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Abstract 
 

Storage of food stuff and cereals has been a global issue from years due to fungal infection 
and development of mycotoxins; the most dangerous are aflatoxins, which not only 
deteriorate the food quality but have carcinogenic potential for mammals. In view of nutritive 
value and potential of plants as safer and viable source of antifungal agents, the present 
research work has been designed to evaluate the antifungal activities of various agricultural 
wastes and some medicinal plants against the aflatoxigenic strains of Aspergilus flavus and 
Aspergillus parasiticus, so as to reduce the aflatoxin production in cereal grains durin 
storage. The antifungal components of plants were extracted using solvents like methanol, 
ethanol, chloroform and acetone. Antifungal activity determined by Disc Diffusion method 
and Minimum Inhibitory Concentration (MIC) showed that ethanolic extract of pomegranate 
peels exhibited highest antifungal effect against both tested fungi with maximum zone of 
inhibition 38 mm for A. paracitus and 37 mm for A. flavus, however, the least effect was 
observed by ethanolic extract of sugarcane baggasse with minimum DIZ value of 10 mm 
against both fungi. Crude extracts having good antifungal activity were analyzed for 
antifungal constituents (phenolic acids) by GC-MS. Total of 8 phenolic acids like gallic acid, 
cinamic acid, benzoic acid, vanillic acid, protocacheuic acid, ferulic acid, caffeic acid, and 
para-coumaric acid were identified on the basis of availability of standard chemicals and 
spectral data. Significant variation (P<0.05) was found among concentration of phenolic 
acids detected in different tested plant extracts.  

The cereal grains (wheat, maize and rice) inoculated with A. flavus and A. parasiticus 
were stabilized with 5 plant materials at three different concentrations (5, 10, and 20%) and 
stored at two different conditions of temperature and moisture (25oC temperature and 18% 
moisture and 30oC temperature and 21% moisture) for a period up to 9 months. After regular 
interval of time, qualitative analysis by TLC and quantitative estimation by HPLC was 
performed. Among the investigated plants pomegranate peels and neem leaves (20 %) were 
found to be most effective and they fully inhibit aflatoxin B1 synthesis (100%) by both tested 
fungi at all cereals (maize and rice and wheat) and B2, G1 and G2 synthesis at 25oC 
temperature and 18% moisture level. Whereas, at high temperature and moisture level (30oC 
and 21%) neem leaves and pomegranate peels fully inhibited aflatoxin B1 synthesis by both 
tested fungi in wheat and maize but did not show complete inhibition of aflatoxin B1 
synthesis in rice. Generally the order of inhibitory potential of investigated plants at 20 
%concentration against aflatoxins synthesis by both tested fungi was as neem leaves > 
pomegranate peels > citrus leaves > citrus peels > kikar leaves. Finally statistical analysis 
was applied on triplicate optimized samples using mean, standard error, and analysis of 
variance ANOVA. Significant differences of mean were calculated using Least Square 
Difference (LSD) test. Overall results of the current study showed that neem leaves and 
pomegranate peels can be used directly or to develop agents to control the production of 
aflatoxin in cereals effectively in controlled moisture and temperature conditions.  
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CHAPTER 1 
                                                                                                        
                                                                               Introduction 
 

  

Decaying and spoilage of food and grains by pathogenic and toxigenic microbes 

during processing and storage has become a global issue especially in tropical and sub 

tropical countries. Under humid and hot climatic conditions various microbial species may 

grow and proliferate either in field at pre harvest stage or post-harvest stage during storage 

and thus may deteriorate the nutritive quality and cause of rejection of food from the global 

market (Shukla et al., 2009; Paterson and Lima, 2010) Agricultural products like corn, 

barely, wheat, rice, flour bran, soybean, cotton seed and peanut are more susceptible 

commodities to attack by a number of toxigenic fungi during storage (Taraco et al., 2011; 

Othman and Al-Delamiy, 2012). Some of the toxigenic fungi have potential to produce 

different types of mycotoxins such as ochratoxins, aflatoxins, and sterigmatocystine (Shukla 

et al., 2009). There are More than 300 types of mycotoxins that have been produced by 

different molds which have potent health hazards for both human as well as for animals. 

Mycotoxins contamination not only deteriorates nutritional value of food but also associated 

with health problems. The main toxic effects associated with the consumption of mycotoxins 

contaminated foods are carcinogenicity, terratogenicity, genotoxicity, nephrotoxicity, 

reproductive disorders, hepatotoxicity, and immune suppression (Lacey, 1988; Desjardins et 

al., 2000).  

The mycotoxigenic fungi that mostly involved in the human food chain mainly 

belong to Aspergillus, Fusarium and Penicillium genera (Sweeney and Dobson, 1998). 

Biologically and economically A. parasiticus and A. flavus are the most common species of 

genus Aspegillus that may invade at large no of agriculture commodities and cause 

contamination by producing toxic metabolites that degrade food for consumption (Sleemulah 

et al., 2006). Despite of several preservative measures a huge amount of agriculture 

commodities in country and worldwide undergo mycotoxins contamination. 

Aflatoxins are natural contaminants of food and are secondary metabolic products of 

toxignic strains of Aspergillus flavus, and Aspergillus parasiticus (Sleemulah et al., 2006).  
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Aflatoxins have gained much significance due to their deleterious effects on poultry, 

live stock and human beings (Murugan et al., 2007) and AFB1 is ranked as class 1 human 

carcinogen by the International Agency for Research on Cancer (IRAC, 1993). There are 

sixteen known different types of aflatoxins, most of these are endogenously formed 

metabolites in animals (Sleemulah et al., 2006). Among them B1, B2, G1, G2, are the more 

prevalent naturally occurring aflatoxins while M1 and M2 are metabolic products of B1 and 

B2 and are identified as milk mycotoxins (Ramos and Hernandez, 1997). Aflatoxin B1 being 

the most abundant, potent, carcinogenic for mammals and may present hepatotoxic, 

teratogenic and mutagenic properties. It may cause hepatitis, hemorrhage, edema, 

immunosuppression and hepatic carcinoma (Reddy et al., 2009). Epidemiological studies 

also showed that in the world great incidence of liver cancer are associated to the areas which 

have high level of exposure of aflatoxins (Lokman Alpsoy, 2010). Epidemiological, clinical 

and experimental studies revealed that exposure to large doses (>6000mg) of aflatoxins may 

cause acute toxicity while smaller doses for prologed periods is carcinogenic (Cavaliere et 

al., 2006).                                                                                                                                                                   

Cereals and grains represent worldwide, an important feedstuff for humans as well as 

for animals due to their high levels of protein and fiber contents, and low price. However, 

poor management of raw materials during storage can results in fungal development, and 

contamination by mycotoxins. According to FAO estimates, 25% of the world crop 

production equal to estimated price of $100 million US dollar and 20% of crop production in 

European Union are annually contaminated by fungi and their toxic metabolites (Murphy et 

al., 2006; Satish et al. 2007) 

Aflatoxins contamination in food not only a problem from health point of view 

(Probst et al., 2007) but also deteriorates the nutritive quality of food and feed crops making 

it unfit for marketing, consumption and thus causes great economics loses (Rasooli and 

Abyaneh, 2004; Blesa et al., 2004). Although aflatoxins are found everywhere nevertheless, 

food and feed crops; corn, rice, wheat, cottonseed, peanuts, walnuts and herbal seeds such as 

clove, black and red pepper and cinnamon (Murphy et al., 2006; Reddy et al., 2009). In 

developing countries, about 4.5 billion people are chronically exposed to uncontrolled 

amounts of aflatoxin (Kumar et al., 2006). Aflatoxins can affect the food commodities at any 

time during production, processing, transport and storage. Moreover, hot and humid climate, 
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kernel moisture, and less immunity of the host prompt the production of aflatoxins (Crepy, 

2002; World Health Organization (WHO 2002).  

The order of toxicity of aflatoxins is AFB1 >AFB2>AFG1>AFG2 (Quinto et al., 

2009). Aflatoxins are quite stable and found resistant to degradation. Chemically aflatoxins 

are group of related bifuranocouramins toxic compounds and the degree of biological activity 

of this group of mycotoxins depends on the terminal furan moiety of aflatoxin (Sleemullah et 

al., 2006).  

 

 

 

                                  Fig.1.1 Major types of aflatoxins 

 

Due to severe toxicity of aflatoxins their maximum residue limits (MRLs) in cereals 

and their derivatives has been established by the European Union Commisssion Regulation 

(EC) as (2µg/kg), and for sum of total four aflatoxins is 4µg / kg while 0.1 µg/kg has 

recommended in cereal based processed foods and baby foods for infants and young children 

(Quinto et al., 2009). However depending on economic and development conditions of a 

country these safe levels may vary country to country (Commission of the European 

Communities, 2001). Consumption of aflatoxin contaminated feeds by animals has been 
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associated to effect their growth and production and these toxic metabolites excreted in milk, 

meat and eggs are found to be potentially dangerous for humans (Gowda et al., 2004). 

Because aflatoxins infectivity is inevitable their removal is very difficult as they are 

heat resistant and soluble only in intermediate polar solvents (Hwang and Lee, 2005).  Many 

physical and chemical approaches such as aeration, cooling, storage of feeds with less than 

100g/kg moisture level and use of rodent proof rooms and of chemicals to detoxify aflatoxins 

such as propoinic, acetic, sorbic acid, hydrogen peroxide and ammonium hydroxide have 

also been attempted (Selvi et al., 2003; Gowda et al., 2004). Although, at present their 

effective and efficient control can be achieved by only chemical treatments but due to 

formation of toxic residues, carcinogenicity, teratogenicity, harmonal imbalance and 

spermatotoxicity they cannot be applied to cereals, grains and other food materials (Kumar et 

al., 2006). With the awareness of health hazard associated with synthetic chemicals, 

restrictions are being imposed by food and regulatory agencies at the use of preservatives to 

prevent fungal deterioration of grain during storage. However, physical methods and use of 

plant based antifungal agents is becoming a healthy practice in this regard.  

So, researchers are seeking some non-toxic, cost-effective and natural alternates to 

protect food quality and environment (Haciseferogullary et al., 2005; Pal and Gardener, 

2006). The use of plants in traditional system of fungal infection treatments and related 

ailments has been proved to be non-toxic, biodegradable, and renewable source for antifungal 

drugs (Hamza et al., 2006). However, the increasing resistance of microbes against 

antimicrobial drugs has pose another problem in the use of synthetic preservatives. Currently, 

the use of phytochemicals as antioxidant and antimicrobial agents in food storage and 

processed food is gaining much importance in food industry due to the awareness of their 

health and nutraceutical benefits in contrast to synthetic chemicals which may pose some 

health disorders (Hayouni et al., 2007; Thanaboripat et al., 2000).  

Nature has been a vast source of higher plants with multiple potent phytochemicals. 

That has been traditionally used from immemorial time as natural pesticides and fungicide to 

control phytopathogens fungi. A great number of aromatic, medicinal, spicy, and other plants 

have been investigated as the richest source of natural antioxidant and antimicrobial agents. 

Plant- produced secondary metabolites such as phenolics, alkaloids, saponins, glycosides, 

steroids, terpenoids and flavonoids are found in all parts of plant (edible and non edible) have 



5 
 

multiple biological attributes such as antioxidant, microbicidal and pesticidal attributes 

(Bobbarala et al., 2009; Ghimeray et al., 2009). These phytochemicals with antimicrobial 

attributes can be screened and used as antifungal and antimicrobial agents (Singha et al., 

2011).  

Many natural compounds extracted from plants have been used in traditional system 

of storage and preservation of food in countries like India, Japan and Russia (wilson and 

Wisniewski, 1992). Recently, herbs and spices are widely used in food industry to protect 

food from self oxidation and microbial attack due to their potent antimicrobial and 

antioxidant attributes. (Dorman and Deans 2000; Hsieh et al., 2001; Biovati et al., 2004; 

Unver et al., 2009).   

 On the basis of modern scientific research, several plant extracts and essential oils 

have been investigated with good antifungal and antimicrobial activity. Many essential oils 

extracted from plants are reported for their fungicidal potential against toxigenic fungi and 

thus to suppress the synthesis of toxic metabolites in foods (Ghahfarokhi et al., 2006; Shams-

Ghahfarokhi et al., 2006; Bakkali et al., 2008; Webster et al., 2008). Thyme essential oil has 

been proven as potential plant based eco-friendly control of biodeterioration of food 

commodities during storage (Kumar et al., 2008). Complete inhibition of fungal (species: 

Aspergillus flavus, and Aspergillus parasiticus) growth has been achieved with essential oil 

of Eucalyptus globules Labill (Vilela et al., 2009). Literature revealed that plant extracts 

having antioxidant activity would also exhibit good potential to inhibit the growth of 

Aspergillus Flavus so as to reduce the aflatoxins contamination (Sanchez et al., 2005). 

Literature reports have established that many compounds can inhibit the biosynthesis of 

aflatoxin B1 by fungi. Toxic effect of certain plant extracts against fungi may be useful to 

inhibit fungal growth and hence mycotoxin production (Pak et al., 2006). Azadiracha indica 

extract has been reported to have good inhibitory effect on fungal growth and mycotoxin 

production (Rddy et al., 2009). Some compounds with fungicidal effects against Pyricularia 

aryzae have been isolated from Polymnia sonchifolia leave extracts (Inoue et al., 1995). 

Goncalez et al. (2003) and Pinto et al. (2001) also reported that ethanolic and aqueous 

extracts from Polymnia sonchifolia inhibit the production of aflatoxins by Aspergillus flavus. 

Sidhu et al. (2009) investigated efficacy of different plant extracts (oil, essential oil,  and 
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methanolic extract,) individually and in various combinations for the inhibition of 

Aspergillus flavus and aflatoxin production.  

Results depicted that combinations of different fraction were more potent towards the 

retardation of fungal growth in mahua seed. The use of antifungal agents to control 

mycotoxin producing strains has been increased but some agents may pose toxic residual 

problem (Pak et al., 2006).  The World Health Organization (1980) has also recommended 

the use of effective plants as safe biocontrol agents in food system when there is a problem of 

safe synthetic preservatives (Mathews et al., 2011).  

According to Passone et al. (2005) synthetic antioxidants also have good inhibitory 

effect on germination and growth of Aspergillus flavus and thus production of aflatoxin B1 

(AFB1). A limited control of mycotoxins development as well as their expansion is possible 

by controlling environmental conditions (Dimic et al., 2009) but the use of synthetic 

inhibitors as antifungal agent has proven most effective to suppress the growth of fungi and 

production of mycotoxins. Because of increasing consumer’s awareness regarding the 

carcinogenic, residual, pollutive and phytotoxic effects of many synthetic preservatives, the 

use of natural food additives is gaining much popularity to improve the shelf-life of food by 

inhibiting auto oxidation and protect from infesting microorganisms (Sanchez, et al., 2005). 

Recent research reports revealed that phytophenols are the most abundant secondary 

metabolites of plants which are found with more than 8,000 structures. They may be of 

simple structures like phenolic acids and complex compounds like tannins (Dai & Mumper, 

2010). Wide range spectrums of biological activities like antioxidant, antimicrobial, 

antiallergenic, antinflamatory, antithrombotic, antiorthrogenic have been accredited to 

phenolic compounds (Ajila et al., 2010).  

Currently, some plant based products have been recognized to play important role in 

terms of their biological activity against different microorganisms (Bamoniri et al., 2010). 

Powder and extract form of various herbs and spices and essential oils have shown 

antimicrobial and antioxidant potential which may be ascribed with the presence of various 

phytochemicals such as flavonoids, penolics, allicin, betalian, thiosulfonates, phytoalxins, etc 

(Jayaprakasha et al., 2003; Abu Bakar Salim 2011).  

Agro-industrial wastes are rich source of many important bioactive compounds, so 

their potential use in food industry as antioxidant and antimicrobial agents may provide a 
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natural alternate of synthetic preservatives. However, it may also solve the environmental 

problem of disposal of wastes and by-products (Martin et al., 2012). Generally, the extent of 

the antioxidant and antimicrobial effects of the plant extracts could be attributed to their 

phenolic compositions (Jayaprakasha et al., 2003). Many studies revealed the inhibitory 

potential of phenolics on fungal growth and aflatoxins synthesis (Hua et al., 1999; Kim et al., 

2005; Razzaghi-Abyaneh et al., 2008). According to Hua et al. (1999) plant phenolics i.e. 

syringaldehyde, acetosyringone and sinapic acid have efficiently arrested the biosynthesis of 

AFB1. Kim et al. (2006) also demonstrated that phenolics such as vanillyl acetone, salicylic 

acid, vanillin, thymol, and cinnamic acid may cause inhibition of A. flavus growth by defense 

system of targeting the mitochondrial oxidative stress. 

During the last ten years, there was no prominent development in the field of safe and 

novel antimicrobial drugs while the microbial resistance problem has grown astronomically 

(Mathews et al., 2011). Despite of thousands pytochemicals have been identified with 

significant antimicrobial attribute but disappointingly all of them cannot be used safely in 

foods. A number of plant species with efficient antifungal attributes have been screened and 

can be used to control food borne pathogens. However, data is yet insufficient regarding their 

application towards preservation of cereal grains. Searching of plant origin antifungal agents 

is one of the novel approaches for replacement of carcinogenic synthetics preservatives with 

safer botanicals.  

Nature has blessed Pakistan with huge reserves of medicinally and/or economically 

important flora. There are thousands of plants which could be explored for biopropecting and 

value-addition through development of functional foods and natural therapeutic drugs. In 

view of the medicinal potential of local plants, the present research work was designed to 

investigate the antioxidant and antifungal effects of different parts of selected plants 

commonly used in the traditional medicinal system of Pakistan. 

             Therefore, present research work has been designed to screen different native 

plant sources for their potential to inhibit growth of toxigenic fungi, especially Aspergillus 

flavus and Aspergillus parasiticus so as to reduce aflatoxin production in cereal grains.  

  Benefits of the study  

       The benefits of the study are as follows:  

       1. Awareness to aflatoxin problems among the public.  
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       2. Providing critical information for to formulate policies to minimize health risks of  

       aflatoxin contamination in agricultural commodities (rice, maize and wheat)  

 

     Aims and Objectives 

      Following are major concerns of the proposed study 

1. Exploration of plant extracts having antifungal potential to control the aflatoxin 

contamination in cereal grains, without involving the use of chemicals. 

