01 

2 Oregano 902.94b 62.04 6.87 

3 Cloves 2981.35c 213.98 7.18 

4 Turmeric 7648.52d 1204.91 15.75 

5 Cinnamon 12204.51e 861.02 7.05 
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4.7.3 Oxygen Radical Absorbance Capacity  assay in chilies and Spices 

 

The features of an oxidation are a substrate, an oxidant and an initiator, intermediates and 

final products. Measurement of any of one of these can be used to assess antioxidant activity 

(Antolovich et al., 2002). Radical scavenging ability tests aim to simulate basic mechanisms 

involved in lipid oxidation by measuring either the reduction of stable radicals or radicals 

generated by radiolysis, photolysis, or other reactions. Hydrogen peroxide- scavenging 

activity using the peroxidase-based assay system was evaluated by Martinéz-Tomé et al. 

(2001) for Mediterranean spices in an aqueous medium, in an amino acid fraction from aged 

garlic extract (Ryu et al., 2001) and for methanol extract of oregano (Jun et al., 2001). 

Hydroxyl radical scavenging can often be calculated using the ‘‘deoxyribose 

assay’’(Sánches-Moreno, 2002). This system was used to evaluate antioxidant activities of 

certain Mediterranean spices (Martiné z-Tomé et al., 2001), extract from onion skin (Suh et 

al., 1999), and garlic (Zang et al., 1994). Piperine was found to act as a hydroxyl radical 

scavenger at low concentrations (Mittal and Gupta, 2000). Some of the spice extracts (basil, 

marjoram, hyssop, summer savory, oregano, sage) exhibit high scavenging activity for the 

hydroxyl radicals (Madsen et al., 1996). Scavenging of hypochlorous acid (HOCl) used by 

Martiné z-Tomé et al. (2001) for antioxidant activity characterization of some Mediterranean 

spices. The peroxyl radical is a common free radical found in biological substrates and used 

in antioxidant assays. In the oxygen-radical absorbance capacity (ORAC) determination 

phycoerytrin is used as a target of free radicals. Using this system the antioxidant capacities 

in extracts of oregano, thyme and sage were determined (Zheng and Wang, 2001). Zheng and 

Wang (2001) stated that the herb oregano had 3–20 times higher antioxidant activity than the 

other herbs studied according to ORAC method and total phenolic contents. Additionally, 

oregano has 42 times more antioxidant activity than apples, 30 times more than potatoes, 12 

times more than oranges and 4 times more than blueberries (AChSNS, 2002). Nakatani et al. 

(1986) determined that all the phenolic amides identified from black pepper possess 

significant antioxidant activities that are more effective than the naturally occurring 

antioxidant, alpha-tocopherol, and feruperine has antioxidant activity as high as the synthetic 

antioxidants butylated hydroxyanizole and butylated hydroxytoluene. 
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Oxygen Radical Absorbance capacity assay was carried out in ground and whole chilies and 

data was represented in Table 4.34. The highest ORAC value was observed in 5G sample 

which was 26932.19 while lowest ORAC value 11135.68 μ mol of Trolox equiv /100 g DW 

was observed in 4G sample. Figure 4.14 demonstrate the flavonoids and phenolic content in 

whole and ground chilies.      

 
Table 4.34: Oxygen Radical Absorbance Capacity test in ground and whole chilies 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* (μmol of Trolox equiv /100 g DW) 
*Each value is replicate of 5 individual samples  
G= Ground chilies, W= Whole chilies 
C.V= Coefficient of variance  

 
 

 

Table 4.35 represents the ORAC value in spices which ranges from 5930.02 ± 1213.82 

(Turmeric) to 70050.11 ± 1789.52 μ mol. of Trolox equiv /100 g DW in cinnamon.  

