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ABSTRACT 
 
 
 
Cereals grown world-wide are used as staple food.  Due to high temperature, 

humidity and non-scientific storage prevail the growth of certain species belong 

to family Aspergillus. Mycotoxins are small (MW ~700), toxic chemical products 

formed as secondary metabolites by fungal species that readily settle on crops 

and infect them with toxins in the field or after harvest, during transport and 

storage. These compounds cause a potential threat to human and animal health 

through the intake of food products prepared from these commodities. Generally, 

crops that are stored for more than a few days become a potential target for 

mould growth and mycotoxin formation. Mycotoxins can occur 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 cereals (maize, 

rice and wheat) were validated and found it efficient and good in respect of 

recovery, reproducibility, repeatability, resolution and cost-effective. 

The extraction solvent (acetonitrile and water) gave ≥ 85% recovery in spiked 

cereal samples using MycoSep-226 column.  The sensitivity (LOD) of HPLC-

FLD was higher as compared to HPLC-UV-Vis after derivatization of sample 

extract with trifluoroacetic acid (TFA). The collected cereals 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 and AFG2) were observed at a dose of 6 kGy. 

Significant affect of radiation was found in wheat samples because substantial 

reduction (≥ 95%) was found in AFB1 and total aflatoxins at high dose of 

radiation.  The level of aflatoxin contamination was far behind that the 

recommended limits of EU and FDA, USA. From the results it is evident that γ-

irradiation is a good technology to remove contaminants like aflatoxins from 

cereal commodities. 

The food quality of irradiated cereals was evaluated to study any chemical change 

in protein (amino acids), fatty acid composition and fungal biomass using 

different methods.  The total biomass (CFU/g) showed linearity behaviour as 

increasing the dose level of gamma irradiation.  In some samples of cereals, no 

microflora (fungi) was observed after 72 hrs. of incubation.  The fatty acid 



composition revealed that linolenic acid and oleic acid showed decrease whereas 

no significant change was found in other fatty acids. The unsaturated and poly 

unsaturated fatty acids remained same after γ-irradiation exposure.  The amino 

acids profile showed that leucine, lysine, tryptophane and valine increased while 

methionine, phenylalanine and threonine decreased in composition as increased 

the dose level of exposure of gamma irradiation.  Overall no major difference was 

observed in any essential amino acids. The permanent use of contaminated 

cereals in the area may pose certain diseases like hepatitis, cancer of liver or 

effect of other major organs of the human body. 
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Chapter 1 
 
 
 

 

INTRODUCTION 
 
 
 

Pakistan is situated between the latitudes of 24° and 37° north and longitudes of 

61° to 75° east, stretching over 1600 kilometers from north to south and 885 

kilometers from east to west, with a total area of 7,96,095 square kilometers. It 

has a subtropical and semi-arid climate. The annual rainfall ranges from 125 mm 

in the extreme southern plains to 500 to 900 mm in the sub-mountainous and 

northern plains. Summers, except in the mountainous areas, are very hot with a 

maximum temperature of more than 40°C, while the minimum temperature in 

winter is a few degrees above the freezing point.  

Pakistan has a total land area of 80 million ha. Of this, total cropped area during 

2006-2007 was 30.35 million hectares (Anonymous, 2006). About 18 million ha 

(80 percent) of the cultivated land is irrigated with good irrigation system, about 

4 million ha is rain fed and the remaining is under dry farming. The main 

irrigated crops are wheat, rice, sugar cane, maize and cotton. The range land, 

which covers over 50 percent of the total area of Pakistan, is a potential source of 

livestock development in the country. Pakistan does not have enough reservoir 

capacity in its irrigation system to store seasonal waters. According to the Soil 

Survey of Pakistan (Mian and Javed, 1993), 2.8 million hectares of irrigated land 

is affected by salinity ranging from patchy salinity to dense saline sodic soils. 

The total population is about 150 million. During the period from 1971 to 2003, 

the cultivated area increased from 16.62 million ha to 22.15 million ha, with an 

annual growth rate of 0.9 percent. During the same period, the population 

increased from 65 million to 150 million, registering a growth of 2.8 percent per 

annum. In consequence the per capita land availability decreased from 0.25 ha to 

0.15 ha in 2003. With a projected annual growth of 1.9 percent, the population 

will be around 190 million by the year 2015. 

Agriculture is the mainstay of Pakistan’s economy. It accounts for 24 percent of 

the GDP and employs 48.4 percent of the total labour force. Agriculture 
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contributes to growth as a supplier of raw materials to industry as well as a 

market for industrial products and also contributes 60 percent to Pakistan’s export 

earnings. About 67 percent of the country’s population live in rural areas and are 

directly linked with agriculture for their livelihood. The crop sector accounts for 

about 60 percent of agriculture’s contribution to the Gross Domestic Product 

(GDP), the livestock, fishery and forestry sectors for 40 percent.  There are two 

principal crop seasons in Pakistan namely “Kharif”, with sowing beginning in 

April and harvest between October and December and “Rabi” beginning in 

October-December and ending in April-May. Rice, sugar cane, cotton, maize and 

millet are Kharif crops, while wheat, gram, tobacco, rapeseed, barley and mustard 

are Rabi crops. 

Cereal grains are mostly grasses cultivated for their edible grains or fruitseeds 

(i.e., botanically a type of fruit called a caryopsis). Cereal grains are grown at 

larger areas in Pakistan and these provide more energy worldwide than any other 

type of crop. They are also a rich source of carbohydrate, protein, vitamins, fibre 

and minerals. In some developing nations, grain in the form of rice or corn, 

constitutes practically the entire diet of poor people. In developed nations, cereal 

consumption is both more moderate and varied but still substantial. 

Wheat (Triticum aestivum L.) is the leading food grain of Pakistan, and being the 

staple diet of the people, it occupies a central position on agricultural policies. It 

contributes 12.5 percent to the value added in agriculture and 2.9 percent to GDP. 

Wheat is cultivated on an area of 8 million hectares and its annual production was 

about 18.47 million tons in 2007-2008. At farm level, the storage consists of mud 

bins, metallic bins, concrete rooms, jute bags and wooden boxes. Whole sellers 

also practice open storage by putting bagged grain on plinth, which is covered 

with tarpaulin for protection. Storage owned by flour millers is for operational 

stock only (Baloch and Irshad, 1986). Due to poor drying and storage facilities 

the post-harvest losses are quite substantial.  Chaudhary (1980) has estimated 

aggregate losses during various post- harvest operation of wheat in Pakistan to be 

about 15.3%. 

Rice (Oryza sativa L.) is a cereal foodstuff which forms an important part of the 

diet of many people worldwide. These plants are native to tropical and 

subtropical southern Asia and southeastern Africa (Crawford and Shen, 1998).  

Rice is a staple food for a large part of the world's human population, especially 
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in tropical (Latin America, and East, South and Southeast Asia), making it the 

second-most consumed cereal grain. Rice provides more than one fifth of the 

calories consumed worldwide by humans (Smith, 1998). Rice is the second 

largest staple food crop in Pakistan, and is major export item accounting for 6.1% 

of total export earnings over the last five years. Rice was cultivated on an area of 

2.51 million hectares during 2007-08, and the production was 5.56 million tons. 

Due to unavailability of drying and storage facilities at the farm level, the head 

rice yield is about 30 to 40% (Tabassum et al., 1989). Whereas most of South-

East Asian countries are achieving head rice yields up to 55%. To improve head 

rice yield, there is need to develop rice drying and storage facilities at farm level 

in Pakistan. 

Maize (Zea mays L.) being the highest yielding cereal crop in the world, is of 

significant importance for countries like Pakistan, where rapidly increasing 

population has already out stripped the available food supplies. In Pakistan, 

maize is third important cereal after wheat and rice. Maize accounts for 4.8% of 

the total cropped area and 3.5% of the value of agricultural output. It is planted 

on an estimated area of 1.05 million hectare with an annual production of 3.6 

million tonnes. The bulk (97%) of the total production come from two major 

provinces, NWFP, accounting for 57% of the total area and 68% of total 

production. Punjab contributes 38% acreage with 30% of total maize grain 

production. Very little maize 2-3% is produced in the province of Sindh and 

Balochistan. Spring maize area and production in Punjab is around 0.070 million 

ha with about 50 million tonnes of maize grain every year (Awan and Abassi, 

2000). 

Maize being staple food grain of mountainous and sub-mountainous is still used 

for direct human consumption to the magnitude of approximately 50% of the 

total production. The other major outlets are the wet-milling industry and 

livestock feed. 

The maize crop categorized as cereal having 72% starch in the grain. The present 

status and projected potential for the wet-milling of corn in Pakistan is as given 

below: 

 Current annual utilization of maize in starch industry. = 0.300 million 
tonnes. 

 Maximum, potential utilization by year 2005 = 0.350 million tonnes 
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One of the greatest challenges of the twenty- first century will be to feed world’s 

population, because food resources are limited, and the world population is 

increasing at an alarming rate. About 10 to 30% of total world grain production is 

lost after harvest (Chelkowski,1991), because of inefficient handling, 

inadequately implemented post-harvest technologies. If these losses are 

eliminated by applying an integrated system approach, which combines 

engineering, economic and biological principles, the world food supply can be 

increased by 10 to 30% using very few additional basic resources (land, water, 

and capital) and energy consumption. To protect resources and ensure sufficient 

food supplies for the world population, development in post-harvest technologies 

provide considerable opportunities for scientists and engineers. 

The Government of Pakistan has about 4.5 million MT of grain storage capacity 

including bag warehouses. There are six different types of public sector grain 

storage facilities in Pakistan: permanent storage houses (69 percent), hexagonal 

bins (6.9 percent), bini-shells (14.4 percent), concrete silos (6 percent), open bulk 

heads (3.7 percent), and temporary storage (bulk bag storage plus temporary 

outdoor storage on plinths covered with tarpaulin or polyethylene) with storage 

capacity of 1,000-2,000 MT. 

The major constraints to achieve higher crop yield are a wide range of pests 

(insects, disease and weeds).  Pakistan is blessed with a diverse agroecology 

capable of growing successfully almost all types of crops.  However, these 

conditions are also ideal in providing an environment conducive to various types 

of insects and pests.  Crops in Pakistan are highly vulnerable to these enemies 

resulting in considerable loss of agriculture commodities both in quantitative and 

qualitative terms. 

It has been estimated that on an average almost 30 to 40% of the crop yield at 

pre-harvest and 10 to 30% post-harvest stage is lost or damage by different pests. 

However, in Pakistan most of references indicate aggregate pest losses at ~ 50% 

but the invisible losses are twice those reported. Currently, on the basis of most 

agreed figures, 50% loss (insect 20% weed 15%, disease 10% and rodent 5%) the 

economic loss to crops in Pakistan is valued at Pak. Rupees 145 billion. To meet 

the food security challenge posed by high population growth rate (3%), Pakistan 

needs at least an annual growth rate 3-4% in the agriculture sector. This can be 

managed only if loss to crops and environment can be prevented through a well 
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thought out plan of action for crops protection. Green revolution helped to 

produce more food but encouraged increased use of agrochemical. 

To facilitate trade in food and agriculture commodities according to the provision 

of the Agreement of the Application of Sanitary and Phytosanitary Measures 

(SPS) being administered by the World Trade Organization (WTO), there is an 

urgent need to setup laboratories in developing countries to monitor and analyze 

a wide range of food contaminants (pesticides, veterinary drugs, mycotoxins, 

heavy metals etc.) according to international standards.  Similarly the 

enforcement of legislations about the control of contaminants and international 

agreements, in particular the International Code of Conduct on the Distribution 

and Use of Pesticides, requires analytical facilities to monitor the quality of 

products in trade and the level of contaminants in food and in the environment 

(IAEA, 1998).  International trade in agriculture products and commodities 

expanded greatly in 1990’s with an estimated value of US$ 381 billion 

(Anonymous 1998).  A substantial portion of that international trade originates in 

developing countries. 

Food is one of the most intimate and important components of our chemical 

environments. Whether we accept or reject food depends mainly on its flavour.  

Research into the chemistry of desirable and undesirable foods has been very 

popular.  The advent of modern instrumentation has introduced rapid changes in 

the field.  Recently, the concept of good food has changed considerably.  Good 

food is not only expected to look fresh and tasty but it must be free from all 

contaminants.  The presence of contaminant residues in food products is a clear 

violation of this simple reasonable expectation.      

Mycotoxins are natural food and feed contaminants, mainly produced by moulds 

of genera Aspergillus, Penicillum and Fusarium.  The number of mycotoxins 

known to exert toxic effect on human and animal health is constantly increasing 

as well as the legislative provisions taken to control their presence in food and 

feed.  Extensively considered mycotoxins are aflatoxins (AFs), ochratoxin A 

(OTA), Fusarium toxins and patulin (Miraglia and Brera, 2000).  A valuable 

review on the most prominent aspects of mycotoxins is given by the CAST 

Report (CAST, 2003).  Aflatoxins are produced by strains of Aspergillus flavus, 

Aspergillus paraciticus Aspergillus nomius (Kurtzman et al, 1987). Aspergillus 

flavus produces B Aflatoxins only, while the two other species produce B and G 
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ones.  Toxic effects of aflatoxins include carcinogenic, mutagenic, teratogenic 

and immunosuppressive activity (Eaton and Gallagher, 1994).  Aflatoxin B1 

(AFB1) is the most potent hepatocarcinogen known in animals and it is classified 

by International Agency of Research on Cancer (IARC) as Group I carcinogen 

(IARC, 1993). The structures of aflatoxins (AFB1, AFB2, AFG1 and AFG2) are 

presented in Figure 1.1. The classification of the indices B and G is not structure-

related and has its origin in the colour of the fluorescence under UV-light 

(B=blue and G=green) while structural differences of the terminal furan ring 

determine the numerical index. Hence, the name aflatoxin, an acronym has been 

formed from the following combination: the first letter, ‘A’ for the genus 

Aspergillus, the next set of three letters ‘FLA’, for the species flavus, and the 

noun ‘TOXIN’ meaning poison (Ellis et al., 1991). 
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Mycotoxins are secondary metabolites produced by specific filamentous fungi 

that contaminate agricultural commodities. They are toxic to humans and 

animals, cause significant reductions in crop yield and cause economic losses 

(Gourama and Bullerman, 1995; Gqaleni et al., 1996). Their occurrence in 

various countries has been well documented (Bathnagar and Garcia, 2001). 

Aspergillus flavus and Aspergillus parasiticus are important contaminants of 

certain foods and animal feeds because of their ability to produce aflatoxins (Farr 

et al., 1989). When these fungi invade and grow in commodities such as peanuts, 

corn and cottonseed, the resulting contamination with aflatoxins often makes the 

commodities unfit for consumption (Vardon, 2003). Aflatoxins are considered the 

most carcinogenic, mutagenic and teratogenic substances found naturally in foods 

and feeds (Conner, 1993). These metabolites cause liver damage to humans and 

to most experimental animal species tested (Gradelet et al., 1997). 

Consumption of mycotoxin-contaminated foods has been associated with several 

cases of human poisoning, or mycotoxicosis, sometimes resulting in death 

(Bathnagar and Garcia, 2001). Maize is ranked second to wheat among the world 

cereal crops (Goodman, 1995) and is often invaded before harvest by A. flavus 

and A. parasiticus that produce mycotoxins (Ellis et al., 1991). Many consumers 

demand foods without preservatives and associate healthful and safe foods with 

fresh or minimally processed products (Malo et al., 1997).  

The aflatoxin contaminated food may damage to mitochondria leading to 

mitochondrial diseases and may be responsible for aging mechanisms. The 

damage can be to mitochondrial DNA (adducts and mutations), mitochondrial 

membranes (Wallace, 1997), increased cell death (apoptosis) as well as to 

disruption of energy (production of ATP) (Thrasher, 2000). Aflatoxin B1 

preferentially attacks mitochondrial DNA (mtDNA) during heptocarcinogenesis 

vs nuclear DNA; (Niranjan, 1982) mtDNA is protected in aflatoxicosis resistant 

rodents from DNA adducts that effect mitochondrial transcription and translation; 

(Niranjan, 1986) the mycotoxin alters energy-linked functions of ADP 

phosphorylation and FAD- and NAD-linked oxidizing substrates (Sajan, 1996) 

and alpha-ketoglutarate-succinate cytochrome reductases; (Obasi, 2001) it causes 

ultrastuctural changes in mitochondria; (Shanks, 1986; Rainbow, 1994;) and also 

induces mitochondrial directed apoptosis (Pasupathy, 1999; Meki, 2001; Baron, 

2000). Thus, disruption of mitochondria may well lead to dysfunction of various 
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organs and concomitant symptoms that escape standard medical diagnostics. For 

example, it is believed that certain mitochondrial diseases result from the ability 

of the nucleus to detect energetic deficits in its area. The nucleus attempts to 

compensate for the power shortages (e.g. lack of ATP) by triggering the 

replication of any nearby mitochondria. Unfortunately, this response promotes 

replication of the mitochondria that are causing the local energy shortage, further 

aggravating the problem 

Spoilage in agricultural products, caused by mould growth, can occur at various 

stages of production and storage and is significant in terms of trade economics, 

food safety and public health (Hill, Blankenship, Cole, & Sanders, 1983; Northolt 

and Bullerman, 1982). It has been reported that 5–10% of agricultural products in 

the world are spoiled by mould contamination to the extent that they cannot be 

consumed by humans or animals (Topal, 1993). Mould growth and associated 

aflatoxin production can occur in commodities such as corn, peanut, tree nuts and 

spices (Haydar, Benelli, & Brera, 1990; Patel, Hazel, Winterton, & Mortby, 

1996). 

Mould growth decreases the quality of food, and also creates a potential risk for 

human health because of the dangerous to human health because of their highly 

toxic, carcinogenic, teratogenic, hepatotoxic and mutagenic characteristics (Chu, 

1997; Pariza, 1996). Food contaminated by mycotoxins, when consumed by 

humans or animals, may cause mycotoxicosis and poisoning, resulting in death 

(Richard, Bennet, Ross, & Nelson, 1993). Most of the mycotoxins are produced 

by mould species belonging to genus types Aspergillus, Penicillum and Fusarium, 

Aspergillius and Penicillum, which are commonly known as store mould. These 

mould species can grow post-harvest and during the drying and storage stages, 

especially when insufficient drying and unsuitable storage conditions favour their 

proliferation (Scott, 1984). 

Food and dairy products are prone to contamination with mycotoxigenic moulds, 

which may produce mycotoxins under favorable conditions. Aflatoxins, being 

potent hepatocarcinogens in animals (Gourama and Bullerman, 1995) are 

produced by Aspergillus flavus, A. parasiticus and A. nomius. Factors such as 

biological (strain variability, competing microflora and inoculum size), chemical 

(substrate, nutrients and antifungal agents) and environmental (temperature, 
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water activity, atmospheric gases, light and pH) affect the growth of moulds and 

consequently the biosynthesis of aflatoxins (Ellis et al., 1991).  

According to the World Development Report (1993) diseases caused by 

mycotoxins lead to reduced life expectancy in developing countries (Miller, 

1996). The South Asian countries have tropical to sub-tropical climate with an all 

year round high ambient temperatures and relative humidity that provide 

favourable condition for the growth of toxigenic moulds.  Aflatoxin contaminated 

diet has been associated with the elevated rate of liver cancer, decreased 

immunity, kwashiorkor and growth stunting in the sub-region (Hendrickse, 1984; 

Turner et al., 2000; Gong et al., 2002; Turner et al., 2003).  

Agricultural productivity is severely limited by a large number of constraints that 

are biotic (arthropods, nematodes, diseases, weeds, rodents, birds); abiotic 

(drought, soil fertility, mineral toxicity); and infrastructural (low price to farmers 

and inability to compete with subsidized imports, high price of pesticide and 

fertilizer inputs, poor transportation and storage systems). This review will not 

deal with the infrastructure problems, but their solution is a key part of utilizing 

biotechnological solutions for biotic and abiotic stresses. 

Aflatoxins are a structurally similar group of naturally occurring, harmful fungal 

by-products. Strongly implicated in disease and death of man and animals, 

aflatoxins have left substantial agricultural and economic losses in their wake 

(Cheeke, 1998). Recent studies estimate that mycotoxins contaminate 25% of the 

world’s food crops and account for more than $1.4 billion in economic losses in 

the United States alone (Taylor, 2001; Anonymous, 2003). Aflatoxin B1 is the 

most toxic of the aflatoxins and is a potent liver carcinogen (Cheeke, 1998; 

Newberne and Butler, 1968). Substantial evidence also exists to indicate that low-

level exposure to aflatoxin may suppress the immune system and increase 

susceptibility to disease (Denning et al., 1990; Pestka and Bondy, 1990; Sahoo et 

al., 1996). Young animals and the pregnant of all species are very sensitive to the 

aflatoxins (Wogan, 1968; Butler and Wigglesworth, 1965). Excreted in milk of 

dams, aflatoxin may contribute to reproductive failure (Coulombe, 1994). 

Exposure during pregnancy has resulted in transplacental transfer of aflatoxin to 

and immune dysfunction in the offspring (Qureshi et al., 1998). 

The Monographs Program on the Evaluation of Carcinogenic Risks to Humans of 

the International Agency for Research on Cancer (IARC) publishes authoritative 
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carcinogenic risk assessments based on examination by experts of all relevant 

information to assess the strength of available evidence that exposures to the 

chemicals could alter the incidence of cancer in humans. To date, these 

evaluations have identified a total of 88 agents, mixtures and exposures that are 

classified in Group 1, “carcinogenic to humans”. Included are: 64 agents and 

groups of agents (22 drugs; 14 environmental chemicals; 14 radiation; 10 viruses, 

bacteria and parasites; and 4 inorganic fibers); 12 mixtures; and 13 exposure 

circumstances [http://monographs.iarc.fr/]. Nearly all of these risks were first 

identified through observational epidemiology, and then verified by 

supplementary studies in animals and other experimental systems. The mold-

produced aflatoxins are among the few environmental chemicals in this list that 

were first identified as carcinogens in animals, and subsequently shown to pose 

carcinogenic risks to humans through epidemiologic studies. Epidemiological 

studies also relate the incidence of liver cancer in humans with the consumption 

of aflatoxins through contaminated food (Shank et al.,1972 ). In India, human 

disease outbreaks attributable to consumption of aflatoxin contaminated maize 

have been described (Krishnamachari et al.,1975 ). A. flavus and A. parasiticus 

occur on a wide range of food products. 

Aflatoxins belong to a large group of mycotoxins, toxic metabolites that 

contaminate food and feed commodities during growth of certain spoilage molds. 

In addition to causing acute toxicity, aflatoxins are also liver carcinogens in 

experimental animals and extensive quality control measures are necessary to 

minimize levels in human foods.  Aflatoxin is strongly mutagenic in test systems 

ranging from bacteria to human cells in culture, requiring metabolic activation by 

cytochrome P450; pathways of aflatoxin metabolism are similar in cells and 

tissues of susceptible animals and humans, including the epoxidation pathway 

resulting in covalent binding to DNA; the DNA adduct profile, with the aflatoxin-

N7-guanine adduct (AFB1-N7-gua) representing the major adduct, is identical in 

animal and human cells mutagenized by aflatoxin; adduct level in liver DNA is 

quantitatively related to aflatoxin dose and to tumor yield; and chemoprevention 

of DNA adduct formation inhibits tumorigenesis in experimental animals 

(Wogan, 1992).  

Mycotoxins are secondary metabolites produced by fungi that develop naturally 

in food products. These toxins may lead to a great variety of toxic effects in 
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vertebrates, including humans (Coulombe, 1991). Exposure to toxins occurs 

predominantly by the ingestion of contaminated food, especially cereals and 

grains, such as corn, wheat, and peanut, among others (Chu, 1991).  Toxigenic 

fungi may contaminate food products at different phases of production and 

processing, mainly in favourable humidity and temperature conditions. Many 

mycotoxins also have significant chemical stability, which enables their 

persistence in food products even after the removal of the fungi by means of the 

usual manufacturing and packaging processes. 

The most common toxigenic fungi found in maize include species from the 

genera Aspergillus and Fusarium, mainly Aspergillus flavus, Aspergillus 

parasiticus and Fusarium verticillioides (Rodriguez-Amaya, 2001). Aspergillus 

species produce aflatoxins B1, B2, G1 and G2, which are considered to be 

involved in the etiology of human liver cancer (Chu, 1991). The occurrence of 

aflatoxins in corn meal has been occasionally reported, at levels from 2.5 to 7.5 

µg kg-1. 

Studies have shown that concurrent infection with the Hepatitis B virus (HBV) 

during aflatoxin exposure increases the risk of hepatocellular carcinoma (HCC). 

As HBV interferes with the ability of hepatocytes to metabolize aflatoxins, an 

aflatoxin M1-DNA conjugate exists for a longer period of time in the liver, 

increasing the probability of damage to tumor suppressor genes such as p53. This 

effect is synergistic with the resulting damage far greater than just the sum of 

aflatoxin and HBV . (Williams et al., 2004). 

Aflatoxins are normally refers to the group of difuranocoumarins and potency of 

toxicity, carcinogenicity, mutagenicity in the order of AFB1 > AFG1 > AFB2 > 

AFG2 as illustrated by their LD50 values for day-old ducklings. Structurally the 

dihydrofuran moiety, containing double bond, and the constituents liked to the 

coumarin moiety are of importance in producing biological effects. Chemical and 

physical properties of aflatoxins are given in Table 1.1. 
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Table 1.1. Physical properties of aflatoxins 
 
Aflatoxin Molecular formula Molecular weight Melting point 

B1  C17 H12O6 312 268-269 

B2  C17 H14O6 314 286-289 

G1  C17 H12O7 328 244-246 

G2  C17 H14O7  330 237-240 

Mycotoxins are fungal metabolites that have been of major concern as the toxic 

contaminants of foodstuffs and feeds, and have been recognized as potential 

threat to human and animal health since early 1960s resulting in frequent 

economic losses.  Therefore, the development of methods for the analysis of 

mycotoxins has been constantly in demand.  In the last ten years, among the 

techniques applied in the detection, analysis and characterization of mycotoxins, 

chromatography has so far been widely accepted because there always seems to 

be a need to separate some primary and secondary fungal metabolites 

simultaneously produced with mycotoxins. So far numerous work has been done 

in this field.  Information on the techniques and methodologies has been reviewed 

by authors such as Betina, 1985; Scott, 1987; Lin, 1990; Holcomb et al., 1992 

and Kok, 1994. 

Of the chromatographic techniques employed for these purposes, liquid 

chromatography (LC), high performance liquid chromatography (HPLC), gas 

chromatography (GC), thin layer chromatography (TLC), supercritical fluid 

chromatography (SFC), capillary zone electrophoresis (CZE), etc have all played 

their roles.  HPLC especially becomes increasingly the method of choic in the 

determination of aflatoxins (Holcomb et al.,1992).  Cepada et al., 1996 reported 

measurement of a fluorescent increase after the post-column excitation of 

aflatoxins using cyclodextrins in HPLC for food analysis. The robotic automated 

analysis of foods for aflatoxins by reverse phase LC with fluorescence detection 

without derivatization after immunoaffinity column clean-up is reported by 

Carman et al., 1996.  Aflatoxins in medicinal herbs and plant extracts have been 
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determined by reverse-phase HPLC with a fluoresence detection limit of 0.05 µg 

kg-1 and with recoveries in a range of 70-100% (Reif and Metzger, 1995).  Chu et 

al., 1988 evaluated ELISA for aflatoxins the clean-up extracts of corn, peanuts 

and peanut butter.  Immunoaffinity column clean-up and spercritical fluid 

extraction has been well applied in the determination of mycotoxins in groundnut 

cake, milk, foodstuffs and corn (Roch et al., 1995 and Holcomb et al., 1996). 

Food irradiation is the treatment of food by a certain type of energy. The process 

involves exposing the food, either packaged or in bulk, to carefully controlled 

amounts of ionizing radiation for a specific time to achieve certain desirable 

objectives as will be detailed later in the text.  The process cannot increase the 

normal radioactivity level of the food, regardless of how long the food is exposed 

to the radiation, or how much of energy “dose” is absorbed. It can prevent the 

division of microorganisms which cause food spoilage, such as bacteria and 

moulds, by changing their molecular structure. It can also slow down ripening or 

maturation of certain fruits and vegetables by modifying/altering the 

physiological processes of the plant tissues. 

Food irradiation is a technology that can be used to reduce food losses due to 

deterioration and to control contamination causing illness and death.  The first 

commercial use of food irradiation occurred in 1957 in Stuttgart, Germany, when 

a spice manufacturer decided to improve the hygienic quality of product by 

treating accelerated electrons produced by electron accelerator. Today more than 

57 countries are using this technology to detoxify their export products according 

to the rules and regulations of Joint Expert Committee on Food Irradiation 

(JECFI) of FAO/IAEA/WHO. 

Mycotoxins are ubiquitous contaminants possessing the potential to cause a 

myriad detrimental effects to humans and animals.  These compounds represent a 

chemical array of fungal-originated toxins that occur naturally in cereals and 

oilseed-based feed (Anonymous, 1989). It is estimated that annual losses of 

cereal grains due to insects and rodents are about 10% in North America and 30% 

in africa and Asia, but higher losses and contamination often occur locally (Hill, 

1990).  Since losses of grain due to insect infestation are high, disinfestation of 

grain is very important for the safe storage of grain.  From the extensive review 



 

 14

of literature, it is evident that several approaches to detoxification have been 

utilized including physical separation of contaminated seeds, biological 

degradation and chemical reaction with acids, bases, organic solvents and gasses 

(Goldblatt and Dollear, 1977; CAST, 1989; Hagler, 1991)  McKenzie et al., 1998 

used ozone generated by electrolysis to degrade aflatoxin B1 (AFB1) present in 

contaminated corn with aflatoxins and confirmed detoxification in turkey poults. 

Acute shortage, inadequate supply and high costs of protein rich foods of animal 

origin in the third world countries have resulted in the exploration of inexpensive 

and reliable alternative sources of protein of plant origin.  Contamination of 

agricultural produce, food and crude drugs of plant origin incur major economic 

loss in tropics and sub-tropics.  The conventional method of collection, storage 

and marketing usually promote the association with several toxigenic moulds.  

Most of the common chemical preservatives employed for prevention of 

biocontaminants are banned worldwide.  Such preservatives are known to leave 

toxic residues, which are hazardous to human health and environment 

(Loaharanu, 1994 and Hallman, 2001). Fungal contamination and mycotoxin 

production often prevails under high humid and temperate conditions.  Cereal 

seeds infected with toxigenic moulds leads to quality deterioration as well as loss 

in shelf-life (Peraica et al., 1999; Pitt, 2000).  Consumption of mould-

contaminated seeds has been reported to cause serious ailments in humans and 

livestock (Saber, 1992).  Irradiation offers broader avenues for sanitizing 

different ingredients than thermal treatments at a competitive cost (Farkas, 1998).  

Reports are available for safe use of radiation in decontamination and shelf-life 

improvement of commercially valued plant and animal products (WHO, 1999).  

Although gamma irradiation has been well established and has wide applications, 

skepticism still persists among consumers that gamma irradiation employing 

radioactive isotopes (137Cs or 60Co) leaves radioactive residues.  Thus, currently 

there is an upsurge interest of employing electron beam accelerators in food and 

pharmaceutical industries, wherein there is no role of radioactive isotopes (IAEA, 

2002).  The growing demands for safe preservation of fresh raw plant produce 

have fostered research in the development of electron beam irradiation (EBI) 

technology.  The EBI is an emerging technology, which strengthens and 

promotes international trade to overcome quarantine barriers through 

phytosanitation.  Decontamination of food and agricultural commodities by EBI 
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has proved to be successful without any apparent detrimental effects (Hayashi, 

1998).  Therefore, this study has been undertaken to explore the following 

objectives: 

 To determine aflatoxins AFB1, AFB2, AFG1 and AFG2 in cereals 

 To explore different doses of gamma irradiation and their efficacy for 

decontamination/reduction of cereals from aflatoxins 

 To evaluate the food composition of irradiated cereals 
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Chapter 2 
 
 
 
 

REVIEW OF LITERATURE 
 
 
 

Cereals are the fruits of cultivated grasses and members of the grass family 

Graminae (Poaceae). The cereals crops like wheat (Triticum aestivum L.), maize 

(Zea mays), millet (Pennisetum typhoides), sorghum (Sorghum bicolor), rice 

(Oryza sativa L) and acha (Digitaria exilis) (Jideani, 1999) are the major plant 

foods. Cereals have been important crop for thousands of years, indeed the 

successful production, storage and use of cereals have contributed in the 

development of modern civilization (Kent, 1983). Cereal grains are plant seeds 

and as such contain a large centrally located starch endosperm which also is rich 

in protein, a protective outer coat consisting of two or three layers of fibrous 

tissue and an embryo or germ usually located near the bottom of the seed. Except 

for two amino acids, lysine and tryptophan, most cereals contain the essential 

amino acids required by man as well as vitamin and mineral. When they are 

consumed with other foods, they can supplement the nutritional elements that are 

low in cereal (Ihekoronye and Ngoddy, 1985).  

Wheat, rice and corn (maize) each have world production of 600–700 × 106 tons 

per year. They thus make very significant contributions to the diet of all 

humanity, as well as contributing to the feeding of animals and to industrial 

processing. In addition, there are several other cereal species that are grown to a 

significant extent, particularly barley, rye, oats, sorghum, triticale, and the 

various species of millet. Starch is the major component of the cereal grains, so it 

makes the greatest contribution to dietary energy input.  The cereal grains provide 

a good balance of nutrition, providing a diet that is low in fats, and offering 

several nutritional advantages, especially when whole-grain foods are consumed. 

Mycotoxins are fungal metabolites whose presence in feed and food crops cannot 

be completely avoided.  Their presence can sometimes be reduced by making 

improvements in farming practices, such as by modifying seeds, providing better 

storage conditions, or by manufacturing processes.  Aflatoxins (AFs) are toxic 
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secondary metabolites produced by species of Aspergilli, especially Aspergillus 

flavus and Aspergillus parasiticus.  These fungi can grow on certain foods and 

feeds under favourable conditions of temperature and humidity and produce AFs 

before and/or during harvest, handling, shipment and storage.  In recent years 

immense literature is available on aflatoxins in cereal commodities and its 

reduction through gamma irradiation but little information is available in Pakistan 

regarding the presence of AFs in spices.  In the present dissertation, major 

emphasis was given on aflatoxins in cereals and reduction of AFs with gamma 

irradiation, while reviewing the subject.  Nevertheless, indirect evidence was 

provided from AFs in general to support some studies.  

2.1 Aflatoxins in cereals 

Food safety is receiving heightened attention worldwide as the important links 

between food and health are increasingly recognized. Improving food safety is an 

essential element of improving food security, which exists when populations have 

access to sufficient and healthy food. At the same time, as food trade expands 

throughout the world, food safety has become a shared concern among both 

developed and developing countries. Governments in many countries have 

established new institutions, standards, and methods for regulating food safety 

and have increased investments in hazard control.  This set of policy briefs 

describes how developing countries are addressing food safety issues in order to 

improve both food security and food trade, and discusses the risks, benefits, and 

costs when such policies are implemented. 

Unsafe food contains hazardous agents, or contaminants, that can make people 

sick—either immediately or by increasing their risk of chronic disease. Such 

contaminants can enter food at many different points in the food production 

process, and can occur naturally or as the result of poor or inadequate production 

practices. Hazardous agents that are receiving attention from policymakers 

include microbial pathogens, zoonotic diseases, parasites, mycotoxins, antibiotic 

drug residues, and pesticide residues. Genetically modified foods and their 

potential to contain allergens or toxins not found in conventional foods have 

begun to receive attention as well. 