2. Evaluation of antifungal activities of various plant extracts. 

3. Characterization of antifungal components by GC-MS. 

4. Stabilization of cereal grains using dried plant-based powder material having good 

antifungal activities. 

5. Extraction,   preconcentration and HPLC analysis of aflatoxin from stabilized cereal 

grain samples and comparison with control (having no treatment with plant material) 

samples. 
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CHAPTER 2 
                                                                            Review of Literature 
 
  

2.1. Cereals and their potential uses/ benefits  

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

(Poaceae). The cereals crops like maize (Zea mays), wheat (Triticum aestivum L.), millet 

(Pennisetum typhoides), rice (Oryza sativa L.) and sorghum (Sorghum bicolor), acha 

(Digitaria exilis) are not only economically important but due to their potential nutritional 

attributes are gaining much recognition (Abdul-Hamid and Yu, 2000; Truswell, 2003). In 

natural form cereal grains are good source of a variety of health promoting phytonutrients 

like carbohydrates, phytosteroles, lignins, phenolics, protein mineral, vitamin, fibers, oil and 

essential amino acids except for tryptophan and lysine required by man (Kim et al., 2006; 

Kent, 1983).  

Cereal grains and their products constitute a major part of our daily diets. In food 

pyramid or “plate diagram” largest portion is occupied with cereals and grains, mostly 

wholegrain cereals. In UK, it is usually suggested that starchy foods such as cereals, rice, 

bread, pasta and potatoes should account one third of our diet what we eat (Bennetzen, J. et 

al., 1997. Approximately 50 percent calories of the worlds may be provided by wheat, rice 

and maize, but in several parts of Asia and Africa people rely on millet or sorghum grains. 

Sorghum, barley and maize are also an important source for livestock feed and rice and 

barley are valuable for brewing industry (Chopra et. al., 2002). According to the United 

States Department of Agriculture (1996), 6-11 servings of grains are eaten by Americans in a 

day. All kinds of grains especially oat, have been found to contain such type of phyto-

chemicals that may have potential to reduce the risk of coronary heart disease and certain 

types of cancers (Marquart et al., 2002).  

Among the different cereal crops grown all over the world wheat, maize and rice are 

the major source of energy and have equal importance as staple food. In developing countries 

maize and rice contribute as a main constituent of poor people’s diet. Thus they are the major 

constituent of all humans diet as well as animals feed (FAO, 2009) Rice is the main staple 

food and more or less 75% of world’s population consumes rice (Bouman et al., 2007).  
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In some developing nations, their daily use sustenance mostly consists of wheat, rice, 

maize and millet  in the form of grains. Whereas, in developed nations moderate and varied 

forms of cereal are consumed but still substantial. Many commercial products are prepared 

by maize such as: roasted green maize, fermented corn, corn flakes, corn oil, boiled whole 

grains and bread. It is also used to prepare livestock feed, poultry and fish feed (Rodriguez-

Amaya, 2001). The grain has high nutritious profile with large amount of easily digestible 

carbohydrates, proteins and fats and very small deleterious substances as well raw material 

for edible oil production. Not only the grain is valuable as a livestock feeds but the entire 

plant is an important source of fodder (Sprague et al., 1988).  Wheat and its products are the 

most widely used items of human diet. It’s also used for the preparation of beer, alcoholic 

beverages and for industrial alcohol.  It is best food for livestock’s.  A special kind of wheat 

is grown to prepare starch that is used for the sizing of fibers in textile industry.  It has been 

used for making mattress stuffing, chairs seat and also use in the manufacture of diverse 

articles such as straw carpets, baskets, string, wickerwork and beehives. The whole wheat 

plant is a valuable source of fodder (Annonymous, 2000)                                                                                        

2.2. Global production of some important cereal crops    

Cereal grain crops are cultivated in large quantities worldwide and they provide more 

energy than other kind of crops therefore globally rice and cornare the second most cultivated 

cereals after wheat.  The world largest wheat producing countries are China, India, Russia, 

United States of America, France, Canada, Germany, Pakistan, Australia and Turkey 

(Annonymous, 2005.) 
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Table. 2.1. Worldwide Annual Production of Some Important Cereals  

 

Sr.no 

 

       Grains 

(millions (106) of metric tons) 

2010 2009 2008 1961 

1 Maize(corn) 844 820 827 205 

2 Rice 672 685 689 285 

3 Wheat 651 687 683 222 

4 Barley 123 152 155 72 

5 Sorghum 56 56 66 41 

6 Millet 29 27 35 26 

7 Oats 20 23 26 50 

8 Rye 12 18 18 35 

9 Buckwheat 1.5 1.8 2.2 2.5 

10 Fonio 0.53 0.46 0.50 0.18 

 

2.3. Major cereal crops of Pakistan and their production 

Pakistan is an agriculture country and about 25% area of the total land is cultivated by 

one of the biggest irrigation system of the world. Agriculture is the main driver for the 

development of Pakistan economy and plays a vital role by contributing approximately 

21.8% share in GDP (Ahsan et al., 2010). The major crops cultivated in Pakistan are 

wheat, cotton, sugarcane, and rice, which together account for more than 75% of the value of 

total crop output (Rodriguez-Amaya, 2001).  

2.3.1. Wheat 

In Pakistan wheat is the major food crop among the different cultivated cereal crops 

in and share 3% to GDP. The cultivated area and production yield of wheat has steadily 

increased in Pakistan due to the introduction of some new varieties of wheat, sufficient water 

availability, better agronomic practices,water use efficiency, wide use of mechanical 

implements, use of better fertilizers, improved storage facilities, favorable weather conditions 

and a supporting price policy. The wheat production in 2006-07 was highest in the history of 

Pakistan and now Pakistan is not only self-dependent in wheat but is also able to export the 

excess wheat (Shafi Nazir, 2012) 
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2.3.2. Rice      

After wheat rice is the second largest food crop of Pakistan and Pakistan is one of the 

largest producers of rice in the world. Internationally, Pakistan has the 14th position in 

production and 6th position in export and achieves 6% share of the total world export 

earnings by rice from last 5 years. Rice industry shares approximately 21.75% in the 

country’s economy with 29.5% production. Export of rice is the 2nd largest source to earn 

revenue after cotton (Carroll and Raza, 2011). Among the Asian countries Pakistan is one 

where best quality of basmati rice is cultivated in kharif (wet season). The total area 

cultivated for rice is 10% (2.963 million hectares) while the production was 6.952 million 

tons during 2008–2009. This contributes 5.5% share of the total value earned by the 

agriculture and has 1.6% share in the GDP of Pakistan (Zafar, 2009). The Government of 

Pakistan is taking interest to increase production, yield, export and quality of rice by some 

effective measures. Research efforts are continuing on developing high yielding basmati and 

Iris varieties. Emphasis is also being laid on agronomic research as well as on improved 

extension services fertilizer use, direct seeding etc. The flow of inputs and credits is also 

being substantially increased. Spray is also provided to the rice growers at subsidized rates 

2.3.3. Maize 

Among the most important cereal crops cultivated in Pakistan, maize is the 3rd most 

cultivated cereal crop after wheat and rice (Rodriguez-Amaya, 2001). It has significant 

importance for the countries like Pakistan, where rapidly growing inhabitants already has out 

stripped the available food supplies (Anonymous, 2012). It’s cultivated on the 4.8% of the 

total cultivated area and 3.5% output is obtained. Punjab contributes 30% of the total 

production of maize grain with 38 % cultivation of the total land, NWFP contributes 63% of 

the total production at 56% of the total land and while Balochistan and Sindh contribute 2-

3%. Usually maize is grown in hot weather and cultivated in summer during humid 

environment (Anonymous, 2012).  

2.4. Contamination of Cereals 

As cereal grains represent worldwide an important commodity both for human as well 

as for animal due to their high contents of protein and fiber and low price. However, these 

are very sensitive to mycotoxin contamination (Murphy et al., 2006). Cereal grains may be 

contaminated by number of molds at any stage in field, during storage and processing and 
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these molds may also contaminate food by producing mycotoxins. Wheat, rice, barley and 

corn seeds mostly invaded by some bacteria, belonging primarily genera: Bacillus, 

Pseudomonas, and Proteus and by some fungi of genera: Mucor, Aspergillus, Rhizopus, 

Alternaria, Penicillium, Fusarium, and very rare actinomycetes, could be found (Dimic et al., 

2009). According to FAO estimates, 25% of the world crop production with estimated worth 

of US$100 million and 20% of crop production in European union may be contaminated by 

fungi and their toxic metabolites thus presenting a serious threat to human and animals health 

(Murphy et al., 2006). Such spoilage is common in countries with hot and humid 

environment where people already facing food shortage problem.  

Biologically and economically A. parasiticus and A. flavus are the most common 

species of genus Aspergillus that may invade at a large no of agriculture commodities and 

contaminate by producing toxic metabolites (Sleemulah et al., 2006).  Aspergillus flavus is 

extensively invade in nature at a wide range of cereals like wheat, corn, barley, rice, oats, 

cotton seed, fish meal and coffee, and many other feed stuffs (Dimic et al., 2009). On a global 

level, many reports are available on natural contamination of spices, cereals, cereal products, 

groundnuts and beans by mycotoxins particularly aflatoxins. They have also been detected in 

copra, cotton seeds, nuts, eggs, cassava, and cheese. This is alarming situation particularly 

for Asian as their diet mainly consists of groundnuts and cereals. The situation may be 

motivated by the warmer environment of Asian countries which favour aflatoxins synthesis. 

Furthermore, in Asian countries harvesting seasons usually fall at the start of the rainy 

season. During this condition, sun drying cannot possible for farmers which are common 

practice applied in these areas. Thus, with high moisture level grain enters the storage 

system. Mostly aflatoxin contamination develops when drying of crops cannot be possible 

within 48 hours (FAO, 1979; llangantileke, 1987; Campos, 1987; Sanchis et al., 1988). 

Furthermore, due to global warming or greenhouse effect the variation in environmental 

conditions in most of the Asian countries has been observed. According to an estimate 

(CAST, 2003) one quarter of food crop of the world including basic food stuffs such as 

animal feed and crops like rice, maize and wheat is infected by mycotoxins contamination 

(Ahsan et al., 2010).  
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2.5. Toxigenic potential of Aspergillus species 

However, it is well recognized that all molds do not produce toxic metabolites nor all 

metabolites are toxic in nature (Hussein and Brasel, 2001).  Aspergillus parasiticus and 

Aspergillus flavus are widely occurring/colonizing contaminants of food and agriculture 

commodities. These have closely resemblance and it is difficult to distinguish between them. 

When these fungi invade and grow in food commodities causing mycotoxins contamination 

and make food unfit for consumption. It is well established that A. parasiticus can produce 

all four types of principal aflatoxin B1, B2, G1 and G2 that mostly contaminates oilseeds 

whereas, A. flavus can synthesize only B1 and B2 types of aflatoxins and mostly exists at 

cereals (Sharma and Sharma, 2012).  Both strains A. parasiticus and A. flavus can also make 

aflatoxin M1, but there are some strains which cannot produce any type of toxic compound 

(Dimic et al., 2009). It is well reported that Aspergillus flavus isolates can also produce more 

than one type of toxic metabolites at a time. Cyclopianazioc acid (CPA) is toxic metabolite of 

several Penicillium species which is also produced by Aspergillus flavus. Martin and Martin, 

(1999) also reported the coproduction of Cyclopianazioc acid (CPA), aflatoxin as well as 

other toxins in different ratios. The coproduction of toxic chemicals in food and feeds would 

increase toxic potential of fungus and may cause to enhance/synergistic effect on consumers 

health (Sanchez et al., 2005). Moreover, environmental conditions where the fungi grow play 

a critical role in the synthesizing aflatoxins, but rate of production and type of aflatoxin 

synthesis also dependent on the type of fungal strain (Otham and Al-Delamiy, 2012). 

Giorni et al. (2007) from Northern Italy isolated and studied Aspergillus section Flavi in 

corn as a significant issue arose that animal feed made of corn was colonized and 

contaminated with Aspergillus section Flavi and toxin chemicals (aflatoxins). This cause that 

milk and their derived items were found contaminated with M1 type aflatoxin at levels higher 

than the legislative limit. They isolated seventy strains of A. flavus and A. parasiticus and 

found all have toxigenic potenial. Among the total population 93% were A. flavus and among 

them 70% of strains were aflatoxigenic that produced aflatxins and 50% of strains produce 

cyclopiazonic acid (CPA). Wheeras 62% of A. flavus and 80% strains of A. parasiticus also 

synthesize sclerotia at 30°C. However studying ecological conditions, the optimal 

temperature for Aspergillus section Flavi growth was ranged from 25 and 30°C, while for the 

synthesis of aflatoxin B1 was found 25 °C. Regarding to water availability (water activity, 
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aw) 0.99 aw was most favorable level for both growth and production of aflatoxins, while 

AFB1 may also produce at lowest water level of 0.83 aw.  However this information would 

be helpful in prevention strategy for minimizing aflatoxins sythesis in this product. 

2.6. Factors affecting fungal growth and aflatoxin production 

Fungi grow on food materials or living organism and may synthesize harmful 

metabolic compounds that diffuse into food. These metabolites are referred to as mycotoxins. 

Climatic conditions, like temperature, humidity, play a major role in developing and growth 

of pathogenic and toxigenic fungi and thus production of toxins. Under such climatic 

conditions foods especially cereals and grains may undergo decaying and spoilage at any 

stage before/after harvest or during transportation/storage (Beltran et al., 2011). Both 

intrinsic and extrinsic factors like pH, temperature, relative humidity and oxygen tension may 

also control survival and growth of fungi (Abdullah et al., 2000).  

 Before consumption of cereals as food they are passed through different processes 

like cultivation, harvesting, drying, preparation, storage and marketing under natural 

environmental conditions, thus under such condition microbial infection and contamination 

may involve. Scott (1957) first time introduced the idea of water activity (aw) which is a 

useful cause for microbial growth and enzyme activity (Lacey and Magan, 1991). The 

moisture level in food is of practical importance as it controls the origination and severity of 

molds contamination. After harvesting if moisture is not fully remove from cereal grains by 

drying or if drying is late than presence or increasing moisture level will cause of fungal 

invasion and may deteriorate food by biological and chemical changes (Abdullah et al., 

2000). 

It has been well established that an increase in aflatxin amount may related with high 

moisture level, delayed storage and heavy rains during storage. Saleemullah et al. (2006) also 

studied the effect of storage on aflatoxin accumulation (Liu et al., 2006). The frequency of 

natural microbial attacks and toxins production in food and feed may be depend climatic 

conditions. A small number of fungi that have the ability to produce aflatoxins commonly 

occur in tropic and sub tropics parts of world and are mostly associated with important food 

that mostly consumed in all parts of world. However, stress conditions may promote 

aflatoxin production to a significant higher level in plant tissue in field growth (Ahsan et al., 

2010) Contamination of cereal particularly with aflatoxin is most common in all those 
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countries having tropical environment. Further this situation aggravated in areas where crops 

are harvested in wet months as most of the farmers reduce the moisture content of freshly 

harvested crops by sun drying practice (llangantileke, 1987). It is well observed that foods 

with high water content are most probable to undergo rapid deterioration by chemical and 

biological changes. As Pakistan is a tropical country and the prevailing sub–tropical 

conditions such as temperature, humidity and the closeness to sea play a critical role in the 

origin and development of fungi.  

Additionally, the rate and amount of aflatoxins accumulation dependent on 

temperature, nature of soil, and storage condition (El-Aziz et al., 2012). Schroeder (1967) 

and Pitt and Hocking (2009) also mentioned that favorable temperatures for A. flavus growth 

may vary between lowest level 10.0–12.8°C to highest level of 43.0–48.8°C, while 33.8°C 

was optimum temperature. According to another report of Paterson et al. (2009) aflatoxins 

synthesis is permitted at 28°C while completely ceases at 37°C, which is close to the growth 

optimum. 

Reddy et al. (2008) also studied the effect of temperature, moisture and agricultural 

practices on the aflatoxin accumulation in rice and found variation in aflatoxins amount from 

place to place depending on aforesaid factors. He also concluded that humid and hot 

conditions were found to be favorable for fungal growth and mycotoxin production in 

agricultural products. Bokhari (2010) found contamination of corn with aflatoxin in humid 

and hot areas where Aspergillus invade in field before harvest and proliferate during storage.  

The dominancy of mycotoxigenic species strictly depends on the meteorological 

conditions of the cultivation regions. Giorni et al., 2007 in northern Italy studied and isolated 

Aspergillus section Flavi from maize. 

Mutungi et al. (2008) investigated effect of processing on aflatoxin amount during the 

preparation of muthokoi from naturally contaminated maize. Muthokoi is a traditional 

dehulled maize dish of Kenyan. The 46.6% (5.5–70%) aflatoxin content decreased by 

process of dehulling of maize samples which contained 10.7–270 ng/g aflatoxin levels. 

Soaking of muthokoi in 0.2, 0.5 and 1.0% ammonium persulphate or sodium hypochlorite 

solutions for 6 or 14 h also decreased aflatoxin level (28–72%) in maize samples having 

107–363 ng/g aflatoxin content, and boiling at 98 o C for 150 min in 0.2–1.0% w/v iati 
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further decreased aflatoxin contents (80–93%) from samples having 101 ng/g aflatoxin 

contamination.  

2.7. Chemistry of Aflatoxins  

Among the different food deteriorating fungi Aspergillus spp. are most important as 

they widely occur in food and feed particularly in starchy cereal grains, such as wheat, maize, 

sorghum, rice, barley, and millet and may produce toxic metabolite called aflatoxins (El-Aziz 

et al., 2012). Aflatoxins are metabolites produced mainly by the toxigenic strains of 

Aspergillus flavus, Aspergillus parasiticus and Aspergillus nominus. These fungi occur in 

nature and under favorable conditions of temperature and humidity may grow on certain 

foods and feeds thus produce toxins in field or during harvest, processing, shipment and 

storage. It is well known that mostly Aspergillus flavus produce only B type while other two 

strains can produce both B and G type of aflatoxins (Chareonpornsook and Kavisarasai, 

2006; Ghorbanian et al., 2007). The name B and G represent blue and green fluorescence 

which they emit under long wave UV light 365 nm (B = blue and G = green).   