 

 

 

 

 

 

 

 

Chili Samples *ORAC S.D CV 

4G 11135.68 1478.4 13.1 

2G 18552.17 1315.1 7.1 

3G 20276.45 1876.8 9.2 

1G 22447.05 1997.5 8.9 

5G 26932.19 2389.2 8.9 

3W 12104.27 1079.4 10.6 

2W 18456.32 1424.3 7.7 

1W 18941.79 1545.7 8.2 

5W 20945.39 2387.3 11.4 

4W 21735.98 2456.8 11.3 
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Figure 4.14: Comparison of total Phenolic and total Flavonoids contents in ground and  

  whole chilies 

 

Table 4.35:  Oxygen Radical Absorbance Capacity in Spices  
 

 

 

 

 

 

 

 

* (μmol of Trolox equiv /100 g DW) 
*Each value is replicate of 5 individual samples  
C.V= Coefficient of variance  

 

 

There have been not extensive studies for the analysis of phenolics, flavonoids and ORAC 

analysis in chilies and spices. However the phenolic in chilies observed in undertaken study 

is lower as determined by content was much lower Chatterjee et al., 2007 who observed the 

total phenolic content in green pepper as estimated by Prussian blue method which was 850 

mg catechin equivalent per 100 g of green pepper. The decrease in phenolic content may be 

explained that green vegetable and fruits have rich source of phenolic, flavonoids content as 

Spice Name ORAC /100 g dried  SD CV 

Black Pepper 20310.18 1870.82 9.21 

Oregano 208962.7 16171.49 7.74 

Cloves 392624 51980.45 13.23 

Turmeric 5930.02 1213.82 20.46 

Cinnamon 70050.11 1789.52 2.55 
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compared to dry one (Liu, 2003). Several studies have reported the flavonoids in vegetables 

and fruits.      

It was documented that agronomic and genetic varietal differences in chilli also led to 

variations in their phenolic content. Singh et al., 2008 has reported the highest amount of 

gallic acid in red chilli pulp (55.61 µg g-1 fresh wt) followed by black pepper seed (54.84 µg 

g-1), sweet pepper seed (43.93 µg g-1) and fruit (17.79 µg g-1), green chilli seed (8.5 µg g-1) 

and chilli seed (2.54 µg g-1).  

Konczak et al., 2010 has documented the antioxidant capacities and phenolic composition in 

six native, commercially grown, Australian herbs and spices. They reported that Tasmannia 

pepper leaf, followed by anise myrtle and lemon myrtle contained the highest levels of total 

phenolics (102.1, 55.9 and 31.4 mg gallic acid equivalents (GAE)/g dry weight (DW), 

respectively). Tasmannia pepper leaf exhibited the highest oxygen radical absorbance 

capacity (ORAC assay) followed by lemon myrtle and anise myrtle. 

In undertaken study from spices cinnamon has the highest amount of phenolic (6521 ± 144.8 

mg GA equiv/100g) after cloves and flavonoids (12204.51 ± 861.02 mg of catechin equiv/ 

100 g of DW) which is in complete agreement with previous findings reported by Su et al., 

2007 who observed that the 50% acetone and 80% methanol extracts of cinnamon had the 

highest total phenolic contents (TPC) of 186 and 148 mg GE/g, respectively, among all tested 

botanical extracts. 

Total Equivalent Antioxidant Capacity mean value was 31.7 m mol/100 g, with clove 

exhibiting the strongest radical scavenging activity (168.7 m mol/100 g of DW), while poppy 

demonstrated the lowest activity (0.55 m mol/ 100 g of DW). Cinnamon stick and oregano 

also had very strong activity (107.7 and 100.7 m mol/100 g of DW). Other spices with 

relatively high activity were cinnamon (61.8 m mol/100 g of DW), 

The comparative results of the five spices indicated that their total antioxidant capacity and 

phenolic content decreased in the following order cloves > oregano > cinnamon > B. Pepper 

> Turmeric and cloves > cinnamon > oregano > Turmeric > B. Pepper, respectively.  Cloves 

exhibited the most powerful antioxidant capacity among the five spices, over 20-fold greater 

than black pepper. The results were in agreement to previous findings reported by Shan et al., 

2007 who observed  that the total antioxidant capacity and phenolic content in six spices 

were decreased in the following order: oregano > sage > thyme > rosemary > mint > sweet 
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basil. They observed that Oregano exhibited the most powerful antioxidant capacity among 

the five Labiatae spices, over 3-fold greater than sweet basil. 

The significant differences between different studies were likely due to (1) genotypic and 

environmental differences within species, (2) choice of parts tested, (3) time of taking 

samples, and (4) determination methods. However in undertaken study cloves proved the 

highest antioxidant activity. Previous studies also showed that clove (in the Myrtaceae) had a 

very strong antioxidant activity and a high level of phenolics (Lee et al., 2001: Gulcin et al., 

2004). The various antioxidant mechanisms of clove bud extracts were attributed to a strong 

hydrogen-donating ability, a metal chelating ability, and their effectiveness as good 

scavengers of hydrogen peroxide, superoxide, and free radicals. 