Mycotoxins are toxic chemical compounds produced by molds, which can have 

important consequences in human and animal health (see Brief 3).The most 

important mycotoxin types are aflatoxins B1, B2, G1, and G2; fumonisin B1;T-2 
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toxin; zearalenone; ochratoxin A; and deoxynivalenol. In humans the presence of 

mycotoxins in foods can be cumulative, leading to cancers and immune-

deficiency diseases. Immediate, acute symptoms may also occur. Either way, the 

effects are not entirely understood. In animals, mycotoxins can reduce production 

efficiency, increase the death rate, and reduce feed conversion efficiency. When 

present in feed, some mycotoxins can pass into eggs or milk and subsequently 

prejudice human health. 

Aflatoxin contamination of maize is almost exclusively from infestation by A. 

flavus, which produces aflatoxin B1 and B2. 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 

aflatoxin production such as inoculum availability, weather conditions and pest 

infestation during crop growth, maturation, harvesting and storage are difficult to 

control (Lopez-Garcia and Park, 1998). 

Contamination of maize and other food commodities with aflatoxins is a public 

health concern because of the ability of aflatoxins to cause human and animal 

diseases.  Aflatoxins have been implicated with acute and chronic aflatoxicosis, 

genotoxicity, hepatocellular carcinoma, suppression of the immune system, 

aggravation of kwashiorkor and impaired childhood growth (Hall and Wild, 

1994). 

Mutungi et al., 2008 investigated the fate of aflatoxins during processing of 

maize into muthokoi – A traditional Kenyan food. The effect of processing 

muthokoi, (a traditional dehulled maize dish in Kenya) on aflatoxin content of 

naturally contaminated maize was investigated. Dehulling decreased aflatoxin 

levels by 46.6% (5.5–70%) in maize samples containing 10.7–270 ng/g aflatoxin 

levels.  Soaking muthokoi in 0.2%, 0.5% and 1.0% solutions iati, sodium 

hypochlorite or ammonium persulphate for 6 or 14 h further decreased aflatoxin 

contents by 28–72% in maize samples containing 107–363 ng/g a.atoxin levels, 

and boiling muthokoi at 98 oC for 150 min in 0.2–1.0% w/v iati decreased 

aflatoxin contents by 80–93% in samples having 101 ng/g aflatoxin 

contamination. Findings imply that exposure to acute aflatoxin levels in maize 

was minimized during processing and preparation of muthokoi. 

Maize is processed and prepared in different ways by different communities in 

Pakistan. It may be consumed as either roasted green maize, boiled whole-grain, 
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maize mixed with legumes (githeri), thick porridge (ugali), thin porridge (uji), 

opaque alcoholic beverage (busaa), fermented roasted cake (tsimbale or 

kamakhalanje) or boiled dehulled grits (muthokoi) in many parts of the world. . 

MAIZE is a commodity considered to be one of the most susceptible to 

mycotoxins world-wide (Barug et al., 2004).  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. 

Giorni et al., 2007 studies on Aspergillus section Flavi and isolated from maize in 

northern Italy. It was pointed out that significant problems arose with 

colonization and contamination of maize destined for animal feed with 

Aspergillus section Flavi and aflatoxins (AFs). This resulted in milk and derived 

products being contaminated with AFM1 at levels above the legislative limit. 

There was little knowledge and experience of this problem in Italy. The 

objectives of this research were thus to study the populations of Aspergillus 

section Flavi in six northern Italian regions and obtained information on the 

relative role of the key species, ability to produce sclerotia, production of the 

main toxic secondary metabolites, aflatoxins and cyclopiazonic acid, and 

tolerance of key environmental parameters. A total of 70 strains were isolated and 

they included the toxigenic species A. flavus and A. parasiticus. A. flavus was 

dominant in the populations studied, representing 93% of the strains. Seventy 

percent of strains of Aspergillus section Flavi produced AFs, with 50% of strains 

also producing cyclopiazonic acid. Sixty-two percent of A. flavus strains and 80% 

of A. parasiticus were able to produce sclerotia at 30 °C. Using 5/2 agar, only 1 

strain developed S sclerotia and 19 L sclerotia. With regard to ecological studies, 

growth of Aspergillus section Flavi was optimal at between 25 and 30 °C, while 

AFB1 production was optimal at 25 °C. Regarding water availability (water 

activity, aw), 0.99 aw was optimal for both growth and AFs production, while the 

only aflatoxin produced in the driest condition tested (0.83 aw) was AFB1. This 

information will be very useful in identifying regions at risk in northern Italy by 

linking climatic regional information to levels of fungal contamination present 

and potential for aflatoxin production in maize destined for animal feed. This 
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would be beneficial as part of a prevention strategy for minimising AFs in this 

product. 

The main members of Aspergillus section Flavi able to produce aflatoxins (AFs) 

are A. flavus and A. parasiticus (Kurtzman et al., 1987). These are closely related 

fungi and difficult to distinguish from each other. It is now generally accepted 

that A. flavus produces only aflatoxin B1 and B2, while A. parasiticus produces all 

the four principal AFs (AFB1, AFB2, AFG1 and AFG2) (Diener et al., 1987; 

D'Mello and MacDonald, 1997). However, Gabal et al. (1994) reported a high 

percentage of A. flavus strains producing AFG1 and a minor group also producing 

AFG2. Some A. flavus strains are also reported to produce cyclopiazonic acid 

(CPA), a mycotoxin typical of several species of Penicillium. Contradictory 

results exist on the mutagenic effect of CPA; however, there is evidence of its 

inhibitory effect on the mutagenicity of AFB1 (Kuilman-Wahls et al., 2002). 

The occurrence of AFs in food has been recognized as potential threat to human 

health, either caused by direct contamination via grains and grain products or by 

‘‘carry over’’ of mycotoxins and their metabolites in animal tissues, milk and 

meat after intake of contaminated feedstuffs (Kotsonis et al., 2001). There exist a 

great number of reports that suggest intoxication of humans by the consumption 

of AF-contaminated agricultural products (Hendrickse et al., 1982; Williams et 

al., 2004). 

Turkey has been encountered the AF contamination problem in different foods 

exported and/or consumed in the country since 1967 (Camlibel, 1995). Wheat 

that is susceptible to these fungi infections through its growth, harvest, transport 

and storage, is the most staple food in our country. Turkey is one of the major 

wheat-producing countries in the world. The average daily consumption of wheat 

and wheat products by an average Turkish person is about two times as high as 

most Western countries. Daily consumption of these products is estimated to be 

approximately 400 g and this amount corresponds to almost 50% of daily diet 

(Koksal, 1990). Although there are some studies on the levels of mycotoxins in 

different foods consumed and produced in Turkey, the limited studies exist on the 

concentrations of AFs in cereal and cereal products (Aycicek et al., 2002; 

Gokmen and Acar, 2000; Nizam and Oguz, 2003; Omurtag and Beyoglu, 2003; 

Omurtag and Yazýcýoglu, 2000). 
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Giray et al., 2007 studied aflatoxins level in wheat samples consumed in some 

regions of Turkey.  Aflatoxins (AFs), the secondary metabolites produced by 

species of Aspergilli, specifically Aspergillus flavus and Aspergillus parasiticus, 

have harmful effects on humans, animals, and crops that result in illnesses and 

economic losses. Wheat that is susceptible to these fungi infections through its 

growth, harvest, transport, and storage, is the most important staple food in 

Turkey. Therefore, this study has been undertaken to determine the AFB1, AFB2, 

AFG1, AFG2 levels by HPLC in forty-one wheat samples grown and consumed in 

some regions of Turkey. The concentrations of total AFs in the wheat samples 

were determined to be ranging from 10.4 to 643.5 ng/kg. Fiftynine percent of the 

samples were found to be positive for total AFs. The percentage of positive 

samples for AFB1, AFB2, AFG1, and AFG2 were 42, 12, 37, and 12%, 

respectively. Although the detected levels are under the permitted levels for AFs 

in cereals, these amounts should be considered in regard to overall daily exposure 

to mycotoxins. 

Fungi grow on a living organism or on stored food materials and produce harmful 

metabolites that diffuse into food.  These metabolites are referred to as 

mycotoxins.  They are produced on different agricultural products, food and feed 

ingredients before/after harvest or during transportation/storage.  Both intrinsic 

and extrinsic factors (pH, relative humidity, temperature and oxygen tension) 

influence mycotoxin production on a substrate. The mycotoxins are highly toxic 

and carcinogenic in nature particularly AFB1. Aflatoxin B1 is extensively found 

in cereals, nuts, maize, wheat and cottonseeds. Some work has been done on the 

determination of aflatoxin B1 in poultry feed and its components using enzyme 

immunosorbent assay technique.  The main author claimed that the method is 

very sensitive for the estimation of aflatoxins in different nature of samples.  

Maqbool et al., 2004 described the sensitivity of ELISA method for the 

estimation of aflatoxins.  A microtitration plate method was optimized using anti-

aflatoxin B1 antibody and peroxidase – aflatoxin B1 conjugate, based on 

competitive enzyme immunosorbent assay principle.  Standards of concentrations 

of 5, 10, 20, 50, 100, 500 ng/L aflatoxin B1, prepared in phosphate-buffered 

saline, were used.  Standard curves showed that as the concentration of antigen 

decreased, absorbance values increased.  Fifty percent inhibition was observed at 

37 ng/L.  Regression analysis showed that log concentration was inversely related 
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to %B/B0, with a highly significant negative correlation (-0.980). The lowest 

detection limit for aflatoxin B1 was 5 ng/L.  Using this standardized ELISA, 

aflatoxin B1 was detected in most of the commercially available poultry samples 

and their components. The data suggested that the test is suitable for the accurate 

determination of aflatoxin B1 concentrations in poultry feed and its components.   

Animals and human beings are continuously exposed to aflatoxins using 

contaminated food and food products.  Such exposure is difficult to avoid 

because fungal growth in foods is not easy to prevent (Gong et al., 2002).  

Aflatoxins have been found in the liver biopsies of children and neonatal cord 

blood and serum from women in countries that annually have aflatoxin 

contaminated grains (Coulter et al., 1986; Lamplugh et al., 1988). It is reported 

that mother milk has been found to contain substantial residues of aflatoxin M1 in 

some part of the world that are using contaminated maize in their daily diet 

(Coulter et al., 1984). 

Aflatoxins can contaminate many agricultural products such as nuts, grains and 

spices Corn and peanuts are the agricultural products with the highest incidence 

of aflatoxins contamination, as supported by the investigations in some areas of 

China (Wang et al., 2006). Internationally, severe human aflatoxicoses 

consuming heavily contaminated corn foods were reported in Kenya in 2004 

(Probst 2007; Lewis et al., 2005). Therefore, monitoring of aflatoxins in these 

agricultural products is very important for protecting consumers.  

Fu et al., 2008 determined aflatoxins in corn and peanuts collected from China. A 

rapid and simple method using ultra-high-pressure liquid chromatography with 

UV detection for the determination of aflatoxins B1, B2, G1 and G2 in corn and 

peanuts has been developed. In this method, aflatoxins were extracted with a 

mixture of acetonitrile and water (86:14) and then purified by solid-phase clean-

up with a MycoSep # 226 AflaZon+ column. The toxins were determined by 

UHPLC–UV without derivatizing aflatoxins in real samples, which had not been 

used in other studies. The mean recoveries of aflatoxins from non-infected peanut 

and corn samples spiked with aflatoxins B1, B2, G1 and G2 at concentrations from 

0.22 to 5 µg/kg were between 83.4% and 94.7%. The detection limits (S/N = 3) 

for B1, B2, G1 and G2 were 0.32, 0.19, 0.32 and 0.19 µg/kg, and the 

corresponding quantification limits (S/N = 10) were 1.07, 0.63, 1.07 and 0.63 

µg/kg, respectively. We also applied this method on real samples. Among 16 
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peanut samples, 2 (12.5% incidence) were contaminated with aflatoxin; among 

18 corn samples, 4 (22% incidence) were contaminated. The proposed method is 

rapid, simple and accurate for monitoring aflatoxins in corn and peanuts. 

Mycotoxins are natural food and feed contaminants, mainly produced by moulds 

of genera Aspergillus, Penicillium and Fusarium. The number of mycotoxins 

known to exert toxic effect on human and animal health is constantly increasing 

as well as the legislative provisions taken to control their presence in food and 

feed. Aflatoxins are produced by strains of Aspergillus flavus, Aspergillus 

parasiticus and Aspergillus nomius (Kurtzman et al., 1987).  Aspergillus flavus 

produces B aflatoxins only, while the two other species produce both B and G 

ones. Toxic effects of aflatoxins include carcinogenic, mutagenic, teratogenic, 

and immunosuppressive activity (Eaton & Gallagher, 1994). Aflatoxin B1 

(AFB1) is the most potent hepatocarcinogen known in mammals and it is 

classified by the International Agency of Research on Cancer (IARC) as Group 1 

carcinogen (IARC, 1993). 

In Morocco, cereals represent a staple food for population, therefore bearing high 

social, economic and nutritional relevance. Moreover, cereals contribute to 12% 

approximately of the agricultural output and Moroccan households spend 25% of 

their food expenditure for this kind of products. On average, Morocco consumes 

6 million tons of cereals each year. In addition, by 2020 the Moroccan population 

will require 8.5 million tons of cereals for the national consumption. Due to 

drought the country has endured during the last two decades, cereal yield 

production has been dramatically reduced in the range of 25–85% (INRA, 2002), 

leading to extensive importation from other countries. 

Spices also, such as pepper, paprika, cumin, ginger, saffron, are extensively used 

in Morocco to flavoring foods as well as for medication and are highly valuable 

due to their preservative and antioxidant properties. Spices are largely produced 

in countries where tropical climates (high ranges of temperature, humidity and 

rainfall) are favorable to mycotoxin contamination. Furthermore they are usually 

dried on the ground in the open air in poor hygienic conditions that even more 

promote growth of moulds and production of mycotoxins (Martins et al., 2001). 

On a global scale, the contamination of spices by mycotoxins was especially 

reported in Ethiopia (Fufa and Urga, 1996), Egypt (Selim et al., 1996) and 

Portugal (Martins et al., 2001). 
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Zinedine et al., 2006 studied on Natural occurrence of mycotoxins in cereals and 

spices commercialized in Morocco.  Sixty samples of cereals (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) purchased from popular markets of Rabat and Sale´ 

in Morocco were analyzed for mycotoxins.  Cereals samples were all analyzed 

for ochratoxin A (OTA). The average levels of contamination were 1.08, 0.42, 

and 0.17 µg/kg for corn, wheat, and barley, respectively. Samples of corn were 

also analyzed for zearalenone (ZEA) and fumonisin B1 (FB1) the average 

contaminations were 14 and 1930 µg/kg, respectively. Co-occurrence of OTA, 

FB1, and ZEA was also checked. Spices samples were analyzed only for 

aflatoxins (AFs) and the average contaminations found for aflatoxin B1 (AFB1) 

were 0.09, 0.63, 2.88 and 0.03 µg/kg for black pepper, ginger, red paprika and 

cumin, respectively. The higher level of contamination was found in red paprika 

(9.68 µg/kg).  The presented result was first time ever drafted on the natural co-

occurrence of OTA, FB1 and ZEA in cereals and on the occurrence of AFs in 

spices in Morocco history. 

During the past decades a huge number 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 aflatoxins since 60s, to cereals, spices, coffee, cocoa and dried 

fruits. Devegowda reported that 25% of cereals approximately consumed in the 

world are contaminated by mycotoxins (Devegowda et al, 1998). In general the 

extent of contamination is expected to be higher wherever climatic conditions are 

in principle favourable to mycotoxin contamination. 

An investigation on aflatoxin contamination of agricultural commodities was 

carried out in different parts of China in 1981 (Liu et al., 1981). Research on 

controlling aflatoxin contamination in stored rice was also conducted (Ilago and 

Juliano, 1982). Aflatoxin B1 was detected in stored rice and 96% of parboiled rice 

(Breckenridge et al., 1986). In southern China, in Fujian and Guangxi Province, a 

comprehensive survey on aflatoxins in grains (maize and rice) was performed by 

Tang et al. (1998) and Tang (1999). Aflatoxin contamination generally occurs in 

the tropical and sub-tropical regions of the world but aflatoxin accumulation in 

food and feedstuff in northern China (Shandong and Henlongjiang Provinces) 
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was reported (Li, 1997; Zhang et al., 2003). Some feedstuffs and maize from 

Liaoning Province were found to contain aflatoxins (Dai, 1997). Maize and rice 

are the main diet of the general population in Liaoning and most parts of China. 

To date, there have been no comprehensive surveys on aflatoxin content in 

Liaoning Province.  Some more research has been conducted to find out the 

reasons of aflatoxins in stored agricultural commodities.  In this contest Liu et al., 

2006 started work on the determination of aflatoxins in stored maize and rice 

grains grown at Liaoning Province of China.  Aflatoxin contamination and its 

relationship to storage length in stored maize and rice in Liaoning Province, 

northeastern China, was investigated. Aflatoxins in 110 samples collected from 

an area of 14.68 million km2 covering storage length from 1 year to over 10 years 

were determined by high-performance liquid chromatography with fluorescence 

detection. The results showed that almost all samples collected contained 

aflatoxins. The average contents in maize, whole grain rice and brown rice were 

found to be 0.99, 3.87 and 0.88 mgkg-1, respectively. Three-fourths of the total 

aflatoxins in whole grain rice (3.87 mgkg-1) could be removed by dehusking to as 

low as 0.88 mgkg-1 in brown rice. No significant aflatoxin increase was observed 

in whole grain rice and brown rice over a 10 years storage period. In maize, the 

amount of aflatoxins was significantly higher in 2 years than 1year sample. 

Aflatoxin G1 was detected as the major type of aflatoxin in over 40% of all stored 

grain samples tested and over 92% of rice samples examined. The aflatoxin 

content in maize and rice is much lower than the regulated maximum amount 

allowed in foodstuffs in China and other countries. We concluded that these 

grains are safe for human and livestock consumption and for trading. 

It is possible that the fungi grown on rice might be a new species other than the 

two aflatoxigenic species (A. flavus and A. parasiticus). Preliminary data 

suggested that both A. flavus and A. parasiticus colonize maize samples. Other 

aflatoxigenic fungi may exist in rice samples and need to be identified or the rice 

plant might have altered the aflatoxin-producing pattern by plant–fungus 

interaction. Previous reports (Greene-Mcdowelle et al., 1999; Wright et al., 2000) 

indicated that certain volatile compounds generated by plants inhibited aflatoxin 

formation. The plant lipoxygenase in maize and peanuts and its product, the 

13(S)-hydroperoxide derivative, were also shown to interfere with aflatoxin 

formation (Burow et al., 2000; Wilson et al., 2001). The rice grain might contain 
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or have produced certain enzymes or chemicals that inhibited the production of 

aflatoxin or a type of aflatoxin (such as B1). Such further studies are beyond the 

scope of this report.  Some researchers (Paranagama et al., 2003) found that the 

aflatoxigenic fungi and aflatoxin formation might be inhibited by some synthetic 

pesticides or natural protectants during storage. Not only did some microbial 

populations decline in number, but the amount of aflatoxins was reduced (Ju, 

1980). 

Most indigenous inhabitants of Mexico and some part of Asia eat maize-based 

foods as the principle part of their diet. Typically, maize provides about 70% of 

calorie and 50% of protein intakes (Paredes-Lopez and Escobedo, 1983). Pozol 

(from the Aztec pozolli, foamy) can be prepared as either fermented, non-

alcoholic, acidic dough (masa) or as a non-fermented beverage. 

Pozol is very famous dish commonly consumed, in the states of Chiapas, 

Tabasco, Campeche and Yucatan, as a fermented or non-fermented drink. Daily 

consumption of pozol ranges from 80 to 1000 g per person (Ulloa et al., 1987). 

The pozol is prepared using white or yellow maize alone or the masa is mixed 

with toasted cacao paste or ground cacao beans (Canas-Urbina et al., 1993). 

A major health risk associated with maize-based foods is the consumption of 

mycotoxins, because maize grains are commonly infected by toxigenic fungi such 

as species of Fusarium, Penicillium or Aspergillus (Christensen and Kaufmann, 

1969). Even when those fungi are destroyed by the nixtamalization process, the 

toxins can remain in the masa. As no sanitary measures are taken during pozol 

preparation, microbial contamination of the maize dough is inevitable. 

Aflatoxins are secondary metabolites produced principally by toxigenic strains of 

A. flavus Link and Aspergillus parasiticus Speare (Asao et al., 1963). The 

important fungi species invade maize in the field and in stores. Aflatoxins in 

foods have been associated with the development of liver cancer in humans 

(Harrison et al., 1993). Also, there is evidence that air-borne particles of dust 

contaminated by aflatoxins contribute to the development of pulmonary cancer 

(Dvorackova, 1976). Four principal aflatoxins (AFs) are produced by A. flavus 

and A. parasiticus; AFB1, AFB2, AFG1, and AFG2. AFB1 is considered the most 

powerful hepatocarcinogenic agent known (Wogan and Newberne, 1967). 

Aflatoxins are found in maize-based feeds associated with animal toxicoses 

(Bodine and Mertens, 1983) and in maize-based human foods in underdeveloped 
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countries. In Mexico, surveys of Aspergillus species and their potential to 

produce aflatoxins have revealed that A. flavus and A. parasiticus are the fungi 

most frequently isolated from maize (Carvajal and Arroyo, 1997). Commercially 

available feeds are frequently contaminated with aflatoxins (Keyl and Booth, 

1971). However, reports on mycotoxin contamination of foods prepared from 

maize or corn for human consumption are still meager in developing countries. 

Mendez-Albores et al., 2004 used a technique for the detoxification of 

contaminated maize flour for the preparation Mexican dish Pozol and then 

determined aflatoxins in it using AOAC method.  The samples were analyzed for 

the presence of aflatoxins. Nineteen out of one hundred and eleven samples were 

contaminated with aflatoxin B2 (AFB2) and traces of aflatoxin B1 (AFB1). The 

percentage of samples contaminated with AFB2 in pozol prepared with white 

maize was 5.4%. Pozol mixed with toasted cacao paste had a contamination rate 

of 41.5%. No aflatoxins were detected in pozol prepared with yellow maize. It 

was found that only 1 of 19 contaminated samples had aflatoxin concentrations 

above 20 ppb. 

The study concluded that maize nixtamalization is known to destroy aflatoxins 

but the inactivation of aflatoxins can be reversed by a low pH (Price and 

Jorgensen, 1985). It therefore appears that the traditional nixtamalization process 

is not as effective as has been suggested, and that more research is needed on the 

fates of aflatoxins and other mycotoxins (Sweeney and Dobson, 1998) during 

processing of maize-based foods. 

Contamination of maize and other food commodities with aflatoxins is a public 

health concern because of the ability of aflatoxins to cause human and animal 

diseases. Aflatoxins have been implicated with acute and chronic aflatoxicosis, 

genotoxicity, hepatocellular carcinoma, suppression of the immune system, 

aggravation of kwashiorkor and impaired childhood growth (Hall and Wild, 

1994). 

In Kenya, outbreaks of acute human aflatoxicosis occur frequently especially 

with respect to maize, the dietary staple to over 85% of the Kenyan population 

are well documented (Lewis et al., 2005). 

Because of the ubiquitous nature of aflatoxigenic fungi, prevention of on-field 

and storage infection as a means of controlling aflatoxin contamination in 

agricultural commodities is difficult to achieve. Consequently, post-harvest food 
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processing technologies are increasingly being investigated for their ability to 

reduce aflatoxins in contaminated products.  Maize is processed and prepared in 

different ways by different communities in Kenya. It may be consumed as either 

roasted green maize, boiled whole-grain maize mixed with legumes (githeri), 

thick porridge (ugali), thin porridge (uji), opaque alcoholic beverage (busaa), 

fermented roasted cake (tsimbale or kamakhalanje) or boiled dehulled grits 

(muthokoi). Kenya is very famous for the production of quality maize in the 

world.  The environment of region is very warm and humid that is favourable for 

the incursion of fungi species to contaminate the crop. Once the fungi spores 

attack on cereals in a conducive environment, the spores of Aspergillus genera 

start to multiply very fast and left the toxic metabolites on the crop that is very 

lethal for human and animals if ingested in greater concentration.  For export of 

cereals, it is imperative that export goods fulfill the sanitary and phytosanitary 

rules and regulation established by World Trade Organization (WTO).     

Corn (Zea mays L.) is a major crop in the southern United States, where it plays 

an important role in the economy in rotation with cotton or soybeans, and in 

animal feed, alcohol fermentation and direct human consumption. However, corn 

kernels are subject to infection by a variety of toxigenic fungi (Cardwell et al., 

2000).  Aflatoxin has long been monitored by the United States Food and Drug 

Administration, and a level of 20 ppb has been set as the limit for corn 

contamination with aflatoxin (United States Food and Drug Administration, 

2000). Fungal growth and toxin production in corn have been found to depend on 

several interacting factors that stress corn plants (Payne, 1992). Stress factors 

include low moisture content of the soil, high daytime maximum temperatures, 

high nighttime minimum temperatures, and nutrient-deficient soils (Lillehoj et 

al., 1980; Abbas et al., 2002).  

Abbas et al., 2006 evaluated corn hybrid for aflatoxins.  A severe infestation by 

aflatoxin-producing fungi diminished food quality of southern United States corn 

(maize) in 1998. Corn hybrids (65) naturally infected with Fusarium spp. and 

Aspergillus spp. were evaluated from 1998 to 2001 for resistance to mycotoxin 

contamination. Kernel corn samples were assayed at harvest for aflatoxins and 

fumonisins. In 1998, samples from all hybrids exceeded 20 ppb aflatoxin (mean 

levels: 21–699 ppb) and 2 ppm fumonisins (mean levels: 23–79 ppm), the 
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maximum levels permitted by United States Food and Drug Administration 

guidelines. Samples from hybrids planted in the same and other locations in 

Arkansas in 1999 and 2001 were shown by similar methods to contain aflatoxin 

levels ranging from not detected to 255.3 ppb and fumonisin levels from 0.3 to 

83.6 ppm. The fumonisin levels in 2001 were very high in all hybrids, ranging 

from 8 to 83.6 ppm while aflatoxin levels were low ranging fromo5 in most 

hybrids to 131 ppb. The presence of aflatoxin B1 and B2 in samples was 

confirmed by thin layer chromatography and liquid chromatography/mass 

spectrometry and fumonisins B1, B2, B3, B4 and C4 by liquid 

chromatography/mass spectrometry. During the period studied, a positive 

correlation was observed between aflatoxin and fumonisin levels, indicating that 

natural infection with Fusarium spp. did not appear to protect against aflatoxin 

production.  The main author claimed that corn grown in Arkansas, USA not only 

contaminated with aflatoxins but also with fumonisins. 

Cereal grains may become contaminated by molds while in the field and during 

storage. Some of these molds can produce mycotoxins. In general, mycotoxins 

are stable compounds. The mycotoxins that occur commonly in cereal grains are 

not destroyed during most food processing operations, which may lead to 

contamination of finished cereal based foods. The mycotoxins that are most 

common in cereal grains are aflatoxins, ochratoxins, fumonisins, deoxynivalenol 

and zearalenone. These mycotoxins and the foods or commodities that they 

commonly contaminate are given in Table 2.1. 

Table 2.1  Mycotoxins of concern and the commodities in which they may occur 
 
Mycotoxins Food/Commodity 

 
Aflatoxin 
Ochratoxin 
Zearalenone 
Deoxynivalenol (DON, 
Vomitoxin) 
Fumonisins  
 

Maize (corn), cottonseed, peanuts, tree nuts, milk 
Wheat, coffee beans, grapes, raisins 
Maize 
Wheat, barley, maize 
 
Maize 
 

 
Unavoidable, natural contaminants in foods may have either chemical or 

biological origin. Mycotoxins—toxic secondary metabolites of fungi—are 

biological in origin. Despite efforts to control fungal contamination, toxigenic 
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fungi are ubiquitous in nature and occur regularly in worldwide food supplies due 

to mold infestation of susceptible agricultural products, such as cereal grains, 

nuts, and fruits. Thousands of mycotoxins exist, but only a few present significant 

food safety challenges. The natural fungal flora associated with foods is 

dominated by three genera—Aspergillus, Fusarium, and Penicillium, which 

except for the Fusarium plant pathogens, may include commensals as well as 

pathogens. The chemical structures of mycotoxins produced by these fungi are 

very diverse, as are the characteristics of the mycotoxicoses they can cause 

(ICMSF 1996). 

Of the thousands of existing mycotoxins, a few hundred are associated with food 

and only a handful present food safety challenges to the farm-to-fork food 

continuum. At the farm level, mold growth can result in reduced crop yields and 

livestock productivity stemming from illness or death due to consumption of 

contaminated feed. In food manufacturing, destruction of mycotoxins by 

conventional food processing is difficult because they are typically highly 

resistant and detection is complicated due to limitations in analytical 

methodology. In the marketplace, mycotoxins can be a hurdle to international 

trade, leading to increased regulation of foods and feeds that may contain them 

and removal from the market of commodities not meeting regulatory limits (see 

Table 1 for US, EU, and Codex guidance/regulations). 

Public awareness of issues surrounding mycotoxins is increasing. Karlovsky 

(1999) provides 3 explanations for this phenomenon. First, analytical chemistry is 

increasingly able to quantify the presence of toxins in a growing number of food 

commodities. Second, new and improved bioassays for toxicological studies on 

specific targets have surpassed the abilities of less sophisticated methods and 

allowed identification of negative health effects where previously none had been 

found. Third, the availability of routine testing methods that are both efficient and 

affordable has allowed for in-house monitoring, resulting in greater numbers of 

identified contaminations. 

The variability in mycotoxin contamination and the potential for novel 

mycotoxicoses to emerge make the prospects for ongoing significant human 

mycotoxicoses likely, especially in low-income countries in which surveillance is 

less available because of economical and technological constraints. The human 

health consequences of acute aflatoxicosis alone range from death to exacerbated 
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malnutrition, devastating to the affected populations. In view of ongoing 

epidemics of immunosuppressive diseases, including HIV infection and chronic 

protein calorie malnutrition, the additional immunosuppression possible from 

mycotoxins deserves more attention. Very little is known about the effects of 

long-term low-level exposure, especially with regard to co-contamination with 

multiple mycotoxins. Also, due to the heterogeneity of mycotoxin contamination 

and the potential for sampling regions with elevated toxin levels (“hot spots”), 

consistent sampling and analysis is difficult (Lopez-Garcia and others 1999). 

Thus, development of low-tech, inexpensive methods for mycotoxin surveillance 

is a world health imperative. With several novel approaches being developed, 

such as molecular imprint polymers (Weiss and others 2003) and immuno-(De 

Saeger and others 2002) and bio-assays (Widestrand and others 2003), adoption 

of such methods is within reach. The prevention of mycotoxin contamination of 

human foods could have a significant effect on public health in low-income 

countries, and deserves significant attention. The food industry should take the 

lead in these efforts, because it will lead to improved economic sustainability of 

the industry, enhanced food safety efforts, enhanced international trade efforts, 

and improved public health.  

Traditional processing of foods including the production of indigenous fermented 

foods, is an important activity in the informal sector of the Ghanaian economy 

and perhaps in many African countries as well. It provides a means of livelihood 

for a large number of traditional food processors in the rural areas and 

increasingly in urban areas in recent times. Despite the importance of traditional 

food processing, several issues including the food safety aspects of their 

operations are of concern to the regulatory authorities and attempts are being 

made to improve their operations. According to Sefa-Dedeh (1993), these 

traditional food processing technologies have strong links with the rural 

traditional environment and even though they employ the same principles and 

unit operations as those found in modern food technology, their mode of 

application may be different. For most products the processing technologies may 

be at a rudimentary stage using simple techniques and implements and the 

operations are home based with women as the major executors (Sefa-Dedeh, 

1993). Lartey (1975) lists the disadvantages of the indigenous technologies to 
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include high labour input, uneconomical operations, low efficiency, time 

consuming nature of the processes, and lack of quality assurance. 

Indigenous African fermented foods provide foods of highly appreciated 

properties and represent an art of food preparation and preservation, which has 

substantial socio-economic impact in West African societies. One of the most 

important fermented products produced by traditional processors in Ghana is 

kenkey which is fermented by lactic acid bacteria. It is a cooked stiff porridge 

prepared from fermented maize dough and has been described by Halm et al. 

(2004) as one of the best examples of traditional African foods which through 

history have played a significant role in food safety as well as food security. This 

is because amongst other benefits, lactic acid fermentation has over the centuries 

served as a low-cost method of food preservation in Africa well as a household 

technology for improving food safety in Africa (Oyewole, 1997). Ghana is very 

famous for the production of fermented maize meal.  Two types of processing 

products namely Ga-kenkey and Fante-kenkey are very much liked by the people 

and significant production export to other countries.  Aflatoxins presence in 

maize is the main barrier for the export of kenkey (Kpodo et al., 1996). Some 

work has been done to assess the effectiveness and impact of implementing GMP 

and HACCP at the kenkey plant auditing the quality system, monitoring and 

laboratory analysis of raw and processed materials.  

Amoa-Awua et al., 2007 started a programme to control aflatoxin contamination 

in maize and maize products.  To manage the hazards, aflatoxins and enteric 

pathogens, associated with the production of an indigenous African fermented 

maize product, kenkey, HACCP was implemented at a semi-commercial kenkey 

production plant in Accra. As a prerequisite programme, the facility was 

upgraded and GMP implemented before HACCP. The effectiveness of GMP and 

HACCP was assessed by monitoring the environment and kenkey production, as 

well as the auditing and verification of HACCP. Air sampling and swapping of 

equipment surfaces revealed a microbiota which was consistent with the 

fermented product. Monitoring showed that the raw materials, products, 

processing parameters, etc, conformed to the critical limits within which the 

safety of the food product would be ensured. This was confirmed by the results of 

laboratory analysis of raw materials, intermediary and final products. Escherichia 

coli, Staphylococcus aureus, Enterococcus, Salmonella, Bacillus cereus, and 



 

 33

Vibro cholera were not detected in any of the finished products and the level of 

total aflatoxins in the kenkey samples were between 17.2 and 14.5 g/kg. Levels 

of aflatoxins in kenkey samples reported at the plant before implementation of 

GMP and HACCP were between 64.1 and 196 g/kg. Application of GMP and 

HACCP was therefore found to be effective as a quality management system for 

assuring the safety of kenkey in the traditional processing of maize into kenkey.  

 Other food commodities like peanuts almond, and walnut are also contaminated 

with mycotoxins.  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 (Camara, 1998). Today peanuts are cultivated on a large scale, with 

China, India and Africa being the greatest producers. Brazil also possesses 

excellent soil and climate conditions for the cultivation of peanuts and peanut 

production was estimated to be 267.8 thousand tons during the 2005/2006 

harvests, with the State of Sao Paulo being the greatest producer (CONAB, 

2006). 

Contamination of peanuts with aflatoxins is one of the main factors that 

compromise the quality of the product. Aflatoxins are secondary metabolites 

mainly produced by Aspergillus flavus, Aspergillus parasiticus and Aspergillus 

nomius, fungi frequently isolated from peanut seeds especially in tropical and 

subtropical regions during the storage period (Smith & Ross, 1991). Chemically, 

aflatoxins possess a polycyclic structure derived from a coumarin nucleus 

attached to a bifuran system on one side and either to a pentenone (series B 

aflatoxins) or a six-membered lactone (series G aflatoxins) on the other side. 

Eighteen different compounds are currently known; however, aflatoxins B1, B2, 

G1 and G2 are the most common in nature (Oga, 1996) and are named according 

to the fluorescence they emit when exposed to ultraviolet light (B = blue and G = 

green). Aflatoxins have a low molecular weight, are poorly soluble in water, and 

highly soluble in moderately polar solvents such as chloroform, methanol and 

dimethylsulfoxide. Aflatoxins are stable at high temperatures, with the fusion 

point of AFB1 being 269 oC, and are deactivated by autoclaving in the presence 
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of ammonium and by treatment with hypochlorite (World Health Organization, 

1979). AFB1 is the most toxic form for mammals and presents hepatotoxic, 

teratogenic and mutagenic properties, causing damage such as toxic hepatitis, 

hemorrhage, edema, immunosuppression and hepatic carcinoma (Santos et al., 

2001). It has been classified as a class 1 human carcinogen by the International 

Agency for Research on Cancer (IARC, 1993). 