Although there are eighteen known different types of aflatoxins, most of these are 

endogenously formed metabolites in animals (Sleemulah et al., 2006). Among them B1, B2, 

G1, G2, are the more prevalent naturally occurring aflatoxins while M1 and M2 are metabolic 

products of B1 and B2 and identified as milk mycotoxins. Among all of AFs AFB1 is the 

most frequently occurring and its presence owing to extreme toxicity and is often associated 

with severe hepatocarcinogenicity and hepatotoxigenicity. Biotransformation of AFB1 mainly 

occurs in liver by an enzyme called P450 cytochrome that can act in detoxification (Wang et 

al., 1998). Thus, foods contain these aflatoxigenic fungi and aflatoxins has received much 

attention worldwide due to their deleterious negative effect on human and animal health as 

well as their impact on international food  trade (Mishra and Das, 2003; Soubra et al., 2009). 

Chemically aflatoxins are group of polycyclic structure difurano coumarins 

compounds in which bifuran system is attached at one side of coumarin nucleus and a 

pentenone ring (aflatoxins B series) attached to other side or a six-membered lactone ring 

(aflatoxins G series) (Nakai et al., 2008). Biological effects of aflatoxins are active due to 

coumarin and dihydrofuran containing double bond. All types of aflatoxins are soluble in 

moderately polar solvents like methanol, chloroform, acetonitrile and acetone but poorly 

soluble in water (Santos et al., 2010). Aflatoxins are highly stable at a wide range of 
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temperatures, with the fusion point of AFB1 being 269 o C, and neutralized by autoclaving in 

the presence of hypochlorite and ammonium (World Health Organization, 1979). 

 

Table 2.2. Physical properties of some major aflatoxins 

Aflatoxins Molecular formula Molecular weight Melting point  oC 

B1 C17 H12 O6 312 268-269 

B2 C17 H14 O6 314 286-289 

G1 C17 H12 O7 328 244-246 

G2 C17 H14 O7 330 237-240 

 

 

Aflatoxins were first discovered in 1960 when 1000 turkeys were expired by using 

feed that was prepared from contaminated peanuts.  The disease was due the presence of 

A.flavus and it was named Turkey “X” disease. On analyzing the feed by thin layer 

chromatography technique (TLC) a series of flourescent compounds was detected which 

were named “aflatoxins” (Ghorbanian et al., 2007). The term aflatoxin is derived as A from 

the genus Aspergillus, fla from specie flavus and “toxin” mean poision.  

2.8. Occurrence of Mycotoxins/Aflatoxins 

Food is accepted and rejected not only on the basis of taste and flavor but it must be 

free from mycotoxins. Mycotoxins are toxic chemicals that are metabolically produced by a 

wide variety of molds which are naturally present in food and feed. The most common food 

toxigenic fungi belong to the genra  pencillium, Aspergillum and fusrium with toxic 

metabolite ochratoxins A (OTA) being produced by Pencillium verrucosum and Aspergillus 

ochraceus, zearalenone (ZEA) produced by Fusarrium culmorum and Fusarrium 

germinearum. These toxins are present naturally in plant products such as nuts, cereals, dried 

fruits as well as in their by-products (Miraglia and Brera, 2000; Ilbanez-Vea, et al., 2011). 

For centuries, it is well known that the presence of mycotoxins have been related with the 

degradation of nutritional quality of food and agricultural products which cause significant 

changes in flavor, texture and color. There are more than 300 different metabolites of various 

fungal species which are reported to have toxic potential for both man and animals. There are 

few types of mycotoxins concerning their chemical structure, sensitivity for some organs and 
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origin of fungi that produce them. According to their detrimental effects for certain organs 

they may be neurotoxic, nephrotoxic, hepatotoxic and cytotoxic (Sinovec et al., 2000). 

Among various mycotoxins, aflatoxins have gained significant importance due to their severe 

deleterious effects on poultry, livestock and human beings (Satish et al., 2007; Galvano et 

al., 2001; Beltran et al., 2011).  

A huge number of published data during the past decades have revealed that the list 

of contaminated processed foods and raw materials by mycotoxins is constantly increasing 

spanning from peanuts contamination by aflatoxins investigated since 60s, to spices, cereals, 

cocoa, coffee and dried fruits. In general the extent of contamination depends on climatic 

conditions as higher level of temperature and moisture are favourable for mycotoxin 

contamination (El-Aziz et al., 2012). On a global level, many reports especially from Egypt 

(Selim et al., 1996), Portugal (Martins et al., 2001) and Ethiopia (Fufa and Urga, 1996) are 

available on natural contamination of spices by mycotoxins. Zinedine et al. (2006) analyzed 

spices and cereals for natural occurrence of mycotoxins that commercially available in 

Morocco. They collect total 60 samples of cereal grains (wheat, barley, and corn 20×3) and 

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

popular markets of Rabat and Sale in Morocco. Cereals samples were examined only for 

ochratoxin A (OTA) conatmination. The average levels of occurrence of mycotoxins for 

corn, barley and wheat were found 1.08, 0.17 and 0.42μg/kg, respectively. However, corn 

sample were also evaluated for fumonisin B1 (FB1) and zearalenone (ZEA) contamination 

and average level were found 1930 and 14 μg/kg, respectively. Co-occurrence of OTA, ZEA 

and FB1 was also examined. Analysis of spices red paprika, black pepper, cumin, and ginger 

for aflatoxins (AFs) showed the presence of only aflatoxin B1 (AFB1) at an average level of 

2.88, 0.09, 0.03 and 0.63μg/kg, respectively. Spices such as paprika, pepper, ginger, cumin, 

saffron, are widely used in Morocco for medication, as flavoring agent as well as antioxidant 

and preservative agents. Spices are mostly produced tropical climates countries where high 

ranges of rainfall, humidity and temperature are favorable for fungal invasions. Furthermore 

there is usually practice to dry in the open air on ground in poor hygienic conditions that 

even more encourage growth and development of moulds and thus production of mycotoxins 

(Martins et al., 2001). 
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 The natural development and production of aflatoxin B1 has been detected in 80% 

samples of maize in Southeast Nigeria (Aja and Emejuaiwe, 2006) and 92 % samples of 

animal feed from commercial sources in Thailand were found to be contaminated with 

aflatoxin B1 (Charoenpornsook and Kavisarasai, 2006).  

Maize is one of the widely cultivated crops of the world and is mostly invaded by 

naturally occurring A. parasiticus and A. flavus fungi and may result mycotoxin 

contamination at any stage during growing, harvesting, storage, transportation and 

processing. Ahsan et al. (2010) examined forty samples of maize for the presence of 

mycotoxin, collected from rural, urban and semi urban areas of Punjab, Pakistan. Results 

showed that 34 samples (85%) out of forty were found to be contaminated with aflatoxins. 

Quantification was done by reverse phase high performance liquid chromatoghrapy (RP-

HPLC) coupled with flourescent detector. The contamination in maize sampls of rural, urban 

and semi urban areas was 90%, 87% and 80% with their respective mean values 62 ppb, 54 

ppb and 45 ppb respectively. In underdeveloped countries maize-based feeds and foods for 

animals and humans respectively, are mostly found to be contaminated with aflatoxins and 

are associated with toxicoses (Bodine and Mertens, 1983).  

Abbas et al. (2005) also determined the level of mycotoxins in a corn hybrid (65) 

variety resistance to mycotoxin contamination from 1998-2001. The corn was naturally 

contaminated by Aspergillus spp and Fusarium. Corn kernal was assayed for the presence of 

fumonisins and aflatoxins at the time of harvest. All hybrid samples of 1998 showed the 

presence of aflatoxins at level of 20 ppb and fumonisins at 2ppm level.  

 Among the cereals rice is most vulnerable cereal for the aflatoxins contamination due 

to its high starch contents. The presence of aflatoxins is a public health problem because 

aflatoxins are considered severe toxic agent. Several studies reported aflatoxins 

contamination in rice from the different parts of the world. For instance from Sri Lanka  

Bandara et al. (1991) investigate the contamination level in parboiled rice and raw milled 

rice and reported that  in parboiled rice the level of AFB1 and AFG1 was higher than in raw 

milled rice. The highest level detected for AFB1 was 185µg/kg and for AFG1 was 963µg/kg. 

During the sample collection, the average humidity level and average temperature was 78% 

and 27°C, respectively. Osman et al. (1999) from United Arab Emirates, collected 500 

samples of rice during 1992–1994 summer, from houses in Al–Ain city. They found that 160 
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samples (64%) of long grain rice and 81 samples (32%) of short grain rice were infected with 

AFB1 at the concentration from 1.2 to 16.5µg/kg. The moisture level among the samples 

varied from 5.7% and 15.3%. They found that broken, discolored and insect damaged rice, 

were contaminated with the species of Penicillium and Aspergillus (including A. parasiticus 

and A. flavus) and two isolates of A. flavus were found aflatoxigenic (Osman et al., 1999). 

Toteja et al. (2006) from India also found that out of 1511 samples of parboiled rice 38.5% 

samples were found contaminated with AFB1 at the level  ≥ 5µg/kg, whereas 17% samples 

contained more than 30μg/ kg of AFB1 (Indian regulatory limit). Reddy et al. (2009) 

investigated 1200 samples of rice from India and reported that 67.8% samples were 

contaminated with aflatoxins B1 with the concentration ranging from 01–308µg/kg. In milled 

rice AFB1 level was found from 0.5–3.5µg/kg. Only 2% samples showed the highest levels 

of AFB1 (>30 µg/kg).  

Hussain et al. (2011) collected 40 samples of rice from the local market and evaluated 

for aflatoxins level.  70% samples showed AFs contamination. The average level of aflatoxin 

B1 and total aflatoxins (B1+B2+G1+G2) was detected at 3.7µg/kg and 4.9µg/kg, 

respectively. Firdous, (2012) from Pakistan, also analyzed 599 samples of rice for aflatoxins 

contamination and found average levels of aflatoxin B1 and B2 in white, brown, and sella rice  

at concentration of 0.49, 0.56, and 0.73µg/kg and 0.03, 0.03, and 0.02 µg/kg, respectively. 

Whereas, during August (2010) level of AFB1 and AFB2 were estimated 16.65 and 2.64 

µg/kg respectively. It showed that during March, July and August (2010) climatic conditions 

seems to be favorable for aflatoxin development (Firdous, 2012).  

However, several reports from many other countries also revealed the contamination 

of rice with aflatoxins at detectable level. For instance, in a survey (2007–2008) from Iran, 

all collected samples (n=256) showed the contamination for AFB1. The level of 

contamination of AFB1 and total AFs was ranged from 0.0–5.8µg/kg (mean 1.4µg/kg) and 

0.1–6.3µg/kg (mean 1.6 µg/kg), respectively. Whereas, in 75.8% samples the level of AFB1 

was found less than 2µg/kg and 21.5% samples was greater than 2µg/kg. While 2.7% 

samples contained greater than 4µg/kg of total AFs (Rahmani et al., 2011). Feizy et al. 

(2010) also analyzed 261 samples of rice foraflatoxin by HPLC technique and reported that 

68.9% samples showed the presence of AFB1 at the concentration above than 0.2µg/kg. 

Bansal et al. (2011) observed about 200 Canadian samples of different types of rice for 
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aflatoxin contamination. The mean value for AFBI was found 0.19 and 0.17µg/kg with 

respective positive incidence of 56% and 43% (LOD 0.002µg/kg). The five samples 

contained higher levels of AFB1 ranged from 1.44–7.14µg/kg (year 1) and 1.45–3.48µg/kg of 

AFB1 (year 2). According to Fredlund et al. (2009) 99 samples of rice from the Swedish 

retail market were tested for aflatoxins level. They found most of the samples, basmati rice 

(71%) and jasmine rice (20%) contained very small level of AFB1 in agreement with the 

European Commission Regulation 401/2006. Whereas, only in two samples from jasmine 

rice and 10 from basmati rice the detected level of AFs was above the maximum limits 

established by EU. In 21% samples the presence and growth of Aspergillus flavus showed the 

poor management of rice grains during production and storage which implies a risk of 

aflatoxin production. 

Giray et al. (2007) also determined the levels of total aflatoxins (AFB1, AFB2, 

AFG1and AFG2) by HPLC in 41 samples of wheat consumed in some areas of Turkey. The 

level of total aflatoxins contents in wheat samples ranged 10.4-643.5 ng/kg and 59% percent 

samples were found positive for aflatoxins. The percentage of positive samples was 42% for 

AFB1, 12 % for AFB2, 37 % for AFG1, and 12 % for AFG2. Although the detected levels 

were found lower than the permitted levels for AFs in cereals.  

 

2.9. Exposure and health hazard potential of aflatoxins  

Human beings and animals are mainly exposed to aflatoxins by using aflatoxin 

contaminated food and food products. It is difficult to avoid aflatoxins exposure because it is 

impossible to prevent complete growth of fungi in food (Gong et al., 2002). Aflatoxins have 

been detected in children liver biopsies and in women neonatal cord blood and serum 

samples in countries that consume annually aflatoxin contaminated grains. The presence of 

substantial residues of aflatoxin M1 in mother milk has been reported in those parts of the 

world which consuming aflatoxin contaminated maize in their diet (Coulter et al., 1984).  

It is well recognized that presence of aflatoxins in food may cause potential threat to 

human health, either by consumption of direct contaminated grains and their products or by 

‘‘carry over” mycotoxins and their metabolites in milk animal tissues and meat (Kotsonis et 

al., 2001). Among AFB1, AFB2, AFG1, and AFG2, AFB1 was found most toxic for 

mammals and may present mutagenic properties, teratogenic and hepatotoxic damage such as 
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toxic hepatitis, edema, hemorrhage, hepatic carcinoma and immunosuppression (Santos et 

al., 2001).  The International Agency for Research on Cancer (IRAC1993) has classified 

aflatoxin B1, G1, and M1  as potent group 1 carcinogen while B2 and M1 aflatoxins were 

considered as group 2 possible human carcinogens. A great number of reports are available 

that revealed strong toxic effects of aflatoxins on both human beings and animal’s health’s by 

utilizing contaminated agricultural products (Williams et al., 2004). In liver AFB1 is 

metabolized by cytochrome P450 enzyme system to AFB1-8,9-epoxide (AFBO) a chief 

carcinogenic metabolite or to less mutagenic forms such as Q1, AFM1, or P1 (Jubeen et al., 

2012) 

In animals aflatoxins may have detrimental effects like carcinogenic, teratogenic and 

mutagenic with the main target at liver. The first report of aflatoxicosis was described in1913 

but no toxins were isolated so the subject was ignored. In 1940 a report of aflatoxicosis in 

swine from Georgia, USA was established. The consumption of mold contaminated maize 

caused the death of swine. A similar event of aflatoxicosis occurred at Alabama in 1950 

(FAO, 1979 and Schaible, 1979). According to another report in 1959, in Britain specifically 

in East Anglia thousands of turkey died within a very short time period by eating 

contaminated feed. The chief raw material of the feed was protein rich groundnut meal that 

was imported from subtropical and tropical countries. However, the investigation of 

groundnut meal showed the presence of mycelia of Aspergillus falvus and thin layer 

chromatography analysis showed aflatoxins presence by emitting fluorescence under 

ultraviolet light. According to Bokhari, (2010) thousands of camelswere killed in Saudi 

Arabia by eating aflatoxins contaminated fodder. 

Aflatoxins have been reported as potent carcinogens and there have been many cases 

of aflatoxicosis in humans. The toxicity may occurs by ingesting of aflatoxins contaminated 

food and has been recognized in two from such as severe acute intoxication which cause 

direct damage of liver and chronic sub-symptomatic exposure may result in a series of 

consequences like nutritional immunologic, acute illnes and an accumulative effect on the 

liver cancer (William et al., 2004). Many reports revealed the association of consumption of 

aflatoxin contaminated foods with the liver cancer (Reddy and Raghavender, 2007). 
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However, there are also some evidences that air-borne dust particles containing aflatoxins 

may be a primary cause of pulmonary cancer.  

It is well established that aflatoxins are mutagenic, hepatotoxic, neoplastic and 

immune suppressive agent. However, intake frequency, amount ingested and the age of entity 

can be related to the necrosis of the liver, cirrhosis, encephalopathy and increased 

susceptibility to hepatitis B (Lereau et al., 2012). The consumption of contaminated foods 

particularly with aflatoxin has been associated with the frequency of primary liver cancer. 

According to FAO, (1979) report acute aflatoxicoses occurred in a child and cause his death 

by consuming contaminated rice. The child was allowed to have feed (steamed contaminated 

rice with aflatoxin) for two days, and he was ingesting approximately 6 mg of aflatoxins 

daily prior to the complete illness (FAO, 1979). Internationally, a severe incidence of human 

aflatoxicoses was occurred Kenya in 2004 by consuming corn foods that was heavily 

contaminated (Lewis et al., 2005; Probst 2007). A study published in 1968 in Taiwan, 

reported that the presence of aflatoxin (200 ppb) in one of the five sample of moldy rice 

collected from families and found that 25 individual became ill and 3 children were died of 

by unknown cause (FAO, 1979). 

2.9.1. Hepatitis and cancer 

Considerable portion of the world’s population passing life below poverty level 

mainly in underdeveloped and developing countries of Africa and Asia are encountering 

health problems due to the consumption of contaminated grains and cereals with mycotoxin 

(Majumder et al., 1997).  Epidemiological reports collected from different parts of world, 

China, Switzerland, Thailand, East Africa, Mozambique, Kenya and Philippines showed a 

positive correlation between the exposure to aflatoxins and the incidence of hepatocellular 

carcinoma (Hsieh, 1989 ; Yu et al., 1989). According to a report of Massey et al. (1995) due 

to the ingestion of aflatoxin and hepatitis B infection approximately 250,000 deaths occur 

annually with hepatocellular carcinoma in some parts of sub-Saharan Africa and China. The 

main cause of hepatocellular carcinomas in some parts of Asia and Africa was attributed to 

the aflatoxins (Reddy et al., 2009). The primary hepatocellular carcinoma due to 
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consumption of aflatoxin, moldy food and hepatitis B infections was the cause of about one 

half of all cancer deaths that occur in China and Guangxidue (You et al., 1989).  