Jang et al., 2007 has reported the antioxidant components in cinnamon, turmeric and golden 

thread extracts using high performance liquid chromatography (HPLC) with UV detection. 

The results shown that the contents of cinnamaldehyde, curcumin, and berberin in the 

acetone extracts were 1911, 2029, and 840 mg L-1, respectively. 

 

4.7.4 Cellular Antioxidant Activity 

 

Due to the potential of antioxidants to decrease the risk of developing cancer and other 

chronic diseases, it is important to be able to measure antioxidant activity using biologically 

relevant assays. The cellular antioxidant activity (CAA) assay was developed to measure the 

antioxidant activity of antioxidants, dietary supplements, and foods in cell culture (Wolfe and 

Liu, 2007). The CAA assay utilizes a 2′,7′-dichlorofluorescin (DCFH) probe in cultured 

human HepG2 liver cancer cells, which fluoresces when oxidized by peroxyl radicals to 2′,7′-

dichlorofluorescein. It was developed in response to a need for a more biologically 

representative method than the chemistry antioxidant activity assays commonly used to 

screen antioxidant materials for potential biological activity (Liu and Finley, 2005). The 

CAA assay is a valuable new tool for measuring the antioxidant activity of antioxidants, 

dietary supplements, and foods in cell culture (Wolfe and Liu, 2007). It is an improvement 

over the traditional chemistry antioxidant activity assays because it mimics some of the 

cellular processes that occur in vivo. The CAA assay takes into account some aspects of cell 

uptake, metabolism, and distribution of bioactive compounds, which are important 
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modulators of bioactivity (Spencer et al., 2004), so it may better predict antioxidant behavior 

in biological systems. The assay utilizes HepG2 cells because they yield consistent results 

with lower coefficient of variation. Results obtained from other cell lines, including intestinal 

Caco-2 cells and RAW 264.7 cells, were similar to those found using HepG2 cells, but with 

much higher variation (data not shown). In addition, HepG2 cells are a better model choice to 

address metabolism issues. 

The antioxidant capacity (expressed as PF values) and the total phenolic content of all 

extracts. The amount of total phenolics varied slightly in plant materials and ranged from 2.9 

to 28.2 mg of gallic acid/g dry sample. The highest amount was found in Geranium 

purpureum, and the lowest in Humulus lupulus. Similar amount in plant phenolics from herbs 

and medicinal plants collected in Finland have been reported recently (Kӓhkönen et al., 

1999).The outcome of the Rancimat test supports the hypothesis that aromatic plants are 

good sources of natural antioxidants such as phenolic compounds. When working accurately, 

this method offers an efficient, simple and automated assay. The antioxidant reactions 

involve multiple steps including the initiation, propagation, 

branching, and termination of free radicals. The antioxidants which inhibit or retard the 

formation of free radicals from their unstable precursors (initiation) are called the 

‘‘preventive’’ antioxidants, and those which interrupt the radical chain reaction (propagation 

and branching) are the ‘‘chain-breaking’’ antioxidants (Ou et al., 2001). 

 

Table 4.36 represents the phenolics, flavonoids, ORAC and cellular antioxidant activity in 

spices. From the data Cloves has the highest CAA value  1900 µ mol QE/100g compared 

with cinnamon or black pepper against  HepG2 liver cancer cells. Figures 4.15, 4.16, 4.17 

and 4.18 represents the per induced oxidation in the presence of HepG2 cell with different 

concentrations of standard, cloves, black pepper and cinnamon, respectively.   
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Table 4.36:  Phenolic, Flavonoids, ORAC, and CCA in Spices 

CAA= Cellular antioxidant activity, EC50= The term half maximal effective concentration (EC50) refers to the 
concentration of a drug, antibody or toxicant which induces a response halfway between the baseline and 
maximum after some specified exposure time. 
 