 
2.2 LEGISLATIONS ABOUT AFLATOXINS 
 
Toxigenic fungi are ubiquitous in nature and occur regularly in worldwide food 

supplies due to mold infestation of susceptible agricultural products, such as 

cereal grains, nuts and fruits. Thousands of mycotoxins exist, but only a few 

present significant food safety challenges. The hazardous nature of aflatoxin to 

humans and animals has necessitated the need for establishment of control 

measures and tolerance levels by international authorities. Different countries 

have different regulations for aflatoxin. The industrialized countries usually set 

lower tolerance levels than the developing countries where most of the 

susceptible commodities are produced. For example the tolerance level for 

aflatoxin in foods is 5 µg kg-1 in Sweden (Akerstrand and Bller, 1989), 10 µg kg-1 

in Japan (Aibara and Maeda, 1989), whereas it is 30 µg kg-1 in Brazil (Sabino et 

al., 1989). However such lack of harmony may give rise to difficulties in the 

trade of some commodities. The first legislative act was undertaken in 1965 by 

the Food and Drug Administration (FDA) of the USA which proposed a tolerance 

level of 30 µg kg-1 of total aflatoxins (Bl + Gl + B2 + G2). With increasing 

awareness of aflatoxins as potent toxic substances the proposed level was 

lowered to 20 µg kg-1 in 1969.  

The current tolerance levels established by the FDA for food and feeds are listed 

in Table I. The European Economic Community (EEC) in 1973 established 

legislation on maximum permitted levels of AFBl in different types of feedstuffs 

(EEC, 1991). The legislation has been frequently amended since then. However, 

the main framework of the legislation remains more or less the same. Table II 

lists the maximum allowable levels of AFBl in animal feeds as established by the 

EEC. The legislation has been in action since 30 November 1991. Contamination 

of agricultural commodities with aflatoxin, and hence establishment of 

regulations, has been a major concern to the Joint FAO/WHO Expert Committee. 
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The Committee recommends that the presence of aflatoxin in food should be 

limited to ‘irreducible levels’. An irreducible level is defined as: ‘the 

concentration of a substance that can not be eliminated from a food without 

involving the discarding of that food altogether or severely compromising the 

ultimate availability of major food supplies. The current regulations for aflatoxin 

established by the EEC and Joint FAO/WHO Committee (FAO/WHO, 1990; 

FAO/WHO, 1992) are given in Table III & IV. The Dutch authorities undertook a 

worldwide enquiries (1986-1987) in which 66 countries were requested to report 

on their regulations and tolerance limits for mycotoxins in food and feeds. Of the 

66 countries, 50 had enacted or proposed legislation for aflatoxins in foods, 35 

for aflatoxins in feedstuffs, and 14 for aflatoxin Ml in milk and dairy products. 

An extensive overview of aflatoxin regulations in these countries is provided by 

Van Egmond (Van Egmond, 1989) later updated by Stoloff et al.1991. A relevant 

international inquiry was carried out in 2002 and 2003 yielding much detailed 

information. By the end of 2003 approximately 100 countries had specific limits 

for mycotoxins in foodstuffs and feedstuffs, and number continues to grow. In 

most of the countries surveyed the rationales for establishment of tolerance limits 

and regulations for aflatoxins were based on vague unsupported statements of 

carcinogenic risk for humans due to exposure to aflatoxins. 

 
Table 2.2. FDA tolerance levels for total aflatoxin 
  
Commodity Level (in ng/g) 
All products 20 

Milk 0.5 

Corn for dairy cattle 20 

Corn for breeding beef cattle 100 

Cottonseed meal (as a feed ingredient) 300 

 

 
 
 
 
 



 

 36

Table 2.3. Maximum permitted level of aflatoxin Bl in different animal feeds 
established by the EEC  

  
 
Table 2.4. The current European Union legislative limits 
  
Product type Aflatoxins µg/kg 
  B1 Total Aflatoxins 

(B1+B2+G1+G2) 
M1 

Groundnuts, nuts, dried fruit and processed 
products thereof for direct human 
consumption or as a food ingredient. 

2 4   

Groundnuts to be subjected to sorting, or 
other physical treatment, before human 
consumption or as a food ingredient. 

8 15   

Nuts and dried fruit to be subjected to sorting, 
or other physical treatment, before human 
consumption or as a food ingredient. 

5 10   

Cereals and processed products thereof for 
direct human consumption or as a food 
ingredient. 

2 4   

Chillies, chilli powder, cayenne pepper, 
paprika, white and black pepper, nutmeg, 
ginger and turmeric. 

5 10   

Milk (raw milk, milk for the manufacture of 
milk based products and heat treated milk.) 

    0.05

 

 

Feed Level (µg kg -1) 
Straight feeds   
Peanut, copra, palm kernels, cotton 
seed, babassu, maize and products 
derived there from 

20 

Compound feeds  
Complete feeds  
Feeds for cattle, sheep and goat  (except 
dairy cattle, calves and lambs) 

50 

 Feeds for pigs and poultry    (except 
young animals) 

20 

Other complete feeds 10 
Complementary feeds  
 Feeds for cattle, sheep and goats   (with 
exception of dairy animals) 

50 

 Feeds for pigs and poultry    (with 
exception of young animals) 

30 

Other complementary feeds 5 
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Table 2.5. Aflatoxin legislations set by the Joint FAO/WHO Expert 
Committee  

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 for human 

consumption 
  
In developing countries like Pakistan problem of aflatoxins especially after 

harvesting and storage conditions is found. Crops are usually sundried in open 

fields and then stored in poor conditions. There a lot of chances of aflatoxin 

production in agricultural commodities. Pakistan, the sixth largest exporter of 

chillies. Export of red dried chillies from Pakistan has declined after European 

Union food authorities have detected the presence of aflatoxin. The export of red 

chillies had grown from Rs 770 million in 1999- 2000 but declined to Rs 846 

million in 2004-2005 and are feared to further decline in 2005-2006 by a 

considerable margin. Pakistan exported 10,707 tons of red chillies in 2001-2002 

and reached the peak at 15,543 tons during 2003-2004 when a toxic material 

aflatoxin was detected by the EU food authorities. After the detection of 

aflatoxin, the volume of red chillies export plunged to 11,656 tons in 2004-2005 

(Anonymous, 2006). Russell, 2006 collected samples of red chilli pods and red 

chilli powder from different areas of Pakistan and found that some samples 

contained aflatoxins. Few contain higher level of aflatoxins than EEC 

regulations.  

Aflatoxins may contaminate many crops including peanuts, corn, cottonseed, 

Brazil nuts, pistachios, spices, copra (dried coconut), figs, wheat, and rice with 

widespread contamination in hot and humid regions of the world.  These 

mycotoxins occur in several forms designated aflatoxin B1, B2, G1, and G2 . 

(Figure 1.1). According to IARC there is sufficient evidence to conclude that 

AFB1 and mixture of B1, G1, and M1 are proven human carcinogens, thereby 

warranting Group 1 carcinogen status.  M1 and B2 are designated as Group 2B 

probable human carcinogens (IARC, 1993a).  AFB1 is metabolized by the liver 

through cytochrome P450 enzyme system to the major carcinogenic metabolite 



 

 38

AFB1-8,9-epoxide (AFBO), or to less mutagenic forms such as AFM1, Q1 or P1 

(Crespi et al., 1991; Shimada and Guengerich, 1989). 

Neal, 1998 proposed biotransformation of aflatoxins in animal body (Figure 2.1).  

Later on Bammler et al., 2000 worked on the biotransformation pathways for 

aflatoxin B1 (Figure 2.2) in human and animal bodies.  There are several 

pathways that AFBO can take.  One resulting in cancer, another in toxicity and 

others in AFBO excretion.  The exo-form of AFBO readily binds to cellular 

macro-molecules including genetic materials, for example, proteins and DNA, to 

form adducts.  It is the formation of DNA-adducts, such as with N7-guanine, that 

leads to gene mutations and cancer.  One such mutation is suspected to occur in 

human p53 tumor suppression gene at codon 249 (Eaton and Gallagher, 2004). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.1. Metabolism of aflatoxin B1 in the liver 
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Fig. 2.2. Biotransformation pathways for aflatoxins 
 
 
Studies have shown that AFBO induces conversions from G (guanine) to T 

(thiamine) at the 3rd nucleotide of the codon, making it a mutational ‘hotspot’. 

This mutation has been found with greater frequency among patients with 

hepatocellular carcinomas in the area of high risk aflatoxin exposure (IARC, 

1993b).  The AFB-N7-guanine adduct is excreted in the urine of those infected.  

Urinary excretion not only serves as evidence that human have the necessary 

biochemical pathways for carcinogesis but also provides a reliable biomarker for 

exposure to AFB1 (Groopman and Kensler, 2005). 

Hepatocarcinogenesis is initiated by binding aflatoxin to DNA, with aflatoxin B1-

DNA adduct levels is proportional to hepatocarcinogenicity (Schrager at al., 

1990). Adduct formation then leads to mutations in proto-oncogenes and tumor 

suppressor genes (Chang et al., 1991). A spectrum of different nucleotide 
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substitutions have been detected in p53 in primary hepatomas not associated with 

aflatoxin (Groopman et al., 1992). Biomarkers of exposure to aflatoxin B1 

exposure in humans include urinary aflatoxin metabolites and albumin adducts. 

AFB1 induces free radicals (Kodama et al., 1990), lipid peroxidation in the liver 

(Shen et al., 1994) and chromosome damage to cultured human lymphocytes 

(Amstad et al., 1984). Aflatoxin B1 adduct concentrations correlated with the 

handling of aflatoxin-contaminated feeds (Olsen et al., 1988). 

 
2.3 HEPATITIS AND CANCER 
 
The role of aflatoxins in human hepatocarcinogenesis is complicated by hepatitis 

B virus infections (Beasley and Hwang, 1984). A number of epidemiological 

studies have implicated aflatoxin B1 in human liver cancer (Yeh et al., 1989). A 

positive correlation was found between aflatoxin levels in the diet and frequency 

of hepatocellular carcinoma in parts of China (Yu et al., 1989), Kenya, 

Mozambique, Philippines, Swaziland, Thailand and parts of South Africa (Hsieh, 

1989). Sterigmatocystin, a precursor for the biosynthesis of aflatoxin B1 is 10-100 

times less carcinogenic in rodents than aflatoxin (Berry, 1988); (Newberne and 

Rogers, 1981). 

About 250,000 hepatocellular carcinoma-related deaths occur annually in parts of 

China and sub-Saharan Africa due to aflatoxin ingestion and hepatitis B infection 

(Massey et al., 1995). Aflatoxins have been established as the cause of 

hepatocellular carcinomas in several regions of Asia and Africa (Van Rensberg et 

al., 1985). About half of all cancer deaths in Guangxi, China were due to primary 

hepatocellular carcinoma from aflatoxin consumption of moldy food and hepatitis 

B infections (You et al., 1989). An increased incidence of liver and biliary tract 

cancer was found in Denmark feed processing workers exposed to high aflatoxin 

levels (Autrup et al., 1991).  

 

2.4 AFLATOXIN AND REPRODUCTION 
 
Community-based studies have shown that about 30 per cent of couples in some 

parts of western Nigeria experience difficulties in conception after two or more 

years of unprotected sexual relationship around the ovulatory period (Adetoro, 

and 1991). When extrapolated to the national population of about 100 million 
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people in Nigeria about 30 million people may be experiencing infertility 

conditions although this value may decrease when children and post menopausal 

couples are excluded from the population. The final figure may still be 

significantly higher than the estimated 8 per cent of couples experiencing 

infertility problems globally. This translates to suffering social stigma, a raised 

frequency of polygamy and divorce, and, in severe cases, suicide (Okonofua et 

al., 1997). Regarding gender differences literature suggests that disorders in 

males and females account for an equal proportion of infertility. Studies 

elsewhere (Okonofua and Snow, 1995) showed that 8 (about 47 per cent) out of 

17 males whose female partners were experiencing difficulties in conception had 

severe semen abnormalities that could have been responsible for the infertility in 

the couples. Concerns have been expressed about rising cases of male 

spermatozoa abnormalities. Causes of infertility are many, such as sexually 

transmitted diseases through parasitic diseases, toxic agents to physiological and 

genetic defects (Osegbe, 1991). One of the least understood among these factors 

seem to be the impact of toxic agents, including mycotoxins, on the reproductive 

performance of human beings. Studies elsewhere have shown the presence of 

aflatoxins in common food items in Nigeria (Ibeh et al., 1991) suggesting that 

exposure of members of this community through diet to aflatoxins may be high. 

Blood and semen samples were collected from fifty-five adult Nigerians 

comprising 30 infertile and 25 fertile control individuals, and screened for the 

presence of aflatoxin using solvent extraction and quantitation by high 

performance liquid chromatography. Semen parameters such as volume, 

viscosity, pH, fructose, spermatozoa count, morphology, and motility were 

determined. Blood and semen aflatoxin levels in infertile men ranged from 700 to 

1392ng/ml and 60 to l48ng/ml respectively and these values were significantly 

higher than the concentrations of the toxin in fertile men. Deviation from normal 

in semen parameters showed a definite pattern in infertile men. About 37% of the 

infertile men had aflatoxin in their blood and semen suggesting that aflatoxins 

may be a contributory factor to the incidence of infertility in Nigerians since the 

toxin has been shown to produce deleterious effect on the reproductive system. 

Aflatoxins have been detected in the blood of pregnant women in neonatal 

umbilical cord blood, and in breast milk in African countries, with significant 

seasonal variations 30-32 %. Levels of aflatoxins detected in some umbilical cord 
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bloods at birth are among the highest levels ever recorded in human tissue and 

fluids. Aflatoxins have been suggested as an etiological factor in encephalopathy 

and fatty degeneration of viscera, similar to Reye syndrome, which is common in 

countries with a hot and humid climate (Olson, 1971). The clinical symptoms 

include enlarged, pale, fatty liver and kidneys and severe cerebral oedema. 

 

2.5 AFLATOXINS AND CHILDREN 
 
Several outbreaks of aflatoxicosis have occurred in tropical countries, mostly 

among adults in rural populations with a poor level of nutrition for whom maize 

is the staple food .The clinical picture presented by cases indicated acute toxic 

liver injury which was confirmed by morphological changes in liver autopsy 

specimens that were indicative of toxic hepatitis (Tandon, 1977). Mortality rates 

in the acute phase were 10-60 %. At the end of one year, surviving patients had 

no jaundice, and most of them had recovered clinically (Bhat and 

Karishnamacharia, 1997). Aflatoxins have been found in blood during the acute 

phase of the disease, and in the liver of affected children. However use of aspirin 

orphenothiazines is also suspected to be involved in the etiology (Casteela-Van 

and Eggermont, 1994). In tropical countries clinically recognizable jaundice is 

frequent during the neonatal period. In a large investigation undertaken on 327 

babies with jaundice and 80 matching controls in Nigeria, it was found that the 

occurrence of glucose-6-phosphatedehydrogenase (G6PD) deficiency together 

with the presence of aflatoxins in the serum are significant risk factors for the 

development of neonatal jaundice (Sodeinde. 1995). The geographical and 

seasonal prevalences of aflatoxins in food and occurrence of kwashiorkor show a 

remarkable similarity (Hendrickse, 1991). In several tropical countries, aflatoxins 

have been found more frequently and in higher concentration in liver specimens 

from children with kwashiorkor. Clinical investigation of aflatoxin elimination in 

children with kwashiorkor and marasmic kwashiorkor who were fed an aflatoxin-

free diet proved that aflatoxins in these children are slowly eliminated (De-Vries, 

H.R. 1990). In several studies, aflatoxicol was found in the serum, liver, urine 

and stools of children with kwashiorkor and marasmic kwashiorkor, in contrast to 

marasmic and control children where this metabolite was not found. It is not clear 
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whether this difference is causally related to kwashiorkor or is a consequence of 

the disease. 

Recently aflatoxins were found in the brain and lungs of children who had died 

from kwashiorkor and in control children who had died from various other 

diseases (Oyelami, 1997). It was suggested that the presence of aflatoxins in the 

brains of control children might be due to metabolic imbalance or due to failure 

in the excretory mechanisms of children with conditions such as measles (which 

in 25% of cases precedes kwashiorkor), renal failure, pyloric stenosis, 

gastroenteritis. Aflatoxins in the lungs were found in all children diagnosed to 

have pneumonia irrespective of the presence of kwashiorkor. This could be due to 

a reduced clearing ability of the lungs in pulmonary diseases or to exposure via 

the respiratory route. A study of the relationship between the presence of 

aflatoxin in the serum and urine of children and the outcome of acute lower 

respiratory infection failed to prove a correlation (Denning, 1995). 

 

2.6 AFLATOXINS AND RUMINANTS 
 
Fungal contamination affects both the organoleptic characteristics and the 

alimentary value of feed, and entails a risk of toxicosis. The biological effects of 

aflatoxins depend on the ingested amounts, number of occurring toxins, duration 

of exposure to aflatoxins and animal sensitivity. The gastrointestinal absorption 

of lipophilic and low-molecular mass molecules of aflatoxins takes place by 

passive transport. Acute aflatoxin poisoning provokes major signs of liver 

lesions, leading to congestion and bleeding (Pier, 1992). Aflatoxicosis causes 

fatty acid accumulation in the liver, kidneys and heart and may be responsible for 

encephalopathies and oedemas (Pfohl-Leszkowicz, 2000). The animal may die 

within a few hours or days. Chronic toxicosis is however more common and, in 

this case, the liver is also the main target. Aflatoxins act as a DNA intercalating 

agent by binding to guanine bases and leading to cell death or its transformation 

into a tumor (Riley, 1998). Aflatoxins are generally poorly degraded in the 

rumen, with less than 10% degraded for concentrations from 1.0 to 10.0 µg/ml. 

Formation of aflatoxicol, a highly toxic hydroxylated derivative of AFB1 has also 

been observed (Auerbach et al., 1998). Many bacteria are completely inhibited by 
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concentrations of AFB1 below 10 µg/ml. Thus, this toxin may disturb the growth 

and metabolic activity of rumen micro-organisms. 

 

2.7 PHYSIO-CHEMICAL METHODS FOR THE DIMINUTION OF 
AFLATOXINS 

 
With increasing knowledge and awareness of aflatoxin as a potent source of 

health hazards to both man and farm animals a great deal of effort has been made 

to completely eliminate the toxin or reduce its content in foods and feedstuffs to 

significantly lower levels. Pre-harvest contamination can be reduced by 

introduction of good crop husbandry and appropriate cultural practices that limit 

the growth of aflatoxigenic fungi. Post-harvest contamination can be minimized 

by application of proper curing, drying, sorting and storage procedures. However, 

the contamination is often unavoidable and still remains a serious problem 

associated with many important agricultural commodities which emphasizes the 

need for a suitable process to inactivate the toxin. In addition to the capability of 

a process to degrade the toxin to safe levels, it should meet the requirements 

(Ellis et al., 1991; Jemmali, 1989; Park and Liang, 1993) like: 

1. It must not result in the formation of other toxic substances or leave any 

harmful residues that might diminish the overall safety of the treated 

product.  

2. The nutritional quality of the product should not be seriously suppressed.  

3. It should not adversely affect desirable physical and sensory properties of 

the product.  

4. It has to be economically feasible, and technically applicable. 

5. It must be capable of destroying the spores and mycelia of aflatoxigenic 

fungi, if they are present in the product which might under favourable 

conditions proliferate and reproduce the toxin.  

A number of methods have been investigated in connection with their ability to 

inactivate aflatoxins in contaminated food and feedstuffs. These methods aim at 

either removing the toxin from the food or destroying it in the food. They can be 

classified into chemical, biological and physical methods. 

Mycotoxins are toxic compounds that are produced by many species of the 

Aspergillus, Fusarium, Penicillium, Claviceps, and Alternaria genera of fungi 

(Huwig et al., 2001). The toxins are secondary metabolites produced by the fungi 
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after infesting grain and other food crops. Crops may be contaminated by 

mycotoxins in two ways: as parasites on living plants and during storage of 

harvested crops (Huwig et al., 2001). Six groups of mycotoxins are produced by 

the Aspergillus, Penicillium, and Fusarium genera of fungi (Yiannikouris and 

Jouany, 2002). Mycotoxins have a diversity of chemical structures which 

accounts for different biological effects. Mycotoxins can be carcinogenic, 

mutagenic, teratogenic, oestrogenic, neurotoxic, or immunotoxic. Aflatoxins B1 

andM1 have been demonstrated to be carcinogenic to animals and humans 

(Yiannikouris and Jouany, 2002).  Food contaminated with very small quantities 

of aflatoxins can render it unfit for animal or human consumption. Milk is not 

permitted to contain more than 0.5 µg AfM1/kg (The Texas A&M Aflatoxin 

Resource, 2006). According to United States Food and Drug Administration 

(FDA) guidelines, grain crops for human or animal consumption must generally 

contain <20 µg aflatoxins/kg (FSRIO, 2005). However, feed for sheep and cattle 

(not dairy cows) can contain as much as 300 µg aflatoxins/kg. Grain crops 

containing >1000 µg aflatoxins/kg must be destroyed. 

Ruminants, such as cattle and sheep, are more resistant to mycotoxins than most 

animals. This suggests that the microbial population of the rumen plays a role in 

detoxification. Many bacteria, however, are completely inhibited by 10 µg 

AFB1/mL and this suggests that the toxin might disturb the growth and metabolic 

activity of rumen microorganisms (Yiannikouris and Jouany, 2002). Grazing 

animals probably ingest more soil materials than other animals. The clays present 

in ingested soil materials might contribute to the reduced risk that mycotoxins 

pose to ruminants. 

Although mycotoxins threaten food supplies, these compounds are strongly 

retained by soil materials and probably do not pose a long-term environmental 

risk. Dust from grain harvesting equipment, however, can contain high 

concentrations of mycotoxins. Dust collected near a combine in Georgia 

contained from 2.03 to 41.2 mg aflatoxins/kg (The Texas A & M Aflatoxin 

Resource, 2006). Goldberg and Angle (1985) examined the leaching and 

adsorption potential of aflatoxins in soil and reported that 80 to 92% of total 

applied aflatoxin was retained in the upper 2.5 cm of soil columns. All of the 

aflatoxin was retained within the upper 20 cm of all tested soil types and no 

aflatoxin was detected in any of the soil leachates. They concluded that aflatoxin 
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contamination of groundwater would be unlikely unless the soils were extremely 

sandy or shallow. 

Clay additives have been used to pelletize animal feeds and as an anti-caking 

agent to improve the flow characteristics. As an added benefit, clays added to 

animal feeds were found to reduce the detrimental effects of aflatoxins and other 

mycotoxins. Because the clays are added to dry feed, aflatoxin adsorption to 

clays must occur after ingestion. Masimango et al. (1978) determined that 

bentonite could adsorb 94 to 100% of AFB1 initially present in aqueous solutions. 

Phillips et al. (1988) evaluated the use of aluminas, silicas, and aluminosilicates 

for aflatoxin adsorption from water and in reducing the toxicity to chickens. They 

reported that a sodium calcium bentonite they called “hydrated sodium calcium 

aluminosilicate” or HSCAS significantly reduced the adverse effects of feed 

containing 7.5 mg AFB1/kg. Veldman (1992) found that bentonite effectively 

reduced aflatoxin carry-over in milk, but that a hydrated aluminosilicate was less 

effective. Schell et al. (1993a) reported that 1% Na+-bentonite (Volclay-90) 

added to aflatoxin-contaminated feed partially restored the performance and liver 

function of pigs. Schell et al. (1993b) examined the effects of 0.5 to 2.0% clay 

(Ca2+-bentonite, HSCA or Novasil, palygorskite, sepiolite, and zeolite) additions 

to feed in reducing aflatoxicosis in pigs. They determined that all of the clays 

reduced aflatoxicosis symptoms in pigs, but some of the clays were more 

effective. Palygorskite was least effective, whereas, Ca2+- bentonite and Novasil 

(i.e. HSCAS) were most effective. Scheideler (1993) examined the effects of 

various commercial aluminosilicate products (Novasil and Zeobrite) on aflatoxin 

toxicity to chicks and reported that these additives lessened the growth reduction 

caused by AFB1. Desheng et al. (2005) measured 0.6 g AFB1/kg sorption to Ca2+-

montmorillonite from water and observed that a 0.5% Ca2+-montmorillonite 

addition to feed contaminated with 200 ìg AFB1/kg significantly reduced 

aflatoxicosis in chickens. 

Many research studies have demonstrated that clay additions can effectively 

reduce aflatoxin toxicity to animals. Determining the mechanism of aflatoxin 

adsorption to clays might facilitate the identification or preparation of more 

effective adsorbents. Phillips et al. (1995) examined the mechanism of aflatoxin 

adsorption by HSCAS clay. They suggested that adsorption might involve the α-

dicarbonyl system of aflatoxin through the chelation of metal ions at the surface 
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and within the interlayers of the HSCAS phyllosilicate clay. In a review article, 

Ramos et al. (1996a) noted that activated charcoal, bentonite, zeolite, hydrated 

sodium calcium aluminosilicate (HSCAS), sepiolite, and kaolinite have been 

shown to be effective feed additives. Grant and Phillips (1998) further examined 

the adsorption AFB1 to HSCAS clay and concluded that AFB1 was chemisorbed 

to different sites that might include the interlamellar region, edges, and the basal 

surfaces of HSCAS particles. Most research on aflatoxin sorption to clays has 

been conducted by veterinarians and others that likely have a limited mineralogy 

background. An examination of aflatoxin adsorption by reference clays with 

known properties might more effectively identify adsorption mechanisms and 

clay properties that influence adsorption.  Rao and Chopra (2001) examined the 

effects of 1% sodium bentonite and activated charcoal additions to feed that 

contained 100 µg AFB1/kg on the AFM1 content in goat's milk. Concentrations of 

AFM1 excreted in the milk were reduced 65% by bentonite and 76% by activated 

charcoal. Edrington et al. (1996), however, reported that although activated 

charcoal reduced urinary excretion of AFM1 in turkeys, it did not prevent 

aflatoxicosis. Similarly, Diaz et al. (2004) found that 0.25%activated carbon had 

no effect in reducingAFM1 in cow's milk, but several commercial Na+-bentonite 

products effectively reduced AFM1 in milk. 

Aflatoxin exposure in developed countries is mainly a concern for livestock, not 

humans. In developing countries, however, human populations are at greater risk 

for aflatoxicosis. Bhat and Vasanthi (2003) noted that mycotoxins are a 

worldwide problem and that aflatoxins were the most problematic because of 

widespread occurrence in maize, peanuts, peanut products, cottonseed, chilies, 

peppers, and pistachio nuts. Similarly, Scholthof (2003) reported that by Food 

and Agriculture Organization (FAO) estimates, 25% of world food crops are 

contaminated with mycotoxins. Wang et al. (2001) reported that hepatitus B virus 

infections were endemic in China and that exposure to AFB1 was correlated with 

a 60-fold increased risk of liver cancer. Pets are also at risk for mycotoxins 

(Martin, 2003). A commercial pet food contaminated with aflatoxins caused the 

death of at least 100 dogs in the United States (Laing, 2006). 

Research supported by the United States Agency for International Development 

(USAID) is testing the possible use of clays in human diets to prevent 

aflatoxicosis. Wang et al. (2005) examined the safety of montmorillonite clay 
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(Novasil) additions to human diets. This short term study demonstrated the 

relative safety of clay in human subjects and might justify long-term human trials 

in populations at high risk for aflatoxicosis. To evaluate possible long-term 

effects of clay ingestion by humans, Afriyie-Gyawu et al. (2005) examined the 

chronic toxicology of rats fed diets containing montmorillonite clay (Novasil). 

They concluded that dietary clay additions as high as 2.0% produced no overt 

toxicity and concluded that the results support dietary clay additions for human 

populations at high risk for aflatoxicosis. 

Many potential feed additives effectively remove mycotoxins from water (in 

vitro), but might not protect animals from the toxicity (in vivo). Huwig et al. 

(2001) noted that activated carbon efficiently adsorbed aflatoxin and other 

mycotoxins from water. In feeding studies, however, 0.5% activated carbon 

produced little or no reduction in toxicity. Only by the use of 10% or more 

activated carbon in feed was significant toxicity reduction achieved. A batch 

adsorption isotherm in water might not effectively model mycotoxin adsorption 

to clays during food digestion. Hence, the aflatoxin adsorption capacity of clays 

and other additives measured by aqueous adsorption isotherms might not reflect 

the capacity of feed additives to effectively bind aflatoxins during digestion and 

prevent or reduce aflatoxicosis.  

Jaynes et al., 2007 highlighted the importance of clay for the reduction of 

aflatoxins and to improve the quality of animal feed.  Aflatoxins are toxic 

compounds found in grains and other food crops infested by Aspergillus fungi. 

Aflatoxins B1 and M1 are recognized carcinogens for animals and humans. Clay 

additives have been used to pelletize and improve the flow characteristics of 

animal feeds. Reduced aflatoxicosis in animals is an extra benefit of clay 

additives. Clay additive use has also been examined for reducing human 

aflatoxicosis. In this study, aflatoxin B1 (AFB1) adsorption by reference clays and 

activated carbon (AC) will be compared to a commercial clay additive, Novasil, 

that lessens aflatoxicosis in animals. The n-alkylammonium expansion identified 

Novasil as a low-charge montmorillonite. AC and the montmorillonites, Novasil, 

SWy-2, and SAz-1 adsorbed ~200 g/kg AFB1 from water, whereas, sepiolite 

(SepSp-1) adsorbed only ~60 g/kg. For AFB1 adsorption from aqueous corn 

meal, a 60% methanol extraction was used. Retention of AFB1 from corn meal by 

all samples was much less (<1.5 g/kg) than from water and suggests that 
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methanol might remove weakly-adsorbed AFB1. Low-charge montmorillonites, 

Novasil and SWy-2, retained ~0.7 g AFB1/kg from corn meal, but high-charge 

montmorillonite (SAz-1) and AC only retained ~0.1 g/kg. SepSp-1 adsorbed less 

AFB1 from water than AC or montmorillonite, but retained more AFB1 (1.3 

g/kg) from corn meal at a lower equilibrium concentration. A plot of AFB1 

extracted from corn meal versus % clay suggests SepSp-1 is far more effective 

than the montmorillonites. Methanol extraction is a more cautious estimate of 

AFB1 binding than simple aqueous adsorption and might better correlate to 

reduced aflatoxicosis in animals and humans. 

In tropical countries including India, the problem of aflatoxin is prevalent due to 

climatic factors (Gowda et al., 2003; Singhal and Kaur, 2005). Globally there are 

strict regulations in quality control with regard to the safe limits of aflatoxins in 

animal feed and food items. Certain strategies to minimise the growth of 

Aspergillus fungi and counteraction of aflatoxin in feeds have been suggested 

(Raju and Reddy, 2000; Gowda et al., 2004). Use of adsorbents (silicates) or 

chemicals (ammonia, sodium bisulfite) or biological agents (Saccharomyces 

cerevisiae) in animal feeds has been shown to minimise the untoward effect of 

aflatoxin (Ramos and Hernandez, 1997; Abdel-Wahhab et al., 2002; Devegowda 

et al., 1998). Sun drying (Mani et al., 1997) or microwave heating (Farag et al., 

1996) reduced the aflatoxin content considerably in contaminated material. Most 

studies on aflatoxin counteraction are conducted under in vitro conditions. The 

efficacy of such methods need to be tested by sufficiently long-term animal 

feeding to confirm the in vitro results. 

Gowda et al., 2007 studied the drying effect on the fate of feed contaminated 

with aflatoxins.  Drying causes degradation of aflatoxins in animal feed. The 

effect of drying aflatoxin contaminated feed in hot air oven or in sunlight on 

aflatoxin reduction was studied and was confirmed through a nutritional study in 

sheep. Four experimental diets were prepared using crushed maize, wheat bran 

and peanut meal. Diet I served as control and diets II, III and IV were treated with 

the required quantity of aflatoxin material to provide 350 ppb of aflatoxin B1 (AF 

B1). Diet II was not subjected to any physical treatment. Diet III was spread as 

thin layer in aluminium trays and dried in a hot air oven at 80C for 6 h and diet 

IV was dried in sunlight for 14 h (2 d, 25–37 C ambient temperature). Twenty-

four sheep of 12–16 months of age were distributed based on their body weight to 
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four groups of six animals each in a completely randomized design. Each group 

was fed on one of the four diets as per requirement for maintenance and growth 

of 50 g/d. Feeding was continued for 150 d and daily feed intake and bi-weekly 

body weights were recorded. Blood was collected from each animal at 0, 100 and 

150 d of feeding for estimation of biochemical parameters (haemoglobin, total 

protein, albumin, globulin, urea, triglycerides) and minerals (Ca, P, Mg, Cu, Zn). 

Analysis of aflatoxin showed that the control diet contained an average of 15 AF 

B1, whereas the aflatoxin-contaminated diet (II) contained 326 ppb AF B1. Hot 

air oven drying of the diet resulted in an average reduction of 57.6% in aflatoxin 

content, whereas sun drying reduced the aflatoxin content by 83.7%. Average 

feed intake did not differ significantly amongst the groups. Average daily weight 

gain was lower and feed conversion ratio was higher (P<0.01) in sheep fed the 

diet without drying. None of the blood biochemical parameters studied varied 

significantly between groups. However the Ca and P contents in plasma of sheep 

fed the aflatoxin-contaminated diet without drying for 150 d of feeding reduced 

significantly (P<0.05; <0.01). The levels of other minerals (Mg, Cu, Zn) however 

were not different among the four groups. It can be concluded that drying of feed 

either in hot air oven (80 C, 6h) or in sunlight (14 h) is effective in reducing the 

aflatoxin level and the harmful effects in sheep; the latter method of treatment is 

more effective and practical, and is less expensive. 

Animals that consume AFs contaminated feed develop various health problems 

including growth retardation, reduction of feed efficiency and liver and kidney 

damage (Bintvihok, 2002). AFs also cause immunosuppression and changes in 

relative organ weights (Hinton et al., 2003), increased mortality and enhanced 

susceptibility to infectious diseases (Chang and Hamilton, 1991). Humans are 

exposed to AFs directly by the consumption of contaminated food or indirectly 

by the consumption of animal products (i.e., milk and eggs) derived from animals 

that consumed AFs contaminated feed (Bennett and Klich, 2003). AFs are known 

as a hepatocarcinogen in various animal species, including fish, birds, rodents, 

and nonhuman primates (Allameh et al., 2005). It is also a suspect human 

carcinogen and has been shown to play a role in human hepatocarcinoma (Wang 

et al., 2001). It has been shown that AFs especially AFB1 is activated by the 

hepatic cytochrome P450 enzyme system to produce a highly reactive 

intermediate, AFB1-8, 9-epoxide, which subsequently binds to nucleophilic sites 
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in DNA, and the major adduct 8, 9-dihydro-8-(N7guanyl)-9-hydroxy-AFB1 

(AFB1 N7-Gua) is formed (Sharma and Farmer, 2004). The formation of AFB1-

DNA adducts is regarded as a critical step in the initiation of AFB1-induced 

hepatocarcinogenesis (Preston and Williams, 2005; Abdel-Wahhab et al., 2006). 