2.9.1. Aflatoxin and children 

Several reports revealed the incidence of aflatoxicosis in tropical countries, mostly 

occurred among adults in rural areas where the nutrition of poor population consists of maize 

as staple food. The clinical picture of these cases showed acute liver toxicity. Mortality rates 

was 10-60 % at the acute stage (Bhat and Karishnamacharia, 1997maryam) and aflatoxin 

were detected in the blood and liver of affected children. In tropical countries jaundice is 

common during the neonatal period. In a big survey in Nigeria 327 babies infected with 

jaundice and 80 matching controls were investigated and found that the presence of 

aflatoxins in the serum along with the deficiency of glucose-6-phosphatedehydrogenase 

(G6PD) was major factors of neonatal jaundice development (Sodeinde, 1995). The outbreak 

of Raye's syndrome in Northeast Thailand which was an epidemic has been related to 

aflatoxins affecting children up to the teenage and was detected in 22 children out of 23 

affected children. Similar symptoms like Reye's syndrome were appeared in Macaque 

monkeys by feeding aflatoxins contaminated food (RIO, 1988; Angsubhakorn, 1989). 

 

Oyelami, (1997) reported the presence of aflatoxins in lungs and brain of children 

who died due to kwashiorkor and various other diseases. It was proposed that aflatoxins 

presence in children brain might be due to the imbalance of metabolic activities or failure of 

excretory system of children. Children infected with pneumonia have found aflatoxin in their 

lungs irrespective of kwashiorkor presence. This may be due to exposure of aflatoxin through 

respiratory route or lowering clearing potential of the lungs in pulmonary diseases. Howeve,r 

according to a study to there was no corelation between respiratory infection and the 

presence of aflatoxin in children’s urine and serum (Denning, 1995). 

2.10. Legislative measures  

Toxigenic fungi commonly occur everywhere in nature and thus contaminate 

worldwide food and feed due to most vulnerability particularly agricultural products like 

cereal grains, nuts and fruits. Out of thousands of existing mycotoxins, only a few presents 

threat to food safety and thus health. Due to acute hazardous threat of aflatoxins to 
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consumer’s health it was necessary to establish control measures and allowable levels by 

international authorities to protect them. Each country established allowable level for 

aflatoxins according their policy. Usually a lower acceptable level was established by the 

industrialized community than the developing countries where a significant higher amount of 

susceptible food commodities is cultivated. For example Sweden set the maximum tolerate 

level of 5 μg/kg for aflatoxin in foods (Abrar et al., 1989), Japan 10 μg/kg (Aibara and 

Maeda, 1989) and Brazil establish 30 μg/kg (Sabino et al., 1989). The lack of harmony 

among different standards may create problem in trade. Food and Drug Administration 

(FDA) of the USA establish the first legislative act in 1965 according to which a tolerate 

level for total aflatoxins (Bl + Gl + B2 + G2) was 30 μg/kg. By increasing the knowledge 

about the potent toxicity of aflatoxins in public the proposed standard was lowered to20 

μg/kg in 1969. The current tolerance levels established by the FDA for food and feeds are 

listed in Table 2.3. The European Economic Community (EEC) established standards of 

maximum acceptable limits for AFBl in different foodstuffs in 1973 (EEC, 1991). Since then 

there has been continuous amendments in legislation. However, the basic structure of the 

legislation was not much changed.  

Different scientific or socio-economic factors may also be involved for establishing 

acceptable levels of mycotoxins in different foods. Especially for young children and baby 

foods much importance was given to establish the maximum limit of mycotoxin and more 

restrictive limits were recognized for their foods. Regulatory commission set minimum 

achievable level for aflatoxins and ochratoxin as acceptable level (European Comission, 

2000). For baby foods and cereals derived processed food for infants and young children’s 

the maximum level for AFB1, ochratoxin A (OTA) and aflatoxin M1 (AFM1) was set at 0.1, 

0.5 and 0.025 ug/kg, respectively. 

To minimize the potential of human exposure to aflatoxins, maximum levels of 

aflatoxins have been set in many communities (Wu, 2004). Pakistan as well as many other 

countries has established the rule and acceptable levels of aflatoxins because of their 

common occurrence, carcinogenic nature and toxic potential to human’s health. According to 

European Union (EU) maximum acceptance level for sum of four aflatoxins 

(AFB1+AFB2+AFG1+AFG2) in cereal (Rice) was set 4 μg/kg and 2 μg/kg for only AFB1, 5 

ug/kg for OTA and 100 ug/kg for ZEA (ECR., 2010) (European Comission, 2006). As per 
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USA (FDA and FAO) and Pakistan (PSQCA) the tolerate level is 20 μg/kg for total aflaoxins 

in rice (FDA., 2000). 

Many countries conducted lot of monitoring programs and surveys to obtain a general 

outline about the aflatoxin contamination. From all over the world about hundred countries 

have defined standards for most important mycotoxins mainly for aflatoxin. However, every 

country has its own standard define acceptable level of mycotoxin so there was a great 

difference among the maximum tolerat levels established by different countries (Van 

Egmond and Jonker, 2004). Among them forty-eight countries have their specific policy for 

limiting total aflatoxins in foodstuffs, and further 21 having regulations for aflatoxins in 

feedstuffs (FAO, 1995). According to U.S. Food and Drug Administration (FDA), regulatory 

guidelines the sale of a commodity would be prevented if contamination level cross the 

established allowed limit. For interstate trade of food and feedstuff FDA has fixed limits of 

20 ppb for total aflatoxins and 0.5 ppb for M1 aflatoxin in milk. The European Commission 

fixed a limit of 15 ppb for the groundnuts for total aflatoxins and 8 ppb for aflatoxin B1, 

whereas, for dried fruits and nuts fixed a level of 10 ppb for total aflatoxins and 5 ppb for 

aflatoxin B1. However, for direct use by human being more strict standards were intended for 

dried fruits, nuts and cereals, and the limit of 4 ppb was fixed for total aflatoxins and 2 ppb 

for aflatoxin B1 (Otsuki et al., 2001). 

 

Table 2.3.  FDA acceptable levels for total aflatoxin 

 

Commodity Level (ng/g) 

All products 20 

Corn for dairy cattle 20 

Milk 0.5 

Cottonseed meal (as a feed ingredient) 100 

Corn for breeding beef cattle 100 
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2.11. Control and prevention strategies for minimising aflatoxins 

contamination 

It is well known that significantly high concentration of aflatoxins may produced when 

Aspergillus infect crop in the field before harvest and grow during storage paricularly in 

humid and warm regins (El Aziz et al., 2012). The optimum conditions for aflatoxin 

synthesis include limited moisture content and temperatures. Generally these conditions 

happen during conventional sun-drying system. Therefore, for the diminution aflatoxin level 

drying is the first step which prevents the formation of aflatoxin and conventional sun drying 

is not enough for this purpose. To control the increase in aflatoxin amount in various things 

time period and storage conditions are the important factors (Hell, 1997). The high moisture 

level of about 60– 80% regarding with temperature of 30oC, may further enhance the 

microbial activity in dried goods (Diamante, 1995). The growth and development of 

toxigenic fungi and their toxins in food and grains particularly in long term storage cause 

significant loss in nutritional value of grains and seed quality and present a potential threat to 

human and animal health (Koirala et al., 2005).  

Aflatoxins are the natural metabolites of toxigenic fungi whose occurrence in food 

commodities and crops cannot be completely avoided. However, sometimes their presence 

can be depleted by making some modification in farming practices, like by modifying 

manufacturing processes, seed quality or by improving storage conditions. Pre and post-

harvest spoilage and bio-degradation of grains, agricultural, fruits and vegetables due to 

unusual invasion of microorganisms and insects may cause great loss even upto 100% (Satish 

et al., 2007). Therefore, to protect consumer’s health it is very necessary to monitor the 

aflatoxins in these agricultural products. Reports of some researchers (Paranagama et al., 

2003) revealed that an effective control at the growth of aflatoxigenic fungi and production 

of aflatoxin during storage of grains can be achieved by some natural or synthetic pesticides. 

Not only a decrease in microbial population effectively possible, but as well as a reduction in 

aflatoxins amount (Gottlieb et al., 2002). 
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2.11.1. Use of synthetic chemicals 

At present many different chemical, physical and biological approaches have been 

implemented to overcome this problem like inhibition of the growth of aflatoxigenic fungi, 

detoxification, elimination, or degradation of aflatoxins level in stored grains (Thanaboripat, 

2002). Physical methods consists of like cooling, aeration, modified atmospheres and sun 

drying  whereas chemical methods involved treatment with acids, bases, ammonia, or food 

preservatives (Jackson and Bullerman, 1999). The most basic and effective approach is to 

control the growth of toxigenic fungi in the substrate and thus production of aflatoxins.The 

use of synthetic fungiside to suppress the spore germination, as well as the development of 

the fungal mycelium is a very effective approach (Moreno et al., 2000).  

A number of reports showed the inhibitory effect of chemicals against the growth and 

production of aflatixns. Gonzalez and Renfro (1986) reported the complete inhibition of 

fungal growth and aflatoxin production by using different concentration of urea upto 0.5%. 

It is well establish that ammonia detoxify or degrade aflatoxin successfully in feed 

(Thiesen, 1977). Similarly ammonia totally inhibits (100%) aflatoxin synthesis at 0.1, 0.2% 

concetration (Dalmacio, 1979). 

According to Lal and kapoor (1980) propionic acid at 0.5% concentration 

significantly controls growth of Aspergillus specis in maize. Rani and Singh (1992) 

investigated the inhibitory potential of lauric acid and lauricidin derivatives against aflatoxin 

production.  

Dixit and Singh (2006) also investigated different organic acid and found benzic acid 

was the most potent inhibitor of fumonisin accumulation by Fusarium monoliforme at 0.4% 

followed by propoinc and sorbic acid. 

Gowda et al. (2004) screened the antifungal effect of different chemical compounds 

against the growth of A.parasiticus and reported that copper sulphate at 0.08-0.5 %, ammonia 

at 0.5%, benzoic acid and propoinic acid at 0.1-0.5% concentration completely inhibited the 

growth of A.parasiticus. Sodium hypochlorite at 0.1-0.5% also showed significant high 

antifungal effect. Whereas, sodium propionate, citric acid and urea showed moderate 

antifungal effect with 36-64% reduction  

Dixit and Singh (2011) investigated organic acids for their antifugal and 

antiaflatoxigenic potential, they found that propoinic acid and benzoic acid completely 
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inhibiedt fugal growth and the synthesis of B2 and G1 in fenugreek seed at 0.4% level where 

it inhibited 95.70% aflatoxin B1 synthesis at 0.5% level. Lauric and sorbic acids and sodium 

bezoate also completely inhibit aflatoxin B2 and G1 synthesis at 0.4% level but for  aflatoxin 

B1 synthesis the  inhibitory effect was 93.75, 94.52 and 92.96 %, respectively. 

Although chemical methods are more effective than physical one but are potentially 

unsafe due to formation of toxic residues having negative effects on organoleptic properties 

of the product (Haciseferogullary et al., 2005; Pal and Gardener, 2006). Since for most of the 

control methods expensive reagents and chemicals, technical expertise and latest technology 

are used so, they are not in approach for rural subsistence community. 

Moreover, restriction imposed by food industry and regulatory agencies on the use of 

synthetic preservatives, researchers are seeking for cost-effective and non-toxic alternates of 

plant origins to prevent fungal deterioration of grain crops (Haciseferogullary et al., 2005; 

Pal and Gardener, 2006). Many important agricultural pesticides are banned by World Health 

Organization (WHO) due to their toxic effect on human beings (Barnard et al., 1997).  

However, despite of their toxic effects they are still in use by some developing countries. In 

agriculture much use of pesticides to solve pre-harvest and post-harvest degradation of 

mycoflora may cause many toxic epidemics. Usually, chemical fungicides not only used to 

protect grains from biodeterioration during storage but also aimed to improve seed quality 

(Harris et al., 2001). So, it is very necessary to search some new alternative techniques which 

may provide protection of grains from biodeterioration without any toxic effect to 

consumers. 

2.11.2. Natural fungal inhibitors (plant based) 

 At this time, safety aspect related to synthetic fungicides is a burning issue as they 

may responsible for carcinogenic and teratogenic attributes as well as residual toxicity 

(Prabhu and Urs, 1998). So, it is imperative to investigate some innovative natural fungiside 

with better performance to store cereal grains. So, antifungal potential of some important 

medicinal plant extracts has been investigated. These plant based fungicide products would 

be safe to human health, ecofriendly, economic and biodegradable (Mohanlall and Odhav, 

2006). Many reports revealed that in laboratory trails many plants extracts have shown good 

antifungal, antibacterial, and insecticidal properties (Satish et al., 1999; Okigbo and 

Ogbonnaya, 2006; Shariff et al., 2006; Bouamama et al., 2006; Ergene et al., 2006; Kiran 
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and Raveesha, 2006; Mohana and Raveesha, 2006).  Plants constituents and plant derived 

pesticides may not impact environment nor dangerous to consumers as compare to synthetic 

pesticide (Varma and Dubey, 1999). 

Higher plants are the good source of many organic compounds that are important 

pharmaceutically, economically and for pesticidal activities. According to Hamburger and 

Hostettmann (1991) there are more than 400,000 plant chemicals and among them more than 

10,000 are secondary metabolites which play defensive role in plants. Thus, these plant 

origin secondary metabolites may be used for the control and management of storage 

mycoflora.   

The use of natural plant products may successfully replace synthetic chemicals and 

provide an alternative approach to protect cereal grains as well as other agricultural 

commodities of nutritional significance from toxigenic fungi such as A. flavus and aflatoxin 

production. Currently, some plant based products have been recognized to play important 

role in terms of their biological activity against different microorganisms (Bamoniri et al., 

2010). Powder and extract form of various herbs and spices and essential oils have shown 

antimicrobial and antioxidant potential which are mainly ascribed with the presence of 

various phytochemicals such as flavonoids, penolics, allicin, betalian, thiosulfonates, 

phytoalxins, etc (Jayaprakasha et al., 2003; Abu Bakar Salim 2011). Generally, the extent of 

the antioxidant and antimicrobial effects of the plant extracts could be attributed to their 

phenolic compositions (Jayaprakasha et al., 2003). It has been reported that the peel and seed 

fractions of some fruits have higher ioactivities than the pulp fractions (kanatt et al., 2009) 

Selvi et al. (2003) investigated vacuum dried concentrated chloroform extract of 

Garcinia indica rinds for their inhibitory potential against the growth of Aspergillus flavus 

and production of aflatoxin B1 using peanut powder media. Spectrofluorophotometric 

estimation of Aflatoxin B1 was done by thin layer chromatographic technique. At lower 

concentrations (500–1000 ppm) G. indica extract showed higher inhibitory potential for 

aflatoxin production than for the growth of fungi. It completely inhibits aflatoxin synthesis at 

3000 ppm concentration, which was considered as the minimum inhibitory concentration. 

The major compound found by fractionation using silica gel chromatography and 

spectroscopic studies in the extract was garcinol. The G. indica extract may be used as 

biopreservative agents in neutraceuticals and food applications. 
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Murugan et al. (2007) evaluated the efficacy of dry flower powder of Euphorbia 

pulcherrima and Euphorbia milli at 7 different concentrations (5, 10, 15, 20, 25, 30 and 35 

mg/ml) against the growth of aflatoxigenic strains of Aspergillus parasiticus and Aspergillus 

flavus in Sabouraud Dextrose Agar medium (SDA). At 30 mg/ml concentration dry flower 

powder of E. milli exhibited a complete inhibition (100%) against the growth of A. flavus and 

A. parasiticus. E. pulcherrima also showed complete inhibition (100%) against the growth of 

A. flavus while against A. parasiticus, it inhibied at the concentration of 35 mg/ml. A 

bioassay test with of groundnut seeds treated with flower extract at different concentration (5 

– 35 mg/ml) showed that both aflatoxigenic fungi have potential to infect seeds in the 

presence of both E. milli and E. pulcherrima at the concentration of 30 and 35 mg/ml. 

Jain et al. (2010) tested the extracts of some medicinally important arid zone plants of 

Rajasthan, viz. Lepidagathis trinervis Nees., Polycarpea corymbosa Lam. and Sericostoma 

pauciflorum Stocks. ex Wight. against six bacterial (Gram +ve and Gram -ve) and five fungal 

strains using agar well diffusion method. Ethyl acetate extract of L. trinervis showed 

maximum activity againsµt Bacillus subtilis, Enterobactor aerogenes, Pseudomonas 

aeruginosa, Aspergillus flavus and Trichophyton rubrum (inhibition zone 16.00±0.81, 

13.33±0.66, 14.33±1.85, 14.30±0.34 and 23.00±0.00 mm) at varied minimum inhibitory 

concentrations of 82, 20, 41, 41 and 20 μg/ml, respectively. 

A number of plant essential oils have been investigated for their antifungal activities 

(Shams-Ghahfarokhi et al., 2006; Bakkali et al., 2008; Webster et al., 2008). Moreover, plant 

constituents other than essential oils; phenolic acids and polyphenols also exhibit multiple 

biological activities including antioxidant and antifungal activities. Literature revealed that 

aqueous plant extracts having antioxidant activity also exhibit potential to inhibit the growth 

of Aspergillus Flavus so, as to reduce the aflatoxins contamination (Sanchez et al., 2005). 

Kumar et al. (2007) tested essential oil extracted from the leaves of Chenopodium 

ambrosioides Linn. (Chenopodiaceae) was tested against the aflatoxigenic strain of test 

fungus Aspergillus flavus Link. The oil completely inhibited the mycelial growth at 

100  μg/ml. The oil exhibited broad fungitoxic spectrum against Aspergillus niger, 

Aspergillus fumigatus, Botryodiplodia theobromae, Fusarium oxysporum Sclerotium rolfsii, 

Macrophomina phaseolina, Cladosporium cladosporioides, Helminthosporium oryzae and 

Pythium debaryanum at 100 μg/ml. The oil showed significant efficacy in inhibiting the 
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aflatoxin B1 production by the aflatoxigenic strain of A. flavus. During in vivo investigation 

it protected stored wheat from different storage fungi for one year. Chenopodium oil also 

exhibited potent antioxidant activity when tested by ABTS method. All these observations 

suggest the possible exploitation of the Chenopodium oil as potential botanical fungitoxicant 

in ecofriendly control of post-harvest biodeterioration of food commodities from storage 

fungi. 