Figures 4.17, 4.18, 4.19 and 4.20 represents the peroxyl radical-induced oxidation of 2′,7′-

dichlorofluorescin diacetate  (DCFH) to  dichlorofluorescein (DCF) in HepG2 cells and the 

inhibition of oxidation by quercetin (4.22) in cloves, black pepper and cinnamon extracts 

(4.23-4.25) over time, using the protocol involving PBS wash between antioxidant and  

ABAP (2,2′-azobis (2-amidinopropane) dihydrochloride ) treatments (0 to 10).  The curves 

shown in each graph are from a single experiment (mean ±SD, n = 3). 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
  
 Figure 4.15: Standard concentration  (µmol) against cells 

Spices Phenolic ORAC Flavonoids CAA 

 (mg GA 
equiv/100g) ±SD 

(μmol of Trolox equiv 
/100 g DW) ± SD 

(mg of catechin 
equiv/ 100 g of DW) 
± SD 
 

EC 50 
(mg mL-1) 

CAA 
(µmolQE/100
g) 

Cloves 14056.35 ± 1023.39 392624 ± 51980.45 2981.35 ± 213.98 0.28 1900 
Cinnamon 6521.02 ± 144.76 70050.11 ± 1789.52 12204.51 ± 861.02 1.82 300 
B. Pepper 208.53 ± 13.93 20310.18 ±  1870.82 525.71 ±  42.12 6.26 74 
Oregano 3911.71 ± 220.22 208962.7 ±  16171.49 902.94 ± 62.04   
Turmeric 1376.75 ± 36.18 5930.02 ± 1213.82 7648.52 ± 1204.91   
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 Figure 4.16:  CAA with different concentration  µmol of Cloves 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Figure 4.17: CAA with different concentration µ mol of black pepper 
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Figure 4.18: CAA with different concentration µ mol of cinnamon 
 
 

 
The antioxidant activities of polyphenols are mainly due to their ability to act as hydrogen 

donors, reducing agents and radical scavengers (Mai et al., 2009). Methanolic extract of C. 

coggygria, which had highest the phenolic content showed the highest antioxidant activities, 

particularly in the scavenging of the DPPH radical, total antioxidant capacity, reducing 

power and the inhibition of lipid peroxidation. In previous phytochemical investigations of 

methanol extract of the plant C. coggygria, gallic acid, a well known strong natural 

antioxidant (Zheng and Wang, 2001) and its derivatives methyl gallate and pentagalloyl 

glucose were isolated (Westenburg et al., 2000). Regarding the chemical composition of B. 

nigra, previous investigations have so far identified phenolic compounds, mainly flavonoids 

and phenyl-propanoids (chlorogenic, caffeic and caffeoylmalic acids, ballotetroside, 

forsythoside B, verbascoside and allysonoside) (Vrchovska et al., 2007) in aerial parts, while 

the data on the chemical composition of the roots of this plant were not found in the 

literature. Eleven flavone C-glycosides derived from apigenin and luteolin and three 

xanthone C-glycosides have been isolated from the aerial parts of G. asclepiadea. (Kitanov et 

al., 1991).  
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It has been suggested that the following should be considered in choosing appropriate 

methods to measure antioxidant activity: physiologically relevant substrates; conditions that 

mimic biological systems; low levels of oxidants that represent all stages of lipid oxidation; 

measurement of different compounds at comparable concentrations and use of plant extracts 

where the phenolic composition is known; and quantification based on induction period, 

percent inhibition, rates of product formation/ decomposition, or median effective dose 

(Frankel and Meyer, 2002). We think the cellular antioxidant activity assay presented here 

addresses many of those issues. A relatively low level of ABAP, 600 μM, is used to generate 

peroxyl radicals to initiate oxidation, and the use of excessive levels of antioxidants was 

avoided. We employ the area under the kinetic curve to calculate cellular antioxidant activity, 

which takes into consideration both the oxidation lag time increases and degree of ROS 

scavenging by the antioxidants tested. The median effective dose is calculated, and 

expression of the results in micromoles of quercetin equivalents relates the activities to an 

inexpensive and ubiquitous phytochemical with biological activity.  

Several studies have been documented for the analysis of phenolics and CAA in vegetable 

and fruits like Wolfe and Liu, 2007 has investigated fruits for phenolics and CAA assay.  

They reported that blueberry contained the most phenolics with 2609 ± 28 μ mol of GAE/100 

g of fresh fruit, followed by cranberry (1554 ± 134 μ mol of GAE/100 g), red grape (1443 ± 

72 μ mol of GAE/100 g), green grape (994 ± 56 μ mol of GAE/100 g), and apple (916 ± 41 μ 

mol of GAE/100 g).   