Moreover, AFs toxicity may ensue through the generation of intracellular reactive 

oxygen species (ROS) like superoxide anion, hydroxyl radical and hydrogen 

peroxide (H2O2) during the metabolic processing of AFB1 by cytochrome P450 in 

the liver (Abdel-Wahhab et al., 2005a; Preetha et al., 2006). AFs cannot be 

eliminated completely from animal feed or the human food supply and represent 

a health concern for populations that cannot properly store agricultural 

commodities to limit mold growth or who have limited access to a wide variety 

of other foods (Roebuck, 2004).  Numerous strategies were elaborated to get rid 

of mycotoxin problems by detoxification or inactivation of mycotoxin-

contaminated feedstuff, such as ã-irradiation, thermal inactivation, physical 

separation, microbial degradation and treatment with a variety of chemicals (El-

Nezami et al., 2004; Abbès et al., 2006a, b). Removing AFs from contaminated 

food and foodstuffs remains a major problem and there is a great demand for 

effective decontamination technology (Oguz et al., 2000). One strategy is to use 

clay minerals to bind aflatoxin in the animal's digestive tract and thus reduce 

toxin bioavailability. The aflatoxin/clay complex is then excreted in the feces 

(Abdel-Wahhab et al., 2002; Bintvihok, 2002). 

The basis of interest in the biological effects of montmorillonite concerns one or 

more of their physical and chemical properties, such as ion exchange capacity, 

adsorption and related molecular sieve properties. In a previous work, Abbès et 

al. (2006a,b) demonstrated that the administration of clay minerals at a levels as 

high as 5 g/kg b.w did not show any toxic effects that were measured using 

biochemical, haematological, and immunological parameters in mice. In the same 

respect, Chung et al. (1990) demonstrated that the addition of montmorillonite 

(20 g/kg diet) to chicken feed did not show any toxicity. According to Wiles et al. 

(2004), the mixed feed with 20 g of clay/kg diet provided to pregnant rats did not 

show any toxicological effects after a long exposure. Wang et al. (2005) 

demonstrated that the addition of 1.5 or 3 mg/kg diet daily for 14 days did not 

show any toxic effects in the equilibrium of vitamins and minerals in human 

blood. Actually there are a variety of commercial adsorbents available on the market in 



 

 52

the form of feed additives. Many of these may be nonselective in their action and may 

pose significant hidden risks due to interaction with nutrients and other important feed 

borne chemicals. Our major objectives in this study were to evaluate the ability of 

Tunisian montmorillonite (TM) to bind AFB1 from aqueous solution, the 

potential protection of TM against AFB1-induced cytotoxicity in vitro and to 

evaluate the safety and the protective effects of TM in rats fed an AF-

contaminated diet.  

Abbes et al., 2008 used Tunisian montmorillonite and studied it effect for the 

removal of aflatoxins. Aflatoxins (AFs), a group of closely related, extremely toxic 

mycotoxins produced by Aspergillus flavus and A. parasiticus, can occur as natural 

contaminants of food and feeds. AFs have been shown to be hepatotoxic, carcinogenic, 

mutagenic and teratogenic to different animal species. In the current study Tunisian 

montmorillonite (TM) was evaluated versus AFs caused toxicities in human colon cancer 

cell line (Caco-2) and in rats as a sensitive model. The aims of this study were threefold: 

(1) to evaluate the efficacy of TM to adsorb AFs from aqueous solution, (2) to protect 

Caco-2 cell line against AFs-induced cytotoxicity, DNA fragmentation and caspase-3-

dependent apoptosis induction and (3) to evaluate the protective effect of TM against 

AFs toxicity in Sprague–Dawley rats. In the in vitro study, three concentrations of TM 

(0.5, 1, and 2 mg/L aqueous solution) and three concentrations of AFB1 (10, 20, 50 

mg/L) were tested. The results indicated that TM had a high capacity of adsorbing AFB1 

at different concentrations tested. The quantity adsorbed was 19.26 mg of AFB1/g of 

TM. TM protects Caco-2 cells, inhibits DNA fragmentation and reduces caspase-3 

enzymes activity in aflatoxin-treated Caco-2 cell culture. The in vivo results indicated 

that rats fed AFs-contaminated diet (2.5 mg kg-1 diet) for 2 weeks showed severe serum 

biochemical changes typical of aflatoxicosis. Rats treated with TM alone (5%) or in 

combination with aflatoxin were comparable to the control. The TM was found to be safe 

and successful in the prevention of aflatoxin toxicity and cytotoxicity. 

Microorganisms are ubiquitous in terrestrial ecosystems from which they are 

disseminated to contaminate plant communities. The ripening seed is no 

exception and is contaminated by a wide range of bacteria, yeasts and 

filamentous fungi via the air, insects, rain splash, equipment and agronomic 

practices. Thus, depending on climatic conditions at harvest, grain carries a wide 

range of microbial contaminants. Post-harvest treatment of such grain and the 

prevailing environmental factors are key determinants of the impact fungi may 

have on the grain quality including germinability.  It is important to remember 
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that harvested grain and contaminating microorganisms are alive and respiring 

slowly under dry, safe storage conditions.  Poor post-harvest management can 

lead to rapid deterioration in nutritional quality of seeds. Microbial activity can 

cause undesirable effects in grains including discoloration, contribute to heating 

and losses in dry matter through the utilization of carbohydrates as energy 

sources, degrade lipids and proteins or alter their digestibility, produce volatile 

metabolites giving off-odours, cause loss of germination and baking and malting 

quality; affect use as animal feed or as seed. Filamentous fungal spoilage 

organisms may also produce mycotoxins that can be carcinogenic or cause feed 

refusal and emesis (Magan et al., 2004). The spores of some fungi cause 

respiratory disease hazards to exposed workers (Lacey and Crook, 1988).  

Estimated losses of grain, especially staple food grains in store, from all causes 

varies widely. They may amount to 10% worldwide (Anon, 1979) but can reach 

50% in tropical regions (Hall, 1970). Vasan (1980) estimated losses of high 

moisture rice in southern India to be about 15–25% in only 9 days, while Rohani 

et al. (1985) found storage losses of paddy in West Malaysia of only 1%. 

Spoilage of stored grain by fungi is determined by a range of factors which can 

be classified into four main groups including (a) intrinsic nutritional factors, (b) 

extrinsic factors (c) processing factors and (d) implicit microbial factors (Sinha, 

1995).  

Wallace and Sinha,1981 stored grains as a man-made ecosystem which needed to 

be examined in a more holistic, ecological manner to enable a proper 

understanding of the processes occurring and to improve postharvest 

management of stored food commodities of all types. This approach has enabled 

prevention strategies to be developed and implemented to avoid microbial and 

pest infestation from damaging stored grain-based commodities. Since most 

cereals are stored dry, bacteria seldom cause spoilage. At intermediate moisture 

content levels fungal spoilage and pests are of major concern. The development 

of prevention strategies today has been predominantly based on using the 

HACCP approach and to identify the critical control points in the pre- and post-

harvest food chain. This has been examined for some food chains (e.g. Fusarium 

and trichothecenes) in temperate cereals (Aldred and Magan, 2004) and 

theHACCP approach to mycotoxin control has been reviewed by Aldred et al. 

(2004). This review will examine some important mycotoxins and the post-
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harvest control strategies which have been developed for effective management 

to minimize entry of mycotoxins into the food chain. In some cases, pre-harvest 

decisions can significantly impact the capability for subsequent post-harvest 

control. 

Harvesting of maize is often carried out at moisture contents which are N14–

15%which requires drying to reduce the available water to b0.70 aw (=14%) 

which is safe for storage. Often harvested maize is left at drying facilities during 

this critical part of the chain if drying facilities are working at full capacity. This 

can create problems with an opportunity for growth and mycotoxin 

contamination of maize, especially by Fusarium section Liseola (fumonisins by 

F. verticilioides, F. proliferatum), F. graminearum (trichothecenes; zearalenone), 

and Aspergillus flavus (aflatoxins). The ecology and physiology of germination, 

growth and fumonisin production on maize has been described in detail recently 

(Marin et al., 2004; Desjardins, 2006). The role of mycotoxin production in 

competitiveness of these moulds has been considered by Magan and Aldred 

(2007). 

Moist grain specifically destined for animal feed is often treated with aliphatic 

acid-based preservatives. There are a number of commercial products 

predominantly based on salts of propionic and sorbic acids. However, these are 

fungistats and thus the coverage of the grain must be efficient to prevent under-

treated pockets. Poor coverage can lead to growth of spoilage fungi, especially 

mycotoxigenic moulds which can sometime metabolize these aliphatic acids. 

Studies by Marin et al. (2000) showed that growth of Fusarium section Liseola 

species and fumonisin production was relatively unaffected by different mixtures 

of proprionic and sorbic acids. There is thus interest in finding alternative 

compounds to either enhance or to replace such compounds. Research has been 

carried out on both essential oils and anti-oxidants (Cairns and Magan, 2003; 

Hope et al., 2003, 2005; Fanelli et al., 2003). These studies have suggested that 

only a few essential oils such as cinnamon and clove leaf oil have the capacity for 

control of mycotoxigenic Fusarium species, P. verrucosum, A. ochraceus and 

DON and OTA production depending on environmental conditions. However, 

there are many economic and technological hurdles associated with this type of 

approach. In tests on wheat grain, butylhydroxyanisole (BHA), propyl paraben 

(PP), cinnamon oil and resveratrol gave greater than 90% reduction in DON and 
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NIV accumulation. Resveratrol has been demonstrated to have a particularly wide 

spectrum of mycotoxin control, although at present this is a relatively expensive 

product (Fanelli et al., 2003).  

Magan and Aldred, 2007 mentioned some post-harvest strategies to control 

mycotoxins in food chain. Contamination of cereal commodities by moulds and 

mycotoxins results in dry matter, quality, and nutritional losses and represents a 

significant hazard to the food chain. Most grain is harvested, dried and then 

stored on farm or in silos for medium/long term storage. Cereal quality is 

influenced by a range of interacting abiotic and biotic factors. In the so-called 

stored grain ecosystem, factors include grain and contaminant mould respiration, 

insect pests, rodents and the key environmental factors of temperature, water 

availability and intergranular gas composition, and preservatives which are added 

to conserve moist grain for animal feed. Thus knowledge of the key critical 

control points during harvesting, drying and storage stages in the cereal 

production chain are essential in developing effective prevention strategies post-

harvest. Studies show that very small amounts of dry matter loss due to mould 

activity can be tolerated. With 0.5% dry matter loss visible moulding, mycotoxin 

contamination and downgrading of lots can occur. The key mycotoxigenic 

moulds in partially dried grain are Penicillium verrucosum (ochratoxin) in damp 

cool climates of Northern Europe, and Aspergillus flavus (aflatoxins), A. 

ochraceus (ochratoxin) and some Fusarium species (fumonisins, trichothecenes) 

on temperate and tropical cereals. Studies on the ecology of these species has 

resulted in modelling of germination, growth and mycotoxin minima and 

prediction of fungal contamination levels which may lead to mycotoxin 

contamination above the tolerable legislative limits (e.g. for ochratoxin). The 

effect of modified atmospheres and fumigation with sulphur dioxide and 

ammonia have been attempted to try and control mould spoilage in storage. 

Elevated CO2 of 75% are required to ensure that growth of mycotoxigenic 

moulds does not occur in partially dried grain. Sometimes, preservatives based on 

aliphatic acids have been used to prevent spoilage and mycotoxin contamination 

of stored commodities, especially feed. These are predominantly fungistats and 

attempts have been made to use alternatives such as essential oils and anti-

oxidants to prevent growth and mycotoxin accumulation in partially dried grain. 

Interactions between spoilage and mycotoxigenic fungi and insect pests 
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inevitably occurs in stored grain ecosystems and this can further influence 

contamination with mycotoxins. Effective post-harvest management of stored 

commodities requires clear monitoring criteria and effective implementation in 

relation to abiotic and biotic factors, hygiene and monitoring to ensure that 

mycotoxin contamination is minimized and that stored grain can proceed through 

the food chain for processing.  

It is known that A. flavus and A. parasiticus produce high amounts of toxins 

especially under drought conditions (Hill et al., 1983; Stahr et al., 1990; Sanders 

et al., 1993). The ideal conditions are limited moisture content and temperatures 

between 30 and 50 oC. Such conditions generally occur during conventional sun-

drying. Therefore, the first step for the reduction of aflatoxins in C. senna should 

be to establish drying methods, which prevent the formation of aflatoxin. 

Conventional sun drying was not sufficient. Also, lowered plant health and stress 

factors can increase the formation of aflatoxins (Jones and Duncan, 1981; Sander 

et al., 1985; Payne et al., 1989). For many goods with aflatoxin problems, storage 

conditions and time are important factors controlling the increase of aflatoxin 

concentrations (Fonseca et al., 1995; Hell, 1997). The high humidity of about 60–

80% combined with a temperature of 30 oC, allows further microbial activity in 

dried goods (Diamante, 1995).  

Muller and Basedow, 2007 studied aflatoxin contamination in medicinal herbs 

and highlighted different methods for the reduction of aflatoxins. The presence of 

aflatoxins in senna plants was studied in two different areas of India using an 

HPLC method. Only pods of Cassia senna angustifolia contained aflatoxins: 

leaves and flowers were free. Damage by insect larvae (Ephestia elutella) led to 

aflatoxin formation by fungi in the pods. Fruits damaged by other factors can also 

contain aflatoxins. The occurrence of aflatoxins in senna pods in South India 

proved to be unevenly distributed. Before harvest, 55% of samples contained less 

than 2 mg/kg and 25% more than 10 mg/kg, with a maximum of 255 mg/kg. 

Controlled sun drying of pods allowed the aflatoxin content to double, while 

drying in the shade was followed by a four-fold increase. Only a very small 

fraction of dried senna pods carried the maximum load of aflatoxins. During 

storage of Indian senna pods, the aflatoxin content usually fell. The smallest 

increase of aflatoxins, but still giving rise to unacceptably high levels, was 

achieved using a solar dryer. The formation of aflatoxins in Indian senna pods 
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could also be reduced by application of NeemAzal T/Ss and even more by a fresh 

neem leaf water extract, but not to below the desired level of 2 mg/kg. Northern 

Indian harvest methods, used in South India, resulted in a reduction of aflatoxins, 

but again not sufficiently, and with a reduced economic output. Sudan senna (C. 

senna acutifolia), grown in South India, showed resistance to fungal infections 

and the a.atoxin content was lower than in Indian senna (C. senna angustifolia), 

in the field and in the laboratory, but growing Sudan senna elsewhere in India 

was not economical. The consequences of the findings are discussed. 

The hazardous nature of aflatoxins to human and animals necessitate the need for 

establishment of control measures and tolerance levels by national and 

international authorities. Current control measures are aimed at controlling fungal 

growth and mycotoxin formation in stored grains by physical methods (aeration, 

cooling and modified atmospheres), chemical treatments with ammonia, acids 

and bases or with food preservatives (Jackson & Bullerman, 1999) and by 

biological methods (Blackwell et al., 1999). These methods require sophisticated 

equipment and expensive chemicals or reagents. Relatively drastic conditions are 

necessary when using acids and bases to convert large amount of aflatoxin B1 

(AFB1) and AFG1 to AFB2 and AFG2, respectively (Pon’s et al., 1972). Since 

most of these control strategies require expensive chemicals, technology and 

technical expertise to monitor physical parameters (temperature and pressure) 

they are not feasible for use by rural subsistence farmers. Natural products may 

regulate the cellular effects of aflatoxins and evidence suggests that aromatic 

organic compounds of spices can control the production of aflatoxins (Chatterjee, 

1990). The use of spices in preserving food products has been traditional and they 

are cultivated in many countries such as India, Japan and Russia (Hartung et al., 

1973). Spices occupy a prominent place in the traditional culinary practices and 

are indispensable part of daily diets of millions of people all over the world. They 

are essentially flavouring agents used in small amounts and are reported to have 

both beneficial effect and antimicrobial properties, if properly stored (Oluwafemi, 

2000). Their antimicrobial properties have been found to be mostly due to the 

presence of alkaloids, phenols, glycosides, steroids, essential oils, coumarins and 

tannins (Ebana et al., 1991; Masako et al., 1989). Maruzella and Balter (1959) 

found that 100 essential oils out of 119 spice oils tested possessed antagonistic 

effect to at least one of twelve phytopathogenic fungi and fifty of these 
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compounds showed wide spectrum activity against all fungi tested. However, 

only a few of them have been tested against toxigenic Aspergillus spp. with 

majority of the tests being in artificial synthetic media and only Hartung et al. 

(1973) reported that raisin bread containing cinnamon did not support growth and 

aflatoxin production by A. parasiticus. Similarly, Montes-Belmont and Carvajal 

(1998) investigated the effect of eleven plant essential oils for maize protection 

against A. flavus and found out that essential oils of cinnamon (C. zeylanicum), 

peppermint (Mentha piperita), basil (Ocimum basilicum), thyme (Thymus 

vulgaris), origanum (Origanum vulgare), flavouring herb epazote (Teloxys 

ambrosiodes), clove (Syzygium aromaticum) caused a total inhibition of fungal 

development on maize kernels. 

Atanda et al., 2007 evaluated different essential oils for their potential in the 

control of A. parasiticus and aflatoxin production.  Essential oils of sweet basil 

(Ocimum basilicum), cassia (Cinnamomum cassia), coriander (Coriandrum 

sativum) and bay leaf (Laurus nobilis) at 1–5% (v/v) concentration in palm kernel 

broth inoculated with spore suspension (106/ml) of Aspergillus parasiticus CFR 

223 were evaluated for their potential in the control of aflatoxigenic fungus A. 

parasiticus CFR 223 and aflatoxin production. Healthy sorghum grains 

(120/treatment) immersed in the oils and distributed in three petri dishes with wet 

cotton wool were also inoculated with spore suspension (106/ml) of A. 

parasiticus CFR 223 and assayed for grain protection. Sweet basil oil at optimal 

protective dosage of 5% (v/v) was fungistatic on A. parasiticus CFR 223 and 

aflatoxins produced in vitro and on fungal development on sorghum grains (P 6 

0.05) with a residual effect that lasted for 32 days. In contrast, oils of cassia and 

bay leaf stimulated the mycelia growth of the fungus in vitro but reduced the 

aflatoxin concentration (B1+G1) of the fungus by 97.92% and 55.21% 

respectively, while coriander oil did not have any effect on both the mycelia 

growth and aflatoxin content of the fungus. The combination of cassia and sweet 

basil oils at half their optimal protective dosages (2.5% v/v) completely inhibited 

the growth of the fungus. The feasibility of implementing the results of this study 

to control aflatoxins was examined by the addition of whole and ground dry basil 

leaves at 5% and 10% (w/w), respectively, to 10 g sorghum, groundnut, maize 

and melon seed after 35 days storage period. It was found that the addition of 

whole and ground basil leaves markedly reduced aflatoxin contamination; 
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however, 10% (w/w) of whole leaves was more effective as the reduction in 

aflatoxin was between 89.05% and 91%. The findings showed that aflatoxins can 

be controlled by co-storing whole sweet basil leaves with aflatoxin infected 

foods. The economic value of the study lies in the simplified technique for 

control of aflatoxin contamination in agricultural products and the benefits 

derivable from the use of local resources.  

Exposure to aflatoxin may begin prenatally (Wild et al., 1991; Pohland, 1993) 

persist during breast feeding (Wild et al., 1988; Lamplugh et al., 1988) and 

continue in adult life. Visualizing the seriousness of aflatoxin problem in human 

and animal health, various methods were tested to control aflatoxin production. 

Uses of propionic acid, butyric acid6 or lauric acid derivatives (Ramadevi and 

Polasa, 1985) have been shown to reduce fungal growth and aflatoxin production 

by A. flavus. Our earlier studies have also revealed that presence of lactic acid or 

l-ascorbic acid (Mehta, 1993) in culture medium significantly reduces mycelial 

growth and aflatoxin production. Amongst different aflatoxins present in culture 

medium, the concentrations of AFB2 and G2 were comparatively higher than B1 

and G1. Present investigation was undertaken to study the kinetic and mechanistic 

aspects of the redox reaction in aqueous solution. 

Biochemical oxidation of lactic acid to pyruvic acid by lactate dehydrogenase is a 

well known enzymatic reaction in metabolic pathways in which NAD is reduced 

to NADH2 involving an overall transfer of two protons and two electrons from 

lactic acid. A lactate Dehydrogenase analogue of ascorbate Dehydrogenase 

(Verma et al., 1999) system also seems to be efficiently operating in reduction of 

aflatoxins B1 and G1, to corresponding less toxic products aflatoxins B2 and G2, 

respectively. In order to understand the chemical nature of interaction of lactic 

acid, which behaves as a source of donor of two protons and two electrons during 

its interaction with aflatoxin, present investigation was undertaken to study the 

kinetic and mechanistic aspects of the redox reaction in aqueous solution. 

Shukla et al., 2002 investigated kinetics of reduction of aflatoxins by lactic acid. 

The kinetics of reduction of AFB1 to AFB2 and AFG1 to AFG2 by lactic acid has 

been investigated in dilute aqueous acidic solutions (pH 3.35–4.50) as a function 

of the concentrations of lactic acid, AFB1, AFG1 and hydrogen ion at 37 oC. The 

rate of the reaction was found to be first order with respect to the concentrations 

of lactic acid and aflatoxins and independent on hydrogen ion concentration. The 
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experimental results are interpreted in terms of mechanisms involving an initial 

formation of transient oxonium intermediate, which tends to polarize the olefinic 

(C¼C) carbon, which in turn causes the hydride abstraction from a-carbon atom 

of lactic acid in rate determining step. The proposed mechanisms involve an 

overall transfer of two protons and two electrons from lactic acid to AFB1 and 

AFG1 to give the corresponding reduced less toxic products AFB2 and AFG2 and 

the oxidised product pyruvic acid. 

The reaction of dilute solutions of lactic acid and aflatoxin leads the reduction of 

AFB1 to AFB2 and AFG1 and AFG2 involving an initial formation of transient 

oxonium intermediate, which tends to polarize the olefinic (C¼C) carbon, which 

in turn causes the hydride abstraction from a-carbon of lactic acid. The overall 

reduction process involves the transfer of two protons and two electrons from 

lactic acid to the aflatoxins B1 and G1.  Aflatoxins (AFs) are secondary 

metabolites produced by various fungal species and have the highest toxicity, 

among mycotoxins. Due to their toxicity including carcinogenic activity, AFs 

affect not only the health of humans and animals but also the economics of 

agriculture and food (Hwang et al., 2004). Recently, contamination of 

mycotoxins in food including imported ones has received much attention because 

of the increase in international food trade, due to new trade treaties. Therefore, it 

is urgently necessary to investigate toxicity-reduction of mycotoxin 

contamination in raw material as well as foods themselves. AFs have 17 isomers 

including B1, B2, G1, G2, M1, and M2. Among them aflatoxin B1 is considered the 

strongest hepatocarcinogen agent so far. AFB1, AFG1, and AFM1 have higher 

carcinogenic activity than AFB2, AFG2, and AFM2, respectively. AFs are 

produced under optimum temperature and moisture conditions from Aspergillus 

genus contaminated in carbohydrate-rich grains such as peanut, corn, cotton, and 

wheat (Jaimez et al., 2000). Many countries regulate aflatoxin levels in their 

foods, to lower than 20 ppb in USA and EU (Europe Union) and 10 ppb in Korea 

and Japan (Chiavaro et al., 2001).  

It is very difficult to remove AFs since they are heat resistant and soluble in 

intermediate polar solvents. Many experimental approaches have been attempted 

to detoxify AFs. So far, detoxification methods are classified as physical, 

chemical and biological ones. Ammoniation, one of the chemical methods, was 

reported to detoxify AFs in various raw materials with high efficiency (Buser & 
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Abbas, 2002). The level of AFs was reduced to over 40% by roasting and heating 

peanuts (Rustom, 1997). Buser and Abbas, 2002 reported that an extrusion 

process is able to decrease the level of AFs to 33%. As a biological treatment, 

antagonistic microorganisms were used to reduce toxicity of AFB1 (Cho and 

Kang, 2000). Studies on the reduction of aflatoxin by treatment with naturally 

occurring compounds such as antioxidants have been tried world widely. These 

studies are usually carried out through the elucidation of metabolic pathways in 

aflatoxin-forming microorganisms (Huwig et al., 2001). It was reported that a 

mushroom extract inhibited AFB1-8,9-epoxide formation (Lee et al., 2003). 

Hwang and Lee, 2006 investigated the effects of various cooking treatments for 

the reduction of aflatoxins in different wheat varieties collected from USA and 

Korea. To investigate the effects of various cooking treatments such as washing, 

heating and steaming on the reduction of aflatoxin toxicity, a simultaneous 

analytical method for aflatoxin B1, B2, G1, G2 was established using high 

performance liquid chromatography (HPLC) with a fluorescence detector. The 

levels of aflatoxin B1 (AFB1) spiked in wheat—three varieties of United States 

(US) wheat and two varieties of Korean wheat—were analyzed according to 

washing time and heating temperature. Reduction of AFB1 toxicity was directly 

proportional to washing time in both Korean and US wheat. The concentration of 

AFB1 was reduced more by heating than washing treatment. The level of AFB1 in 

dried wheat was decreased to 50% and 90% by heating at 150 and 200 oC, 

respectively. However, the reduction of AFB1 in wet wheat in which water (10%) 

was intentionally added was higher by heating than in dried wheat. The reduction 

of AFB1 was increased by 8% and 23% in 10% water-added US wheat (soft red 

white wheat) and Korean wheat (Anbaekmil) compared to dried US and Korean 

wheat, respectively, through heat treatment. Traditional processing used in 

Korean foods such as Sujebi (a soup with wheat flakes) and steamed bread 

caused 71% and 43% decrease in aflatoxin B1 content. 

 

2.8 EXTRACTION OF AFLATOXINS 
 
Extraction with solvents has been used to remove aflatoxins from the oilseeds 

peanut and cottonseed (Dollear, 1969; Hron et al., 1992; Hron et al., 1994). 

Materials treated in this way may only be suitable for animal feeding. The 
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solvents used include 95% ethanol, 90% aqueous acetone, 80% isopropanol, 

hexane-methanol, methanol-water, acetonitrile-water, hexane- ethanol-water and 

acetone-hexane-water. The solvent:sample ratio is crucial for recovery of the 

toxin (Cole and Dorner, 1994). Solvent extraction can remove all traces of 

aflatoxin from oilseed meals with no formation of toxic by products or reduction 

in protein quantity and quality. However, large-scale application of this technique 

is limited due to cost and problems related to disposal of the toxic extracts. 

Mycotoxins are secondary metabolites produced by specific filamentous fungi 

that contaminate agricultural commodities. They are toxic to humans and 

animals, cause significant reductions in crop yield and cause economic losses 

(Gourama and Bullerman, 1995; Gqaleni et al., 1996). Their occurrence in 

various countries has been well documented (Bathnagar and Garcia, 2001). 

Aspergillus flavus and Aspergillus parasiticus are important contaminants of 

certain foods and animal feeds because of their ability to produce aflatoxins (Farr 

et al., 1989). When these fungi invade and grow in commodities such as peanuts, 

corn and cottonseed, the resulting contamination with aflatoxins often makes the 

commodities unfit for consumption (Vardon, 2003).  Many consumers demand 

foods without preservatives and associate healthful and safe foods with fresh or 

minimally processed products (Malo et al., 1997).  

Due to the increasing public awareness of the pollutive, residual, carcinogenic 

and phytotoxic effects of many synthetic fungicides, the importance of alternative 

indigenous products to control phytopathogenic fungi is gaining popularity 

(Gould, 1996; Bankole, 1997).  Laboratories throughout the world have found 

thousands of phytochemicals that have inhibitory effects on all types of 

microorganisms in vitro (Cowan, 1999). Much effort has been devoted to the 

search for new antifungal materials obtained from natural sources for use in food 

and grain, and many naturally occurring antimicrobials have been identified in 

plants (Beuchat and Golden, 1989). However, disappointingly few of them have 

been developed for use in foods (Shelef, 1984).  Plants of the genera Agave, 

known in Mexico as “maguey”, are widely distributed, exhibit an exceptional 

adaptation to drought environments and provide useful products such as natural 

fibers, beverages and potted plants (Garcia-Mendoza, 1995). Furthermore, a 

report from our laboratory has shown that the species Agave lecheguilla 

(lecheguilla) exhibits antifungal activity (Verastegui et al., 1996). 
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Sanchez et al., 2005 identified some Agava species and found that their aqueous 

extracts had inhibitory effects for the growth for aflatoxins producing fungi.  In 

this work, the effect of ethanolic, methanolic and aqueous extracts of Agave 

asperrima and Agave striata on growth and production of aflatoxin and 

cyclopiazonic acid (CPA) and on growth in corn under storage conditions was 

determined. Aspergillus strains were inoculated, then plant extracts were added 

and incubated without shaking at 28 oC for 8 days (for aflatoxin-producing 

analysis) or for 12 days (for CPA-producing analysis). Aflatoxin was assayed by 

HPLC and cyclopiazonic acid by absorbance at 580 nm using the Erlich reagent. 

The extracts that most effectively inhibited growth were those from the flowers 

of both plants. These exhibited an MIC from 0.5 to 2 mg/ml in culture media. 

Extracts from scape showed an MIC from 15 to 30 mg/ml in culture media. The 

MIC of the flower extracts was higher (N30 mg/g) when examined in corn. 

However, concentrations lower than the MIC drastically inhibited production of 

aflatoxins in culture medium or in corn. Half of the MIC inhibited 99% of the 

production of aflatoxins and 85% of cyclopiazonic acid. 

Of the various types of aflatoxin toxicity, carcinogenicity has attracted the most 

attention; therefore, several studies have been conducted to identify 

chemoprotective agents against aflatoxin-induced carcinogenicity. A number of 

approaches have been taken to detoxify aflatoxins; however, only a few have 

practical applications. Among these is ammoniation, an effective and cost-

efficient means for reducing the aflatoxin content of a variety of foods.  One 

approach to the detoxification of mycotoxins is the use of non-nutritive 

absorptive materials in animal diets to reduce the toxins absorption from the 

gastrointestinal tract of chickens (Kubena et al., 1990b; Huff et al., 1992; 

Scheideler, 1993), swines (Colvin et al., 1989) and pigs (Schell et al., 1993) 

among others animals. In vitro and in vivo studies have demonstrated the 

effectiveness of a natural sodium bentonite (SB) to absorb AFB1 from aqueous 

solution. An inert, stable, and insoluble complex between SB and AFB1 was 

assumed to be the responsible for preventing toxin absorption in the intestine 

(Rosa et al., 2001). Also in vitro studies with synthetic zeolite NaA showed that 

the presence of FB1 (fumonisin B1), co-ocurrent with AFB1 and others 

mycotoxins in feedstuffs, can significantly reduce the efficacy of the adsorbent to 

sequester AFB1 (Kikot et al., 2002). Addition of synthetic high specific surface 
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area zeolite was also found to improve the productive parameters (as feed:gain 

ratio) under acute AFB1 poultry exposure (Rosa et al., 2000). Previous in vitro. 

studies had demonstrated a strong pH dependence of the NaA zeolite AFB1-

binding ability. An initial protonation of basic surface Lewis sites, followed by 

hydroxyl ligand exchange might be operating, in analogy to the proposed inner-

sphere complexation of ligands on clinoptilolite. On the basis of the pH 

dependence and Fourier transform infrared spectroscopy of AFB1 adsorbed on 

the zeolites, chelation of the toxin carbonyl groups with metal ions or metal 

surface sites at low pH was claimed to be responsible for the observed strong 

interaction. This type of interaction was first proposed by Grant and Phillips 

(1998) for hydrated sodium–calcium aluminosilicate clay (from NovaSil). In 

order to find low cost adsorbents and due to the high specific surface area of 

montmorillonites, commercial smectites were added to the chicken diets. 

Bentonites (SB) are good candidates not only as binding agents for increasing the 

durability and palatability of the feed but also to diminish the toxic effects of 

AFB1. However, the efficiency of these bentonites as detoxifiers may vary from 

one geological deposit to another and even with the batch from a given source. In 

vivo assay with bentonite C showed almost negligible results against 

aflatoxicoses. Such different performance of bentonite C, call for the need of a 

deep study to establish the reasons of such behavior. Thus attention was paid to 

the mineral composition, morphology, structure and surface charge. Clay mineral 

surface interactions depend on the nature of the isomorphous substitution in the 

lattice (Lubetkin et al., 1984), and surface area, pore size distribution and 

porosity change (bulk density decreased and surface increased with decreasing in 

pH; Altin et al., 1999).   

Magnoli et al., 2008 used commercial bentonite as detoxifier for aflatoxins.  

Some bentonites have been probed to be efficient as sequestering agents for 

aflatoxins; they decreased the bioavailability of the toxin in the gastrointestinal 

tracts of birds when they are incorporated in the diets. The binding capacity of 

these adsorbents varied with the rheological source and even among batches of a 

given source. Three bentonites from different sources in Argentina, which have 

very different aflatoxins (AFs) adsorption capacity, were studied. The 

characterization comprises chemical analysis, scanning electron microscopy 

(SEM), X-ray power diffraction (XRD), Hg intrusion porosimetry, swelling 
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capacity, etc. The main factors affecting the adsorption of AFs seem to be related 

to the isomorphic substitution of the montmorillonite and to electrostatic 

interactions generated by the surface charge of the samples. Neither the mean 

pore size nor the percentage of quartz has any effect upon the AFs adsorption. 

 

2.9 FOOD IRRADIATION 
 
Radiation is classified into two categories: ionizing and non-ionizing. In ionizing 

radiation (e.g. X-rays, gamma rays, ultraviolet rays) potential changes may occur 

in molecules of the irradiated object with little or virtually no temperature rise. 

These molecular changes might be quite harmful to living organisms exposed to 

large doses of ionizing radiation.  Non-ionizing radiation (e.g. radio waves, 

microwaves, infrared waves, visible light) in sufficient intensity leads to a rise in 

temperature usually accompanied by molecular changes that are not of hazardous 

nature to man. The use of ionizing radiation to free foods from pathogenic 

microorganisms is among the methods applicable in food preservation (Kyzlink, 

1990). Despite the debate on safety of irradiated foods in connection with human 

health the food irradiation is becoming a technique of potential application on a 

commercial scale to render food products sterile (Diehl, 1990). 

Aflatoxins are sensitive to UV radiation. AFBl absorbs UV light at 222, 265 and 

362 nm with maximum absorption occurring at 362 nm which may lead to the 

formation of up to 12 photodegraded products (Samarajeewa et al., 1990). AFBl 

and AFGl underwent photochemically driven series of reactions when exposed to 

UV light (365 nm, 1h) on silica gel TLC plates. The photodegradation products 

were less toxic to chick embryos than the parent toxins (Andrellos et al., 1967). 

Treatment of peanut oil with UV light for 2h destroy 40-45% of afatoxins 

initially present in the oil (Shantha and Murthy, 1977). Exposure of artificially 

contaminated milk to UV light inactivated 3.6-100% of AFMl in the milk 

depending on exposure time (2-60 min).  Addition of hydrogen peroxide (1%) to 

the UV-irradiated milk (10 min) completely (100%) destroyed AFMl (Yousef 

and Marth, 1985). Destruction of AFM1 in aqueous solution by UV energy was of 

first-order irreversible reaction kinetics, and it was attributed to opening of the 

double bond in the terminal furan ring in AFMl (Yousef and Marth, 1987). UV 

irradiation (30 min) of dried figs artificially contaminated with AFBl (250 µg kg-1) 

reduced the toxin level by 45.7% (Altug et al., 1990). 
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The toxicity of a peanut meal contaminated with AFBl was reduced by 75% and 

100% after irradiation with gamma rays at a dose of 1 and 10 kGy (Temcharoen 

and Thilly, 1982). Doses higher than 10 kGy inhibited the seed germination and 

increased the peroxide value of the oil in gamma-irradiated peanuts (Chiou et al., 

1990). The presence of water has an important role in the destruction of aflatoxin 

by gamma energy since radiolysis of water leads to the formation of highly 

reactive free radicals. These radicals readily attack AFB1 at the terminal furan 

ring, giving products of lower biological activity. The mutagenic activity of AFBl 

in an aqueous solution (5 µg ml-1 water) was reduced by 34%, 44%, 74% and 

100% after exposure to gamma rays at 2.5, 5, 10 and 20 kGy (Van Dyck et al., 

1982). A dose of 10 kGy completely (100%) inactivated AFBl, and destroyed 

95% of AFGl in a dimethylsulphoxide-water (1:9, v/v) solution (Mutluer and 

Erkoc, 1987). Addition of 1 ml of 5% hydrogen peroxide to an aqueous AFBl 

solution (50 µg ml-1) resulted in 37-100% degradation of the toxin at a lower dose 

(2 kGy). The final degradated products showed no biological activity in Ames 

mutagenicity test. The same treatment reduced the level of AFBl in peanut 

kernels by 73-80% (Patel et al., 1989). 