Bluma et al. (2008) evaluated effect of essential oils, ethanolic and aqueous extract of 

41 vegetable species on groth of Aspergillus flavi. A wide spectrum initial screen which 

identified promising antifungal plant extracts was carried out first. After that, identified 

extracts were studied in more detail by in vitro assays. A total of 96 plant extracts were 

screened. Essential oils were found to be the most effective extract controlling aflatoxigenic 

strains. Clove, mountain thyme, poleo and eucalyptus essential oils were selected to study 

their antifungal effects. Studies on percentage of germination, germ- tube elongation rate, 

growth rate, and aflatoxin B1 accumulation were carried out. Our results suggests that 

mountain thyme and poleo, which are native vegetal species of Argentine, and clove essential 

oils could be used alone or in conjuction with other substances to control the presence of 

aflatoxigenic fungi in stored maize.     

Kumar et al. (2008) and Razzaghi-Abyaneh et al. (2009) also investigated essential 

oil of Euclayptus citriodora, T. vulgaris and Euclayptus camaldulensis and reported that all 

tested oils efficiently inhibited the growth of toxigenic fungi and the production of aflatoxins. 

In addition, several herbs and spices such as cinnamon, basil, marigold, spearmint and arak 

(Soliman and Badeaa, 2002; Ahmed et al., 2008 Rahma et al., (2011), thyme (Rasooli et al., 

2006; Pinto et al., 2006), Rahma et al., (2011) sweat basil and cassia (Atanda et al., 2007; 

Rahma et al., (2011) were also found to have good inhibitory potential against toxigenic food 

borne fungi. Rahma et al. (2011) also evaluated potential efficacy of five different kinds of 

plant extracts including Olea europaea, Salvadora persica, Euclayptus globolus, Ziziphus 

spina-christi and Thymus vulgaris on the growth of A. flavus and the production of aflatoxin 

B1. 

Their antimicrobial properties have been found to be mostly due to the presence of 

several compounds like alkaloids, phenols, glycosides, steroids, thiosulfinates, flavonoids, 

essential oils, coumarins and tannins (Mostei et al., 2003; Rasoolil et al., 2009) and it is an 
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imperative need to investigate some new compounds with better antimicrobial potential, 

different chemical structures and novel mechanisms of action (Parekh and Chanda, 2010). 

Maruzella and Balter, (1959) tested 119 oils extracted from spices for their antagonistic 

potential against twelve phytopathogenic fungi and found that out of 119 one hundred 

essential oils possessed good antagonistic effect for at least one of twelve pathogenic fungi 

and 50 of these exhibited wide range of activity against all fungi tested. However, few of 

them were evaluated for their potential against toxigenic Aspergillus spp. in artificial media 

and according to Hartung et al. (1973) only cinnamon inhibited growth of A. parasiticus and 

aflatoxin production.  

Omidbeygi et al. (2007) explained the mechanism of action of antimicrobial 

components; according to them antimicrobial compounds of plant extracts cross the cell 

membrane and produce a protons flux by the interaction with proteins of membrane that 

brings changes in the cell and ultimately results in cell death. However, the inhibitory effect 

of a plant extract may depend on the method of extraction and the concentration of the 

extracts. The concentration of plant extracts may be standardized/ optimized for their 

effective use as a substitute of chemicals to control the growth of fungal growth and for the 

protection agricultural products during storage (Ayodele et al., 2009). However, Masood and 

Ranjan (1991) investigated that no relationship exists between growth of fungal mycellia and 

aflatoxin production.  

However, use of plants and their derived chemicals which have good efficacy to 

inhibit the reproduction of harmful microorganisms, may be a more realistic approach and 

ecologically sound method for protection of crops and will play a major role in the 

developing the future of commercial pesticides with reference to protection and management 

of plant diseases (Varma and Dubey, 1999; Gottlieb et al., 2002).  

However, there will be a large number of higher plant species that have never been 

investigated. Their biologically active chemical nutrients may have potential to be used as 

new sources of commercially valuable pesticides (Balandrin et al., 1985).  

El-Aziz et al. (2012) found no correlation between aflatoxin production and fungal 

growth by estimating the dry weight of mycelia and aflatoxin accumulation Aspergillus 

flavus in the presence of of eleven local local plants at four different concentrations. Allium 

sativum extracts showed highiest decrease in dry weight following Aloe vera and 20% extract 
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of Coriandrum sativum showed no significant decrease in dry weight. The 20% aqueous 

extacts of rhizome of Zingiber officinalis and Coriandrum sativum exhibited a significant 

reduction in aflatoxin B1 production (79%) followed by leaves extracts of Eucalyptus 

globules and Oleaeuropaea (75.0%) however their effect on fungal growth was not 

significant. The leaf extracts of T. vulgaris and Ocimum basilicum strongly inhibit B2 

accumulation (76.2%) and Cassia italica and Zizyphus spina showed insignificant effects on 

production of B1 and B2 aflatoxin.  

2.11.3. Use of Biocontrol agents against aflatoxin production 

With the awareness of potential hazards associated with chemical 

preservatives/pesticide their use is strictly prohibited (Pal and Gender, 2006). Although use 

of chemicals is dangerous for both animal and human beings and in spite of strict regulation 

on their use to protect food, still chemicals are the only most effective remedy to protect food 

crops from diseases. Over the years worldwide researchers are devoting their efforts to 

develop some new cost effective, non-toxic and ecofriendly preservative from natural sources 

to protect food from fungal deterioration. Along with many other natural approaches the use 

of biocontrol agent for the decontamination of mycotoxins may be a good attractive approach 

to avoid the use of synthetic preservatives for the management of crops (Reddy et al., 2009).  

A wide range of microbes including yeasts, actinomycetes, algae, bacteria and non toxigenic 

strains of A. flavus and A. parasiticus have been tested for their potential against aflatoxin 

contamination (Mishra and Das, 2003; Dorner, 2004). 

According to an investigation A. nigar significantly inhibit the biosynthesis of 

aflatoxns when grown along with aflatoxigenic strain of A. flavus, due to its ability that it 

synthesized such inhibitors that degrade aflatoxin and inhibit their synthesis (Shantha et al., 

1990).  According to Horn and Wicklow (1983) A. nigar sufficiently decreased the pH of the 

substrate and thus inhibit the synthesis of aflatoxins. 

Yin et al. (2008) investigated numerous organisms, including bacteria, yeasts and 

nontoxigenic fungal strains of A. flavus and A. parasiticus, for their ability in controlling 

aflatoxin contamination. Great successes in reducing aflatoxin contamination have been 

achieved by application of nontoxigenic strains of A. flavus and A. parasiticus in fields of 

cotton, peanut, maize and pistachio. The nontoxigenic strains applied to soil occupy the same 

niches as the natural occurring toxigenic strains.  
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           Reddy et al. (2009) investigated the potential of certain plant extracts and biocontrol 

agents for the reduction of aflatoxin B1 (AFB1) in stored rice. Among the plant extracts 

tested, Syzigium aromaticum (5 g/kg) showed complete inhibition of Aspergillus flavus 

growth and AFB1 production. Curcuma longa, Allium sativum and Ocimum sanctum also 

effectively inhibited the A. flavus growth (65–78%) and AFB1   production (72.2–85.7%) at 

5 g/kg concentration. Among the biocontrol agents, culture    filtrate of Rhodococcus 

erythropolis completely inhibited the AFB1 production at 25 ml/kg concentration. The other 

biocontrol agents, Pseudomonas fluorescens, Trichoderma virens and Bacillus subtilis 

showed 93%, 80% and 68% reduction of A. flavus growth and 83.7%, 72.2% and 58.0% 

reduction of AFB1 at 200 ml/kg, respective. 
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CHAPTER 3 
                                                                          Material and Methods 

 
The research work presented in this dissertation was conducted in the laboratories of 

the Department of Chemistry & Biochemsirty, University of Agriculture, Faisalabad, 

Pakistan; Protien Molecular Biology Lab Department of Chemistry and Biochemistry, 

University of Agriculture, Faisalabad (UAF), Faisalabad, Pakistan; High Tec Centre, UAF, 

Faisalabad, Pakistan; plant phathology Laboratory, UAF, Faisalabad, Pakistan; 

Toxicopathology Lab faculty of Veterinary Sciences.  

3.1. Instruments 
The instruments used for different analyses during the study along with their 

company dentification are listed here. 
Name of instrument     Manufacturing Company 
GC/MS (6890N)     Agilent-Technologies, California, USA. 
HPLC (LC-10A)     (Shimadzu,Japan)            
Spectrophotometer U-2001    Hitachi,Japan                                   
Laminar air flow     Dalton,Japan                                         
Ultra low Freezer     Sanyo,Germany                           
Microplate Stirrer     Clifton,China                                      
Electric Balance MP-300    Ohyo, Japan 
Water Bath      Memmertt, Japan 
Orbitrary shaker     Gallenkamp, England 
Magnet Stirrer      GallenKamp, England 
Autoclave      Omron, Japan 
Oven        Memmertt, Japan 
Centrifuge H-200NR     Kokusan, Japan 
 
 

3.2. Chemicals and standards 

Potato dextrose agar culture media (PDA) and standard antibiotic discs were 

purchased from Oxoid Ltd., (Basingstoke, Hampshire, England). MycoSep -226 Aflazon 

column (Romer Lab., USA). All other reagents and chemicals used were of HPLC and 

analytical grade. Methanol and acetonitrile (HPLC) were purchased from Merk (Darmstadt, 

Germany). Trifluoroacetic acid (TFA) of Riedel-de Haen used as derivitizing agent to 

enhance fluorescence. Aflatoxin standards (AFB1, AFB2, AFG1 and AFG2) were purchased 

from Supelco (Bellefont, PA.USA). 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 

40C. 
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3.3. Collection / procurement of plant sample 

Samples of raw materials/agriculture wastes: citrus peel, pomegranate peel, garlic and 

onion wastes and different organs various of medicinal plants like leaves, seeds and barks, of 

neem, kiker, mango, jaman, etc. were collected /procured from local agricultural resources of 

Faisalabad (Punjab) (Table 3.1). 

After washing samples were dried at 40oC in an oven (Memmert, Jarmany) until 

constant weight to remove moisture contents. Dried samples were ground to fine powder 

using laboratory grinder. The ground samples were stored in polythene bags at 4oC until 

further analysis. 

3.4. Extraction of antifungal components 

Extraction of antifungal and antiaflatoxigenic components from various plant 

samples was done using different solvent systems i.e. absolute methanol, absolute ethanol, 

absolute chloroform and absolute acetone. Each ground sample (20g) of 80 mesh size was 

extracted overnight with 200 mL of solvent at room temperature in an orbital shaker 

(Gallenkamp, UK). The supernatant and sediment were separated by filtrating through 

Wattman No. 1 filter paper. The remaining residue was re-extracted twice with the same 

fresh solvent, filtered and combined. The combined filtrate was concentrated to dryness 

under reduced pressure at 45oC, using a rotary evaporator (N-N Series, Eyela, Rikakikai Co. 

Ltd, Tokyo, Japan). The dried crude extract was weighed to calculate yield of the extract. 

The dried extracts were stored at 4oC, until used for further analysis (Anwar et al., 2006; 

Siddhuraju and Becker, 2007; Jiao and Zuo, 2009).   

3.5. Isolation, purification and identification of fungal strains.  

The fungal strains Aspergillus flavus, Aspergillus parasiticus, and Aspergillus nigr 

used in the present study was isolated from corn and wheat grains using agar plate method 

(Embaby and Abdel- Galil, 2006). Some of the seeds (5 seeds/ dish) of corn and wheat were 

placed separately on a dish containing autoclaved potato dextrose agar (PDA) and 3 dishes 

for each were prepared as replicate. All dishes were incubated for seven days under darkness 

at 25 oC. The plates were examined every day to check the growth. As the fungal growth 

appeared; the spores of fungus were transferred and purified by using hyphal tip or single 

spore technique and cultivated on PDA medium containing antibiotic (streptomycin). The 

developed fungal isolates having general characteristic of Aspegillus were transferred to the 
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PDA slants and allowed to grow. Fungal species were identified by microscopy in the 

Department of Mycology and Plant Pathology, University of Agriculture, Faisalabad. 

Isolation and purification was performed in Protein Molecular Biology Lab Department of 

Chemistry and Biochemistry, University of Agriculture, Faisalabad. The slants of 

Aspergillus flavus, Aspergillus parasiticus, and Aspergillus nigar were stored at 4oC.   

3.5.1. Mycotoxin production 

The fungal isolates were checked for the production of aflatoxin qualitatively. The 

isolates were cultivated on autoclaved potato dextrose agar (PDA) media in Petri dishes at 

25oC for 10 days and then dishes were observed under UV lamp for the presence of 

aflatoxins.   

3.6. Antifungal assay of plant extracts. 

3.6.1. Disc diffusion method.  

Antifungal activity of various plant extracts was tested against aflatoxin producing 

strains of A. flavus and A. parasiticu by previousley adopted disc diffusion method (Bauer et 

al., 1966). The autoclaved PDA medium was inoculated with particular test fungi and poured 

in petri plates. After solidifying the media paper discs (6 mm in diameter) containing 50 μL 

of particular plant extract were placed on the surface of PDA. Terbinofine HCl was used as 

positive reference for fungi. Disc without sample was used as negative control. The plates 

were incubated at 28 oC for 48 h. Antifungal activity was evaluated by measuring the 

inhibition zone (mm) by zone reader.  

3.6.2. Microdilution broth method.  

Minimum inhibitory concentration (MIC) represents the minimum concentration that 

completely inhibits the growth of microorganism, a microdilution broth susceptibility assay 

was used to determine the (MIC) of plants against A. flavus and A. Parasiticus (Misra, and 

Dixit 1973). The growth rate of fungi was checked and monitored by measuring the optical 

density at 620 nm (OD 620) with a microtiter plate reader (Biotech USA) according to the 

protocols described by Kaiserer et al. (2003). A series of dilutions were prepared in the range 

10-100 μg/mL of extract in micro titre plate, including one growth control. SDB (160 uL) 

was added on to the microplate with 20µL of tested solution. Then 20 uL of 5×105 CFU/ml 

(confirmed by viable count) of the A. flavus and A. parasiticus fungi suspension was 

inoculated on to the separate microplate. The plates were incubated at 28oC for 24 h and then 
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shifted 22oC to avoid rapid overgrowth of the untreated controls. The optical density was 

determined at 620 nm using a microtiter plate reader and MIC was calculated from the 

optical density obtained from assay in term of μg/mL.  

3.7. Gas Chromatography-Mass Spectrometry (GC-MS) analysis of 

bioactive components 

3.7.1 Screening and selection of agro-wastes for (GC-MS) analysis  

The screening of agro wastes for the characterization and quantification of bioactives 

mainly phenolics by Gas Chromatography-Mass Spectrometry (GC-MS) was carried out on 

the basis of preliminary results of antifungal activities. Among the agro-wastes investigated 

in present research project those which showed good antifungal potential were selected for 

their phnolic acid analysis which might be responsible for the inhibition of aflatoxin 

synthesis/production. Earlier reports showed that a correlation exists between phenolic 

compounds and antimicrobial activity. Martin et al. (2012) also investigated the chemical 

composition and antimicrobial activity of agro-wastes. So, it has important to elucidate the 

phenolic profile of that agro-waste which exhibited good antifungal potential. Neem leave, 

neem seeds, kiker leave, pomegranate peels, citrus leave, citrus peel, and jaman leave, were 

selected for characterization and quantification of biologically active phenolic acids by gas 

Chromatography-Mass Spectrometry (GC-MS) approach. 

3.7.2. Extraction/hydrolysis of phenolic acids 

Phenolic acids were extracted/ hydrolyzed and derivatized following the reported 

method of Wang and Zuo (2011). To each plant extract (5 g) 25 mL of acidified methanol 

containing HCl (1 % v/v) and 0.5 mg /mL TBHQ was added along with 5 mL of HCl (1.2 

M,) and the mixture was refluxed for 2 hours at 90 oC with stirring to release bound phenolic 

compounds into free form. After cooling at room temperature the mixture was centrifuged for 

10 min at 5000 rpm. Upper layers was separated and sonicated to eliminate air present for 5 

min. Further extraction of phenolic acids was carried out with ethyl acetate (1:1, v/v). This 

extracted fraction was treated for three times with 0.5 M NaHCO3 (1:1, v/v) and evaporated 

under flow of nitrogen. The extracted dried phenolic compounds were re-dissolved in 

ethylacetate and solution was dried using Na2SO4 for 5 min. The dried solution (400 µL) was 

transferred to a vial and added 100 µL bis (trimethylsilyl) trifluoroacetamide (BSTFA) +1% 
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trimethychlorosilane (TMCS). The vial was placed for 15 min in water bath at 70 oC. From 

the silylated mixture 1 µL was analyzed by GC-MS.  

 3.7.3. Gas chromatography-mass spectrometry analysis (GC-MS) for phenolic acids 

The silylated samples were analyzed by Shimadzu gas chromatograph (GC/MS 

(6890N) Agilent-Technologies, California, USA) coupled to the Shimadzu mass 

spectrometer (QP 2010 PLus). Separation of Phenolic acids occurred in HP-5MS, fused silica 

capillary column (30m x 0.25 mm, 0.25 µm). The temperature of injector (auto injector) was 

set at 250oC and oven was maintained at 280oC and 1µL of sample volume was injected in a 

“split” mode (split ratio, 1: 100). The interface temperature was maintained at 280 oC and 

scanning mode detector operated at 50-550 m/z @1.5scan/sec. Helium (p= 100 kPa) was 

applied as a carrier gas. The integration of GC-MS system was carried out using Lab 

Solutions-GC-MS software. Identification of phenolic acids was based on comparison of 

retention time with those of authentic compound that were eluted under same conditions and 

with spectral data obtained from Willey 8 library.  