For the fruit extracts in the group without a PBS wash, blueberry had the highest CAA value 

(171 ± 12 μmol of QE/ 100 g) (p < 0.05). The remaining fruits had activity in the order of 

cranberry (52.1 ± 1.3) > apple (28.1 ± 4.1) ) red grape (24.1 ± 1.7) > green grape (9.39 ± 

0.49) at a significance level of p < 0.05. Again, in the PBS wash protocol, blueberry had the 

greatest activity (47 ± 1.9 μmol of QE/100 g) (p < 0.05), followed by cranberry (14.2 ± 0.5) 

(p < 0.05). The CAA value of apple (13.3 ± 1.1) was not significantly different from that of 

cranberry (p > 0.05), and the CAA value of red grape (12.1 ± 0.6) was similar to that of apple 

(p > 0.05). Green grape had the lowest CAA value (9.67 ± 0.57) (p < 0.05).  

The importance of using a more biologically relevant model in the determination of 

antioxidant activity is highlighted by the differences between the results of pure chemistry 
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assays and those based in cell culture. Of the phytochemicals tested in our model, quercetin, 

catechin, and caffeic acid had the highest activity found in ORAC assay 

On the basis of the results obtained from the evaluation of phenolic and flavonoid content 

and the ORAC values of spices, we conclude that it is important to educate consumers on the 

benefits of varying vegetable and spices consumption, choosing those that have the highest 

antioxidant capacity in order to promote a healthy diet. We stress the need to introduce spices 

as a seasoning supplement in the diet of every age group.  
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Chapter 5 
 
 

SUMMARY 
 

 
Currently food safety is a burning issue which may affect different factors such as global 

trade, technological development, socio-economic, urbanization and agricultural land use. 

The change in climatic conditions and variability are among the multiple factors that can 

provoke changes in the nature, occurrence and intensity of food safety hazards. Among 

food safety hazards, mycotoxins are more severe and extensively studies (~ ≥ 16,000 

publication in last 15 years) in different food commodities. Aflatoxins (AFs) are 

secondary fungal metabolites that suppress the immune system, damage child 

development, associated with acute hepatitis in humans and in severe exposure may result 

mortality due to ingestion/exposure of AFs contaminated foodstuffs. Therefore, most of 

the countries have established strict regulations on mycotoxins to minimize its human 

exposure and economics losses linked with mycotoxins. Climate may also directly 

influence host vulnerability like high temperature or drought stress may favor fungal 

colonization of naturally senescing crop parts such as silks, blossoms, or petioles and 

subsequent infection of seed. For crops with the most severe contamination problems 

exists in chilies, the distribution and planting time is generally designed to avoid 

conditions conducive to Aspergillus species.   

Chilies (Capsicum annuum L.) are important spice and cash crop of Pakistan.  These have 

been mainly use to create aroma, flavoring and imparting pungency in cook foods or 

meals and it is especially important ingredient of Pakistani dishes.     

Chili samples were collected from different areas of Punjab, Pakistan.  After processing 

of whole (grinding) ground chilies were extracted using HPLC grade solvents of 

acetonitrile, methanol and water. The extracts were cleaned up using MycoSep-226 

multifunction columns of Romer Lab, USA to remove interfering compounds.  In 

undertaken study comprehensive survey of chilies contaminated with AFs from different 

regions, different productions areas and seasons were analyzed with HPLC (LC-10A) 

equipped with fluorescence (FL) detector.  Discovery column of Supelco, USA (250 x 4.6 

mm, 5 µm) was selected for the determination of AFs.  Before the analysis of samples, 

the procedures (extraction, clean up, analysis) were validated to find out recovery 

percentage, precision, resolution, accuracy, limit of detection (LOD) and limit of 

quantification (LOQ).  
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The results demonstrated a good linearity of the instrument by FL detector set at a 

excitation wavelength of 360 and emission wavelength of 440 nm for the response of 

AFB1, AFB2, AFG1 and AFG2 individually as well as in mixture form.  The recoveries % 

were 89.2, 93.8 and 95.3 µg kg-1 at spiking of 2, 4 and 6 µg mL-1 concentration of AFB1 

for the analysis of AFB1 in chilies.  The data of recovery percentage follow the guidelines 

of Codex Alimentarius Commission who reported recovery in the range of 70-110. The 

co-extract in the sample did not effect the recovery of AFs.   