The efficacy of sunlight in degrading the toxin in different peanut products 

reveals that UV rays from sunlight play an important role in the photodestruction 

of aflatoxin. Peanut protein can bind aflatoxins (Shantha and Murthy, 1980; 

Shantha and Murthy, 1981) and aflatoxins bound to the protein appear to be less 

susceptible to photodegradation than the free toxin. About 90% of AFBl in 

artificially contaminated peanut flakes was destroyed by sunlight whereas only 

50% of the toxin was destroyed by the same treatment when it was present as a 

natural contaminant (Shantha et al., 1986). Probably aflatoxins were more bound 

to proteins in the naturally contaminated flakes than in the artificially 

contaminated flakes which made them less liable to photodegradation by 

sunlight. 

The microbial contamination of grains may occur during harvesting, 

transportation, handling and storage (Mahrous et al., 2001).  Cereal meals are 

recommended as a good source of fiber, and production and consumption of 

various meals based on whole cereals is increasing (Hanis et al., 1988).  During 

harvesting, processing and even distribution, these products may become rather 

highly contaminated with various microorganisms (Aziz and El-Halfawy, 1991; 
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Gharib and Aziz, 1995).  Some of microorganisms may present a health hazards 

for humans, especially when it is considered that some cereals may be consumed 

without additional heat treatment at home (Diehl, 1991).  Many methods such as 

fumigation and heat sterilization have been tried with varying degree of success; 

however these have several disadvantages for application, such as toxic residues 

and change in organoleptic properties. For these reasons, reduction of pathogenic 

microflora by alternative means is highly subtle, and irradiation may be method 

of choice, particularly because, unlike that decontamination, it does not destroy 

nutrients (Campbell et al., 1986).  Radiation treatment is widely recognized as a 

good method for decontaminating food products.  Commercial-scale use of 

radiation processing for food and feed commodities has been successful in 

several countries (El-Zawahry et al., 1991; Gharib and Aziz, 1995).  Aziz et al., 

2006 investigated the effect of γ-irradiation on the occurrence of pathogenic 

microorganisms and nutritive value of four principal cereal grains grown in 

Egypt.  The research work also revealed the effects of radiation on amino acids 

and vitamin profile.  The total number of aerobic bacteria were reduced by three 

logarithmic decades when grains were given a dose of 10 kgG.  Coliforms and 

“coagulase-positive” staphylococci were inhibited by a dose of 1 kGy, whereas 

fungi were inhibited by a dose of 5 kGy.  The 15kGy dose eliminated viable 

microorganisms in cereal grains, and about 10-30 colony=forming units of 

Clostridium sp. Per gram of grain survived after this dose.  The dose of 10 kGy 

did not cause any measurable destruction of total amino acids.  Thiamine was 

reduced by 22-33% and riboflavin by 10-16% after a dose of 10 kGy.  Irradiation 

did not increase the acid values significantly, but did increase the peroxide 

values, which was not accompanied by the off-odours of cereals. The main author 

concluded that dose of 10 kGy is very effective for microbial decontamination of 

grains, and did not adversely affect the nutritional quality of grains.    

Bacteria on fresh-cut vegetables, especially pathogens that come from soil, water 

or hands of workers, affect not only public health, but also product quality.  The 

microbial population on fresh-cut vegetables was decreased using chemicals such 

as, sodium hypochlorite and organic acid (Zhang and Farber, 1996), calcium 

chloride (Izumi and Watada, 1995) and electrolyzed water (Izumi, 1999). The 

application of ionizing irradiation to control spoilage microorganisms increases 

shelf-life of irradiated strawberries, lettuce, sweet onions and carrots (Thayer and 
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Rajkowski, 1999).  Several researchers have shown that ionizing irradiation was a 

suitable method to control human food-borne pathogens on fresh fruits and fruit 

juices, salad and sprouts.  (Prakash et al., 2000; Hagenmaier and Baker, 1998). 

Lu et al., 2005 utilized gamma irradiation in order to extend shelf-life and to 

ensure the safety of fresh-cut celery.  The result showed that the number of 

bacteria and fungi in celery was decreased by the order of 102 and 101 

respectively with 1 kGy of irradiation and the number of E. coli was decreased to 

less than 30.  Polyphenol oxidase and respiration rate of irradiated fresh-cut 

celery were much inhibited and lower than those of nonirradiated.  The vitamin 

C, soluble solids, total sugars and the sensory quality of irradiated celery were 

also better than those of nonirradiated. 

  

2.10 BIOLOGICAL METHODS 
 
Aflatoxin production is inhibited by lactic acid bacteria, Bacillus subtilis and 

many molds. This inhibition may result from many factors including competition 

for space and nutrients in general, competition for nutrients required for aflatoxin 

production but not for growth, and production of anti aflatoxigenic metabolites 

by co-existing microorganisms. 

Bacillus subtilis, a bacterium isolated from groundnuts, was found to inhibit the 

growth of A. flavus in groundnuts. Sommartya. 1997 showed that mixing B. 

subtilis with ground nuts could reduce the damage caused by A. flavus.  The 

inoculation of A. flavus spores into a culture of Streptococcus lactis in tryptone 

broth medium resulted in little or no aflatoxin accumulation even though the 

growth of the fungus was not hindered (Coallier and Idziak, 1985). The drop in 

pH and reduced nutrient levels in the medium as a result of the S. lactis growth 

were not the cause of the observed inhibition. The inhibition was not eliminated 

by the addition of carbohydrate equal to the amount used by the bacterium before 

the inoculation with the fungus. Aflatoxin levels were also markedly reduced 

when S. lactis was inoculated into a growing A. flavus culture. In addition to 

inhibiting the synthesis of aflatoxin, S. lactis also degraded preformed toxin. S. 

lactis produced and excreted the inhibitor into the medium late in its growth 

phase. The inhibitor was a heat-stable low-molecular weight compound. Wisman 

and Marth (Edward et al., 2003) also found that S. lactis had the ability to inhibit 
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aflatoxin. 

 

2.11 NONTOXIGENIC A. FLAVUS AND A. PARASITICUS 
 
There is a great diversity of phenotypes of A. flavus in agriculture fields and the 

common occurrence of toxigenic strains (Cotty, 1989). Furthermore, toxigenicity 

is apparently unrelated to a strain's ability to colonize and/or infect living or dead 

plant tissues. These observations led to the finding that atoxigenic strains can be 

used to displace toxigenic strains (Cole and Cotty, 1990). Cotty, 1993 tested the 

competitive ability of toxigenic A. flavus strain to inhibit the aflatoxin 

contamination of developing cotton bolls. Competitive exclusion was found to 

contribute to the effect of the toxigenic strain on contamination, and the results 

also suggested that a second mechanism might also have been in effect. Now, 

biocontrol of aflatoxin-producing strains with toxigenic strains of A. flavus is 

being developed for corn, cottonseed, peanuts, rice kernels and wheat seed (Bock 

and Cotty 1999; Cotty, 1994). Toxigenic isolate AF36 reduced aflatoxin B1 

content of bolls by 88 % to 99 %. Boller and Sohroeder, 1973 reported that A. 

parasiticus invaded stored rice rapidly but considerably smaller quantities of 

aflatoxins were produced when inoculated with A. chevalieri simultaneously at 

100 % relative humidity. Reduction in aflatoxin B1 ranged from 99 % at 25°C, 

00 % at 30 °C, to 95 % at 35°C. No aflatoxins were detected at 85 % relative 

humidity. It could significantly reduce the number of sclerotia formed on locule 

surfaces and, in some cases, the percentage of seed containing sclerotia. 

Fermentation conditions of nontoxigenic A. flavus for large-scale production have 

been investigated Daigle and Cotty, 1997. Wheat seeds colonized with atoxigenic 

A. flavus have been used in commercial trials (Bock and Cotty, 1999). 

2.12 TRICHODERMA SPP. 
 

The filamentous fungus Trichoderma spp. has been investigated for more than 

twenty years for being a mycoparasite of plant pathogens and has been accepted 

as the most potent biological control agents for certain fungal plant diseases 

(Inglis and Kawchuk, 2002). Its mycoparasitism involves a complementary action 

of antibiosis, nutrient competition and cell wall degrading enzymes such as P-l,3-

glucanases, proteases and chitinases. Since chitin is the major component of most 

fungal cell walls, a primary role has been attributed to chitinases in the biocontrol 
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activity of Trichoderma (Angela, 2001; El-Katatny et al., 2001). Several 

hydrolases of Trichoderma were recently identified and purified. Some of genes 

encoding them were cloned and sequenced, and transformants were obtained 

which confirmed at overproduction of a single protease or chitinase resulted in 

better biocontrol agents. Although there have been numerous recent attempts to 

use Trichoderma spp. for experimental biological control, few researchers have 

studied the effect of Trichoderma spp. on Aspergillus species. Calistro et al., 

1997 reported that two isolates of T. harzianum and two of T. viride were capable 

of inhibiting the growth of A. flavus. A scan electron microscopical investigation 

of fungal interactions demonstrated no obvious hyphae penetration between A. 

flavus and Trichoderma spp., but the morphological alteration of micro heads by 

A.flavus could be observed. Their research showed that the culture filtrates of the 

T. harzianum and T. viride were inhibitory to A. flavus (Calistru et al., 1997). 

Another T. viride was found to inhibit production of aflatoxin B1 (73.5 %) and 

aflatoxin G1 (100 %) when cultured with A.flavus together (Choudhary, 1992). 

2.13 OTHER BIOLOGICAL METHODS 

 
Plant essential oil for controlling fungus in food preservation has been used for 

hundreds of years. Morozumi, 1978 isolated o-methoxycynamaldehyde from 

cinnamon and demonstrated this compound to be highly effective against A. 

flavus and A. parasiticus. 

From the above reviewed literature, it is clear that no such work has been done in 

Pakistan on the level of aflatoxins in cereals and the efficacy of irradiation on the 

reduction of aflatoxins. 
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Chapter 3 
 
 
 
 

MATERIALS AND METHODS 
 
 
 

Aflatoxins (B1, B2, G1 and G2) are food-borne secondary toxic fungal metabolites 

produced by Aspergillus flavus and Aspergillus parasiticus. Consumption of 

aflatoxins in many parts of the world varies from 0 to 30,000 ng/kg/day 

(Denning, 1987). Aflatoxins have been incriminated in hepatocellular carcinoma, 

acute hepatic failure and Reye’s Syndrome. Exposure to aflatoxin may begin 

prenatally (Wild et al., 1991; Pohland, 1993) persist during breast feeding (Wild 

et al., 1988; Lamplugh et al., 1988) and continue in adult life. Visualizing the 

seriousness of aflatoxin problem in human and animal health, many work on its 

determination in cereals and other carbohydrate rich commodities have been 

completed world-wide in recent years but no work has been done in Pakistan on 

aflatoxins and its reduction by gamma irradiation.  

 
3.1 Cereal Sampling 
 
Mycotoxins are natural food and feed contaminants, mainly produced by moulds 

of genera Aspergillus, Penicillium and Fusarium. The number of mycotoxins 

known to exert toxic effect on human and animal health is constantly increasing 

as well as the legislative provisions taken to control their presence in food and 

feed. Aflatoxins are produced by strains of Aspergillus flavus, Aspergillus 

parasiticus and Aspergillus nomius. Aspergillus flavus produces B aflatoxins 

only, while the two other species produce both B and G ones. Toxic effects of 

aflatoxins include carcinogenic, mutagenic, teratogenic, and immunosuppressive 

activity.  The mould attacks on cereal commodities during pre-harvest, harvest, 

post-harvest, transportation and during storage.  The attention was focused to do 

sampling from urban, semi-urban and rural areas including local markets and 

wholesale markets.  Some rice samplings were taken from rice mills who export 

their finished products to Middle East and Europe. In order to assess possible 
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contamination of aflatoxins in cereals crops, one kilogram samples of each wheat, 

rice and maize was taken randomly and stored in the lab at 4 oC. 

 
The sampled cereals included wheat (n = 40), corn (n = 40), and polished rice (n 

= 40). Samples were stored in plastic bags and taken to the Pesticide Chemistry 

Laboratory, Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad, 

Pakistan for mycotoxin analysis. All samples of cereals were ground, mixed, and 

stored at -4 oC prior to the analysis. 

 
3.2 Methodologies Employed for Aflatoxins Analysis  
 
The occurrence of AFs in food has been recognized as potential threat to human 

health, either caused by direct contamination via grains and grain products or by 

‘‘carry over’’ of mycotoxins and their metabolites in animal tissues, milk and 

meat after intake of contaminated feedstuffs. 

There exist a great number of reports that suggest intoxication of humans by the 

consumption of AF-contaminated agricultural products.  Epidemiological studies 

have shown that AF exposure is associated with increased risk of hepatocellular 

carcinoma, particularly in combination with hepatitis B virus (IARC, 2002).  The 

potency of AFs appears to be significantly enhanced in individuals with hepatitis 

B infection (Hermann & Walker, 1999). Additionally, the food contamination by 

AFs causes serious economic losses. 

Different methods have been used in the past for the extraction and analyses of 

aflatoxins in cereal commodities. Giray et al., 2007 used methanol:water (80:20, 

v/v) solvent mixture along with sodium chloride (5 g) for the extraction of 

aflatoxins from wheat samples.  The recovery percentage of aflatoxins was 70-85.  

Some researchers considered that AOAC methods 971.22 and 990.33 are 

efficient and precise for the extraction and analysis of aflatoxins in agricultural 

commodities. (AOAC International, 1995a; AOAC International, 1995b).   

 For each sub-sample, 25 g of the ground wheat, rice and maize was taken into an 

acid washed Pyrex glass flask and extracted the aflatoxins with 100 mL 

methanol:water (80:20, v/v) containing 5 g of sodium chloride by blending 

vigorously for 1 min in Waring Blender at high speed. The extract was filtered 

through fluted filter paper (24 cm, Vicam, Watertown, MA, USA) and 10 mL of 

the filtrate was diluted into 50 mL with deionized water and mixed vigorously. 
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The mixture was passed through microfibre filter paper (11 cm, Vicam, 

Watertown, MA, USA) and 20 mL of filtrate (equivalent to 1 g wheat sample) 

was loaded on the immunoaffinity column (Aflatest, Vicam, Watertown, MA, 

USA). The column was washed two times with 10 mL of deionized water and the 

AFs were eluted by passing 1 mL of HPLC grade methanol through column at a 

rate of 1–2 drop/second into acid washed HPLC vials. The eluate was evaporated 

to dryness under a flow of nitrogen at room temperature. The dry residues were 

dissolved in 200 µL n-hexane. TFA (50 µL) was added and incubated for 5 min 

at room temperature for derivatization. Phosphate buffer (950 µL; pH 6.5): ACN 

(9:1; v/v) was added and the derivatized sample was left for 10 min in order to let 

the layers to be separated. The upper n-hexane layer was discarded. The 

derivatized sample (100 µL) was injected onto HPLC. The standards and samples 

were protected from direct light during all procedures. 

Fu et al., 2008 used an innovative extraction method for aflatoxins from corn 

samples. The details of the extraction and clean up methodology are as: A portion 

of 25 g of grinded corn or other cereals sample was weighed in an Erlenmeyer. 

Aflatoxins were extracted using 80 mL of a mixture of acetonitrile–water (84:16) 

by shaking for 30 min. The extract was filtered through Whatman (Maidstone, 

UK) filter paper N0.3.  The filtrate was evaporated to a small volume (5–6 mL) 

by a rotary evaporator. The condensed solution was transferred to a glass tube 

and then was diluted with acetonitrile to a volume of 8 mL. The mixture was then 

passed through a Mycosep # 226 AflaZon+ column (Romer Labs., USA) with a 

flow rate of 2 mL/min. A portion of 4 mL of solution was evaporated to dryness 

with gentle stream of N2 at 60 oC in a centrifuge glass tube, and the residue was 

dissolved with 0.4 mL of mobile phase solution.  The method showed good 

recoveries (84-94%) for all aflatoxins. 

For the undertaken studies, the extraction and clean up of cereal samples was 

made following the procedure of Fu et al., 2008 with little modifications. The 

samples of cereal were thawed for two hours and grinded 250 g samples of each 

wheat, corn and rice collected from different areas of Faisalabad, Pakistan using 

Centrifugal Grinding Mill (Retsch, ZM 200, Germany).  A portion of 25 g of 

ground corn or other cereals sample was taken in an Erlenmeyer flask (250 ml) 

and added 20% sodium chloride. Aflatoxins were extracted using 100 mL of a 

mixture of acetonitrile–water (84:16) by shaking for 45 min. The extract was 
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filtered through Whatman (Maidstone, UK) filter paper (N0.1).  The filtrate (9 

mL) was transferred to a glass tube, acidified with acetic acid (70 µL) and then 

passed through a Mycosep # 226 AflaZon+ column (Romer Labs.) with a flow 

rate of 2 mL/min. A portion of 2 mL of solution was evaporated to dryness with 

gentle stream of N2 at 60 oC in a centrifuge glass tube, and the residue was 

dissolved with 0.3 mL of mobile phase solution.  The analyses of the cleaned 

extracts were carried out using Shimadzu HPLC system equipped with UV-Vis 

(SPD-10A) and fluorescence detectors (RF-530) without and with derivatization 

using trifloroacetic acid (TFA).  The system was validated/standardized with 

known standards individually and in mixture form.  All analyses were performed 

in triplicate using Discovery C18 column (250 x 4.6 mm, 5 µm), Supelco, USA in 

isocratic mode. 

 
3.3 Quality Control Parameters 
 
The microbial contamination of cereal grains may occur during harvesting, 

handling, transportation and storage (Mahrous et al., 2001).  Cereal meals are 

recommended as a good source of fibre, and production and consumption of 

various meals based on whole cereals is increasing (Hanis et al., 1988).  During 

harvesting, processing and even distribution, these products may become rather 

highly contaminated with various microorganisms.  Some of these 

microorganisms may create a health hazard for humans, especially when it is 

considered that some cereals may be consumed without additional heat treatment 

at home (Diehl, 1991).  Many methods for the reduction of aflatoxins on cereal 

grains have been tried with varying degree of success; however, these methods 

have several disadvantages for application such as toxic residues are left and 

organoleptic properties are changed.  Reduction of pathogenic microflora and 

elimination of aflatoxins by alternative means is highly desirable and irradiation 

may be a method of choice because it does not destroy nutrients (Campbell et al., 

1986).  In the under taken study, effectiveness of irradiation  of the cereal grains 

for elimination of microflora, reduction in aflatoxins level and the influence of 

the applied dose on fat, fat composition (fatty acids methyl ester; FAME) and 

amino acids were investigated. 
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3.3.1 Determination of amino acids 
 
Amino acids play a central role as building blocks of proteins and as 

intermediates in the metabolism.  They represent an important part of the human 

body as proteins are found in muscles, tendons, organs, glands, nails and hair and 

promote growth, repair and maintenance of cells.  Amino acids microbial 

catabolism produces key flavour compounds in foods such as cheese, wine, 

honey and other fermented foodstuff (Ozcan and Senyuva, 2006). 

The determination of amino acids is of great importance in food industry due to 

nutritional labeling requirements, control of process operating conditions and 

eventually, in the determination of origin as used for honey (Iglesias et al., 2004). 

Diverse analytical methods have been proposed for the analysis of amino acids 

including gas chromatography (Nazal et al., 2004), high performance liquid 

chromatography (Lopez-Cervantes et al., 2006), and capillary electrophoresis 

(Kovacs et al., 1999). 

There is considerable incentive to develop new chromatographic methods for the 

direct analysis of amino acids without derivatization. The main advantages over 

derivatization-based methods are simplicity and ease of automization, without 

any of the disadvantages such as derivative instability, reagent interference, 

inability of some reagents to derivatize the secondary amino group, long 

preparation times and increases in the void volume for postcolumn derivatization 

methods. Traditionally, underivatized amino acids are separated by ion-exchange 

(1–4) or ion-pair reversed-phase high performance liquid chromatography (IP-

RP-HPLC) (5–8). 

In the present study, amino acid analyses were carried out using the method of 

Anjum et al., 2005 with some modifications as illustrated in the layout. 
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Sample (13 mg) 
 

            Add 
 

6 N HCl (3 mL) 
 
 
 

Nitrogen Purging (1min) 
 
 
 

Incubate at 110 oC for 24 hr. (in air tight vial) 
 
 
 

Cool it 
 
 
 

Rotary evaporate (HC1 remove) 
 
 
 

Dry flask 
 
 
 

Add 2-3 mL sodium citrate buffer (0.2 N, pH = 4.25) 
(Monosodium citrate and disodium citrate) 

 
 
 

Centrifuge 
 
 
 

Separate supernatant 
 
 

The supernatant was collected and analyzed to get the amino acid profile for both 

essential and non-essential amino acids using High Speed Amino Acid Analyzer 

(L-8500 A, Hitachi, Japan). 
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  3.3.2 Total biomass in cereals 
 
After the irradiation, 10-g aliquots of the samples were ground, thoroughly mixed 

with 90 mL of sterile distilled water and shaken in sterile tubes for 30 min. Spore 

counting was performed by the plate-count technique in the DRBC agar 

(OXOID) medium using each suspension in a serial dilution from 10-1 to 10-6. 

After incubation at 25 ± 1 0C for 7 days, the counting was performed according to 

Pitt et al. (1983), and the results are expressed in colony forming units per gram 

of maize (cfu/g). 

 
3.4 Irradiation of cereals 
 
Ionizing radiation is widely used for preservation of food (Rustom, 1997). It 

destroys bacteria and molds that grow naturally in raw products utilized in food 

production. In addition to inactivating bacteria, molds and fungi, the radiation 

treatment increases the shelf life of fruit, vegetables and juices by changing 

maturation, germination and senescence, as well as by killing insects. Irradiation 

can be an effective alternative technology in postharvest pest control because of 

gamma ray’s ability to kill insects (Sirisoontaralak and Noomhorm, 2006) and 

inhibit mycotoxin production during storage (Kabak et al., 2006). As for control 

of mold growth, Chiou, (1994) concluded that gamma irradiation at  levels above 

5 kGy was effective in reducing the mold population on the surface of peanut 

kernels but even at doses up to 15 kGy, complete elimination of the molds was 

not possible. 

The Joint Meeting of FAO/IAEA/WHO Experts held in 1976 and 1980 

concluded that irradiation is an appropriate physical process for treating foods. 

The committee stated that a maximum overall average dose of 10 kGy presents 

no toxicological hazard, and, hence, toxicological testing of the foods treated in 

this manner is no longer required. Furthermore, doses up to 10 kGy pose no 

particular nutritional or microbiological problems (WHO, 1977). 

The samples were irradiated in a 60Co γ-ray facility of the 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, 

and the irradiation temperature varied between 25 and 28 1C. As noted 

previously, the test samples were given doses 2, 4 and 6 kGy to eliminate the 
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natural microbial contamination and reduction of aflatoxin levels. The control 

sample was not irradiated. 

 
3.4.1 Determination of fatty acids methyl ester (FAME) 
 
Both quantitative and qualitative aspects of dietary lipid intake exert important 

influence upon human health and the expression of chronic disease. It is likely 

that human dietary lipid requirements are genetically determined (Eaton et al, 

1998), and that the evolutionary, nutritional selective pressures that have acted 

upon the ancestral human lineage over the past 2.4 million years since the 

emergence of our genus (Homo), may provide important insight into optimal, 

present day, lipid intakes (Simopoulos et al, 1999). There is substantial evidence 

from both the archaeological and ethnographic literature to show that 

consumption of wild animal tissues played a predominant role in the diet of early 

humans (Marean & Assefa, 1999) due to the presence of substantial portion of 

lipids in the flesh of animals. 

From the reviewed literature, it is obvious that scientists have used many solvents 

for the extraction of oil/fat from cereal commodities. Watkins et al., 1997 used 

chloroform:methanol (2:1) solvent mixture for the extraction of lipids from 

animal tissue and prepared fatty acid methyl esters (FAME) using boron 

trifluoride (BF3) in methanol (14% w/w). Yoshida et al., 2004 used n-

hexane/diethyl ether/acetic acid (80:20:1) for the separation of total lipids from 

broad beans and FAME were prepared from the isolated lipids by heating with 

silica-gel for 30 min at 80 oC in BF3/methanol on an aluminium block bath 

(AOCS, 1992). After cooling, 5 mL of n-hexane were added to each tube and 

washed several times with deionized water to remove BF3 and silica-gel. The 

FAME was analyzed using Shimadzu gas chromatography equipped with flame 

ionization detector and fused silica WCOT cyanopropyl silicone column (30 m x 

0.32 mm i.d.) and individual component peaks were identified by comparison 

with standard FAME. The detection limit was 0.05 wt% of total fatty acids for 

each FAME in the FAME mixture, and the results are expressed as wt% of total 

FAME. 

Fatty acid composition of extracted oils before and after irradiation of cereals 

samples was carried out following the procedure of Wang et al., 2000 with some 

modifications. Extracted oils (200 mg) was taken in 50 mL screw capped Pyrex 
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glass tubes (50 x 1 cm), added 2 mL methanolic sulphuric acid and heated the 

content at 80 oC for two hours.  After cooling at room temperature, two ml 

distilled water was added and fatty acid methyl esters were collected in petroleum 

ether.  The solvent was evaporated to dryness and residue was analyzed 

isothermally with gas chromatography following the conditions: 

Gas Chromatograph:   3920 Perkin Elmer, USA 
Glass column length:  3 feet 
Stationary phase: 10% DEGS (diethylene glycol succinate) on 

Chromosorb W AW (80-100 mesh) 
Detector:  FID (Flame ionization detector) 
Injection temperature:  200 oC 
Column temperature:  190 oC (Isothermal) 
Detector temperature:  250 oC 
Flow rates 
Nitrogen gas (99.999% pure): 25 mL/min 
Hydrogen gas:  40 mL/min 
Air:  400 mL/min 
Injection volume:  0.3 µL 

 
The identification of individual fatty acid methyl ester was made by comparing 

their retention times with those of authentic standards (PolyScience Analytical 

Standards Kits; Quant-Kits; 99.5%, USA). 

 
3.5 Statistical Analysis 
 
Each laboratory sample was divided into three analytical samples and then each 

sample was analyzed in triplicate and data are reported as mean (n = 3 x 3) ± SD 

(n = 3 x 3).  An analysis of variance (ANOVA) was performed using Minitab 

2000 version 13.2 statistical software (Minitab Inc. Pennsylvania, USA).  

Significant differences (p<0.05) of mean were calculated using Duncan’s 

multiple range tests. Differences were considered statistically significant if 

p≤0.05.                                                                                                                                               
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Chapter 4 
 
 
 
 

RESULTS AND DISCUSSION 
 
 
 
Contamination of foods and feeds worldwide with mycotoxins poses momentous 

health problems. Mycotoxins can cause acute or chronic intoxication and spoil to 

humans and animals after ingestion of polluted food and feed. Mycotoxins are 

secondary metabolites produced by some species of mould genera such as 

Aspergillus, Penicillium and Fusarium, which enter the food chain in the field, 

during storage, transportation or later, under favorable conditions of temperature 

and humidity.  Aspergillus species, such as A. niger, A. parasiticus and A. nomius 

attack and develop on cereals and produce aflatoxins which are nephrotoxic, 

carcinogenic, teratogenic, hepatotoxic, and immunosuppressive.  It is reported 

that approximately 25% of cereals contaminated by mycotoxins are consumed in 

the world per annum. The level of contamination is generally higher in areas with 

favorable climatic conditions. An efficient with high sensitivity method is 

extremely desirable for the extraction and assessment of aflatoxins in cereals.  In 

the present study, effort was made to develop and validate the methodology to get 

reliable, reproducible and acceptable results according to international scenario.  

 
4.1 Validation of extraction and chromatographic techniques 
 
AFT are difuranocoumarin derivatives that are produced by a polyketide pathway 

by many strains of A. flavus and A. parasiticus; however A. flavus has been 

reported to be a common contaminant in agricultural produce.  Most mycotoxins 

are chemically stable so they tend to survive storage and processing, and even 

when cooked at quite high temperatures such as those reached during baking 

bread or breakfast cereal production. This makes it important to avoid the 

conditions that lead to mycotoxin formation, which is not always possible and not 

always achieved in practice. Mycotoxins are notoriously difficult to remove and 

the best method of control is prevention (Bullerman et ali., 1984). 
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Most methods used for determination of a mycotoxin must rely on the correct 

extraction and clean up methods except perhaps ELISA which may not require 

cleanup (Chu, 1992). The extraction method used to remove the mycotoxin from 

the biological matrix is dependent on the structure of the toxin.   

Polar metabolites, such as the fumonisins (FUM), require the presence of water, 

aided by the presence of organic solvents (Shephard, 1998). Hydrophobic toxins 

such as AFT rely on use of organic solvents (Holcomb et al., 1992; AOAC, 

1997). These can be direct extractions, or may be partitioned with other solvents, 

such as n-hexane for partial clean up, to remove excess components of the 

biological matrix. The choice of extraction solvent is also dependent on the 

matrix from which the extraction is required, as the differing chemical mixtures 

can affect it. 

Validation is a pre-requisite of any reliable process for extraction, clean up and 

chromatographic analysis. Many parameters have been included in the validation 

process such as linearity of the calibration curve, sensitivity, limit of detection 

(LOD), limit of quantitation (LOQ), recovery percentage and reproducibility. 

 

4.1.1 Quality Control and Quality Assurance 

The quality of any analytical data was determined evaluating limit of detection 

(LOD), percentage recovery, reproducibility, linearity of instrument and by 

checking of sample artifacts.  The instrument was checked daily with mixture 

solution of aflatoxins.  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 experiment followed the “Guidance for Industry—Bioanalytical 

Method Validation” recommended by the Food and Drug Administration (FDA) 

of the United States (FDA, 2002). 

Due to awareness and public demand, it is very much subtle that such solvents 

are used that extract the whole contaminants (aflatoxins) from commodity under 

observation. Different solvents such as methanol, acetonitrile in combination with 

water along with/with out sodium chloride were used for the extraction of 
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aflatoxins from cereal samples.  The samples were spiked at 10 µg kg-1 

equivalent concentrations for AFB1 and AFG1 and 5 µg kg-1 for AFB2 and AFG2 

respectively. 

Spike samples of rice, wheat and maize 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 from each commodity is listed in Table 4.1.  Each sample was treated 

and analyzed in five times. 

 

Table 4.1. Recovery % of aflatoxins in cereals samples 

Aflatoxin Spiking level 

(µg kg-1) 

Rice Wheat Maize Over all 

AFB1 10 94± 0.12 92±0.08 88±0.18 91.33±3.05 

AFB2 5 90±0.05 88±0.16 91±0.14 89.66±1.52 

AFG1 10 90±0.18 89±0.09 88±0.12 89.00±1.00 

AFG2 5 86±0.14 85±0.12 89±0.16 86.66±2.08 

Data is mean of 5 replicate ± standard deviation  

 

From the data mentioned above revealed that recovery percentage of aflatoxins in 

cereal samples ≥86.  The co-extract in the sample did not effect on recovery of 

aflatoxins.  The solvent used (acetonitrile and water) showed good behaviour to 

trap the hydrophobic aflatoxins in all type of cereals.  

 

4.1.3 Behaviour of HPLC system 
 
Linearity of system used (HPLC, Shimadzu) was checked to inject different 

concentrations of reference standards. Calibration curves of aflatoxins (AFs) 

[AFB1, AFB2, AFG1, and AFG2] were constructed in Microsoft Excel using the 

working solution in the range of 1-10 µg mL-1 in acetonitrile.  Parameters of 

linear regression measured for AFB1, AFB2, AFG1, and AFG2 using Discover 

column, Supelco are reported in Table 4.2.  The calibration curve was also 

evaluated by its correlation coefficient, slope and intercept.  Linear curve with 

linear equation for individual aflatoxin is shown in Figures 4.1-4.4.  
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Table 4.2.  Parameters of linear regression* measured for aflatoxins (AFB1, 
AFB2, AFG1, and AFG2) in HPLC 
 
Aflatoxin Concentration Slope (a) Intercept (b) R2 

AFB1 1 – 10 µg mL-1 16654 432.23 0.9989 

AFB2 0.1 – 5 µg mL-1 19043 1608 0.9981 

AFG1 1 – 10 µg mL-1 6851.7 4541.8 0.9959 

AFG2 0.1 – 5 µg mL-1 6218.6 597.39 0.9987 

*y = ax + b; y = peak area, x = ng injected, R2 = regression coefficient  
 
 
The injected working solution gave excellent values of regression coefficient, 

slope and intercept for aflatoxins (AFB1, AFB2, AFG1, and AFG2).  Regression 

coefficient (R2) values are ≥0.9959 whereas slope and intercept are in the range 

of 6218 – 19043 and 432 – 4541 respectively (Table 4.2).    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 

Fig. 4.1.  Linear behaviour of AFB1 with equation 
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Fig. 4.2.  Linear behaviour of AFB2 with equation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4.3.  Linear behaviour of AFG1 with equation 
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Fig. 4.4.  Linear behaviour of AFG2 with equation 

 
 
4.1.4 Precision and accuracy 
  
The analytical method was evaluated to prove its applicability to the analysis of 

quality parameters of the chromatographic method such as limit of detection 

(LOD) and limit of quantitation (LOQ), precision and sensitivity were calculated 

(Miller and Miller, 1988). Validation results are presented in Table 4.3.  In order 

to evaluate the precision of the proposed method, repeatability (r) and 

reproducibility (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 110/2001 

(2001/110/EC, 20 December 2001)). 

 
Table 4.3.  Analytical parameters executed with the HPLC method for the 
analysis of aflatoxins (AFB1, AFB2, AFG1, and AFG2). 
 
Aflatoxin Retention 

time (min)a 
Linearity
(µg mL-1) 

LOD (ng mL-1) LOQ (ng mL-1) Precision 
(%RSD) 

Repeatability Reproducibility 

AFB1 7.58±1.16 1 – 10 0.1 0.35 4 8 

AFB2 6.28±0.78 0.1 – 5 0.2 0.60 2 12 

AFG1 5.76±1.05 1 – 10 0.1 0.35 2 12 

AFG2 4.85±0.56 0.1 – 5 0.2 0.60 5 10 

 RSD: relative standard deviation; LOD: limit of detection; LOQ: limit of quantification. 
a Supelco C18 5 µm column at 30 oC, flow rate: 1.5 mLmin-1; mobile phase: 
water:acetonitrile:methanol, (55;22.5:22.5 v/v); wavelength: 365 nm 
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Within-day (Intra-day) precision and accuracy of the adopted methodology were 

evaluated by analyzing six 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 duplicate for five days. Between- and within-day 

precisions were expressed as the relative standard deviation (RSD%) of the 

measured QC samples.  

 
Table 4.4 
Between- and within-day precision (RSD%) and accuracy of aflatoxins. 
 