3.8. Effect of plant materials on aflatoxin production in cereals (corn, 
wheat and rice) under different storage conditions 
 

3.8.1. Preparation of inoculum. 

The aflatoxigenic fungal strains of Aspergillus flavus, Aspergillus parasiticus were 

isolated from corn and wheat grains (mentioned in section 3.5). These fungal strains were 

again cultivated on potato dextrose agar slant (PDA) (Oxoid, UK) and incubated at 28 oC 

until they were sporulated (7 day). The spores were harvested by sterilized distilled water 

containing 0.1% Tween 80 and were counted in nebauer chamber with microscopy. The 

suspension was further diluted to adjust spore density at 1012spores/ml. Spore suspensions 

were prepared one day before use and preserved at 4 oC. 

3.8.2. Collection of Cereal Samples (rice, maize and wheat)   

About 15 kg of each kind of freshly harvested cereal grain samples i.e. maize (Zea 

mays) variety, wheat (Triticum aestivum L.) variety sehar and rice (Oryza sativa L.) variety 

Super Basmati were obtained from Ayub Agricultural Research Institute, Jhang Road, 

Faisalabad.  
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3.8.2.1. Moisture Contents and Pretreatment  

The moisture content of cereal grains (maize, wheat and rice) was estimated 

following the procedure of AOAC (1990) by drying replicate portion of 5 g of grains. The 

seeds were subsequently dried to a constant weight in an oven at 105 oC to remove moisture 

and loss in weight was expressed as percentage calculated on wet weight basis. The moisture 

content of dried maize, wheat and rice were estimated 11.10%, 9.76% and 10.78, 

respectively.  

3.8.2.2. Pretreatment and Inoculation. 

The cereal grains (maize, wheat and rice) were washed with tap water and dried in an 

oven at 40-70oC. The cereal grains (maize, wheat and rice) were divided into 64 lots 

separately, each lot containing 200 gm of grains of their respective variety. Each lot of cereal 

was autoclaved seprately to kill microorganism and were packed in air tight plastic bags 

aseptically in air laminar flow chamber. The seeds were moistened with sterilized distilled 

water to raise the required moisture level of 18% and 21% and mixed thoroughly by shaking 

again and again. As each type of grain has its own natural moisture level which may not be 

always optimal for fungal growth and aflatoxin production. The inoculation of cereal grains 

was done by adding 4 mL of spore suspension (1012spores/ml) of A.flavus and A.parasiticus 

to each bag separately. in air laminar flow chamber and were mixed thoroughly. 

3.8.3. Stabilization of cereals with plant treatments 

Powdered forms of neem leaf, kikar leaf, citruss leaf, citrus peel and pomegranate 

peels at three different concentration of 5%, 10%, 20% w/w of cereals were added separately 

to each plastic bag containing 200 gm of inoculated cereal and  were shaken thoroughly to 

mix plants powder properly. Untreated grain sample (without plant material) from each type 

of grains was considered as control. The treated and control cereal samples with two 

moisture levels 18% and 21% were stored at two different temperatures 25oC and 30oC 

seperately, for a period of 9 months. After regular intervals of time cereal samples were 

analysed by TLC technique for the presence of aflatoxins and then after confirmation their 

contents were estimated by HPLC technique. The inhibitory effect of plant on aflatoxins 

synthesis was estimated from the difference in amount of aflatoxins produced in plant treated 

samples as compare to control.   
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3.8.4. Analysis of aflatoxins from cereals. 

3.8.4.1. Extraction of aflatoxins 

Extraction of aflatoxins from cereal grains was made following a well established 

method of Beltran et al. (2011) with some modifications. A 20 g of ground sample of 

representative cereal grain was taken in a 250 mL conical flask and was extracted with 80 

mL mixture of acetonitrile-water (84:16) in an orbital shaker at ambient temperature (average 

temperature 37 oC) for 90 min. Then cereals were filtered through Whatman filter paper No 4 

and filtrate solvent was removed by evaporation under reduced pressure and concentrated at 

50 oC to a final volume of 2-5 mL.  

3.8.4.2. Qualitative analysis thin layer chromatography (TLC) technique 

The qualitative analysis of extracts for the presence of aflatoxins was done by thin 

layer chromatography (TLC) technique using silica gel G60 plates (20×20 cm; Merk).  The 

plates were dipped in 10% (wt/wt) oxalic acid solution in methanol for two minutes and then 

heated at 110 oC for 2 min and after cooling plates 50 µL of sample was spotted (5 µL of 

extract dissolved in 1 ml of methanol). The plates were developed using chloroform: acetone 

9:1 ratio (v/v) as solvent system (Pak et al., 2006). TLC Plates were dried and observed 

under long wavelength UV light (λ = 366nm) in an enclosed Camag 2930 UV visulizer 

(Germany). The blue fluorescence showed the presence of aflatoxin B and green 

fluorescence was for G type aflatoxins.    

3.8.4.3. Quantitative analysis by high performance liquid chromatography (HPLC) 

Clean-Up 

  The concentrated extracted sample was diluted with 20 mL of deionized water and to 

increase sensitivity and selectivity sample was passed through Vicam (water) Aflatest WB 

immunoaffinity column with 2 mL/min flow rate using suction pump. Then washing of 

immunoaffinity column was done using 2mL of deionized water and dried for 1-2 min by air 

streaming. Then aflatoxins from column were eluted by using 2mL methanol step wise (1 mL 

each) and methanol was evaporated (almost dried) under N2 blanket. 

Derivitization  

Pre column derivitization of aflatoxins was done to increase detection and aflatoxins 

recovery. Almost dried sample of aflatoxin was vortexed with 200 µL of n- hexane for 30 s 

to remove fat and then add 50 µL of TFA (trifluro acetic acid) in sample mixture and 
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vortexed again for 30 s. After this added 1.95 µL water:acetonitrile (9:1) and mixture was 

finally vortexed for 20 s and 20 µL sample was used for HPLC analysis. 

Before analyzing the cereal samples of the present dissertation, the instrument was 

validated to see its precision, accuracy and limit of detection (LOD). Calibration curve was 

drawn using a series of calibration solutionsof aflatoxins in acetonitrile with concentration of  

0.05, 0.1, 0.5, 1.0, 5.0, and 10 µg L-1. The separation (resolution) pattern of aflatoxins 

assayed by reverse phase HPLC column. Aflatoxins content was expressed in terms of ng/g 

and aflatoxin inhibition was calculated using the formula; 

percentage of inhibition = [Y – X / Y] x 100 

where X” is the concentration of aflatoxin in treated sample and  

Y” is the concentration of aflatoxin in control. 

3.8.4.4. Conditions of HPLC analysis  

The conditions used for the analysis of aflatoxins were as:  
Shimadzu HPLC System     LC-10 A  

System Controller unit     SCL-10 A  

Dual liquid pumps      LC-10 AS  

Column oven       CTO-20 A (Shimadzu Japan) 

Discovery HS C-18 Column   250 mm x 4.6 mm (Supelco,Bellefonte, 

PA, USA)  

Column temperature  30
o
C  

Injection volume     20 μL  

Acetonitrile:methanol:H
2
O     (22.5:22.5:55)  

Flow rate      1.5 mL min
-1 

   

UV-Vis detector      SPD-10A (190-600 nm) 

Fluorescent detector      RF-530 (Shimadzu Japan) 

Excitation wavelength     360 nm  

Emission wavelength     440 nm 
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Statistical analysis 

All the measurements were made in triplicate and the results of various investigated 

parameters are reported as mean (n=3 x3) ± SD (n=3 x3). Analysis of variance (ANOVA) was 

performed on all determinations and mean values to determine significant differences 

considering a level of significant at less than 5%. (P < 0.05) by using Minitab 2000 versions 

13,2, Statistical software (Minitab Inc. Pennysalvania, USA)  
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List of investigated plant 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

  

Sr. 
No 

Common Name Specie Name Family Part Used 
 

1. Mango Mangifera indica L. Anacardiaceae   peels 

           Bark 
Seed kernel 

2. Neem Azadirachta indica L. Meliaceae Leaves 

Bark 
Seed 

3. Kiker Acacia nilotica Leguminosae Leaves 

Bark 
Seed kernel 

4. Jaman Syzygium cumini Myrtaceae Leaves 

Bark 
Seed 

5. Citrus Citrus limon Rutaceae Peel 

Leaves 

6. Pomegranate Punica grantum L. Lythraceae Peel 

7. Oninion Allium cepa L. Allium Peel 

8. Garlic Allium sativum L. Allium Peel 

9. Sugar cane Saccharum officinarum Poaceae Baggasse 
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CHAPTER 4 
                                                                        Results and Disscussion 
 

4.1 Yield of extracts 

 The percentage yield of various plant extracts using different solvent is depicted in 

Table 4.1. Significant variation (P<0.05) was observed among yields of various plant 

extracts obtained with different solvents. The amount of antifungal and anti-aflatoxigenic 

components extracted from various plant materials using different solvents i.e. methanol, 

ethanol, chloroform and acetone was found to be ranged from 12.30-50.71, 11.69-57.69, 

3.12-14.35 and 4.60-27.50 g/100g DW, respectively. The results of present study revealed 

that maximum extract yield with methanol and ethanol was achieved from pomegarante 

peels (50.71 and 57.69%) while the lowest was obtained from garlic waste (12.30 and 

11.69%). Whereas with chloroform kiker seed showed highest yield (14.35%) and jaman 

bark showed lowest yield (3.12%) and with acetone maximum yield was achieved from 

kikar leave (27.50%) while minimum from jaman bark (4.60%)  Differences in yield of 

various plant extracts depend on availability of different extractable component, nature of 

soil and agro-climate conditions (Hsu et al., 2006).  

  Among different solvents used methanol and ethanol exhibited the highest yield 

compared to acetone and chloroform. The yields of extractable components, in addition to 

their chemical nature, strongly depend on the nature, concentration and amount of the 

extraction solvents employed. Therefore, an appropriate solvent system has to be used to 

extract maximum amount of antifungal components. Although methanol and ethanol are 

widely used to extract plants antioxidants and antifungal components due to their polarity 

and high solubility for many antioxidants and antifungal compounds. Methanol is usually 

recommended to be a better solvent for the extraction of antioxidant/ antifungal compounds 

because it is economically cheap and easily available. The effectiveness and ability of 

methanol can be increased using water as a co-solvent especially when extraction of the of 

various kinds of components is required (Iqbal et al., 2005).   
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Table 4.1. Yield (g/100g DW) of various plant extracts 
  
Sr no Plant Used Methanol Ethanol Chloroform Acetone 

1 Neem leaves  18.55±0.35d
a 21.50±0.44d

a 6.50±0.14a
b 10.20±0.21a

a

2 Neem seeds 33.02±0.63d
c 27.11±0.57c

b 10.12±0.22a
c 16.91±0.33b

c

3 Neem bark 14.61±0.25b
a 26.10±0.54d

b 9.51±0.19a
c 13.63±0.28a

b

4 Kiker seeds 40.32±0.79d
c 37.40±0.71d

c 14.35±0.31a
d 21.20±0.45b

c

5 Kikar bark 30.96±0.62d
b 16.20±0.33b

a 10.72±0.24a
c 25.31±0.51c

d

6 Kikar leaves 29.04±0.60d
b 31.30±0.64d

b 12.21±0.27a
d 27.50±0.61d

d

7 Mango kernel 27.65±0. 51d
b 25.35±0.53d

b 10.61±0.23a
c 13.65±0.27a

b

8 Mango bark 28.31±0.58d
b 24.22±0.50d

b 9.16±0.19a
c 15.11±0.31b

b

9 Mango peel 32.22±0.67d
c 25.51±0.51c

b 11.10±0.23a
c 21.93±0.45c

d

10 Jaman seed 18.77±0.40d
a 16.21±0.33c

a 8.91±0.17a
c 13.50±0.2b

b 

11 Jaman bark 18.90±0.39d
a 17.10±0.38d

a 3.12±0.07a
a 4.60±0.08a

a 

12 Jaman leaves 15.66±0.33d
a 17.21±0.37d

a 10.21±0.21a
c 13.99±0.27c

b

13 Onion waste 15.20±0.32d
a 16.20±0.33d

a 8.21±0.14a
b 12.91±0.27c

b

14 Garlic waste 12.30±0.26d
a 11.69±0.25d

a 8.42±0.17a
b 10.21±0.21b

a

15 Pomegranate peel 50.71±1.10d
d 57.69±1.32d

d 11.39±0.22a
c 25.35±0.61b

d

16 Citrus peel 14.92±0.29c
a 19.40±0.43d

a 7.11±0.15a
b 11.50±0.23b

b

17 Citrus leaves 23.16±0.46d
b 20.81±0.42d

a 11.60±0.24a
d 19.21±0.41c

c

18 Baggasse  27.35±0.54d
b 28.62±.60d

b 11.36±0.23a
c 21.62±0.43c

c

 
Values are mean ± SD of each samples analysed individually in triplicate (P <0.05). Superscript 
a,b,c and d shows significant variation among the plants yiels. Subscript a,b,c and d shows 
significant variation among the solvet yiels 
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4.2. Antifungal activity 

 The results of antifungal activity of methanolic and ethanolic extracts from different 

parts of selected plants and agrowastes against two pathogenic fungal strains Aspergillus 

flavus (A. flavus) and Aspergillus parasiticus (A. parasiticus) recorded by disc diffusion 

method are shown in Table 4.2. In general the values of diameter of inhibitiory zone (DIZ) 

shown by ethanolic plant extracts ranged between 11-37 mm against A.flavus and 13-38 

mm against A.parasiticus. These values were found to be higher than DIZs valuse observed 

for methanolic palnt extracts that were ranged 10-32 mm against A. flavus and 10-34 mm 

against A. parasiticus. Significant differences (P <0.05) were found between antifungal 

effects of methanolic and ethanolic plant extracts against tested fungi and also among 

different plant extracts with in the same solvent.  

 The results indicated that among the 18 studied plant materials extraced with two 

different solvents, ethanolic extract of pomegranate peels and neem leaves exhibited the 

highest antifungal effect against both tested fungi with maximum zone of inhibition 38 and 

36 mm for A. paracitus and 37 and 34 mm for A. flavus respectively, however, the least 

effect was observed by ethanolic extract of sugarcane baggasse with minimum DIZ value 

of 11 mm against A. flavus and 13 mm against A.parasiticus. While among the methanolic 

plant extracts citrus leaves showed highest antifungal effect with maximum inhibiton zone 

of 35 mm for A. parasiticus and least was measured by sugarcane baggase with minimum 

inhibition zone of 10 mm against both tested fungal strains. Whereas moderate inhibitory 

effect was observed against aflatoxigenic strains A. flavus and A. parasiticus by neem seed, 

neem bark, kiker bark, mango peel, jaman leaves, with DIZ values 23, 24, 27, 25 and 20 

mm, and 25, 26, 29, 27 and 23 mm, respectively. 

 The highest antifungal effect of pomegranate peels, neem leaves and citrus leaves 

against A. flavus (37, 34, and 31 mm) and A. parasiticus (38, 36, and 35, mm) were found 

to be considerably higher than those reported for Holarrhena antidysenteria bark (11mm  
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Table 4.2. Antifungal activity DIZ (mm) of plant extracts against two Aspergillus species 

Sr 

no 

Plant used A. flavus X A. parasiticusY 

Methanol Ethanol Methanol Ethanol 

1 Neem leaves  29.00±0.63a
d 34.00±0.62c

d 32.00±0.61b
d 36.00±0.78d

d

2 Neem seeds 21.00±0.39a
b 23.00±0.41b

b 22.00±0.43a
b 25.00±0.54d

b

3 Neem bark 24.00±0.42c
c 21.00±0.45a

b 23.00±0.47b
c 26.00±0.49d

c

4 Kiker seeds 22.00±0.30d
c 17.00±0.35a

a 21.00±0.40d
b 18.00±0.37a

a

5 Kikar bark 25.00±0.28a
c 27.00±0.57b

c 26.00±0.55ab
c 29.00±0.60d

c

6 Kikar leaves 26.00±0.56a
c 32.00±0.63d

d 25.00±0.49a
c 30.00±0.62c

c

7 Mango kernel 15.00±0.32a
a 17.00±0.36b

a 17.00±0.36b
b 20.00±0.40d

b

8 Mango bark 23.00±0.41d
c 18.00±0.34a

b 17.00±0.33a
b 19.00±0.42b

a

9 Mango peel 25.00±0.46bc
c 23.00±0.27a

b 27.00±0.54d
c 24.00±0.49ab

b

10 Jaman seed 20.00±0.45d
b 17.00±0.37b

a 15.00±0.25a
a 19.00±0.39d

a

11 Jaman bark 19.00±0.42b
b 23.00±0.49d

b 18.00±0.39a
b 21.00±0.43c

b

12 Jaman leaves 17.00±0.38a
b 20.00±0.39bc

b 19.00±0.41b
b 23.00±0.44d

b

13 Onion waste 15.00±0.32bc
a 18.00±0.35d

b 12.00±0.26a
a 16.00±0.34c

a

14 Garlic waste 12.00±0.20b
a 14.00±0.31d

a 11.00±0.27a
a 14.00±0.29d

a

15 Pom.peel 32.00±0.59a
d 37.00±0.71d

d 34.00±0.71b
d 38.00±0.79d

d

16 Citrus peel 26.00±0.48a
c 29.00±0.60c

c 27.00±0.59a
c 30.00±0.62d

c

17 Citrus leave 31.00±0.59b
d 28.oo±0.54a

c 35.00±0.73d
d 33.00±0.69c

d

18 Baggase   10.00±0.23a
a 11.00±0.25b

a 10.00±0.21a
a 13.00±0.29d

a
  

 
Values are mean ± SD of each samples analysed individually in triplicate (P <0.05). Superscript 
a,b,c and d shows significant effect of plants treatment. Subscript a,b,c and d shows significant 
effect of solvet. X and Y shows diffrence between fungus. 
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and 16 mm) and syzygium jambolamum seeds (12 mm and 11mm) against A. flavus and A. 

niger (Chandrasekaran and Vekatesalu, 2004; Parekh and Chanda 2008) but was in fair 

agrrement with alcoholic extract of neem leaves at concentration of 0.5% (42.10 mm) 

against Aspergillus and garlic bulb (42 mm) and Chinese leek (37.8 mm) against A. niger  

(Yin and Tsao, 1999; Mondali et al., 2009). The antifungal activity of citrus peels, mango 

peel, neem seed, neem leave, kiker leaves, and neem bark against A. flavus and A. 

parasiticus as determined in present analysis was also found to be higher as compared to 

those measured for onion bulb (17.3), scallion (12.6) against A.niger and (14 mm) against 

A.flavus and singara rind 15 mm against A. flavus but were found in close agreement with 

those of pomegranate rind (23 mm) bakeri garlic (22 mm) (Yin and Tsao, 1999;Daham et 

al., 2010).  