In order to assess the precision of the proposed method, repeatability (r) and 

reproducibility (R) were determined. Both were expressed as percent RSD and compared 

with the established values by Codex Alimentarius Commission of the World Health 

Organization and European Union. The repeatability (r) and reproducibility (R) were 2-5 

and 8-12 respectively. The limit of detection (LOD) of HPLC-FL detector was 0.05 µg 

mL-1 for AFB1 and AFG1 and 0.1 µg mL-1 for AFB2 and AFG2.  Intra-day and inter-day 

precision and accuracy was also evaluated and found it satisfactory.  Provided the 

necessary facts of validated method it is clear that this can be an efficient, cost effective 

and time saving methodology for the analysis of aflatoxins in chilies. 

Chilies (whole pods and ground) samples were collected from Faisalabad division Punjab, 

Pakistan and extracted, cleaned up and analyzed by reverse-phase HPLC in isocratic 

mode using fluorescence detector (FL) detector.  AFB1 was determined in each of 22 

whole and ground chili samples.  Out of 22 samples, 19 of ground and 16 of whole chilies 

were positive with AFB1 contamination and maximum concentration was 89.6 and 96.3 

µg kg-1, respectively. The mean concentration of AFB1 in ground and whole chili was 

32.20 ± 9.15 and 24.69 ± 8.19 µg kg-1 respectively.  Distribution of AFB1 in samples was 

also observed in terms of acceptable upper limit for AFB1 established by European Union 

(EU) i.e. 5 µg kg-1 for AFB1 and 10 µg kg-1 for Total AFs.   About 21% ground and 38% 

whole chili samples were contaminated above the recommended limit of EU for AFB1 in 

chilies.  

Total AFs contamination in chilies samples from Faisalabad district, Punjab, Pakistan was 

analyzed. Samples, 28 of whole and 22 of ground chili were investigated using HPLC 

with FL detector in isocratic mode and 18 out of 28 sample of whole while 14 out of 22 

samples of ground chilies were positive with AFs contamination.  The mean total AFs in 

whole and ground chilies were 16.34 ± 0.78 and 18.75 ±1.12 µg kg-1, respectively. 

About 18 (64%) of samples were positive in whole ranging from 0.0 to 61.5 µg kg-1, 

compared with 14 (63.6%) of ground chilies ranging from 0.0 to 65.9 µg kg-1.  However, 



 

 154

50 and 32 % of whole and ground chilies had levels of AFB1 above the EU legislative 

permissible limit.  Total AFs concentration in wholes and ground chilies were 36 and 

41% found higher than the permissible EU limit.  

Samples (whole and ground chilies) from different regions of Punjab, Pakistan were 

analyzed for the analysis of total AFs in each of 78 samples of whole and ground chilies.  

The data indicates that 26 out of 78 sample of whole and 31 out of 78 samples of ground 

chilies were positive with AFs contamination.  The mean total AFs in whole and ground 

chilies were 19.4 ± 0.78 and 21.1 ± 1.2 μg kg-1, respectively.  About 33 % of samples 

were positive in whole concentrations ranged from 0.00 to 81.5 μgkg-1, compared to 40% 

for ground with concentration ranged from 0.00 to 84.8 μg kg-1.  However, 23 and 30%  

of whole and ground chilies respectively had levels of AFB1 above the EU permissible 

limit.  Total AFs concentration was found to be higher than the permissible EU limit in 15 

and 23% of whole and ground chilies respectively. 

To investigate the influence of different production areas on AFs contamination, samples 

44 each (n = 22 whole and n = 22 ground) chilies from rural, semi-Urban and urban areas 

of Punjab were analyzed. Twenty three (52.3%), 22 (50%) and 29 (65.9%) of samples 

from rural, semi-rural and urban areas respectively, were higher than the EU limits (> 5µg 

kg-1 for AFB1 and > 10µg kg-1 for total AFs). The totals AFs of ground samples which 

were higher than EU regulation for AFs were 12 (54.5%), 10 (45.4%) and 15 (68.2%) 

from the same areas, respectively. Mean values for AFB1 in ground samples were 23.8, 

14.8 and 14 μg kg-1 for rural, semi-rural and urban areas, respectively. Total AF in ground 

samples were 27.7, 17.7 and 16.2 μg kg-1 for these locations.  