Added Conc. 
(ng g-1) 

Within-day assay (n = 5) Between-day assay (n =5) 
Measured Conc. 
 (mean ± SD) (ng g-1) 

RSD 
(%) 

Accuracy 
(%) 

Measured Conc.  
(mean ± SD) (ng g-1) 

RSD 
(%) 

AFB1 
6 5.70 ± 0.35 6 95.00 5.45 ± 0.46 8 
8 7.85 ± 0.56 8 95.62 7.66 ± 0.60 7 
10 9.95 ± 0.62 7 93.50 9.25 ± 0.75 9 
AFB2      
6 5.45 ± 0.45 8 90.83 5.38 ± 0.56 10 
8 7.60 ± 0.64 9 95.00 7.46 ± 0.70 9 
10 9.44 ± 0.72 7 94.40 9.35 ± 0.76 8 
AFG1      
6 5.62 ± 0.62 11 93.66 5.35 ± 0.54 10 
8 7.44 ± 0.48 6 93.00 7.42 ± 0.72 10 
10 9.90 ± 0.78 8 99.00 9.40 ± 0.81 9 
AFG2      
6 5.25 ± 0.48 9 87.50 5.15 ± 0.65  13 
8 7.44 ± 0.66 9 93.00 7.36 ± 0.75 10 
10 9.35 ± 0.78 8 93.50 9.15 ± 0.88 10 

 
Precision and accuracy of the aflatoxin analyses were carried out separately 

according to the mentioned guidelines in literature (Tavcar-Kalcher et al. 2007; 

De Smet et al., 2009). 

   

4.1.5 Discussion 
 
Mycotoxins are a somewhat exclusive group of low molecular weight compounds 

that are present in foods, and affect animals (e.g. humans). They are produced by 

filamentous fungi, but the fungi may no longer be present in the food. It is 

important to realize that mycotoxins are not the most effective weapons. For 

example, other toxins from fungi, which are not found in food, may be more 
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toxic. For this reason a sound knowledge of which fungi produce which toxins 

(i.e. fungal chemotaxonomy) is crucial. 

Mycotoxins are toxic secondary metabolites produced by fungi (commonly called 

moulds) that colonize crops in field or post-harvest and thus pose a potential 

threat to human and animal health.  Only some moulds produce mycotoxins and 

they are referred to as toxigenic. The major mycotoxin-producing fungal genera 

are Aspergillus, Fusarium and Penicillium. Many species of these fungi produce 

mycotoxins; moulds can grow and mycotoxins can be produced pre-harvest, 

during transport, processing or storage (Santin, 2005). 

The validation of the procedure was performed with samples of cereal (rice) 

intended for human consumption, purchased in the local market. In all 

investigated samples, aflatoxin B1 could not be detected by the analytical 

procedure subject to validation.  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 selected volume of standard solution was applied to a weighed portion 

of a ground rice sample and the spiked sample was kept for half an hour prior to 

the addition of the extraction solvent. 

The extraction of aflatoxins (B1, B2, G1 & G2) from samples was made following 

the procedure mentioned in section 3.2. (Fu et al., 2008).  Most authors used 

immunoaffinity columns to clean the extract and HPLC measurements following 

the instruction for use enclosed to immunoaffinity columns (R-Biopharm Rhone, 

2001) whereas in the undertaken studies MycoSep # 226 clean up columns were 

used which gave excellent recovery of the spiked concentration and no interfering 

compounds (peaks) were detected in the chromatograms. 

The performance of an analytical method is checked with recovery of the analyte, 

LOD, LOQ and detector response to linear equation.  The data given in Table 4.1 

indicate that overall recovery percentage of aflatoxins spiked at level 5-10 µg kg-1 

was in the range of 86-91 with relative standard deviation (RSD %) 1-3.  The 

recovery % of the validated method is much better than the reported value by 

Tavcar-Kalcher et al. 2007. The recovery % of aflatoxin B1 spiked to animal liver 

using immunoaffinity column was 72% with 17-22 RSDR. The recovery results 

of the present studies are encouraging and much better after comparing the values 

with Codex values (Aysal et al., 2007). 
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The unique advantage of the present study is the linear response of all aflatoxins 

executing with HPLC in reverse phase mode.  The used mobile phase in 

combination with methanol, water and acetonitrile gave good resolution of all 

peaks of AFB1, AFB2, AFG1 and AFG2 as shown in Figure 4.5.  The linear 

behaviour of all metabolites of aflatoxins was calculated using the equation y = 

ax + b where y = peak area and x represents to amount (ng) of standard injected 

to HPLC system.  All linear behaviour is illustrated in Figures 4.1-4.4.  The linear 

regression coefficient (R2) values are ≥ 0.9951 which is comparable with other 

studies (Trucksess et al., 1994; Tanaka et al., 2007). 

Limit of detection (LOD) and limit of quantification (LOQ) are important 

parameters to be determined in method validation experiments.  The LODs for 

aflatoxins are 0.1 and 0.2 ng mL-1 for AFB1; AFG1 and AFB2 ; AFG2 

respectively.  The values of repeatability (RSDr) and reproducibility (RSDR) are 

in the range of 2-5 and 8-12.  The LOQs listed in Table 4 are comparable with 

Muscarella et al., 2007 who developed a method for M1 in milk using HPLC with 

fluorescence detector. 

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 five 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 7.9 to 16.8 whereas in the 

present study the values lay down in 6-13. 

 

4.1.6 Conclusion 

 

The validated method based on MycoSep-226 followed by a liquid 

chromatographic separation with UV-Vis detection, for the determination of 

fungi produced aflatoxins in cereal, in terms of recovery, precision, limit of 

detection, limit of quantitation, reproducibility and repeatability show 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 General Survey of Aflatoxins in cereal 
 
Mycotoxins are fungal metabolites that can contaminate agricultural produce 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).  Mycotoxin contamination is less commonly reported for rice than for 

other cereals.  Aflatoxins have carcinogenic, mutagenic, hepatotoxic actions and 

spermatotoxic effects (Groopman et al., 1996; Mace et al., 1997; Agnes and 

Akbarsha, 2003).  Aflatoxins (AFs) are smaller weight compounds produced by 

the moulds Aspergillus flavus, Aspergillus parasiticus and Aspergillus nomius 

which grow on food grains, fruits, nuts etc. particularly under humid conditions.  

The toxins are usually found as a mixture form 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 aflatoxins in retail rice, imported rice and 

domestic rice (Sugita-Konishi et al., 2006; Sugimoto et al., 1977; Norizuki et al., 

1987). 

According to Manabe and Tsuruta (1991), the majority of fungal species are, 

mesophytes (optimal growth temperature: 22–35 °C) that are capable of growing 

temperatures between 5 and 45 °C, and therefore, in the temperate climate of 

Japan and in the tropical/subtropical climate, the prevailing temperature satisfy 

the growth conditions for a wide variety of mycelium fungi. According to them, 

the required level of water activity in the commercial distribution of harvested 

grains is considered to be 0.65–0.70 or below. 

Rice (Oryzae sativa L.) is the most important staple food crop in India and the 

bulk of rice is grown in kharif or wet season.  Frequent and heavy rainfall and 

floods particularly near harvest in South Asian countries (Pakistan and India) of 

the region wet the crop and make panicles more prone to invasion by Aspergillus 

spp. (Reddy et al., 2004). Aspergillus flavus isolates were shown to possess the 

ability to produce exclusively AFB1 (Reddy et al., 2005). Among the aflatoxins, 

AFB1 is the most toxic form for mammals and presents hepatotoxic, teratogenic 

and mutagenic properties, causing damage such as toxic hepatitis, hemorrhage, 

edema, immunosuppression and hepatic carcinoma (Speijers and Speijers, 2004). 
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It has been classified as a class 1 human carcinogen by the International Agency 

for Research on Cancer (IARC, 1993). 

Cereals (rice, wheat and maize) in Pakistan are stored in jute bags, open spaces 

covered with polythene sheets, clay bins, steel bins 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.  Samples of cereals were collected from urban, semi-urban and rural 

areas of Faisalabad Division.  The HPLC with UV-Vis detector was used for the 

separation of aflatoxins.  The resolution of standard aflatoxin mixture solution is 

displaced in Figure 4.5.  The blank and collected samples of rice, maize and 

wheat after passing through MycoSep # 226 were analyzed and the results are 

given in Table 4.5-4.11. 

 

 

 

 

 

 

 

 

 

 

 

   

 
 
Fig. 4.5.  Resolution of standard aflatoxin mixture solution by HPLC 
 
 
4.2.1 Occurrence of aflatoxins in rice samples 
  
All polished rice samples were analyzed and found that more than 35 (88%) rice 

samples contaminated with different types of aflatoxins.  The data portrayed in 

Table 4.5. demonstrated that out of 15 polished rice samples collected from urban 

areas of Faisalabad Division, 14 were found contaminated with mean aflatoxins 

14 ± 3.15 µg kg-1 whereas the percentage of contamination in samples collected 
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from semi-urban and rural areas were 87 and 80 respectively.  The highest mean 

value of aflatoxins were detected in rural samples i.e. 32 ± 7.50 µg kg-1.  

      

Table 4.5.  Aflatoxins* level (µg kg-1) in rice samples collected from urban, 
semi-urban and rural area of Faisalabad Division 
 
Commodity Area Total samples Contaminated 

samples (%age) 
*Mean ± SD 

Polished rice Urban 15 14 (93 %) 14 ± 3.15 

Polished rice Semi-urban 15 13 (87 %) 20 ± 5.25 

Polished rice Rural 10 8 (80 %) 32 ± 7.50 

*Aflatoxins = AFB1, AFB2, AFG1 and AFG2 
 
 

Distribution of aflatoxins in samples was also observed in terms of acceptable 

upper limit for aflatoxins established by Food and Drug Administration (FDA), 

USA.  From the data presented in Table 4.6, it is evident that 21 samples are 

contained ≤ 20 µg kg-1 aflatoxins, 6 exhibited between 21-25 µg kg-1 and the 

remaining tested samples contained aflatoxins greater than 26 µg kg-1.  It was 

interesting to find that rice collected from rural areas showed high concentration 

of aflatoxins.  The results given in Table 4.6 highlighted that only four samples 

contaminated with aflatoxins residues greater than 30 µg kg-1 which is alarming 

situation for the consumer living in those areas.  The concentration in samples 

belongs to semi-urban sites contained less aflatoxins as compared to urban and 

rural areas. 

Out of 40 rice samples, 7 showed aflatoxins concentration greater than 30 µg kg-1 

and 8 samples verified the presence of aflatoxins in the range of 21-30 µg kg-1. 
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Table 4.6. Distribution of aflatoxin levels in rice collected from Faisalabad 
Division 

 
Area of 
sample 

Total 
sample 

Rice Aflatoxin 
≤ 20 ppb (%)  

Rice aflatoxin > 20 ppb (%) 
21-25 ppb 26-30 ppb > 30 ppb 

Urban 15 11 (73) Nil Nil 4 (27) 

Semi-urban 15 8 (62) 5(38) Nil Nil 

Rural 10 2(25) 1(13) 2(25) 3(37) 

Total 40 21 (53) 6(15) 2(5) 7(18) 

Acceptable upper limit for aflatoxin in grains is 20 ppb (FDA, 1987). 
 

 

The samples of rice collected belonging to Faisalabad Division were evaluated in 

terms of different types of metabolites of fungus producing aflatoxins.  Four 

major aflatoxins (AFB1, AFB2, AFG1 and AFG2) did not show consistency in 

contamination profile.  Maximum samples composed from Faisalabad Division 

showed the presence of only AFB1 (88%) with a concentration range of 0.5-36 µg 

kg-1.  In 10 samples B1 and B2 with a concentration range 4-18 µg kg-1 

metabolites were detected.  The total aflatoxins contaminated samples were not 

more than 10% of the analyzed sample.  The samples contained all four major 

aflatoxins, concentration range and physical condition of rice samples are 

mentioned in Table 4.7. 

 
 
Table 4.7.  Occurrence of the four major types of aflatoxins in *rice in Faisalabad 
Division 
 
Aflatoxin No. of sample (%) Conc. Range 

µg kg-1 
Condition of 

sample 
AFB1 35 88 0.5-36 Polished rice 

AFB1 + AFB2 10 25 4-18 Polished rice 

AFG1 + AFG2 6 15 0.2-8 Polished rice 

Total aflatoxin 4 10 6-45 Polished rice 

*samples were analyzed with two detectors (UV-Vis and Fluorescence detectors) and 
compared the concentration with working standard.  
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The percentage distribution of rice grains in different parts of Faisalabad Division 

is also show graphically in Figure 4.6.  The incidence of AFB1 in rice was much 

higher as compared to total aflatoxins (AFB1, AFB2, AFG1, and AFG2). 
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  Fig. 4.6.  Distribution percentage of aflatoxins in rice samples 
 
 

The presence of fungi does not necessarily imply the presence of toxins.  The 

fungi species can produce aflatoxins on commodities in the field under stress 

conditions or in storage when conditions such as high moisture and warm 

temperature (25-30 oC are encountered.  Because of potential health hazards for 

human and animals, worldwide monitoring programmes for aflatoxins in various 

farm commodities has been indicated and regulatory levels (Table 4.8) have 

recently been revised and documented (Papp et al., 2002). 

Some developing countries like China and Mexico have also set up regulations 

compatible with those in the United States for human consumption and for 

trading (Table 4.8). Because of the food safety regulations, grains with higher 

level of aflatoxins are prohibited from trade domestically or internationally. 
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Table 4.8.  Limits of aflatoxins for various foodstuffs in different countries. 

Country Concentration ng g-1 

Aflatoxin B1 Total (∑B1, B2, G1, G2) 

Germany 2.0 4.0 

France 5.0 - 

Switzerland 1.0 5.0 

USA (FDA) - 20 

Hungary 2.0 5.0 

WHO 5.0 10 

 

 

4.2.2 Occurrence of aflatoxins in maize samples 

Maize (Zea mays L.)  is a commodity considered to be one of the most 

susceptible to mycotoxins world-wide (Barug et al., 2004). 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.  Aspergillus 

strains grow over a wider temperature range. Optimal growth of A. flavus occurs 

over the range 19–35 °C (Northolt and van Egmond, 1981), with 28 °C being 

optimum for aflatoxin production (Sanchis and Magan, 2004). 

The main members of Aspergillus section Flavi able to produce aflatoxins (AFs) 

are A. flavus and A. parasiticus (Kurtzman et al., 1987). These are closely related 

fungi and difficult to distinguish from each other. It is now generally accepted 

that A. flavus produces only aflatoxin B1 and B2, while A. parasiticus produces all 

the four principal AFs (AFB1, AFB2, AFG1 and AFG2) (Diener et al., 1987). 

However, Gabal et al. (1994) reported a high percentage of A. flavus strains 

producing AFG1 and a minor group also producing AFG2. The International 

Agency for Research on Cancer classified AFB1 as a class 1 toxin because of its 

demonstrated carcinogenicity to humans.   

Contamination of maize and other food commodities with aflatoxins is a public 

health concern because of the ability of aflatoxins to cause human and animal 
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diseases. Many implications with aflatoxins have been documented in literature 

like impaired childhood growth in Kenya (Hall and Wild, 1994).  Many countries 

worldwide used maize as staple food like Kenya because Maize is processed and 

prepared in different ways by different communities in Kenya. It may be 

consumed as either roasted green maize, boiled whole-grain maize mixed with 

legumes (githeri), thick porridge (ugali), thin porridge (uji), opaque alcoholic 

beverage (busaa), fermented roasted cake (tsimbale or kamakhalanje) or boiled 

dehulled grits (muthokoi).  Pakistan is also growing reasonable area with this crop 

and mostly the maize grains and ears are eaten in roasted form, bread form with 

Saag (a dish prepared with mustard).  Reasonable oil production is also achieved 

with maize seed which is a good source of unsaturated fat.  Maize is usually 

grown during hot weather and harvested during humid summer in Pakistan.  

These conditions prevail the attack of fungi with maximum production of 

aflatoxins.  Samples of maize (corn) were collected randomly, extracted with 

organic solvent, cleaned up and analyzed using Shimadzu HPLC (LC-10A).  The 

data after analyses and computation are given in Tables 4.9-4.11. 

 
Table 4.9.  Aflatoxins* level (µg kg-1) in Maize samples collected from urban, 
semi-urban and rural area of Faisalabad Division 
 
Commodity Area Total samples Contaminated 

samples (%age) 
*Mean ± SD 

Maize grain Urban 15 13 (87 %) 45 ± 2.40 

Maize grain 

& corn floor 

Semi-urban 15 12 (80 %) 54 ± 4.05 

Maize grain Rural 10 9 (90 %) 62 ± 5.64 

*Aflatoxins = AFB1, AFB2, AFG1 and AFG2 
 

A total of 40 samples collected from Faisalabad Division were analyzed with 

UV-Vis (190-400 nm) detector in reverse-phase mode for aflatoxins.  Data 

presented in Table 4.9 showed that the contamination intensity with aflatoxins is 

> 80% with mean residues greater than 45 µg kg-1 in the samples of maize 

collected from Faisalabad Division.  Most of maize samples were found 

contaminated with fungi producing metabolites of aflatoxins.  Aflatoxin-

producing fungi had the highest frequency of occurrence in rural areas as 
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compared to urban and semi-urban.  Samples of maize grain and processed maize 

(flour) were collected in kharif (rainy season) and rabi (winter season) and 

overall frequency of aflatoxins was very high among samples (85%).  A few 

samples (15%) were found free from aflatoxins contamination.  The maize 

samples analyzed representing different cultivars, collected from diverse agro-

climatic areas of Faisalabad Division revealed that mean residues in rural samples 

is high (62 µg kg-1) and bottom mean residues was found in urban i.e. 45 µg kg-1. 

It is clear that maize consumed by residents and animals belonging to the 

Faisalabad division may suffer with certain diseases due to the toxicity of 

aflatoxins.  Peak area under each compound was computed to find out the 

concentration of aflatoxins.  The figures given in Table 4.10 were compared with 

the established limits of aflatoxins for various foodstuffs in different countries 

portrayed in Table 4.8.  The data of present study indicate that out of 34 

contaminated samples, 6 contained residue of aflatoxins ≤ 20 µg kg-1 and most of 

the samples with > 30 µg kg-1 (40%) of the collected samples.  Among analyzed 

samples in the under taken study, 10% contained aflatoxins with concentration 

range 26-30 µg kg-1 whereas few samples (20%) had residues in the range of 21-

25 µg kg-1.   

 
Table 4.10. Distribution of aflatoxin levels in Maize collected from Faisalabad 

Division 
 
Area of 
sample 

Total 
sample 

Maize Aflatoxin 
≤ 20 ppb (%)  

Maize aflatoxin > 20 ppb (%) 
21-25 ppb       26-30 pp           > 30 ppb 

Urban 15 2 (13) 4 (27) 2 (13) 5 (33) 

Semi-urban 15 3 (20) 2 (13) Nil 7 (47) 

Rural 10 1(10) 2 (20) 2 (20) 4 (40) 

Total 40 6 (15) 8(20) 4(10) 16(40) 

Acceptable upper limit for aflatoxin in grains is 20 ppb (FDA, 1987); Values in 
parenthesis show %age. 
 
 

The contaminated samples with aflatoxins (AFB1, AFB2, AFG1 and AFG2) were 

categorized on the basis of type, percent incidence and concentration range 

(Table 4.10).  The data illustrate that AFB1 is present in 8 samples contained 
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contamination range of aflatoxins 8-46 µg kg-1 and sample was in the shape of 

mixture.  Out of 34 contaminated samples, 6 contained two types of aflatoxins 

(AFB1 + AFB2) with incidence percentage 15.  Total aflatoxins was more 

frequent in maize and maize flour samples (40%) with a concentration range 12-

75 µg kg-1 and least samples contained metabolites (AFG1 and AFG2) in the 

concentration range 0.2-12 µg kg-1.  The aflatoxins concentration among samples 

of the same area (urban or rural) was not consistent.  All the data computed for 

maize aflatoxins show substantial variation (> 2.40 standard deviation) among 

concentration of aflatoxins.  The data variation may be due to differences in 

moisture content, period of storage or nature of storage (steel bin, clay bin etc.).  

The contaminated maize samples with percent incidence with different aflatoxin 

metabolites are displayed in Figure 4.7.  From the Figure 4.7, it is indicated that 

most of the contaminated samples of maize were contaminated with total 

aflatoxins (AFB1 + AFB2 + AFG1 and AFG2).  Least contaminated samples were 

found with AFG1 and AFG2 as compared to other aflatoxins.    

 
Table 4.11. Occurrence of the four major types of aflatoxins in *Maize from 
Faisalabad Division 
 
Aflatoxin No. of sample (%) Conc. Range 

µg kg-1 
Condition of 

sample 
AFB1 8 20 8-46 Maize grain + flour 

AFB1 + AFB2 6 15 10-58 Maize grain + flour 

AFG1 + AFG2 4 10 0.2-12 Maize grain + flour 

Total aflatoxin 16 40 12-75 Maize grain + flour 

*samples were analyzed with two detectors (UV-Vis and Fluorescence detectors) and 
compared the concentration with working standard. 
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Figure 4.7. Samples contamination and % incidence of aflatoxins in 
maize 

  
 

4.2.3 Occurrence of aflatoxins in wheat samples 

 

Wheat is susceptible to different fungi infections through out its growth, harvest, 

transport and storage. Wheat is used as staple food in our country and other Asian 

and Western countries. During 2007-2008, Wheat covered an area of 8549 

thousand hectares with a production of 20959 thousand tonnes (Anonymous, 

2009).  It is rich source of protein, carbohydrates, fibre, magnesium, vitamins, 

manganese and minerals.  Many by-products are formed from raw wheat that are 

used in bakeries for different food products.  Wheat grains are infected with fungi 

species (Aspergillus flavus, Aspergillus parasiticus) during harvesting, 

transporting and storage.  These fungi produce toxins which cause health 

problems to humans and animals.  During the undertaken study, samples of wheat 

grains were collected, processed for extraction and clean up and analyzed for 

aflatoxins level.  The results after computation data are summarized in table form 

as given in Tables 4.12-4.14. 
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Table 4.12.  Aflatoxins* level (µg kg-1) in Wheat samples collected from urban, 
semi-urban and rural area of Faisalabad Division 
 
Commodity Area Total samples Contaminated 

samples (%age) 
*Mean ± SD 

Wheat grain Urban 15 12 (80 %) 52 ± 5.24 

Wheat grain Semi-urban 15 13 (87 %) 64 ± 6.05 

Wheat grain Rural 10 8 (80 %) 85 ± 3.05 

*Aflatoxins = AFB1, AFB2, AFG1 and AFG2 
 

The extracts of wheat samples were analyzed by LC-10 system manufactured by 

Shimadzu, Japan setting wavelength of UV-Vis detector at 365 nm.  The peaks 

retention time was compared with standard working solution and calculate the 

concentration and sample contamination.  From the data enroll in Table 4.11 

show that more than 80% of the wheat samples were contaminated with fungi 

producing mycotoxins.  Wheat grains of Semi-urban were highly contaminated 

(87%) with mean residues of total aflatoxins (64 ± 6.05 ng g-1).  The mean 

aflatoxins in collected samples are ≥ 52 ng g-1.  The samples belong to rural areas 

contain mean residue of aflatoxins 85 ± 3.05 ng g-1.  

High moisture levels in the samples and high temperature are favorable for the 

growth of AF-producing fungi.  Optimum conditions are 16–24% moisture at 20–

38 oC.  However, it is reported that AF production can also take place at 

temperatures as low as 7–12 oC (Steyn and Stander, 2000). After harvest, if grain 

is not dried quickly or during storage remains at moisture high enough, 

mycotoxins such as AFs may occur.  The wheat contamination level was 

compared with the values given in Table 4.8 in particular with USA (Food and 

Drug Administration; FDA) allowable limits i.e. 20 µg kg-1 for sum of aflatoxins 

in food commodities.  The distribution of aflatoxins level in wheat consumed by 

residents of Faisalabad Division is summarized in Table 4.12. 
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Table 4.13. Distribution of aflatoxin levels in Wheat collected from Faisalabad 
Division 

 
Area of 
sample 

Total 
sample 

Wheat Aflatoxin 
≤ 20 ppb (%)  

Wheat aflatoxin > 20 ppb (%) 
21-25 ppb       26-30 pp           > 30 ppb 

Urban 15 1 (7) 2 (13) 3 (20) 6 (40) 

Semi-urban 15 1 (7) 0 (-) 2 (13) 10 (67) 

Rural 10 1(10) 1 (10) 2 (20) 4 (40) 

Total 40 3 (8) 3 (8) 7 (17) 20 (50) 

Acceptable upper limit for aflatoxin in grains is 20 ppb (FDA, 1987). 
 

AF contamination in foods, which causes the economic loss and threats the public 

health, is an important problem encountered from time to time in most countries 

of the planet but not studied much in Pakistan.  Although some results were 

obtained from the studies regarding aflatoxin contamination conducted 

worldwide (Aycicek et al., 2002; Nizam and Oguz, 2003).  The data highlight 

that maximum samples of wheat were contaminated with > 30 µg kg-1 aflatoxins 

and least number of samples (13%) collected from Faisalabad Division fall in the 

range of 21-25 µg kg-1 aflatoxins.  It is also interesting to note that wheat grains 

of the Faisalabad vicinity were exhibited high contamination of aflatoxins.  Only 

3 samples of the area show ≤ 20 µg kg-1 aflatoxin level as set by FDA, USA.
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Table 4.14.  Distribution and levels of aflatoxins in the Wheat samples in some areas of Faisalabad Division 

   

Area No. of 
samples* 

AFB1   
 

AFB2 
  

AFG1 AFG2 

 

Total AFs 

% of 
positive

Range 
(ng/g)

% of 
positive

Range 
(ng/g)

% of 
positive

Range 
(ng/g) 

% of 
positive

Range 
(ng/g)

% of 
positive

Range 
(ng/g)

Urban 12 42 4-25 15 0.5-12 10 0.5-8 0 - 55 12-65 

Semi-urban 13 36 2-15 10 0.5-14 5 0.8-12 4 0.6-4 40 4-16 

Rural 8 50 6-34 25 0.8-10 40 4-10 0 - 65 6-85 

Total 33 45 6-45 30 5-20 42 2-16 8 0.8-6 58 5-80 

      *Contaminated sample 
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Due to lack of education among farmers and residents of Faisalabad Division 

awareness about aflatoxins  

After harvest, if wheat grains are not dried quickly or during storage remains at a 

moisture high enough, mycotoxins such as AFs may occur. Since central part of 

Punjab, Pakistan is very warm area of the country, the conditions during harvest 

and storage of wheat samples are possibly proper for AF production due to 

humidity and high temperature. Moreover, the farmers of the area may not be 

aware of AF problem due to their low education levels and it can not be possible 

to use suitable harvesting, handling, drying and storage procedures in order to 

eliminate the AF production and contamination problem.  The wheat grown in 

this area is distributed to other parts of the country especially to the north part of 

Pakistan where the agriculture is very poor due to geographical properties and 

climate. 

The collected samples from urban areas (38%) analyzed and the percentage of 

samples with detectable AFs levels in this area were found to be 42%, 15%, 10% 

and 55% for AFB1, AFB2, AFG1 and total aflatoxin respectively (Table 4.13).  

Samples (38%) collected from semi-urban areas of Faisalabad Division for total 

AF were found to have the detectable levels.  This ration is low as compared to 

urban area although having the same metrology conditions.  The samples from 

rural areas are less as compared to other areas due to less access to the residents.  

The samples analyzed show that in 8 of 10 samples of wheat, with aflatoxin B1 

ranging from 6 to 34 ng g-1, AFB2 ranging from 0.8 to 10 ng g-1, AFG1 in the 

range of 4 to 10 ng g-1 and total aflatoxin ranging from 6 to 85 ng g-1 

respectively. The percentage of positive samples with detectable aflatoxins levels 

are shown in Figure 8.    The concentration of AFG2 was low as compared to 

other aflatoxins found in wheat samples of the area (Table 4.13).  The climatic 

conditions prevailing in the tropics are especially favourable for fungal 

proliferation and furthermore, production of mycotoxins.  In addition, they often 

lack the technology and infrastructure necessary for adequate for routine food 

monitoring.   
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  Figure 4.8.  Percentage of positive samples with aflatoxins 

 

4.2.4 Discussion 

Aflatoxins are known to be mutagen, carcinogen and teratogen compounds. The 

intake of these toxins over a long period of time in very low concentrations may 

be highly dangerous. These compounds can enter the food chain, mainly, by 

ingestion through the dietary channel of humans and animals.  

Mycotoxin was detected in various foods, including cereals, coffee, spices, grape 

juice, wines, fermentations products such as beer and products of animal origin 

(Dalcero et al., 2002; Abarca et al., 2003; Tanikawi et al., 2003; Zinedine et al., 

2006). Devegowda et al. (1998) reported that approximately 25% of cereals 

consumed in the world are contaminated by mycotoxins. The extent of 

contamination is generally higher in areas with favorable climatic conditions.  

The most widespread methods for quantitative determination of aflatoxin content 

in different samples are thin layer chromatography (TLC), and high performance 

liquid chromatography (HPLC).  Aflatoxins can be separated and detected using 

either normal- or reverse-phase HPLC methods mainly with fluorescence 

spectrometric detection (Stroka et al., 2000; Akiyama et al., 2001).  Dried cereals 

are prone to fungal and aflatoxins contamination.  From harvest, through drying 

and storage, there may be opportunities for fungal development.  Water activity 

(w) or water availability is the key factor in controlling cereals contamination, as 



 

 104

most of these may not have been conducive for A. flavus growth and aflatoxin 

biosynthesis. 

In the present study, the level of cereals commodities consumed in Faisalabad 

Division were evaluated for aflatoxin contamination and the data is presented in 

Tables 4.5-4.7 and 4.9-4.14 for rice, maize and wheat. From the data, it is 

indicating that > 80% of the sampled cereals was contaminated with health 

hazards mycotoxins.  Rice sold or stored in bins is highly contaminated with all 

metabolites of aflatoxins.  In urban area, 93% with mean aflatoxin level 14 µg kg-1 

rice is using as food whereas highest aflatoxins were detected in rural samples.  

The high level found in rural samples may be due to storage period or the use of 

organic manure in fields which had fungal abundance because organic farming 

practices have a positive stimulating influence on the soil microbial biomass and 

activity (Saleemullah et al., 2006; Knudsen et al., 1999). 

To compare the results computed in Table 4.6 with the value of maximum 

allowable limits portrayed in Table 4.8, it is evident that all samples contained ≤ 

20 µg kg-1 which is set by FDA and few samples from rural area fell above the 

limits of FDA i.e. greater than 20 µg kg-1. The aflatoxins found in the rice 

samples taken from Faisalabad Division are higher than the results reported by 

Indian authors (Reddy et al., 2009).  The aflatoxins were also found in paddy rice 

and milled rice in the range of 0.1 to 308 µg kg-1 and 2% showed AFB1 

contamination above the permissible limits of India (> 30 µg kg-1).  The samples 

were collected across 20states in India. Data tabulated were also analyzed 

statistically and found that rural samples contained aflatoxin contamination 

significantly higher at confidence interval (p = 0.05) as compared to other 

samples.  The results published in literature by Iranian scientist further supports 

our findings that rice imported in Iran contained aflatoxin B1 in more than 83% 

samples with mean aflatoxin 2.09 ng g-1.  The contamination level found in 

imported rice was lower than that of maximum tolerated level (MTL) of Iran (5 

ng/g) and EU (4 ng g-1).  The high contamination level detected in the under 

taken study regarding rice may be due to high temperature, high moisture at the 

time of storage or may be due to other artifacts that are beyond the approach. 

Mycotoxins can cause acute or chronic intoxication and damage to humans and 

animals after ingestion of contaminated food and feed.  Mycotoxins are 

nephrotoxic, carcinogenic, hepatotoxic, teratogenic and immunosuppressive 
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(Creppy, 1999).  It is well reported in literature that approximately 25% of cereals 

consumed in the world are contaminated by mycotoxins. The extent of 

contamination is generally higher in areas with favorable climatic conditions. 

Epidemiological studies have shown that AF exposure is associated with 

increased risk of hepatocellular carcinoma, particularly in combination with 

hepatitis B virus (IARC, 2002). The potency of AFs appears to be significantly 

enhanced in individuals with hepatitis B infection (Hermann and Walker, 1999). 

Additionally, the food contamination by AFs causes serious economic losses. 

More than 31,000 different fungal metabolites were known in 2005 (Antibase, 

2005), but many more are expected to be found in the future. Fortunately, just a 

fraction of them is hazardous to humans and animals at naturally occurring 

concentrations. About 300–400 mycotoxins are known today, depending on the 

classification of the compounds reviewed by Hussein and Brasel, 2001 and  

Bennet and Klich,  2003. 

Technical improvements in the field of LC-MS led to several multi-mycotoxin 

methods in the last few years. Continuing the work of Frisvad and Thrane, 1987; 

Nielsen and Smedsgaard (2003) developed a qualitative LC-UV-MS method for 

screening of fungal metabolites and mycotoxins in culture extracts. Positive mode 

electrospray ionization (ESI) combined with high resolution time of flight 

(TOF)mass spectrometry was used after HPLC separation and diode array 

detection of mycotoxins. The detection of 474 fungal metabolites makes this 

method unparalleled to this day. 

Mould growth and mycotoxin production are related to: the presence of fungal 

inoculum on susceptible crops; plant stress caused by extreme weather, faulty 

water and fertilization balance; insect damage; and inadequate storage conditions. 

In general, biotic and abiotic stresses (heat, water and insect damage) cause plant 

stress and predispose plants in the field to mycotoxin contamination (Whitlow 

and Hagler, 2005), 

Wheat is used as staple food in many countries worldwide including Pakistan. 

Wheat is a rabi crop (October to March) and covered an area of 8549.8 thousand 

hectares with a production of 20956.8 thousand tonnes.  A substantial amount of 

wheat is exported to neighborhood countries like Afghanistan and Iran. For the 

present study, samples of wheat were collected randomly from Faisalabad 

Division to find out the level of aflatoxins which is a continuous threat for 
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hepatitis B infection in the areas.  The storage of wheat for the whole year is 

saved in different types of bins but in remote areas in clay bins. Clay is a good 

absorbent for water during rainy season which may increase the moisture level of 

grains in bins.  The level of wheat samples was checked quantitatively using 

HPLC with UV and Fluorescence detectors.  The results are summarized in 

Tables 4.12-4.14.  

Contamination percentage was high in semi-urban areas as compared to urban 

and rural areas of Faisalabad Division.  From the information collected, it is clear 

that most of the resident stored wheat for whole years in steel bins and put in 

open air and sun light directly affect the storage of wheat.  The increase in 

temperature inside the bins may be the cause of aflatoxins because the toxigenic 

fungi proliferate greatly in high temperature.  The same reason was also 

mentioned by Smith and Moss, 1985 who concluded that the production of AFs 

and the growth of the responsible fungi are dependent upon factors such as 

temperature, humidity, handling during harvesting and conditions during storage. 

High moisture levels in the samples and high temperature are favorable for the 

growth of AF-producing fungi. Optimum conditions are 16–24% moisture at 20–

38 oC. However, it is reported that AF production can also take place at 

temperatures as low as 7–12 oC (Steyn and Stander, 2000). After harvest, if grain 

is not dried quickly or during storage remains at moisture high enough, 

mycotoxins such as AFs may occur. 

The wheat grown in Division Faisalabad is distributed to other parts of Pakistan 

especially to south and north part of Pakistan where the agriculture is very poor 

due to the geographical properties and climate. 

The mean aflatoxins in collected samples were 52 – 85 µg kg-1 whereas overall 

50% samples of wheat of the area contained ≥ 30 µg kg-1.  Our results are little 

bit high as compared to other authors Giray et al., 2007.  Other factors are also 

responsible for the contamination of aflatoxins in wheat samples which were not 

encountered during studies.   