 On the basis of antifungal activity measured by Disc diffusion method various 

medicinal plants and agro industrial extracts were further evaluated to determine their MIC 

value. The MICs were determined as the lowest concentration of extracts that completely 

inhibits the growth of fungal spores as shown in Table 4.3. The various crude extracts of 

neem and pomegranate showed good antifungal activity against both tested fungi as 

revealed by minimum inhibitory concentration (MIC). Plant extracts showed a wide range 

of MICs against both tested fungi. The MICs for A. flavus ranged from 135 μg/ mL to 1396 

μg/ mL and for A. parasiticus 99 μg/ mL to 1407 μg/ mL. The lowest MIC value of 99 μg/ 

mL was observed by citrus leaves against A. parasiticus whereas the highest value of MIC 

1407 μg/ mL was observed for garlic waste against the same fungi. From the present 

analysis it was found that inverse relation exist between antifungal activity and MIC. 

Statistical analysis showed that a significant variation (P <0.05) was found among the MIC 

values of investigated plants against tested fingi.  

 There is no validated criterion for MIC end points in vitro testing of plant extracts 

but according to Aligiannis et al. (2001) on the basis of MIC values plant can be classified 

as: strong inhibitors with MIC upto 500 μg/mL; moderate inhibitors with MIC between 600 

to 1500 μg/ mL and weak inhibitors would be with MIC above 1600μg/ mL. Based on 

above criteria citrus leaves, neem leaves, kiker leaves, neem seeds, kiker bark, citrus peels  
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Table 4.3. The minimal inhibitory concentration (ug/mL) of methanol and ethanol extracts 

against Aspergillus flavus and Aspergillus parasiticus. 

Sr 

no 

Plant used Aspergillus flavu X Aspergillus parasiticus Y  

Methanol Ethanol Methanol Ethanol 

1 Neem leaves  381±7.12d
a 140±4.76a

a 181±4.13a
a 122±2.34a

a

2 Neem seeds 520±11.2c
b 480±9.95b

b 595±11.7d
b 420±9.25a

b

3 Neem bark 452±8.65c
a 510±11.2d

b 490±9.65d
b 387±7.45a

a

4 Kiker seeds 517±11.3a
b 891±17.3d

c 550±11.3a
b 745±15.4c

c

5 Kikar bark 407±8.34d
a 325±7.12b

a 371±7.54c
a 265±6.11a

a

6 Kikar leaves 395±7.11b
a 195±4.09a

a 399±6.75d
a 306±7.32c

a

7 Mango kernel 953±18.9d
c 868±17.6d

c 835±17.4d
c 465±9.67a

b

8 Mango bark 565±11.3a
b 763±14.8d

c 819±17.5d
c 676±13.3b

c

9 Mango peel 415±9.98c
a 480±8.11d

b 325±7.23a
a 452±9.01c

b

10 Jaman seed 465±9.11a
a 868±9.01d

c 965±19.6d
c 653±13.6b

b

11 Jaman bark 665±13.2c
b 451±8.43a

b 802±16.4d
c 509±11.4a

b

12 Jaman leaves 835±17.4d
c 706±15.4c

b 626±13.2c
b 409±9.76a

b

13 Onion waste 953±19.7b
c 759±16.6a

c 1295±25.4d
d 981±19.8b

d

14 Garlic waste 1340±27.5c
d 1190±24.4a

d 1407±29.7d
d 1235±25.6a

d

15 Pomegranate peel 185±3.74d
a 135±3.75b

a 149±4.78c
a 107±2.76a

a

16 Citrus peel 387±7.32d
a 342±7.21c

a 310±7.56c
a 216±5.43a

a

17 Citrus leaves 290±5.91b
a 721±14.7d

b 99±19.80a
a 160±4.78a

a

18 Baggase 1396±27.7d
d 1326±28.6c

d 1371±26.5d
d 1209±25.4a

d

Values are mean ± SD of each samples analysed individually in triplicate (P <0.05). Superscript 
a,b,c and d shows significant effect of plants treatment. Subscript a,b,c and d shows significant 
effect of solvet. X and Y shows diffrence between fungus 
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pomegranate peels showed strong activity against both the tested fungi. The values of MIC 

represented by neem leaves, pomegranate peels and citrus leaves in present investigation 

were 181, 149 and 216 μg/ mL against A. parasiticus and 140, 15 and 290 μg/ mL for A. 

flavus respectively, were found to be comparable with the MICs of aqueous extracts of 

Syzygium jambolanum seeds (250 μg/ mL) against A. flavus (Chandrasekaran and 

Vekatesalu, 2003) but were found to be lower than the investigation of Hamza et al. (2006) 

who reported the MIC of Acacia nilotica (kiker) 1000 μg/ mL against Candida krusei  and 

4000 μg/ mL against Cryptococcus neoformans, respectively. The present trends of 

inhibition agaisnt the both tested fungal strains showed that every plant extract has 

different inhibitory effect on the growth for both Aspergillus species suggesting the 

presence of different amounts of active antifungal compounds in plant extracts which may 

be due to solvent effect and other possibility may be that antifungal compounds or 

antifungal mode are not identical for same Aspergillus species. It is earlier reported that 

tannins and phenolic composition of plant attributes towards appreciable antioxidant and 

antimicrobial activity against bacteria and fungi (Banso and Adeyemo, 2007; Ozcan and 

Juhaimi, 2010). 

4.3. Characterization and quantification of antifungal constituents 

(phenolic acids) by GC-MS. 

 Agro-industrial wastes are rich source of many important bioactive compounds, so 

their potential use in food industry as antioxidant and antimicrobial agents may provide a 

natural alternate of synthetic preservatives. However, it may also solve the environmental 

problem of disposal of wastes and by-products (Martin et al., 2012). Recent research reports 

reveal that phytophenols are the most abundant chief secondary metabolites which are found 

in plants with more than 8,000 structures. They may be of simple structures like phenolic 

acids and complex compounds like tannins (Dai and Mumper, 2010). Wide range spectrums 

of biological activities like antioxidant, antimicrobial, antiallergenic, antinflamatory, 

antithrombotic, antiorthrogenic have been accredited to phenolic compounds (Ajila et al., 

2010).  

Many reports revealed biological activities of phenolic acids such as, gallic acid has 

been responsible for its antibacterial, antiviral and antifungal attributes (Sharma et al., 2009), 

caffeic acid with antifungal, antibacterial and anti-inflammatory, cinamic acid with 
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antifungal and antihelmintic, ferulic acid with antifungal and anti-inflammatory, salicylic 

acid with anti-inflammatory and antipyretic, may also be externally used for skin problems as 

antifungal and antiseptic (Shalini and Rachana, 2009). 

Many studies revealed the inhibitory potential of phenolics on fungal growth and 

aflatoxins synthesis (Hua et al., 1999; Kim et al., 2006; Razzaghi-Abyaneh et al., 2008). 

According to Hua et al. (1999) plant phenolics i.e. syringaldehyde, acetosyringone and 

sinapic acid have efficiently arrested the biosynthesis of AFB1. Kim et al. (2006) also 

demonstrated that phenolics such as vanillyl acetone, salicylic acid, vanillin, thymol, and 

cinnamic acid may cause inhibition of A. flavus growth by defense system of targeting the 

mitochondrial oxidative stress. In plants mostly phenolic acids exist in bound, soluble and 

insoluble form but very rarely free forms of phenolic acids are also found. Bound form like 

in acetal, ester and ether form and some may be bounded either to smaller or longer organic 

molecules like  maleic acid, glucose or to structural compounds of plants such as dietary 

fiber, protein or to other natural products like terpenes (Robbins, 2003; Nardini et al., 2004). 

Saponification and acid hydrolysis are most widely used methods to release bound phenolics 

into free form. However, to break ester bond esterases may also used but not as common as 

the above mentioned two methods (Zuo et al., 2002a).  

Recently, many techniques have been developed for the separation and identification 

of active phenolic compounds such as: High Performance Liquid Chromatography (HPLC), 

Capillary Electrophoresis (CE) and Gas Liquid Chromatography (GLC) (Zuo et al., 2002b). 

For HPLC and CE; derivitization of sample is not required for qualitative and quantitative 

analysis of phenolic compounds. So, they are gaining much attraction and widely used 

techniques for analysis of plant phenolics. But often they don’t show satisfactory results and 

the UV-visible spectrum does not provide satisfactory evidence for the identification of 

unambiguous compounds. Therefore, Gas Chromatography coupled with Mass Spectrometry 

(GC-MS) can be a good alternate technique in this field as it may successfully provide 

sufficient information for structures analysis (Chen and Zuo, 2007). However, a limited 

number of agro-wastes have been investigated for their phenolic profile. Therefore, in the 

present research project characterization of active phenolic acids that can act as antifungal, 

antioxidant, anti-inflammatory and antibacterial agents was established by Gas 

Chromatography coupled with Mass Spectrometry (GC-MS).  
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4.3.1. Phenolic acid profile 

The phenolic acids profiles of 11 selected plant material determined using GC-MS are 

presented in table 4.4. Many authors have been studied and reported the inhibitory effects of 

phenolic compounds against the development of food born fungi. In a study by Siranidou et 

al. (2002) on wheat, a cultivar which exhibit great resistance to fungal infection contained 

significant higher contents of free phenolic compounds (Samapundo et al., 2007).   

In our present analysis total of 8 acids like gallic acid, cinamic acid, benzoic acid, 

vanillic acid, protocacheuic acid, ferulic acid, caffeic acid, and p-coumaric acid were 

identified on the basis of availability of standard chemicals and spectral data. Significant 

variation (P<0.05) was found among concentration of phenolic acids detected in different 

tested plant extracts. Among the investigated phenolic acids, gallic acid was found as major 

phenolic acid in significant higher amount in almost all of the observed plant extracts 

followed by ferulic acid and caffeic acid whereas cinamic, vanllic and benzoic acids were 

found in small amount in few of samples. Gallic acid was detected in all of the tested plant 

extracts to varying concentrations ranging from 0.03 to 6.11 mg/g of dry matter whereas 

ferulic acid and caffeic acid were found at the concentration ranging from 0.12 to 5.16 and 

0.15 to 1.47 mg/g of dry matter respectively. Whereas, protocacheuic, vanallic and p-

coumaric acids were detected only in few of the extracts ranging from 0.02-0.56, 0.03-0.81 

and 0.01-0.43 mg/g of dry matter respectively. Cinnamic acid was found in citrus and 

pomegranate peels at concentration 0.11 and 0.21 mg/g of dry matter but benzoic acid was 

detected only in kikar leave at the level of 0.58 mg/g.  

Among different investigated plant materials pomegranate peels, citrus peels, citrus 

leaves, kikar leaves, kikar bark and neem bark were found as rich source of some of the 

phenolic acids. Among the peels of different fruits as investigated in present analysis, 

pomegranate peels were found to be the richest in gallic acid and p-coumaric acid at 

concentration of 6.11 and 0.43 mg/g following vanallic acid (0.26 mg/g), cinamic acid (0.21 

mg/g) and ferulic acids (0.12 mg/g). Elango et al. (2011) reported the presence of gallic and 

ellagic acid in pomegranate peel determined by GC-MS but they did not report the presence 

of other acids in their study that were detected in present work i.e., p-coumaric acids, 

vanallic, cinamic and ferulic acids. Citrus peels were also found to contain highest amount of 

gallic acid (2.25 mg/g) and caffeic acid (1.17 mg/g), followed by protocacheuic acid (0.14 
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mg/g) and small amount of p-coumaric acids (0.01 mg/g). Citrus leaves also contained all 

those acids that were detected in peels except cinamic acid but their concentration in leaves 

was found quite lower than peels. Mango peels were also found to contain appreciable 

amounts of gallic acid, protocacheuic acid, caffeic acid, p-coumaric and at levels of 1.89, 

0.26 0.17 and 0.04 mg/g respectively. Caffeic acid occurs in almost all plants and plays a key 

intermediate role in the biosynthesis of lignin. Recently, reports are available on the use of 

caffeic acid as marker for the explanation of antioxidant based inhibition of biosynthesis of 

aflatoxins. Caffeic acid effectively reduce aflatoxin production by A. flavus NRRL3357 up to 

>95% at the concentration of 12 mM in fat rich growth media without effecting fungal 

growth (Kim et al., 2008).     

Among the different analyzed parts of Acacia nilotica  (kikar) (leaf, bark and seeds) 

leaf were found to contain highest amount of phenolic acids; major acids were found as 

ferulic and gallic acid at concentration of 5.16 and 4.23 mg/g with an appreciable amount of  

benzoic and caffeic acid (0.58 and 0.29 mg/g) and a small amount protocacheuic acid (0.02 

mg/g) was also detected. Seeds were also found a rich source of gallic acid (4.38 mg/g), 

ferulic acid (3.10 mg/g) and caffeic acid (1.47 mg/g) while bark offered gallic acid as major 

phenolic acid investigated at the level of 3.27 mg/g followed by ferulic acid (1.24 mg/g), 

protocacheuic acid (0.06 mg/g) and vanillic acid (0.04 mg/g). 

The concentration of phenolic acids as identified in different parts of neem revealed 

that bark is principal source of gallic acid, ferulic acid, protocacheuic acid and caffeic acid at 

the concentration of 1.50, 0.69, 0.56, and 0.15 mg/g, respectively. Although all these acids 

except protocacheuic were also detected in leaves but their concentration was some lower  

than bark however in additin appreciable amounts of vanillic acid and p-coumaric acid (0.20 

and 0.13 mg/g) were also detected in leaves. Our findings were in close agreement with the 

previous report of Xuan et al. (2003) who also found all these acids by HPLC analysis of 

neem leaf.  
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Table 4.4. Contents of phenolic acids (mg/g of dry matter) of different agro wastes quantified by GC-MS 

Values are mean ± SD of three separate experiments 
Gal A   : Galllic acid  ;  Cinn A : Cinamic acid  
Ben A  : Bezoic acid   ; Van A  : Vanalic acid 
 

Fer A   : Ferulic acid  ; Caf A: Caffeic acid 
P-cou A: P-coumaric acid 
Proto A: Protocacheuic  Acid 
 

 
 Gal A     Cinn. A  Ben A Van A Proto  A       Fer A       Caf A P-cou A 

 Neem leave   0.56±0.03     ND ND  0.20±0.02      ND       0.60 ±0.84 
    0.25±0.030 

0.13±0.23  

 Neem bark   1.50± 0.31       ND ND  ND    0.56±.21      0.69 ±0.37       0.15±0.05 ND 

 Neem seed   0.03±0.06     ND ND  ND      ND      0.93±0.60       0.36±0.05 ND 

 Kikar leaves    4.23±0.10     ND 0.58±0.41 ND    0.02±0.05      5.16±0.63       0.29±0.63 ND 

 Kikar bark   3.27±0.52     ND ND  0.04±0.01    0.06±0.04      1.24±0.27         ND ND 

 Kikar seed   4.38±0.53     ND ND   ND    0.03±0.05      3.10±0.81              1.47±0.43 ND 

 Jaman bark   0.66±0.35     ND             ND 0.03±0.05     ND       ND        ND     0.02±0.07 

 Mango peel   1.89±0.40     ND ND ND    0.26±0.40       ND                     0.17±0.05      0.04±0.01 

 Citrus peels   2.25±0.75     0.11± ND ND    0.14±0.       ND       1.17±0.20      0.01±0.03  

Pomegranate  
peel  

  6.11±0.92    0.21±0.52 ND  0.26±0.53     ND      0.12±0.52          ND          

     0.43±0.61 

 Citrus leave     0.96±0.04     ND             ND                 0.81±0.55    0.03±0.07       ND       0.17±0.32      0.08±0.05 
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   Fig. 4.1 Typical GC-MS chromatogram showing the separation of phenolic acids of pomegranate peel 
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        Fig 4.2 Typical GC-MS chromatogram showing the separation of phenolic acids of citrus leaves 
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    Fig 4.3 Typical GC-MS chromatogram showing the separation of phenolic acids of  neem leaves 
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Jaman bark and neem seed were found to be the poorer source of phenolic acids with samll 

amounts of gallic acid, vanallic acid, ferulic and protocacheuic acid and caffeic acid. 

In neem seed ferulic acid, was found as major phenolic acid at concentration of 0.93 

mg/g following caffeic, and gallic acids at levels of 0.36, and 0.03 mg/g respectively where 

as in jaman bark gallic, vanilic and syringic acids were isolated at level of 0.66, 0.03 and 0.02 

mg/g, respectively. However, there are numerous differences among the phenolic acids 

profile found in the present work and those reported earlier. These differences may be 

accredited to the differences in plant habitat, methodology of sample preparation and analysis 

(Rzepa et al., 2011).   

4.4. Isolation and characterization of aflatoxigenic fungal strains 

 A total seven species of Aspergillus were isolated from nine samples i.e wheat (3), 

maize (3) and peanut grains (3). The characterization of Aspergillus species was based on 

growth, arrangement of conidial heads (columnar or radiated) and the colors of the colony as 

bright green or dark green to yellow (Otham and Al-Delamiy, 2012).  By observing the 

fluorescence of the media it was found that some isolate of Aspergillus was positive producer 

of aflatoxin while some were negative producer. Out of the two strains of Aspergillus 

parasiticus one was aflatoxigenic and out of three strains of Aspergillus flavus two were 

found toxic. On the other hand two isolated strains of Aspergillus nigar did not show the 

production of aflatoxins. The frequency of non toxigenic and toxigenic character of isolates 

and positive qualitative and quantitative tests is variable which may depend on the variation 

in environmental conditions, method and strain used (Otham and Al-Delamiy, 2012). 