To investigate the seasonal effect on the AFs contamination, 43 samples in winter and 42 

samples in summer have been analyzed. Samples, 72 % positive in whole compared with 

71% for ground chilies were positive with AFs contamination. Forty eight and 50 % of 

whole and ground chilies respectively had levels of AFB1 above the EU legislative 

permissible limit. In the case of summer samples, 64% of whole and 76% ground chilies 

were positive. The mean concentration of total AFs in whole and ground chilies in the 

winter samples were 14.1 ± 0.8 and 16.8 ±1.1 µg kg-1 as compared with 18.1 ± 1.0 and 

21.0 ± 1.0 µg kg-1 for the summer samples, respectively.  The percentage of samples of 

whole chilies with AFB1 and total AFs greater than EU limit were 52 and 38% compared 

to 54 and 49 % in ground chilies respectively.  Total AFs contamination was high in 

summer ground chili samples ranging from 0.0 to 95.9 µg kg-1 compared with the whole 

chilies samples which ranged from 0.0 to 61.5 µg kg-1. However, samples from winter 
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ground and whole chilies had total AFs contamination ranged from 0.0 to 74.6 and 0.0 to 

52.3 µg kg-1, respectively. 

Three chili varieties have been analyzed for AFs contamination, 9 samples of variety 1 

(Longi), 8 of variety 2 (Wonder hot) and 7 of variety 3 (Skyline 1) were investigated.  In 

Longi , wonder hot and skyline 1  the total AFs were ranged from 4.7 to 34.6, 1.00 to 14.3 

and 7.8 to 15.6 µg kg-1, respectively. Sixty % of samples were positive for AF from Longi 

and 53% were higher than EU permissible limits for AFB1 and total AFs.  For Wonder 

hot, 67% of samples were positive, whereas 33 and 8% samples were higher than the EU 

limit for AFB1 and total AFs, respectively.  Fifty four % of samples were positive for 

Skyline 1 and the numbers of samples which were higher than the EU limits were 54 and 

38%, respectively. 

Irradiation has become an efficient means of processing and preserving food products as 

well as for the reduction of the contamination with microorganisms and for enhancing the 

stability of food products. The chili samples with high level of AFs were selected to 

evaluate the efficiency of γ-irradiation.  The effect of γ-irradiation on initial fungal 

population on chili samples were evaluated and found that after irradiation at different 

doses (2-6 kGy), a drastic decrease in fungal population was observed. Only  64 CFU g-1 

was counted in chili samples irradiated at 6 kGy as compared to control sample. The 

findings revealed that fungal biomass is decreased with increasing dose of radiation.  The 

lowest decrease was found at 2 kGy (4.7 x 104 CFU g-1) as compared to non-irradiated 

one.  Same trend was found as increasing the dose of γ-irradiation.  It is a clear fact that 

decreases in fungal biomass is directly proportional to intensity of radiation dose.  

High dose of γ-irradiation (6 kGy) significantly reduce the level of AFB1 and total 

aflatoxins in chilies as compared to low doses of radiation. Initial level of AFB1 and total 

AFs was 25 and 45 µg kg-1 respectively in urban samples but it reduced to 2 and 3.5 µg 

kg-1 after radiation at 6 kGy. Likewise, the reduction in total aflatoxins was > 97%.  The 

data was analyzed statistically and found that 6 kGy removed aflatoxins drastically.  

Vitamin E represents an important antioxidant in human nutrition which is required for 

the preservation of lipids in stable form in biological systems. In undertaken study 

Vitamin E was determined in whole and ground chilies and it has been evident from the 

data  that α-tocopherol was detectable in all samples, while β-tocopherol was not detected 

in any of the ground or whole chili samples.  In ground chilies the contents of α, γ and δ 

tocopherol was 35.5, 20.5 and 5.5 mg/100g and total vitamin E was 61.6 mg/100g.  While 

in whole chilies the amount of α, γ and δ tocopherol was 39.5, 21.3 and 7.8 mg/100g and 
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total level of vitamin E was 68.6 mg/100g. The effect of different doses of gamma 

irradiation on tocopherol contents in whole and ground chilies were also investigated. As 

evident from the data that irradiation decreased the level of tocopherols. However, this 

decrease was not significant (P ˃ 0.05) in all chili samples. The highest decrease in α-

tocopherol was shown at dose of 6 kGy where α-tocopherol in ground chilies decreased 

from 31.4 to 21.2 mg/100g while this decrease in while chilies was 31.8 to 18.1 mg/100g. 