Mould growth and mycotoxin production are related to: the presence of fungal 

inoculum on susceptible crops; plant stress caused by extreme weather, faulty 

water and fertilization balance; insect damage; and inadequate storage conditions. 

In general, biotic and abiotic stresses (heat, water and insect damage) cause plant 
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stress and predispose plants in the field to mycotoxin contamination (Whitlow 

and Hagler, 2005), 

Mycotoxins can be produced in field as well as during food storage and different 

meteorological, environmental and agronomic factors affect their production. For 

this reason, it is difficult to predict the occurrence of fungal diseases and toxin 

contamination in food grains.  The distribution of aflatoxins in wheat samples 

showed that 36-50 samples contained AFB1, 10-25% contaminated with AFB2, 5-

40% with AFG1 and 0-4% with AFG2 respectively.  Overall 45% samples were 

contaminated with AFB1, the major carcinogen, and the least with AFG2 (8%).  

The results are in good agreement with the reported values by Muthomi et al., 

2008 in Kenyan wheat. The presence of several mycotoxins, even at such low 

levels, could pose chronic adverse health effects to human and livestock fed on 

the contaminated wheat products. 

Pakistani maize/corn production was estimated as 3605 thousand tonnes for the 

year 2007-08, of which approximately 25% was destined for human feeding and 

remaining for food industry and feed industry.  The maize grains are very rich 

source of carbohydrates, fat and minerals.  

Molds rank second only to insects as a cause of damage in stored grains (CAST, 

1989). They cause detrimental changes in grain appearance, quality, and dry 

matter (Ng et al., 1998), and they reduce the energy content and ethanol yield for 

corn (Hardy et al., 2006). Molds also produce by-products called mycotoxins 

which are poisonous to humans and animals (MAFRI, 2006). The presence of 

molds and mycotoxins leads to price discounts or rejections of shipments by 

buyers. 

Aflatoxins B1, B2, G1 and G2 (AFB1, AFB2, AFG1 and AFG2, respectively) are 

toxic metabolites generated by Aspergillus flavus and Aspergillus parasiticus. 

These toxins have been reported to be associated with acute liver damage, liver 

cirrhosis, induction of tumours and teratogenic effects (Muscarella et al., 2007).  

Maize bread with butter and Brassica (mustard) leaves based curry (saag) is very 

popular in India and Pakistan.  The contamination of corn seed and flour were 

evaluated in the undertaking study and found high levels of aflatoxins in it 

(Tables 4.9-4.11). The samples of maize analyzed showed the presence of 

aflatoxins (>80%) of which rural maize contamination percentage is high (90).  

The aflatoxin content of the maize in the present investigation was found to be 
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lower than those reported by Abbas et al. (2006).  According to their findings 

aflatoxins content in conventional hybrid corn ranged from 21 to 699 µg kg-1 with 

a mean of 215 ± 49 µg kg-1, while those of Bt hybrids fell in the range of 66 to 

428 µg kg-1  with a mean value of 197 ± 85 µg kg-1.  However, recent reports of 

aflatoxins in food showed the presence of aflatoxins in maize analyzed in 

Argentina and India ranged (5-560 µg kg-1) and (5-666 µg kg-1) respectively 

reported by Moss (2002). 

Data for aflatoxin distribution on the basis of FDA accepted limits in grains was 

evaluated for maize grains collected from different areas of Faisalabad Division 

indicated that frequent samples (40%) contained aflatoxins > 30 µg kg-1; however 

15% samples were below the allowable limits and 8 samples (20%) were 

contaminated with aflatoxins in the range of 21-25 µg kg-1 and least samples 

(10%) fell in the range of 26-30 µg kg-1.  Aflatoxin B1 (AFB1) was the most 

abundant aflatoxin detected in the maize samples (20%) analyzed in the present 

study.  The residue of total aflatoxins (B1, B2, G1 and G2) was found in majority 

of samples (40%); however, its concentration varied widely, ranging from 12 to 

75 µg kg-1 in maize and its flour.  Few samples (4) were only contained AFG1 + 

AFG2 to varying levels (0.2-12 µg kg-1).  Less frequent occurring aflatoxins were 

(AFB1 + AFB2); however its level was significantly (P < 0.05) higher than AFB1 

and (AFG1 + AFG2).  No information on the level of aflatoxins in maize grown or 

stored in Pakistan is available.  In our study the investigated aflatoxin levels 

(AFB1 and (AFG1 + AFG2) were found to be higher in rural areas which is 

slightly higher with the previous study conducted by Saleemullah et al. (2006) 

and they reported 50 µg kg-1 aflatoxins in maize samples. The mould producing 

aflatoxins is only a small number of species that are widespread in the tropics and 

sub-tropics, and are associated with important food commodities consumed in all 

parts of the world.  The spores of A. flavus and A. parasiticus can germinate on 

the stigma surface of plants (Maize) 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 all stressed (drought), then significant level of 

aflatoxin 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).    
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4.2.5 Conclusion 

In this study, it was demonstrated that maize used as grain or flour form in 

different parts of Faisalabad Division exhibited high level of aflatoxins and 

significantly high levels were found in rural areas.  Special attention is urgently 

needed to store maize and maize products in a good way to reduce the aflatoxin 

levels and for the safety of residents of the area form fatal illness. 
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4.3 Food irradiation and aflatoxins 

Viruses are recognized as an important cause of food borne outbreaks. In Europe, 

viral agents were responsible for 10.2% of the food borne outbreaks during 2006 

and were pointed out as the second most common causative agent, after 

Salmonella (EFSA, 2007). 

Microbial contamination of cereal grains may occur during harvesting, handling, 

transportation and storage (Hanis et al., 1988).  Microbial contamination is 

another serious issue for cereal crops. For instance, various grain and soy crops in 

storage carry aflatoxin that is produced by the fungus Aspergillus flavus. 

Aflatoxin is associated with human liver cancer (Groopman and Kensler, 2005), 

Irradiation has become an efficient means of processing and preserving food 

products (Ahmed, 2001; Fan et al., 2003) as well as for the reduction of the 

contamination with microorganisms and for enhancing the stability of food 

products (Ehlermann, 2002). 

Irradiation provides additional risk abatement compensation over other 

quarantine treatments. Gamma irradiation can extend the shelf-life of treated 

foods without inducing the formation of any radionuclide therein. Food can be 

treated with irradiation either before or after packaging without the need for 

heating, preservatives or other processing. Irradiation is an ideal technique for 

developing generic treatments because it is effective against insects and most 

microbes at dosages that do not influence the quality of the food (Wen et al., 

2006). The use of low doses of gamma irradiation serves as a quarantine 

treatment for insects and extends shelf-life, without significantly changing the 

composition (Patil et al., 2004; Azelmat et al., 2006).  Irradiation technology is 

also used for the reduction of fungus species (Aspergillus flavus) and 

detoxification of aflatoxins.  In the present study, different doses of irradiation 

were given to studied cereals and evaluated their efficacy.  

  

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 aflatoxins reduction are given in Tables 4.15-4.20. 
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Table 4.15.  Effect of irradiation on the fungal load (CFU g-1) of rice samples 
 
Treatments Total Biomass (CFU g-1) Nature of packing 

Control sample 2.4 x 106 ± 12 Polythene envelop 

2 kGy 4.1 x 103 ± 5 Polythene envelop 

4 kGy 7.2 x 102 ± 2 Polythene envelop 

6 kGy 6.4 x 101 ± 3 Polythene envelop 

All samples were treated at ambient temperature = 22 ± 0.5 oC 

Values are mean of triplicate samples ± standard deviation; CFU = colony forming unit 
 
 

Moulds of the genera Aspergillus and Penicillium occur in different agriculture 

matrices and produce toxins which create health problems for humans and 

animals and can result in economic losses. The effect of γ-irradiation on initial 

fungal population on rice samples was evaluated and data is given in Table 4.15.  

It is evident that initial fungal load was 2.4 x 106 CFU g-1 and after irradiation at 

different doses (2-6 kGy), a drastic decrease in fungal population was observed.  

Only 64 CFU g-1 was counted in rice samples irradiated at 6 kGy as compared to 

control sample. Our data are in agreement with the results mentioned in literature 

(Aziz and Moussa, 2002).  They concluded in study 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. 

 
Table 4.16.  Effect of irradiation on the fungal load (CFU g-1) of maize samples 
 
Treatments Total Biomass (CFU g-1) Nature of packing 

Control sample 7.6 x 105 ± 8 Polythene envelop 

2 kGy 4.7 x 104 ± 6 Polythene envelop 

4 kGy 1.6 x 102 ± 4 Polythene envelop 

6 kGy 4.5 x 101 ± 2 Polythene envelop 

All samples were treated at ambient temperature = 22 ± 0.5 oC 

Values are mean of triplicate samples ± standard deviation; CFU = colony forming unit 
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The effect of gamma irradiation on fungal microflora was studied in maize 

sample.  The data executed from fungal biomass is mentioned in Table 16.  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.  The sensitivity of fungi to gamma-

radiation has been established by Youssef et al., 1999 who recorded that the dose 

required for complete inhibition of fungi in different food and feed products 

ranged from 4 to 6 kGy. 

The use of γ-radiation is an important way of prevention against fungal 

contamination.  The data reported in the present study revealed that the fungal 

load in maize sample was negligible as compared to the established limits of 

world health organization (WHO) during 1998 i.e. 103 cfu/g (WHO, 1998).  The 

cereals contaminated with toxigenic fungi can be made safe for the consumption 

of humans and animals using irradiation which is a physical and cold process.    

 
Table 4.17.  Effect of irradiation on the fungal load (CFU g-1) of wheat samples 
 
Treatments Total Biomass (CFU g-1) Nature of packing 

Control sample 5.7 x 105 ± 14 Polythene envelop 

2 kGy 4.1 x 103 ± 7 Polythene envelop 

4 kGy 1.6 x 102 ± 4 Polythene envelop 

6 kGy < 5 ± 0.80 Polythene envelop 

All samples were treated at ambient temperature = 22 ± 0.5 oC 

Values are mean of triplicate samples ± standard deviation; CFU = colony forming unit 
 
 

Wheat samples before and after irradiation were evaluated for fungal biomass.  

From the data, it was found that fungi species are very sensitive to gamma 

irradiation energy (Table 4.17).  The decreasing profile in colony forming units 

(CFUs) was observed as the wheat sample treated at high dose of γ-radiation.  

The control sample (unirradiated) contained 5.7 x 105 CFUs and the treated 

sample (irradiated) had less than 5 CFU g-1.  Our data is in-line with the findings 
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of Sung, 2005 who concluded that as dose of γ-irradiation is increased, the 

intensity of aerobic biomass was decreased substantially.  

 

4.4.2 Effect of γ-irradiation on the reduction of aflatoxins 
 
Gamma irradiation can be an useful alternative technology in post-harvest pest 

control because of its ability to kill insects (Sirisoontaralak and Noomhorm, 

2006) and inhibit mycotoxin biosynthesis during storage (Kabak et al., 2006). 

The maize samples collected from Faisalabad Division were irradiated at 

different dose of radiation and analyzed by HPLC-FLD after derivatization with 

TFA.  The results are presented in Table 4.18.  From the data it is clear that high 

dose of γ-irradiation (6 kGy) significantly reduce the level of AFB1 and total 

aflatoxins as compared to low doses of radiation. Initial level of AFB1 and total 

aflatoxins 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.  Similar trend in reduction of aflatoxins 

(B1 and Total) was observed in samples collected from other areas i.e. semi-urban 

and rural.   The reduction %age in AFB1 and total (∑ B1 + B2 + G1 + G2) is 

displayed in Figure 4.9.  Maximum reduction with gamma irradiation was 

observed in rural samples following to semi-urban and urban. It may be due to 

high level in moisture in rural samples as compared to other ones.  From the 

ANOVA it is also revealed that reduction of aflatoxins is directly proportional to 

dose application and removal of aflatoxins was highly significant at dose level 6 

kGy.       

 
Table 4.18.  Effect of gamma irradiation on the reduction of aflatoxins in maize 
sample 
 
Area Initial level (µg kg-1) Irradiation dose (kGy) 

AFB1 Total aflatoxins 2 4 6 

Urban 25 45 15 (30) 8 (16) 2 (3.5) 

Semi-urban 35 50 18 (26) 10 (14) 1.5 (4) 

Rural 50 65 22 (34) 12 (16) 3.5 (2.6) 

      

The values are mean of triplicate observations; values in parenthesis represent to 
reduction in total aflatoxins 
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The results of present study are in accord with the data mentioned by Aziz and 

Mousa, 2004 who reported 74-77 % detoxification of aflatoxins in samples of 

chickpea after radiation at 6 kGy.  
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Fig. 4.9.  Aflatoxin (AFB1 and total AFs) reduction % in maize samples 
by different doses of irradiation 

 
 

Similarly the effectiveness of γ-irradiation was studied in rice samples 

contaminated with high concentration of AFB1 and total aflatoxins produced by 

Aspergillus flavus and Aspergillus parasiticus.  The samples were analyzed after 

radiation application and data is presented in Table 4.19.  

The elimination of aflatoxin content in rice samples is very much dependent on 

the dose of radiation.  The less reduction of aflatoxins were observed at dose 2 

kGy whereas highest reduction of aflatoxins was found in at 6 kGy in all samples. 

 
 
 
 
 
 
 
 
 
 
 



 

 115

0

20

40

60

80

100

120

B1 TAF B1 TAF B1 TAF

2 4 6

Radiation dose (kGy)

R
ed

u
ct

io
n

 %

Urban

Semi-urban

Rural

Table 4.19. Effect of gamma irradiation on the reduction of aflatoxins in rice 
sample 

 
Area Initial level (µg kg-1) Irradiation dose (kGy) 

AFB1 Total aflatoxins 2 4 6 

Urban 20 25 12 (16) 7 (9) 0.5 (2) 

Semi-urban 25 30 16 (22) 8 (10) 0.8 (3) 

Rural 35 40 28 (30) 11 (15) 1.5 (3.5) 

The values are mean of triplicate observations; values in parenthesis represent to 
reduction in total aflatoxins 
 

The reduction %age was significantly high in samples collected from urban, 

semi-urban and rural areas treated at 6 kGy (Figure 4.10). 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 aflatoxins in cereals 

commodities (P < 0.05).  

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.10.  Aflatoxin (AFB1 and total AFs) reduction % in rice samples by 
different doses of irradiation 
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Wheat samples heavily contaminated with aflatoxins were irradiated with 

different doses and analyzed to evaluate the effect of treatment.  The data of 

aflatoxin reduction with γ-irradiation is presented in Table 4.20.  Least reduction 

of aflatoxins was observed at 2 kGy whereas a high reduction of aflatoxins was 

found at 6 kGy.   The initial level of AFB1 in wheat samples collected from urban 

area of Faisalabad Division was 25 µg kg-1 and reduced upto 98% after 6 kGy.  

Likewise, the reduction in total aflatoxins was > 97%.  Similar trend of aflatoxin 

reduction was seen in semi-urban and rural samples.  The data was analyzed 

statistically (ANOVA) and found that 6 kGy removed aflatoxins significantly.  

Our data is in-line with the reported studies in literature (Aziz and Mahrous, 

2004).  The inhibition of aflatoxins may be due to the presence of natural 

phytochemicals present in cereals ( Nesci et al., 2007).  Reduction %age of 

aflatoxins in wheat samples at different γ-irradiation doses along with standard 

deviation is given in Figure 4.11.   

 
 
Table 4.20.  Effect of gamma irradiation on the reduction of aflatoxins in wheat 
sample 
 
Area Initial level (µg kg-1) Irradiation dose (kGy) 

AFB1 Total aflatoxins 2 4 6 

Urban 25 60 16 (48) 11 (28) 0.5 (1.5) 

Semi-urban 15 16 10 (12) 4 (7) 0.2 (1.8) 

Rural 34 75 25 (63) 12 (29) 0.7 (3.8) 

      

Values are mean of triplicate observations; values in parenthesis represent to 
reduction in total aflatoxins 
 
 

From the figure it is evident that amputation of aflatoxins with 6 kGy is much 

higher as compared to 4 and 2 kGy doses.  Though all doses applied for the 

deletion of aflatoxins from contaminated samples of wheat worked well but 6 

kGy showed significant role statistically.  Our results are in accord with Rustom, 

1997 who reported that 20 kGy exposure of gamma irradiation reduced activity 

of AFB1 upto 100% in solution form.   
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Fig. 4.11.  Aflatoxin (AFB1 and total AFs) reduction % in wheat samples 
by different doses of irradiation 
 

 
4.4 Food quality of irradiated cereals 
 
Irradiation can be an efficient alternative technology in post-harvest pest control 

because of gamma ray’s ability to kill insects (Sirisoontaralak and Noomhorm, 

2006) and inhibit mycotoxin biosynthesis during storage (Kabak, et al., 2006). 

According to the literature, the dose required for insect control is equal to or less 

than 1 kGy (Mansour and Al-Bachir 1995). As for control of mold growth, γ-

irradiation at levels above 5 kGy was effective in reducing the mold population 

on the surface of cereals and peanut kernels.  Irradiation doses of ≥3 kGy both 

mycelium growth and toxin production of Aspergillus flavus were found to be 

completely inhibited in ground nutmeg and peanuts. Likewise Aziz and Mousa 

(2004) reported inhibition of Aspegillus alutaceus and A. flavus growth after 

gamma radiation at a dose of 5 kGy while at a dose of 6 kGy detoxification of 

aflatoxin B1 (74.3–76.7%). The irradiation of food stuffs up to an overall dose of 

10 kGy is permitted in many countries for commercial food processing (Lacroix 

and Quattara, 2000). Cereal samples were evaluated to observe any deleterious 

effect of γ-irradiation in fatty acid composition and any change in amino acids. 

 
4.4.1 Oil extraction 
 
Cereal grains were ground in a high speed mill to a particle size of 20-mesh. 25 

grams of ground cereals were extracted in approximately 125 mL n-hexane for 8 

h with a glass Soxhlet apparatus. The n-hexane was evaporated using a Buchi 
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Rotovapor R-421 (Switzerland) at a reduced pressure, and the remaining oils 

were weighed and percent oil was calculated.  The oils were stored at ambient 

temperature under nitrogen in the dark until testing. 

Fatty acid methyl esters (FAME) were prepared from the oils and analyzed with 

gas chromatography following the method of Yu, et al., 2003. A Shimadzu GC 

with a FID was used for fatty acid analysis. Nitrogen gas was used as the carrier 

gas at a flow rate of 2.2 mL/min through a fused silica capillary column SPTM-

2380 (30 m x 0.25 mm with a 0.25 mm thickness) from Supelco (Bellefonte, PA). 

Injection volume was 1 µL and oven temperature was initially 136 oC, increased 

by 6 oC/min until 184 oC where it was held for 3 min, then increased again by 6 
oC/min to a final temperature of 226 oC. Individual fatty acids were identified 

through comparison of GC retention time with those of fatty acid methyl ester 

standards.  Quantification was based on the area under each fatty acid peak as 

compared to the total area of all fatty acid peaks. 

A world-wide supply of nutritionally balanced food is of fundamental 

importance. It is estimated that more than 800 million people in the world today 

are undernourished and/or malnourished. Most of the hungry are women and 

children (Conway and Toenniessen, 1999). The fatty acid composition of cereals 

(non-irradiated) is mentioned in Table 4.21. 

 
Table 4.21. Fatty acid profile of cereals 
 
Type 
of 
cereal 

Nature of 
material 

C16:0 C18:0 C18:1 C18:2 C18:3 C20:0 

Maize Grain oil 

15-20% 
9.6±0.3 1.8±0.4 32.8±0.7 53.6±1.2 1.8±0.6 0.4±0.1 

Rice 

 

Polished 

2-5% 
1.5±0.2 16.5±0.5 42.4±1.5 38.8±0.8 0.5±0.2 0.2±0.1 

Wheat Grain oil 

10-12% 
2.2±0.2 14.4±0.5 27.6±1.2 54.8±0.9 0.8±0.3 0.2±0.1 

Each value is a mean ± standard deviation (SD) of a triplicate analysis  
C16:0, palmitic acid; C18:0, stearic acid; C18:1 n-9, oleic acid; C18:2 n-6, 
linoleic acid; C18:3 n-3, linolenic acid; C20:0, arachidic acid  
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Fats extracted in n-hexane by Soxhlet extraction apparatus was esterified using 

Wang et al., 2000 method and analyzed with GC using packed as well as 

capillary columns.  The results of fatty acid methyl ester of un-irradiated cereals 

are given in Table 4.21.  The percent concentration of stearic acid (C18:0) in 

maize was lower as compared to rice (16.5%) and wheat (14.40%) whereas the 

palmitic acid in maize exhibited high concentration (9.60%).  Same 

concentrations of fatty acid methyl esters were observed in cereals after analyzing 

with capillary column fitted in Agilant gas chromatograph. 

Many authors used AOAC method for the determination of fatty acid 

composition on the lipid extracts after methylation to form fatty acid methyl 

esters (FAME) with capillary column using hydrogen gas as carrier gas in 

irradiated and non-irradiated pine nut kernels (Golge and Ova, 2008; AOAC, 

1997).  The irradiated cereals samples with different doses were evaluated to see 

any bad affect of radiation on nutritional characteristics of rice, wheat and maize.  

The date compiled after analyses is displayed in Tables 4.22-4.24.  

  

Table 4.22. Fatty acid methyl ester profile of Maize after irradiation 

 
Type 
of 
cereal 

Irradiation 
dose (kGy) 

C16:0 C18:0 C18:1 C18:2 C18:3 C20:0 

Maize 0 9.60±0.3 1.80±0.4 32.80±0.7 53.60±1.2 1.80±0.6 0.40±0.1 

 2 9.55±0.01 1.75±0.03 30.45±1.25 53.45±3.02 1.65±0.1 0.56±0.02 

 4 9.50±0.02 1.73±0.02 28.65±2.05 53.75±1.20 1.35±0.2 0.64±0.03 

 6 9.45±0.01 1.70±0.01 27.65±1.80 53.68±0.75 0.85±0.3 0.76±0.01 

Total saturated 11.80 

11.86 

11.87 

11.91 

Total monounsaturated 32.80 

 30.45 

 28.65 

 27.65 

Total 

polyunsaturated 

55.40 

55.10 

55.10 

54.53 

Each value is a mean ± standard deviation (SD) of a triplicate analysis  
C16:0, palmitic acid; C18:0, stearic acid; C18:1 n-9, oleic acid; C18:2 n-6, 
linoleic acid; C18:3 n-3, linolenic acid; C20:0, arachidic acid  
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After irradiation, maize samples showed some variations in the concentration of 

fatty acid methyl esters.  A great change was observed in monounsaturated fatty 

acid (Oleic acid) which is also statistical significant (p <0.05).  Saturated and 

polyunsaturated fatty acid methyl esters were not effected much at level of 

irradiations.  The effects of irradiation on quality of pine nuts were studied by 

Golge and Ova, 2008 and found that peroxide values increased with the dose 

level whereas no effects were observed on the physical quality parameters such as 

texture, colour, fatty acid composition and sensory attributes. Certain studies 

concluded that irradiation rays interact with fat molecules to cause dehydration, 

polymerization, decarboxilation and oxidation reactions leading to lipid oxidation 

(Stewart, 2001; Gomes et al., 2003). 

The results of rice fat after irradiation showed minor changes in the composition 

of fatty acid methyl esters (Table 4.23).  The control sample of rice (0 kGy) 

showed maximum concentration of C18:1, C18:2 and C16:0 respectively and 

least concentration of C18:3 and C20:0.  Only small change in fatty acid methyl 

esters profile was detected in total saturated and polyunsaturated while significant 

change in percent concentration of monounsaturated fatty acids.  This may be due 

to the break down of double bond at high dose of irradiation (6 kGy) or with 

hidden artifacts.   According to ANOVA, the effect of dose on palmitic (16:0), 

stearic (18:0), linoleic (18:2), lenolenic (18:3) and arachidic (20:0) acids is 

statistically insignificant whereas lenoleic acid show significant change in 

concentration.  Our results are parallel to earlier data reported by Nergiz and 

Donmez, 2004. 
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Table 4.23. Fatty acid methyl ester profile of rice after irradiation  
 
Type 
of 
cereal 

Irradiation 
dose (kGy) 

C16:0 C18:0 C18:1 C18:2 C18:3 C20:0 

Rice 
 

0 1.50±0.2 16.50±0.5 42.40±1.50 38.80±0.80 0.50±0.25 0.20±0.1 

 2 1.45±0.02 16.45±0.2 38.05±1.50 38.45±1.02 0.35±0.01 0.35±0.04 

 4 1.40±0.01 16.40±0.4 32.45±2.45 38.25±2.40 0.20±0.02 0.44±0.05 

 6 1.48±0.03 16.35±0.1 28.06±2.60 38.15±1.75 BDL 0.65±0.02 

Total saturated 18.20 

18.25 

18.24 

18.48 

Total monounsaturated 42.40 

 38.05 

32.45  

28.06 

Total 

polyunsaturated 

39.30 

38.80 

38.45  

38.15 

Each value is a mean ± standard deviation (SD) of a triplicate analysis; BDL = below detection 
limit  
C16:0, palmitic acid; C18:0, stearic acid; C18:1 n-9, oleic acid; C18:2 n-6, 
linoleic acid; C18:3 n-3, linolenic acid; C20:0, arachidic acid  
 
 
Fats, protein, vitamins and bio-available minerals present in cereal and cereal 

products are important elements of human diets, in particular saturated fatty 

acids, which can highly expose to the risk of cardiovascular diseases and some 

type of cancer (Slattery et al., 2001).  Wheat is used as staple food in Pakistan but 

other by-products are also consumed very much.  Wheat fat extracted by Soxhlet 

extraction apparatus before and after irradiation was analyzed and the results are 

given in Table 4.24.  From the data it is evident that percent concentration of fatty 

acids is highest as compared to saturated fatty acids in control samples (0 kGy). 

The ratio of total unsaturated fatty acids to total saturated fatty acids was 4.79 

4.46, and 4.21 in irradiated ground cereal samples (2, 4 and 6 kGy respectively); 

it was 4.95 for the control samples.  The ratio of sum of unsaturated fatty acid to 

sum of saturated fatty acids is not same in our studies.  It may be over-dose or 

other draw backs which might not be possible to explore.  Our results are 

contradictory to the results of Brito et al., 2002.  The study was on beef meat and 

they found that fatty acid composition was not effected even at high dose (7 kGy) 

and ratio of total unsaturated fatty acid to total saturated fatty acids remained 

constant. 
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Fatty acids range from C8 to C24 in chain length. C16 palmitic acid usually is the 

major saturated fatty acid, and oleic C18:1 and linoleic C18:2 are the major 

unsaturated fatty acids. The main saturated fatty acids in cereals  palmitic and 

stearic, with minor quantity of arachidicacid. The stearic acid is not thought to 

rise blood cholesterol level (Kelly et al., 2001), while the myristic appears the 

most artherogenic and has four times the cholesterol rising effectof palmitic acid. 

 
Table 4.24. Fatty acid methyl ester profile of wheat after irradiation  
 
Type 
of 
cereal 

Irradiation 
dose (kGy) 

C16:0 C18:0 C18:1 C18:2 C18:3 C20:0 

Wheat 
 

0 2.20±0.20 14.40±1.05 27.60±1.2 54.80±0.90 0.80±0.30 0.20±0.1 

 2 2.15±0.01 14.32±0.80 25.35±2.25 54.65±3.45 0.40±0.10 0.30±0.05 

 4 2.16±0.03 14.25±2.05 20.40±2.15 54.45±2.08 0.15±0.03 0.42±0.04 

 6 2.10±0.04 14.20±1.25 16.80±3.20 54.35±1.35 BDL 0.60±0.01 

Total saturated 16.80 

16.77 

16.83 

16.90 

Total monounsaturated 27.60 

25.33 

20.40  

16.80 

Total 

polyunsaturated 

55.60 

55.05 

54.60  

54.35 

Each value is a mean ± standard deviation (SD) of a triplicate analysis; BDL = below detection 
limit  
C16:0, palmitic acid; C18:0, stearic acid; C18:1 n-9, oleic acid; C18:2 n-6, linoleic acid; C18:3 n-
3, linolenic acid; C20:0, arachidic acid  
 
 

The Food and Agriculture Organization (FAO) and the World Health 

Organization (WHO) recommended in 1994 that fats for human consumption 

contain less than 4% of the total fat as trans, and urged the food industry to 

reduce the presence of trans fats in their product to these levels (WHO, 1993).  

Radiolytic products have been critically tested for toxicity and no evidence of 

hazard has been found. 
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4.4.2 Amino acid composition of cereals 
 
Amino acids are the building blocks of protein. Twenty amino acids are needed 

to build the various proteins used in the growth, repair, and maintenance of body 

tissues. Eleven of these amino acids can be made by the body itself, while the 

other nine (called essential amino acids) must come from the diet. Amino acid 

analysis refers to the methodology used to determine the amino acid composition 

or content of proteins, peptides, and other pharmaceutical preparations. Proteins 

and peptides are macromolecules consisting of covalently bonded amino acid 

residues organized as a linear polymer. The sequence of the amino acids in a 

protein or peptide determines the properties of the molecule. Amino acid analysis 

can be used to quantify protein and peptides, to determine the identity of proteins 

or peptides based on their amino acid composition.  It is necessary to hydrolyze a 

protein/peptide to its individual amino acid constituents before amino acid 

analysis. 

The cereals that are consumed as food have varying nutrient values which are 

dependent on the basic constituents of protein.  The protein content in rice is very 

low (nearly 14-20%) as compared to maize and wheat. 

The amino acids are very important to human health. Of the twenty standard 

proteinogenic amino acids, eight are called essential amino acids because the 

human body cannot synthesize them from other compounds at the level needed 

for normal growth, so they must be obtained from food. The amino group (-NH2) 

is the most radiosensitive portion of the amino acids (Siddhuraju et al., 2002).  

Radiation induces different types of DNA damage. These include loss of base, 

hydrogen bond breakage between chains, single-strand break, double-strand 

break in base cross-linking within the helix, cross-linking to other DNA 

molecules and cross-linking to protein (Adilson et al., 2002).  The samples of 

cereals before and after irradiation were analyzed following the method 

(Murkovic and Derler, 2006) to evaluate any deleterious effects of different 

radiation doses.  The results given in Tables (4.25-4.27) very well elaborated the 

changes in essential and non-essential amino acids of cereals. From the data 

mentioned in Table 4.25 showed that leucine increased (62-87 – 69.85 mg g-1) as 

dose of irradiation is increased whereas phenylalanine decreased (40 – 39.65 mg 

g-1) in rice sample.  Some amino acids did not effect much at high dose (6 kGy) 
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of radiation.  The observed increase in amino acid (leucine) content with the 

exposure of ionizing radiation is in agreement with the data of Satter et al., 1990 

who documented increase in essential amino acids because amino acids are 

radiation dose dependent.   

The precise effect of ionizing radiation on free amino acid content depends on 

various factors, such as sensitivity of the exposed system, the type of particular 

functional tissue and even other conditions, such as aqueous soaking after 

irradiation, as has been indicated in the works of Siddhuraju et al., 2002. Khattak 

and Klopfenstein 1989 reported that amino acids, e.g. phenylalanine, leucine and 

arginine, were increased with increasing gamma dose from 0.5 kGy to 5 kGy 

whereas methionine, threonine, valine, isoleucine were decreased at higher dose 

(5 kGy) in wheat, maize, mug bean and chickpea. Joseph et al., 2005 reported 

that, with the exception of tyrosine (which increased significantly), the amino 

acids in cowpea (acidic, basic, polar and non-polar amino acids) were decreased 

significantly with the increase of gamma radiation compared to their respective 

controls. 

Seeds of different plants that are eaten as food have varying nutrient values which 

are dependent on the basic constituents of seed proteins. The protein content in 

Oryza sativa L. seed, for example, is very low (nearly 14-20%) (Watt and 

Breyer-Brandwijk, 1962). Radiation produces various types of DNA damage. 

These include loss of base, hydrogen bond breakage between chains, single-

strand break, double-strand break in base cross-linking within the helix, cross-

linking to other DNA molecules and cross-linking to protein (Adilson et al., 

2002). 

Irradiated samples of rice were analyzed for amino acid profiles and found no 

change in the composition of amino acids as compared to control sample (non-

irradiated).  The radiation process effect a little bit to leucine and phenylalanine.  

Leucine, which is an essential amino acid in rice, increased in concentration after 

irradiation and significant change was observed at 6 kGy whereas phenylalanine 

showed inhibition behaviour.  Other essential amino acids did not affect much 

with radiation (Table 4.25). The radiation process did not effect the 

concentrations of glycine, proline and serine in case of rice.  Similar results were 

mentioned in literature by World Health Organization that high dose of radiation 
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have no adverse effect on the nutritional quality of cereals grains (World Health 

Organization, 1994). 

 
Table 4.25.  Amino acid (mg/g) composition of non-irradiated and irradiated rice 
 
Amino acids 0 kGy 2 kGy 4 kGy 6 kGy 
Isoleucine 26.27±1.25 23.08±0.85 25.56±4.20 26.25±1.25 

Leucine 62.87±3.05 66.18±3.26 69.72±1.20 69.85±2.56 

Lysine 41.80±2.45 39.68±0.22 41.35±0.56 41.65±0.38 

Methionine 11.87±0.35 9.79±2.44 11.67±2.08 11.78±2.15 

Phenylalanine 40.00±1.78 39.15±0.82 37.95±3.15 39.65±3.68 

Threonine 28.80±0.86 28.96±1.35 28.85±1.80 28.65±0.56 

Tryptophan 13.67±1.35 11.67±2.85 52.05±3.46 12.85±2.08 

Valine 40.00±3.48 41.38±1.05 40.15±0.85 40.35±0.25 

Glycine 32.67±2.08 29.88±3.45 39.42±1.65 33.05±1.86 

Proline 39.46±0.29 45.90±2.28 40.85±0.82 40.35±1.85 

Serine 40.13±3.58 42.56±3.38 40.56±1.68 40.76±2.26 

Values are mean of triplicate analysis ± standard deviation 
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Table 4.26.  Amino acid (mg/g) composition of non-irradiated and irradiated 
wheat 
 
Amino acids 0 kGy 2 kGy 4 kGy 6 kGy 
Isoleucine 27.10 23.08±0.85 25.56±4.20 26.25±1.25 

Leucine 51.50 66.18±3.26 69.72±1.20 69.85±2.56 

Lysine 21.40 39.68±0.22 41.35±0.56 41.65±0.38 

Methionine 16.40 9.79±2.44 11.67±2.08 11.78±2.15 

Phenylalanine 47.40 39.15±0.82 37.95±3.15 39.65±3.68 

Threonine 22.80 28.96±1.35 28.85±1.80 28.65±0.56 

Tryptophan 22.20 11.67±2.85 52.05±3.46 12.85±2.08 

Valine 29.00 41.38±1.05 40.15±0.85 40.35±0.25 

Glycine 29.35 29.88±3.45 39.42±1.65 33.05±1.86 

Proline 40.25 45.90±2.28 40.85±0.82 40.35±1.85 

Serine 40.75 42.56±3.38 40.56±1.68 40.76±2.26 

Values are mean of triplicate analysis ± standard deviation 
 
According to Magan et al. (2003), grain quality after harvest is influenced by a 

wide variety of abiotic and biotic factors and has been studied as a stored grain 

ecosystem. The essential amino acids (wheat) were affected with radiation as the 

dose of exposure was increased (Table 4.26).  Isoleucine, leucine and lysine 

showed increase whereas tryptophane inhibited with the treatment of radiation.  

The increase profile in essential amino acids is in agreement with previous 

reported data (Satter et al., 1990).  The study conducted by authors also showed 

the increase in free amino acid content due to ionizing radiation and found 

substantial increase in essential and non-essential amino acids of soybean when 

irradiated at a dose of 0.10 kGy. Lysine showed high increase (21.40 to 41.65).  