However δ-tocopherol showed less decrease in ground and whole chilies (2.06 to 0.03 

and 2.19 to 0.02 mg/100g) and appeared more resistant in irradiation process than α-

tocopherol, and γ-tocopherols. 

Among chemicals citric acid considered as effective against detoxification of aflatoxins. 

In present findings different doses of citric acid were employed on chili samples 

incubated on malt extract agar. From the data it observed that the initial fungal count was 

41 ± 2.08 CFU g-1 and at 0.5% concentration of citric acid it left 21 in ground and 20 in 

whole chilies with reduction of 49 and 51%, respectively. Maximum decrease of fungal 

load was observed at concentration of 0.50% of citric acid. 

Propionic acid was also employed for the inhibition and detoxification of fungal and 

aflatoxins in whole and ground chilies. The initial fungal count in control sample of 

ground and whole chili was 41 ± 2.08 CFU and doses of 0.3 and 0.4% completely inhibit 

the fungal count in ground and whole chilies. The dose of 0.4% of propionic acid reduced 

AFB1 and total AFs in ground chilies was 80 and 71% respectively while at same 

concentration of propionic acid this decrease in whole chilies was 74 and 76% for AFB1 

and total AFs, respectively. 

Synthetic antioxidants BHA and BHT were also employed for their effectiveness to 

inhibit fungal growth and aflatoxin reduction in chilies. The initial fungal load was 

observed 39 ± 5.09 CFU and the combination of BHA: BHT at (20:20 mM) concentration 

was completely inhibiting the fungal growth. While the concentration of 20:20 mM of 

BHA:BHT was effective to reduce 52 and 67% of AFB1 and Total AFs   after 11 days of 

incubation while the decrease after 35 days of incubation at same was 83 and 73% for 

AFB1 and total AFs respectively. 

Several studies have documented that antioxidants (phenolics, flavonoids) have shown 

their ability to protect cells from free radical damage and to preserve severe diseases. In 

undertaken study, the concentration of phenolic, flavonoids and antioxidant activity of 

chilies were investigated. Furthermore selected spices (cloves, oregano, cinnamon, black 

pepper and turmeric) were also analyzed for the determination of phenolics, flavonoids 
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and antioxidant activity. From the data, it has been observed that the highest total 

phenolic content in ground and whole chilies were 438.2 ± 12.5 and 407.4 ± 21.5 mg of 

gallic acid equivalents/100 g DW observed in 5G (ground) and 4W (whole) samples, 

respectively. In spices the total phenolic contents were ranged from 208.5 ± 13.9 (Black 

Pepper) to 14056.4 ± 1023.4 (Cloves) µmol gallic acid equivalents/100 g DW. Total 

flavonoids content in chilies was observed 779.89 ± 34.73 in 5G sample while the lowest 

content was observed in 4G sample which was 545.19 ± 47.06  mg of catechin equiv/ 100 

g of DW. The total flavonoids in spices were ranged from 525.71 ± 42.12 (Black pepper) 

to 12204.51 ± 861.02 mg of catechin equiv/ 100 g of DW in cinnamon. Oxygen radical 

absorbance capacity (ORAC)  assay was carried out in ground and whole chilies and the 

highest ORAC value was observed in 5G  sample which was 26932.19 while lowest value 

was observed in 4G sample which was 11135.68 μ mol of trolox equiv /100 g DW.  In 

spices the ORAC value was ranged from 5930.02 ± 1213.82 (Turmeric) to 70050.11 ± 

1789.52 μ mol of Trolox equiv /100 g DW in cinnamon. Cellular antioxidant activity 

(CAA) was determined in cloves, cinnamon and black pepper and from the data it raveled 

that cloves has the highest CAA value  1900 µ mol QE/100g compared with cinnamon 

(300) or black pepper (74 µ mol QE/100g ) against  HepG2 liver cancer cells. 

From the results of undertaken study, which reflects that chilies crop is facing serious 

problem of aflatoxin contamination. The permanent use of such heavily contaminated 

chilies is creating several diseases including liver cancer among the population of Punjab, 

Pakistan. There should be required immediate action from the government and law 

enforcement agencies to regulate and implement the permissible limit of mycotoxins in 

different food including chilies in order to save precious life of peoples. 

Future prospective in aflatoxin should include risk analysis study beside aflatoxin 

occurrence in food and feed. However, multi-mycotoxin analysis in food and feed would 

also require to avoid wastage of food through mycotoxins.  
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