Similar trend of increase was observed in valine (29.0 to 40.35).  Many factors 

are responsible for the increase and decrease in essential and non-essential amino 

acid content in cereals.  
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The precise effect of ionizing radiation on free amino acid content depends on 

various factors, such as sensitivity of the exposed system, the type of particular 

functional tissue and even other conditions, such as aqueous soaking after 

irradiation, as has been indicated in the previous works completed by Siddhuraju 

et al. (2002).  

Amino acids, e.g. phenylalanine, leucine and arginine, were increased with 

increasing gamma dose from 0.5 kGy to 5 kGy whereas methionine, threonine, 

valine, isoleucine were decreased at higher dose (5 kGy) in wheat, maize, 

mugbean and chickpea. Joseph et al. (2005) reported that, with the exception of 

tyrosine (which increased significantly), the amino acids in cowpea (acidic, basic, 

polar and non-polar amino acids) were decreased significantly with the increase 

of gamma radiation compared to their respective controls.  The undertaken study 

also revealed that some essential amino acids were increased or decreased in their 

contents after irradiation of wheat samples. 

 

Table 4.27.  Amino acid (mg/g) composition of non-irradiated and irradiated 
Maize 
 

Amino acids 0 kGy 2 kGy 4 kGy 6 kGy 
Isoleucine 36.22±2.14 34.42±3.15 36.18±1.32 36.28±2.42 

Leucine 65.35±2.04 67.32±2.05 67.88±2.09 69.28±1.05 

Lysine 27.40±1.40 27.62±1.48 28.25±2.22 28.45±2.42 

Methionine 19.00±2.35 18.05±3.15 18.60±1.95 18.92±3.42 

Phenylalanine 50.32±1.28 47.25±2.44 47.95±2.84 48.92±3.05 

Threonine 37.63±2.52 36.15±2.34 35.95±2.42 35.65±2.84 

Tryptophan 6.46±0.27 5.86±0.58 6.08±0.62 6.54±0.78 

Valine 48.28±3.28 48.75±2.15 48.60±3.32 48.34±2.32 

Values are mean of triplicate analysis ± standard deviation 
 
 

Analysis of non-irradiated (control) and irradiated samples of maize were 

performed using amino acid analyzer and data of essential amino acids is given in 
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Table 4.27.   From the data, it is evident that isoleucine, lysine and methionine 

remained same after γ-irradiaton at different doses while leucine showed 

increasing trend with respect to treated doses.  Other amino acids (phenylalanine 

and threonine) showed decrease in concentration.  The results are in accord with 

Maity et al., 2009 who concluded that the amino acids of all the irradiated seeds 

were increased with higher irradiation dose and simultaneously the total protein 

contents decreased in a dose-dependent manner, suggesting that the gamma ray 

breaks the seed protein and produces more amino acid.  

Aziz and Mahrous (2004), reported that there are no changes in protein, lipid or 

carbohydrate contents of gamma-irradiated wheat and bean seeds at a dose level 

of 5 kGy.  The data of the author is in agreement of the undertaken study. 

Moreover, minimal changes were noticed in total amino acid profile as a result of 

treatment with irradiation, thus no effects of major nutritional significance were 

found.   The results of amino acids in cereals after γ-irradiation reported in the 

present study did not show consistent behaviour of radiation and the treatment 

not cause any major chemical change in cereals.  
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Chapter 5 
 
 
 
 

SUMMARY 
 
 
 

Aflatoxins are fungal metabolites that damage child development, suppress the 

immune system, cause cancer and in severe acute exposure, death of the victim. 

Regulations directed at minimizing human exposure to aflatoxins result in severe 

economic loss to producers, handlers, processors and marketers of contaminated 

crops. Through knowledge, those most affected known climate dictates 

contamination. During drought years farmers fear the mysterious unseen force 

that grows within their crop may take most crop value. In warm regions where 

aflatoxin is a constant threat, farmers know that rain at or near harvest means 

unacceptable aflatoxin in many crops. 

Cereals (maize, rice and wheat) are good source of vitamins, protein and 

carbohydrates.  These have been used as staple food locally as well as world-

wide.  Wheat is often eaten by Pakistani population in different forms after 

processing like chapatti, bakeries, sweet shops, breakfast, nodules and in soups.  

Many good recipes are available to cook different dishes from white rice.  More 

than 50% population of Pakistan likes to eat rice in lunch and dinner. 

Aflatoxin contamination can be separated into two different phases with infection 

of the developing crop in the first phase and increases in contamination after 

maturation in the second phase. Although, episodes of contamination are often 

recognized to one phase or the other (e.g. due to poor post-harvest handling or 

associated with insect damage in the field), both phases supply to many 

contamination events. Weather influences the two phases of contamination 

differently.   

Cereals samples were collected from urban, semi-urban and rural areas of 

Faisalabad Division.  After processing (grinding), the samples were extracted 

using HPLC grade solvent (acetonitrile) in combination with double distilled 

water and methanol.  The extracts were cleaned up using MycoSep-226 

multifunction columns of Romer Lab, USA to remove interfering compounds.  
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Different mobile phases and detectors equipped with principal instrument of 

HPLC (LC-10A) were used for the qualitative and quantitative analyses of 

aflatoxins in cereals.  Discovery column of Supelco, USA (250 x 4.6 mm, 5 µm 

particle size of stationary phase) was selected for the determination of aflatoxins.  

Before the analysis of true samples, the procedures (extraction, clean up, 

analysis) were evaluated (validated) to find out recovery percentage, precision, 

accuracy, resolution, limit of detection (LOD) and limit of quantification (LOQ). 

All the solvents used in the present study were freshly glass re-distilled using 

fractional distillation apparatus, Gallenkamp, Switzerland. 

The results revealed good linearity of the instrument by UV-Vis detector set at a 

wavelength 365 nm for the response of AFB1, AFB2, AFG1 and AFG2 

individually as well as in mixture form.  The recovery % was 88-94 at 10 µg kg-1 

spiking concentration of AFB1 whereas for AFB2 88-91 at spiking level of 5 µg 

kg-1.  The percent recovery for AFG1 and AFG2 were 88-90 and 85-89 

respectively.  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 on recovery of aflatoxins.  The injected 

working solution gave excellent values of regression coefficient, slope and 

intercept for aflatoxins (AFB1, AFB2, AFG1, and AFG2).  Regression coefficient 

(R2) values are ≥0.9959 whereas slope and intercept are in the range of 6218 – 

19043 and 432 – 4541 respectively.  The working solutions were also analyzed 

with HPLC-FLD after derivatization the extracts with trifluoroacetic acids (TFA) 

at excitation and emission wavelength set at 360 nm and 440 nm respectively.   

In order to evaluate the precision of the proposed method, repeatability (r) and 

reproducibility (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 110/2001. The 

repeatability (r) and reproducibility (R) were 2-5 and 8-12. The LOD and LOQ 

obtained from HPLC-UV-Vis were in the range of 0.1-0.2 and 0.35-0.60 ng mL-1. 

The limit of detection of HPLC-FLD was much lower than UV-Vis (0.05 ng mL-1 

for AFB1 and AFG1 and 0.1 ng 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 
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efficient, cost effective and time saving methodology for the analysis of 

aflatoxins in cereal commodities. 

Cereals samples collected in Faisalabad Division were collected, ground, 

extracted, cleaned up and analyzed by reverse-phase HPLC in isocratic mode 

using UV-Vis and fluorescence detectors.  The rice samples (40) collected from 

urban, semi-urban and rural showed contamination with aflatoxins. The observed 

contamination range in rice samples were 80-93% with mean concentration range 

of aflatoxins was 14-32 µg kg-1.  The results depicted that the level of aflatoxins 

in collected samples was higher as compared to EU permissible limits (4 µg kg-1) 

and FDA (USA) maximum residue limits (20 µg kg-1).  Maximum samples 

composed from Faisalabad Division showed the presence of only AFB1 (88%) 

with a concentration range of 0.5-36 µg kg-1.  In 10 samples B1 and B2 with a 

concentration range 4-18 µg kg-1 metabolites were detected.  The total aflatoxins 

contaminated samples were not more than 10% of the analyzed sample. 

Maize (Zea mays L.)  is a commodity considered to be one of the most 

susceptible to mycotoxins world-wide. Maize is colonized and contaminated by a 

range of different species of fungi like Aspergillus. Maize grain (40 samples) 

were evaluated for aflatoxins using liquid chromatographic methods.  Data of 

maize showed that the contamination intensity with aflatoxins is > 80% with 

mean residues greater than 45 µg kg-1 in the samples of maize collected from 

Faisalabad Division.  Most of maize samples were found contaminated with fungi 

producing metabolites of aflatoxins.  The data of present study indicate that out 

of 34 contaminated samples, 6 contained residue of aflatoxins ≤ 20 µg kg-1 and 

most of the samples with > 30 µg kg-1 (40%) of the collected samples.  Among 

analyzed samples in the under taken study, 10% contained aflatoxins with 

concentration range 26-30 µg kg-1 whereas few samples (20%) had residues in 

the range of 21-25 µg kg-1.  Out of 34 contaminated samples, 6 contained two 

types of aflatoxins (AFB1 + AFB2) with incidence percentage 15.  Total 

aflatoxins was more frequent in maize and maize flour samples (40%) with a 

concentration range 12-75 µg kg-1 and least samples contained metabolites (AFG1 

and AFG2) in the concentration range 0.2-12 µg kg-1. 

Wheat is susceptible to different fungi infections through out its growth, harvest, 

transport and storage. Wheat is used as staple food in our country and other Asian 

and Western countries.  Wheat grains are infected with fungi species (Aspergillus 
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flavus, Aspergillus parasiticus) during harvesting, transporting and storage.  

These fungi produce toxins which cause health problems to humans and animals.  

The data showed that more than 80% of the wheat samples were contaminated 

with fungi producing mycotoxins.  Wheat grains of Semi-urban were highly 

contaminated (87%) with mean residues of total aflatoxins (64 ± 6.05 ng g-1).  

The mean aflatoxins in collected samples are ≥ 52 ng g-1.  The samples belong to 

rural areas contain mean residue of aflatoxins 85 ± 3.05 ng g-1.  The data 

highlighted that maximum samples of wheat were contaminated with > 30 µg/ kg 

aflatoxins and least number of samples (13%) collected from Faisalabad Division 

fall in the range of 21-25 µg kg-1 aflatoxins.  It is also interesting to note that 

wheat grains of the Faisalabad vicinity were exhibited high contamination of 

aflatoxins.  Only 3 samples of the area showed ≤ 20 µg kg-1 aflatoxin level as set 

by FDA, USA. 

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. Food can be treated with 

irradiation either before or after packaging without the need for heating, 

preservatives or other processing. Irradiation is an ideal technique for developing 

generic treatments because it is effective against insects and most microbes at 

dosages that do not influence the quality of the food. Irradiation technology is 

also used for the reduction of fungus species (Aspergillus flavus) and 

detoxification of aflatoxins.  The cereal samples with high level of aflatoxins 

were selected to evaluate the efficiency of γ-irradiation.  The effect of γ-

irradiation on initial fungal population on rice samples was 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 rice samples 

irradiated at 6 kGy as compared to control sample. The effect of gamma 

irradiation on fungal microflora was studied in maize 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. Likewise the effect of radiation was observed in wheat samples.  

The decreasing profile in colony forming units (CFUs) was observed as the wheat 
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sample treated at high dose of γ-radiation.  The control sample (unirradiated) 

contained 5.7 x 105 CFUs and the treated sample (irradiated) had less than 5 CFU 

g-1 and the values in all cases were less than the recommended limits of 

FAO/IAEA i.e. 103 CFU g-1. 

High dose of γ-irradiation (6 kGy) significantly reduce the level of AFB1 and 

total aflatoxins in maize as compared to low doses of radiation. Initial level of 

AFB1 and total aflatoxins 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.  Similar trend in 

reduction of aflatoxins (B1 and Total) was observed in samples collected from 

other areas i.e. semi-urban and rural.  Maximum reduction with gamma 

irradiation was observed in rural samples following to semi-urban and urban.  

The effectiveness of γ-irradiation was studied in rice samples contaminated with 

high concentration of AFB1 and total aflatoxins produced by Aspergillus flavus 

and Aspergillus parasiticus. The elimination of aflatoxin content in rice samples 

is very much dependent on the dose of radiation.  The less reduction of aflatoxins 

were observed at dose 2 kGy whereas highest reduction of aflatoxins was found 

in at 6 kGy in all samples.  The reduction %age was significantly high in samples 

collected from urban, semi-urban and rural areas treated at 6 kGy. 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 aflatoxins in cereals 

commodities (P < 0.05). The data of aflatoxin reduction with γ-irradiation in 

wheat highlighted that least reduction of aflatoxins was observed at 2 kGy 

whereas a high reduction of aflatoxins was found at 6 kGy.   The initial level of 

AFB1 in wheat samples collected from urban area of Faisalabad Division was 25 

µg kg-1 and reduced upto 98% after 6 kGy.  Likewise, the reduction in total 

aflatoxins was > 97%.  Similar trend of aflatoxin reduction was seen in semi-

urban and rural samples.  The data was analyzed statistically and found that 6 

kGy removed aflatoxins drastically.   

Irradiation can be an efficient alternative technology in post-harvest pest control 

because of gamma ray’s ability to kill insects and inhibit mycotoxin biosynthesis 

during storage. Fats, protein, vitamins and bio-available minerals present in 

cereal and cereal products are important elements of human diets, in particular 

saturated fatty acids, which can highly expose to the risk of cardiovascular 

diseases and some type of cancer. Oil/fat was extracted from cereal samples in n-
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hexane by Soxhlet extraction apparatus and fatty acid methyl esters (FAMEs) 

were prepared using methanolic sulphuric acid (1:4).  The analysis carried out 

with GC-FID using packed and capillary columns.  After analysis, it was clear 

that saturated and poly unsaturated fatty acids did not show any change in percent 

composition as compared to monosaturated fatty acid methyl esters in maize and 

rice samples whereas a little increase or decrease was found in monosaturated and 

poly unsaturated fatty acids in wheat.  A significant decrease was seen in 

monosaturated fatty acid methyl esters.  Overall no major affect of radiation was 

observed in the quality of oil extracted from cereal commodities. 

Amino acids are the building blocks of protein. Twenty amino acids are needed 

to build the various proteins used in the growth, repair, and maintenance of body 

tissues. Radiation induces different types of DNA damage. These include loss of 

base, hydrogen bond breakage between chains, single-strand break, double-strand 

break in base cross-linking within the helix, cross-linking to other DNA 

molecules and cross-linking to protein. Irradiated samples of rice were analyzed 

for amino acid profiles and found no change in the composition of amino acids as 

compared to control sample (non-irradiated).  The radiation process effect a little 

bit to leucine and phenylalanine.  Leucine, which is an essential amino acid in 

rice, increased in concentration after irradiation and significant change was 

observed at 6 kGy whereas phenylalanine showed inhibition behaviour.  Other 

essential amino acids did not affect much with radiation.  The essential amino 

acids (wheat) were affected with radiation as the dose of exposure was increased.  

Isoleucine, leucine and lysine showed increase whereas tryptophane inhibited 

with the treatment of radiation.   From the data, it is evident that isoleucine, 

lysine and methionine remained same after γ-irradiaton at different doses while 

leucine showed increasing trend with respect to treated doses.  Other amino acids 

(phenylalanine and threonine) showed decrease in concentration.  
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OVERALL CONCLUSION 

 

 

Developing crops are frequently very resistant to infection by Aspergillus flavus 

and subsequent aflatoxin contamination unless environmental conditions favor 

both fungal growth and crop susceptibility.  Susceptible crops damaged during 

development may become highly contaminated. Both temperature and humidity 

influence which fungi infect damaged crops with aflatoxin producers favored by 

warm conditions. Contamination of cereal commodities by moulds and 

mycotoxins results in dry matter, quality, and nutritional losses and represents a 

significant hazard to the food chain. 

Cereal samples collected from Faisalabad Division, Punjab, Pakistan were highly 

contaminated with aflatoxins.  The contaminated commodities (maize, rice and 

wheat) were analyzed with latest techniques (HPLC-UV-Vis and HPLC-FLD) in 

isocratic mode using RP-columns.  Higher residues of aflatoxins were determined 

in rural following to semi-urban and urban areas.  Wheat contained high 

aflatoxins following to maize and rice.  Substantially high contaminated samples 

with aflatoxins were treated with γ-irradiation at different dose level to evaluate 

the efficacy of treatment.  It was found that reduction/elimination of aflatoxins 

from cereal commodities are dose dependent i.e. the biomass reduction and 

aflatoxins elimination were high at 6 kGy.  Most of the samples contained 

aflatoxins less than the recommended limits of EU and US FDA.  The quality of 

nutrition of irradiated samples was studied to determine the fatty acid 

composition and level of essential amino acids in control and treated samples 

with gamma irradiation.  It was found that there is no change before and after 

irradiation.  A small change in mono-saturated fatty acid methyl ester was 

observed which was not significant.  Overall no deleterious effect of gamma 

irradiation was found in all samples of cereal.  From the results it is reflecting 

that the rural inhabitants are consuming contaminated food with high aflatoxins.  

The permanent use of such cereals will create certain diseases among the 

population of Faisalabad Division.  Proper care and action must be taken into 

account to save precious life of the peoples.    
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ABSTARCT 
The occurrence of aflatoxins (B1, B2, G1 and G2) in samples of maize from different localities 

in the Faisalabad Division, Punjab, Pakistan was determined by using high performance 

liquid chromatography (HPLC) with prior clean up steps applying MycoSep # 226 columns.  

The present study has been designed to find out variation of levels of aflatoxins in maize 

grains.  Total 40 maize samples were analyzed, among these 34 were found contaminated 

with aflatoxins. The percentage of aflatoxins contamination in maize samples was 80%, 87% 

and 90 % respectively. The mean value of aflatoxins was 45 µg kg-1 in urban, 54 µg kg-1 in 

semi-urban and 62 µg kg-1 in rural areas.  The highest concentration of aflatoxin B1 and total 

aflatoxins (B1, B2, G1 and G2) was found in rural samples.   

 
1. INTRODUCTION 
 
Huge quantities of food are wasted every year because they are invaded by toxic fungi or 

contaminated by fungal metabolic products.  Such waste occurs prominently in hotter 

countries where food shortages may already be a problem.  One estimate (CAST, 2003) is 

that mycotoxins affect a quarter of the world’s food crops, including many basic foodstuffs 

and animal feed, as well as crops like maize, rice and wheat.  The aflatoxins are primarily 

hepatotoxic or cause liver damage in animals; aflatoxin B1 is the most potent mutagenic and 

carcinogenic metabolite known and ranked as Class 1 human carcinogen (IARC, 2002). 

Mycotoxins are associated with many chronic health risks, including the induction of cancer, 

immune suppression, blood and nerve defects (Shephard, 2006).  Diets/food in many 

developing countries are based on crops susceptible to mycotoxins, leading to high levels of 

chronic health problems in tropical developing countries.  

Maize is one of the most widely distributed food plants in the world and its infection by fungi 

can result in mycotoxin contamination during the growing, harvesting, storage, transporting 

and processing stages (Bradburn et al., 1993). The main fungal species which infect the 

maize are Aspergillus flavus and Aspergillus parasiticus. These fungi can infect maize during 

pre-harvest and post-harvest and can increase the level of aflatoxins if the drying and storage 

conditions are not properly managed. These fungi species grow well in the range of 19-35 oC 



and produce maximum aflatoxins at 28 oC (Sanchis and Magan, 2004). A. flavus and A. 

parasiticus show good growth at moisture content (MC) 8-12% and 17-19% corresponds to 

0.73 and 0.85 water activity (aw) respectively (Battilani et al., 2007). Usually maize is stored 

in silos at 14% MC. Inefficient drying or water ingress can cause pockets of wetter grain 

resulting in a higher MC (Magan and Aldred, 2007) and substantially higher production of 

aflatoxins. 

Agriculture is a primary driver for economic development in Pakistan. Agriculture sector 

playing a vital role in the economy of the country and more than 21.8% share of GDP came 

During 2007-08 maize was grown on an area of 1052 thousand hectares and produced 3605 

thousand tonnes with average yield of 343 kilogram per hectare (Anonymous, 2008). Maize 

is used in different forms in Pakistan as roasting ears, roasting of grains in heated salt or sand, 

maize soup and preparation of bread.  All these are very tasty and rich in vitamins, fibre, 

carbohydrates and oil.  In winter season, people of central Punjab eat maize bread with saag 

and butter.  Many factories like Rafhan Maize Products Limited, Faisalabad processed maize 

into starch and exported to Middle East and generate a huge foreign exchange.  The low 

quality of maize is used for the preparation of feeds for animals and poultry.      

The economic consequences of mycotoxin contamination are profound, as crops 

contaminated with high levels of a mycotoxin often must be destroyed.  Contaminated crops 

are sometimes diverted to animal feed which can reduce growth rates, lead to illness of 

animal consuming contaminated feeds and result in meat and milk containing toxic residues 

or biotransformation products. In many parts of the world, dietary staples are highly 

susceptible to contamination by aflatoxin; e.g. peanuts and maize are consumed daily and 

may constitute >50% of the diet in West Africa and the life of African peoples are at high 

risks through the life span (Wild and Turner, 2002). 

The presence of mycotoxins other than aflatoxins (OTA included) has been demonstrated in 

breakfast cereals and infant cereals (Araguas et al., 2005; Biffi et al., 2004; Candlish et al., 

2000; Lombaert et al., 2003; Molini et al., 2005). Aflatoxin B1 (AFB1) had been detected in 

muesli baby food ( 0.05 ng g-1) sold in UK supermarkets and traces of total aflatoxins in corn 

flakes (Food Standard Agency, 2004; Candlish et al., 2000) and highly contaminated corn 

flakes with aflatoxins consumed by the people of Egypt (El-Syed et al., 2003). 

The metrological conditions of the country, specially province of Punjab, are very good for 

the cultivation of maize.  During maize growth to harvest, the temperature and humidity and 

other plant stresses are conducive for the invasion of Aspergillus flavus, Aspergillus 

parasiticus and Aspergillus nomius which produce aflatoxins as a secondary metabolites. 



Extensive review has been made but not a single study was conducted on the presence of 

aflatoxins in maize grown in Pakistan. The present study has been designed to observe the 

levels of aflatoxins (B1, B2, G1 and G2) in maize from different localities of urban, semi-urban 

and rural in Faisalabad Division, Pakistan. 

 

2. Materials and Methods 

2.1 Materials 

2.1.1. Maize samples 

Samples of maize grains were procured directly from whole sale market (grain market), 

vendors (grocery shops) and super markets during January 2008 to December 2008 covering 

the two harvesting seasons of maize production. It was preplanned to get random sample 

from urban, semi-urban and rural areas and stored at 4 oC in polythene bags with proper 

identification codes until these were analyzed for aflatoxins. 

 

2.1.2. Chemicals and standards 

Acetonitrile, methanol (HPLC grade) of Merck (Germany) were used.  The MycoSep® 

columns-226 (AflaZon+ Multifunctional columns; Recorder # COCMY2226; Romer Lab., 

USA were purchased locally.  Double distilled water was prepared with Bibby distillation 

system, UK.  Standard of AFB1, AFB2, AFG1 and AFG2 (50 µg mL-1 in acetonitrile) was 

donated to Pesticide Chemistry Lab., NIAB, Faisalabad by Punjab Feeds Ltd., Lahore, 

Pakistan and stored in freezer.  A series of working standard solutions (0.1 to 0.5 µg mL-1 

were prepared from stock solution and were stored in a borosilicate glass vials below 4 oC. 

 

2.2. Methods 

The analysis method used for aflatoxins in maize samples was made following the 

procedure of Fu et al., 2008 with little modifications. 

2.2.1. Extraction procedure 

The samples of cereal were thawed for two hours and grinded 250 g samples of each 

wheat, corn and rice collected from different areas of Faisalabad, Pakistan using Centrifugal 

Grinding Mill (Retsch, ZM 200, Germany).  A portion of 25 g of ground corn or other cereals 

sample was taken in an Erlenmeyer flask (250 ml) and added 20% sodium chloride. 

Aflatoxins were extracted using 100 mL of a mixture of acetonitrile–water (84:16) by 

shaking for 45 min. The extract was filtered through Whatman (Maidstone, UK) filter paper 

(N0.1).  The filtrate (9 mL) was transferred to a glass tube, acidified with acetic acid (70 µL) 



and then passed through a Mycosep # 226 AflaZon+ column (Romer Labs.) with a flow rate 

of 2 mL/min. A portion of 2 mL of solution was evaporated to dryness with gentle stream of 

N2 at 60 oC in a centrifuge glass tube, and the residue was dissolved with 0.3 mL of mobile 

phase solution.   

2.2.2. Liquid chromatographic determination with UV-Vis and fluorescence detections 

The HPLC equipment used for aflatoxins analysis was that of Shimadzu, LC-10A 

Series (Shimadzu, Japan), equipped with manual sampler, UV-Vis detector (SPD 10A) and 

fluorescence detector (RF-530) with excitation and emission wavelength of 360 nm and 440 

nm respectively. The analyses of the cleaned extracts were carried out using Shimadzu HPLC 

system equipped with UV-Vis (SPD-10A) and fluorescence detectors (RF-530) without and 

with derivatization using trifloroacetic acid (TFA).  The system was validated/standardized 

with known standards individually and in mixture form.  All analyses were performed in 

triplicate using Discovery C18 column (250 x 4.6 mm, 5 µm), Supelco, USA in isocratic 

mode. Calibration curve was determined using a series of calibration solution of aflatoxin in 

acetonitrile. 

2.3. Statistical analysis 

The aflatoxins concentration results were statistically analyzed by applying one-way 

analysis of variance (ANOVA). 

3. Results and Discussions 

Linearity of system used (HPLC, Shimadzu) was checked to inject different concentrations of 

reference standards. Calibration curves of aflatoxins (AFs) [AFB1, AFB2, AFG1, and AFG2] 

were constructed in Microsoft Excel using the working solution in the range of 1-10 µg mL-1 

in acetonitrile.  Parameters of linear regression measured for AFB1, AFB2, AFG1, and AFG2 

using Discover column, Supelco are reported in Table 4.2.  The calibration curve was also 

evaluated by its correlation coefficient, slope and intercept.  Linear curve with linear equation 

for individual aflatoxin is shown in Figures 4.1-4.4.  

Table 4.1. Recovery % of aflatoxins in cereals samples 

Aflatoxin Spiking level 
(µg kg-1) 

Rice Wheat Maize Over all 

AFB1 10 94± 0.12 92±0.08 88±0.18 91.33±3.05 

AFB2 5 90±0.05 88±0.16 91±0.14 89.66±1.52 

AFG1 10 90±0.18 89±0.09 88±0.12 89.00±1.00 

AFG2 5 86±0.14 85±0.12 89±0.16 86.66±2.08 

Data is mean of 5 replicate ± standard deviation  
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Table 4.2.  Parameters of linear regression* measured for aflatoxins (AFB1, AFB2, 
AFG1, and AFG2) in HPLC 

 
Aflatoxin Concentration Slope (a) Intercept (b) R2 

AFB1 1 – 10 µg mL-1 16654 432.23 0.9989 

AFB2 0.1 – 5 µg mL-1 19043 1608 0.9981 

AFG1 1 – 10 µg mL-1 6851.7 4541.8 0.9959 

AFG2 0.1 – 5 µg mL-1 6218.6 597.39 0.9987 

*y = ax + b; y = peak area, x = ng injected, R2 = regression coefficient  
 
 
The injected working solution gave excellent values of regression coefficient, slope and 

intercept for aflatoxins (AFB1, AFB2, AFG1, and AFG2).  Regression coefficient (R2) values 

are ≥0.9959 whereas slope and intercept are in the range of 6218 – 19043 and 432 – 4541 

respectively (Table 4.2).    

 

 

 

 

 

 

 

 

Fig. 4.1.  Linear behaviour of AFB1 with equation 
 

 

Maize is usually grown during hot weather and harvested during humid summer in Pakistan.  

These conditions prevail the attack of fungi with maximum production of aflatoxins.  

Samples of maize (corn) were collected randomly, extracted with organic solvent, cleaned up 

and analyzed using Shimadzu HPLC (LC-10A).  The data after analyses and computation are 

given in Tables 4.9-4.11. 

 



Table 4.9.  Aflatoxins* level (µg kg-1) in Maize samples collected from urban, semi-urban 
and rural area of Faisalabad Division 
 
Commodity Area Total samples Contaminated 

samples (%age) 
*Mean ± SD 

Maize grain Urban 15 13 (87 %) 45 ± 2.40 

Maize grain 

& corn floor 

Semi-urban 15 12 (80 %) 54 ± 4.05 

Maize grain Rural 10 9 (90 %) 62 ± 5.64 

*Aflatoxins = AFB1, AFB2, AFG1 and AFG2 
 

A total of 40 samples collected from Faisalabad Division were analyzed with UV-Vis (190-

400 nm) detector in reverse-phase mode for aflatoxins.  Data presented in Table 4.9 showed 

that the contamination intensity with aflatoxins is > 80% with mean residues greater than 45 

µg kg-1 in the samples of maize collected from Faisalabad Division.  Most of maize samples 

were found contaminated with fungi producing metabolites of aflatoxins.  Aflatoxin-

producing fungi had the highest frequency of occurrence in rural areas as compared to urban 

and semi-urban.  Samples of maize grain and processed maize (flour) were collected in kharif 

(rainy season) and rabi (winter season) and overall frequency of aflatoxins was very high 

among samples (85%).  A few samples (15%) were found free from aflatoxins contamination.  

The maize samples analyzed representing different cultivars, collected from diverse agro-

climatic areas of Faisalabad Division revealed that mean residues in rural samples is high (62 

µg kg-1) and bottom mean residues was found in urban i.e. 45 µg kg-1. 

It is clear that maize consumed by residents and animals belonging to the Faisalabad division 

may suffer with certain diseases due to the toxicity of aflatoxins.  Peak area under each 

compound was computed to find out the concentration of aflatoxins.  The figures given in 

Table 4.10 were compared with the established limits of aflatoxins for various foodstuffs in 

different countries portrayed in Table 4.8.  The data of present study indicate that out of 34 

contaminated samples, 6 contained residue of aflatoxins ≤ 20 µg kg-1 and most of the samples 

with > 30 µg kg-1 (40%) of the collected samples.  Among analyzed samples in the under 

taken study, 10% contained aflatoxins with concentration range 26-30 µg kg-1 whereas few 

samples (20%) had residues in the range of 21-25 µg kg-1.  

 

  

 



Table 4.10. Distribution of aflatoxin levels in Maize collected from Faisalabad Division 
 
Area of 
sample 

Total 
sample 

Maize Aflatoxin 
≤ 20 ppb (%)  

Maize aflatoxin > 20 ppb (%) 
21-25 ppb       26-30 pp           > 30 ppb 

Urban 15 2 (13) 4 (27) 2 (13) 5 (33) 

Semi-urban 15 3 (20) 2 (13) Nil 7 (47) 

Rural 10 1(10) 2 (20) 2 (20) 4 (40) 

Total 40 6 (15) 8(20) 4(10) 16(40) 

Acceptable upper limit for aflatoxin in grains is 20 ppb (FDA, 1987); Values in parenthesis 
show %age. 
 
 

The contaminated samples with aflatoxins (AFB1, AFB2, AFG1 and AFG2) were categorized 

on the basis of type, percent incidence and concentration range (Table 4.10).  The data 

illustrate that AFB1 is present in 8 samples contained contamination range of aflatoxins 8-46 

µg kg-1 and sample was in the shape of mixture.  Out of 34 contaminated samples, 6 

contained two types of aflatoxins (AFB1 + AFB2) with incidence percentage 15.  Total 

aflatoxins was more frequent in maize and maize flour samples (40%) with a concentration 

range 12-75 µg kg-1 and least samples contained metabolites (AFG1 and AFG2) in the 

concentration range 0.2-12 µg kg-1.  The aflatoxins concentration among samples of the same 

area (urban or rural) was not consistent.  All the data computed for maize aflatoxins show 

substantial variation (> 2.40 standard deviation) among concentration of aflatoxins.  The data 

variation may be due to differences in moisture content, period of storage or nature of storage 

(steel bin, clay bin etc.).  The contaminated maize samples with percent incidence with 

different aflatoxin metabolites are displayed in Figure 4.7.  From the Figure 4.7, it is 

indicated that most of the contaminated samples of maize were contaminated with total 

aflatoxins (AFB1 + AFB2 + AFG1 and AFG2).  Least contaminated samples were found with 

AFG1 and AFG2 as compared to other aflatoxins.  

 

 

 

 

   

 



Table 4.11. Occurrence of the four major types of aflatoxins in *Maize from Faisalabad 
Division 
 
Aflatoxin No. of sample (%) Conc. Range 

µg kg-1 
Condition of 

sample 
AFB1 8 20 8-46 Maize grain + flour 

AFB1 + AFB2 6 15 10-58 Maize grain + flour 

AFG1 + AFG2 4 10 0.2-12 Maize grain + flour 

Total aflatoxin 16 40 12-75 Maize grain + flour 

*samples were analyzed with two detectors (UV-Vis and Fluorescence detectors) and compared the 
concentration with working standard. 
 
The contamination of corn seed and flour were evaluated in the undertaking study and found 

high levels of aflatoxins in it (Tables 4.9-4.11). The samples of maize analyzed showed the 

presence of aflatoxins (>80%) of which rural maize contamination percentage is high (90).  

The aflatoxin content of the maize in the present investigation was found to be lower than 

those reported by Abbas et al. (2006).  According to their findings aflatoxins content in 

conventional hybrid corn ranged from 21 to 699 µg kg-1 with a mean of 215 ± 49 µg kg-1, 

while those of Bt hybrids fell in the range of 66 to 428 µg kg-1  with a mean value of 197 ± 85 

µg kg-1.  However, recent reports of aflatoxins in food showed the presence of aflatoxins in 

maize analyzed in Argentina and India ranged (5-560 µg kg-1) and (5-666 µg kg-1) 

respectively reported by Moss (2002). 

Data for aflatoxin distribution on the basis of FDA accepted limits in grains was evaluated for 

maize grains collected from different areas of Faisalabad Division indicated that frequent 

samples (40%) contained aflatoxins > 30 µg kg-1; however 15% samples were below the 

allowable limits and 8 samples (20%) were contaminated with aflatoxins in the range of 21-

25 µg kg-1 and least samples (10%) fell in the range of 26-30 µg kg-1.  Aflatoxin B1 (AFB1) 

was the most abundant aflatoxin detected in the maize samples (20%) analyzed in the present 

study.  The residue of total aflatoxins (B1, B2, G1 and G2) was found in majority of samples 

(40%); however, its concentration varied widely, ranging from 12 to 75 µg kg-1 in maize and 

its flour.  Few samples (4) were only contained AFG1 + AFG2 to varying levels (0.2-12 µg 

kg-1).  Less frequent occurring aflatoxins were (AFB1 + AFB2); however its level was 

significantly (P < 0.05) higher than AFB1 and (AFG1 + AFG2).  No information on the level 

of aflatoxins in maize grown or stored in Pakistan is available.  In our study the investigated 

aflatoxin levels (AFB1 and (AFG1 + AFG2) were found to be higher in rural areas which is 

slightly higher with the previous study conducted by Saleemullah et al. (2006) and they 



reported 50 µg kg-1 aflatoxins in maize samples. The mould producing aflatoxins is only a 

small number of species that are widespread in the tropics and sub-tropics, and are associated 

with important food commodities consumed in all parts of the world.  The spores of A. flavus 

and A. parasiticus can germinate on the stigma surface of plants (Maize) 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 all stressed (drought), then significant level of 

aflatoxin 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).    
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