4.5. Potential ability of test fungi to produce aflatoxins 

Biologically and economically A. parasiticus and A. flavus are the most important 

species of Aspegillus that are ubiquitous and can invade under favorable conditions of 

temperature and moisture on large number of food stuff like cereal grains, rye breads, wheat, 

rice, soybeans, oil seeds, etc. and produce toxic metabolites called aflatoxins (Fabbri et al., 

1983; Taraco et al., 2011). According to a reliable estimate (CAST, 2003) one third of the 

world’s food crops, including animal feed and cereal grains (wheat, maize and rice) effected 

by mycotoxins contamination.  

 In present research work different plant materials were investigated for their 

inhibitory effect against the production of aflatoxins in cereals. Two different aflatoxigenic 
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strains of Aspergillus i.e. A. flavus and A. parasiticus were used for their potential ability to 

produce aflatoxins at three different of cereals (maize, wheat and rice) stored at two different 

conditions of temperature and moisture. The production of aflatoxins in plant treated and 

control (untreated with plant sample) cereal samples was first confirmed by observing TLC 

plates under UV light 365 nm. The results showed the presence of B and G types of 

aflatoxins and by comparing the Rf values of tested samples with the standards four type of 

aflatoxins i.e. BI, B2, G1 and G2 were identified. The results showed that A.parasiticus was 

responsible for the production of four types of aflatoxins AFBI, AFB2, AFG1 and AFG2 while 

A. flavus produced only two types of aflatoxins AFBI and AFB2. Our findings were in fair 

agreement with the investigations of Sharma and Sharma, (2012) who also reported the 

production of four type of aflatoxins AFBI, AFB2, AFG1 and AFG2 by A. parasiticus and two  

types AFBI, AFB2 by A. flavus. 

The quantitative estimation of aflatoxins as performed by HPLC showed (Table 4.5 

and 4.6) that the order of accumulation of four types of aflatoxins content by A. parasiticus 

was in the sequence as AFBI > AFG1 > AFB2 > AFG2 while by A.flavus the accumulation of 

AFBI was significantly higher than AFB2. However sum of all aflatoxins content estimated 

for cereal samples incubated for 30 days at two different storage conditions of temperaturs 

and moistures (25oC and 18%, 30oC and 21%) revealed that the potential ability of A. flavus 

to produce total aflatoxins content (AFB1+ AFB2) was found to be higher than A. parasiticus 

(AFB1+ AFB2+ AFG1+AFG2). In present study, the accumulation of total aflatoxins contents 

(AFB1+ AFB2) by A. flavus in control samples during 30 days of incubation was 20.557, 

13.276 and 9.568 ng/g at rice, maize and wheat, respectively and by A. parasiticus was 

12.175, 8.269 and 6.344 ng/g, respectively, at 25oC temperature and 18% moisture level. 

However, at higher temperature (30oC) and moisture level (21%) the accumulation of total 

aflatoxins contents (AFB1+ AFB2) by A. flavus during 30 days of incubation at control 

samples was 35.599, 23.600 and 15.667 ng/g at rice, maize and wheat, respectively, and by 

A. parasiticus was 29.635, 19.064 and 12.804 ng/g, respectively. From results it was 

observed that a total aflatoxin content produced by A. flavus during first month was found to 

be higher than those produced by A. parasiticus under same conditions of temperature and 

moisture.  
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The results of quantitative estimation of aflatoxin contents showed that at both 

storage conditions i.e. 25oC temperature and 18% moisture level and 30oC temperature and 

21% moisture level A.flavus showed an increment mainly in the concentration of aflatoxin BI 

at all three cereals (maize rice and wheat) whereas, A. parasiticus showed main increment in 

the concentration of AFBI and AFG1. The data showed that total aflatoxin contents 

accumulated by A. flavus at rice, maize and wheat at 25oC temperature and 18% moisture 

level were mainly consisted of AFB1 with the concentration 16.251, 11.260 and 7.624 ng/g, 

respectively while AFB2 was in a small amount at the concentration 4.306, 2.016 and 1.944 

ng/g, respectively. Whereas in case of A. parasiticus the total aflatoxin content produced at 

rice, maize and wheat were mainly consists of AFB1 estimated at 8.163, 5.192 and 4.801 

ng/g, respectively and AFG1 2.981, 2.218 and 1.191 ng/g, respectively while AFB2 was 

detected in small amount. However AFG2 was not detected at these storage conditions. A 

similar behavior for each aflatoxins accumulation by A.flavus and A. parasiticus at maize rice 

and wheat was observed at 30oC temperature and 21% moisture level. However AFG2 was 

also detected at these conditions ranging from 0.114 to 0. 918 ng/g. Statistical analysis 

showed that the amount of alatoxin B1 produced by both tested toxigenic fungal strains (A. 

flavus and A. parasiticus) at three cereals (rice, maize and wheat) was found to be 

significantly p<0.05 higher than the amounts of other three types of aflatoxins (AFB2, AFG1 

and AFG2). A similar trend of aflatoxins accumulation by A. parasiticus was also observed 

by Bressler et. al. (1998) in amaranth grains, however, the quantities detected in present 

investigation were higher than those were found in amaranth grains under similar conditions 

of storage (Bressler et. al., 1998). The potential ability of A. flavus to produce high content of 

aflatoxin B1 was found to be significantly p<0.05 higher than A. parasiticus. Our 

investigation was in fair agreement with the Otham and Al-Delamiy (2012) who reported a 

higher production of aflatoxin B1 (450 ppb) on potato dextrose agar by A. flavus than A. 

parasiticus (400 ppb).  Samapundo et al. (2007) also observed a similar trend of aflatoxin B1 

accumulation by A. flavus and A. parasiticus who reported that 12.687 μg/g of aflatoxin B1 

was produced by A. flavus and 4.447 μg/g by A. parasiticus at corn in 20 days of incubation 

at 25oC. 
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Table 4.5. Potential ability of A. flavus and A. parsiticus to produce aflatoxins (ng/g) at three cereals (25°C 
temperature and  18% moisture level) 

Cereal 
samples 

 
A. flavus X 

 
A. parsiticus Y 

B1A B2B Total C B2A B1 B G1C G2D TotalE 

Rice 16.251c 

±0.536 
4.306 c ±0.146 20.557 c 

±0.719 
8.163 b 
±0.310 

1.031 c

±0.029 
2.981 b 
±0.119 

0.00 12.175 b

±0.401 
Maize 11.260 b 

±0.371 
2.016 b ±0.068 13.276 b 

±0.464 
5.192 a

 ±0.197 
0.859b

±0.0249 
2.218 b 
±0.088 

0.00 8.269 a  
±0.272 

Wheat 7.624a  

±0.251 
1.944a 

±0.066 
9.568 a 
±0.334 

4.801 a

 ±0.182 
0.352 a 
±0.010 

1.191 a 
±0.047 

0.00 6.344 a  
±0.209 

Values are mean ± SD of each samples analysed individually in triplicate (P <0.05). 
 X, Y, shows effect of fungal strain on aflatoxin amount. 
A,B,C,D and E shows significant difference among aflatoxins amount.  
a,b,c and d shows significant effect of cereals. 

 
  
Table 4.6. Potential ability of A. flavus and A. parsiticus to produce aflatoxins (ng/g) at three cereals 
 (30°C temperature and  21 % moisture level) 

 
Cereal 

samples 

 
A. flavus X 

 
A. parsiticus Y 

B1A B2B Total C B1A B2B G1C G2D Total E 

Rice 29.105 c 

±0.960 
6.494 c 

±0.220 
35.599 a 

±1.245 
19.124 c 

±0.726 
2.719 c 

±0.078 
6.877c 

±0.275 
0.918 c 

±0.030 
29.638 c

±1.007 
Maize 19.62 b 

±0.647 
3.98 b 

±0.135 
23.60 b 

±0.826 
12.173 b 

±0.462 
1.927 b 

±0.055 4.82 b ±0.192 
0.114 a 

±0.003 
19.064 b

±0.648 
Wheat 13.216 a 

±0.436 
2.451 a 

±0.083 
15.667 a 

±0.548 
8.192 a 

±0.311 
0.961 a 

±0.027 
3.00 a  

±0.12 
0.651b 

±0.021 
12.804 a

±0.435 
Values are mean ± SD of each samples analysed individually in triplicate (P <0.05).  
X, Y, shows effect of fungal strain on aflatoxin amount. 
A,B,C,D and E shows significant difference among aflatoxins amount.  
a,b,c and d shows significant effect of cereals. 
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4.6. Effect of substrate (rice, maize and wheat) on the production of 
aflatoxins  
As cereals are rich and very susceptible substrates for the production of aflatoxins (Reddy et 

al., 2009). The estimation of aflatoxins contents produced by A. flavus and A. parasiticus at 

of three different cereals i.e. maize, wheat and rice used as a substrate revealed that rice was 

found to be most vulnerable substrate for the production of aflatoxins followed by maize and 

wheat (Table 4.7). Both fungal strains A. flavus and A. parasiticus produced highest amount 

of total aflatoxins contents at rice at level 265.092 ng/g (AFB1+AFB2) and 265.333 ng/g 

(AFB1+AFB2+AFG1+AFG2) at 30oC temperature and 21% moisture level. However, at 25oC 

temperatures and 18% moisture level the aflatoxins amount was 143.451 ng/g (AFB1+AFB2) 

and 97.183 ng/g (AFB1+AFB2+AFG1+AFG2). Whereas, at maize maximum production of 

total aflatoxin contents by A. flavus and A. parasiticus was 223.908 ng/g (AFB1+AFB2) and 

223.969 ng/g (AFB1+AFB2+AFG1+AFG2) at 30oC temperature and 21% moisture level and 

134.068 ng/g (AFB1+AFB2) and 86.689 ng/g (AFB1+AFB2+AFG1+AFG2) at 25oC 

temperature and 18% moisture level. However, in wheat the lowest amount of total aflatoxins 

contents accumulated by A.flavus and A. parasiticus at both storage conditions i.e. 148.263 

ng/g (AFB1+AFB2) and 143.811 ng/g (AFB1+AFB2+AFG1+AFG2) at 30oC temperature and 

21% moisture level and 70.585 ng/g (AFB1+AFB2) and 46.996 ng/g 

(AFB1+AFB2+AFG1+AFG2) at 25oC temperature and 18% moisture level. Statistical analysis 

showed that there was a non significant difference ( P<0.05) in aflatoxin amounts produced 

at rice, maize and wheat control samples by A. flavus and A. parasiticus at both storage 

conditions (30oC temperature and 21% moisture and 25oC temperature and 18% moisture) . 

According to our study the highest rate of production and increment in total aflatoxins 

contents by A.flavus 65.092 ng/g (AFB1+AFB2) and by A.parasiticus 265.333 ng/g 

(AFB1+AFB2+AFG1+AFG2) was achieved at rice (30oC temperature and 21% moisture 

level), and lowest was obtained in wheat 148.263 ng/g (AFB1+AFB2) by A.flavus and 

143.811 ng/g (AFB1+AFB2+AFG1+AFG2) by A.parasiticus (30oC temperature and 21% 

moisture level). 
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Table 4.7. Maximum production of total aflatoxins contents ng/g by A. flavus and A. parsiticus in 
control samples at three cereals and at both storage conditions of temperature and moisture 
 

Values are mean ± SD of three separate experiments.  
X, Y, shows effect of fungal strain on aflatoxin amount. 
A and B shows effect of temperature and moisture on aflatoxin amount.   
a,b and c shows significant effect of cereals. 
 

 

Our findings showed that among three used cereals (rice, maize and wheat) highest 

production of aflatoxin B1 contents in rice by A. flavus and A. parasiticus (220.573 ng/g and 

178.132) at 30oC temperature and 21% moisture level) was in fair agreement with the 

findings of Otham and Al-Delamiy (2012) who also investigated the production of aflatoxin 

B1 by A. flavus at different cereal grains and oil seeds and reported highest production of 

aflatoxin B1 (760 ng/g) in rice but in contradiction to our findings as least was detected in 

wheat he found least in corn (500 ng/g at 28 oC temperature and 40% moisture in 10 ten day 

of incubation period). However the quantities detected in our study were quite lower than 

those found by Otham and Al-Delamiy (2012). But according to Mabrouk and Al-shayeb, 

(1981) maximum amount of aflatoxin B1 was produced by A. flavus and A. parasiticus at rice 

and corn steep and ranged from 1.17 to 23.29 times greater than those produced at YES 

medium. Our finding that least production of aflatoxin contents in wheat was in close 

agreement with the report of Bakan et al. (2003) who investigated the effect of natural 

substrates upon the production of thrichothecenes by Fusarium graminearum in whole 

grains, corn, degerminated grain and germen wheat. They found a very lower or undetectable 

amount of mycotoxins in germen wheat due to the presence of high amount of antifungal 

substances like p-coumaric and ferulic acids. However, according to Bresler et al. (1998) 

Cereal samples A. flavus X A. parsiticus Y 

Storage 
conditions 

temp &moist 
level 

25°C , 18%A 30°C , 21% B 25°C , 18% A 30°C , 21% B 

Rice 143.451 b ±4.877 265.092 b ±9.278 97.183 b±3.692 265.333 b ±7.694

Maize 134.068 b±4.558 223.908 b ±7.836 86.689 b±3.294 223.969 b ±6.495

Wheat 70.585a±2.399 148.263 a ±5.189 46.996 a ±1.785 143.811 a ±4.170
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corn, peanuts and cotton seeds are more susceptible substrate for aflatoxin contamination 

than barley, sorghum, wheat, oat, rice and rye. The frequency of variation in positive 

qualitative tests presence or absence of aflatoxin and quantity produced and between 

toxigenic and non toxigenic isolated may depend on several factors like strain variation, 

method of analysis and environmental conditions (Otham and Al-Delamiy, 2012). Difference 

in aflatoxins yield at different cereals by same fungal species might be attributed to variation 

in amount of antifungal substances present in various types of food commodities like nuts 

and cereals (Saleemullah et al., 2005). It is well known that germination and growth of 

fungal spores and mycelia may be effected by the type of starchy food and the availability of 

balanced soluble nutrients i.e. the protein and starch mixtures. The growth and development 

of food born fungi may occur most rapidly in carbohydrate rich media (Abdullaha et al., 

2000). Chemical profile of substrate also plays a major role in growth and proliferation of 

fungi and thus effect aflatoxin production hence the fungal isolates of a spices at a same level 

of moisture and pH may vary depending on chemical profile of substrate (Singh et al., 2008) 

4.7. Effect of temperature, moisture and incubation time/storage on 

aflatoxin production  

Environmental factors like substrate, water activity, temperature, and PH tightly 

regulate the biosynthesis of mycotoxins (Hope et al., 2005). Moisture may influence 

germination, growth and development of fungi as well as production of mycotoxins in 

nutrient rich substrate (Bouras et al., 2009). Very low temperature less than 18 oC or high 

greater than 35 oC are not favorable for synthesis of aflatoxins by Aspergillus species in 

cereals, whereas 25-35 oC is the optimum conditions for growth and production of aflatoxins 

by A. flavus on corn (Sweets and Wrather, 2009). A. parasiticus and A. flavus may grow and 

invade at many food commodities when the temperature falls between 24 to 35oC and with 

moisture level greater than 7% (Willam et al., 2004). However, the effect of conditions is 

more restrictive for synthesis of mycotoxins than for the growth of fungi and can differ for 

different fungi producing the same mycotoxin and different mycotoxins synthesized by the 

same species (Frisvad and Samson, 1991; Gqaleni et al., 1997).   

In present study effect of temperature and moisture was also investigated on the 

synthesis of aflatoxins by A. flavus and A. parasicus at three cereal grains (maize, rice and 

wheat) incubated/stored for 9 months with different plant treatments. Fig 4.1 and 4.2. The 
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interaction between temperature and moisture level is a most critical factor that significantly 

affect fungal growth, metabolic activities of the fungi and accumulation of mycotoxins 

(Gqaleni et al., 1997). The quantitative estimation of aflatoxins in control cereal samples 

stored at two different conditions of temperature and moisture (25oC, 18% moisture and 30oC 

and 21% moisture) revealed that the amounts of total aflatoxins contents produced in all the 

cereal grains (rice, maize and wheat) stored at high temperature and moisture level (30 oC 

and 21%) was substantially higher than those samples stored at low temperature and moisture 

level (25oC and 18%). At low temperature and moisture level (25oC and 18%) the 

accumulation of total aflatoxin contents during one month of incubation by A. flavus and A. 

parasiticus was obtained 20.557 ng/g and 12.175 ng/g at rice, 13.276 and 8.269 ng/g in 

maize and 9.568 and 6.344 ng/g in wheat. Whereas, at high temperature and moisture level 

(30oC and 21%) the increase in total aflatoxins contents was found 35.599 ng/g and 29.638 

ng/g at rice, 23.60 and 19.064 ng/g in maize and 15.667 and 12.804 in wheat. Howeve,r the 

total aflatoxin contents reached at maximum level, i.e. 265.092 and 265.333 ng/g in rice and 

223.908 and 223.969 ng/g in maize up to four 4th month of incubation while in wheat 

maximum increase i.e. 148.263 and 143.811 ng/g was obtained in 5th month. However, at 

lower temperature and moisture level (25oC and 18%) aflatoxin content reached to maximum 

level in the 5th month of incubation for all the three cereals. Statistical analysis showed that 

there was a significant difference between the maximum levels of total aflatoxins contents 

accumulated. The maximum level of total aflatoxins accumulated at 25oC and 18% moisture 

level by A. parasiticus 97.183 ng/g in rice, 86.689 ng/g in maize and 70.585 ng/g in wheat in 

four month was found to be compareable to those detected in amaranath grain  (81.20 ng/g) 

at same temperature (25 25oC)  and moisture level (aw 0.825) by  A. parasiticus in 42 days 

(Bressler et al., 1998). Several factors can be resonsible for such differences in aflatoxin 

amounts like type of fungal strains used and composition of substrate which play a very 

important role as water activity (aw) regarding the production of aflatoxins (Bressler et al., 

1998). According to our investigation lowest accumulation of total aflatoxins in wheat 

(148.263 and 143.811 ng/g) by A. flavus and A. parasiticus was found to be in aggrement 

with the earlier study of Siranidou et al. (2002) on wheat who reported that the cutivars rich 

in free phenolic compounds would exhibit greatest resistance to fungal infection and thus 

toxins production. 
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The results of aflatoxins measurement indicated that among the four types of 

aflatoxins (AFB1, AFB2, AFG1 and AFG2) the rate of increment in AFB1 contents at high 

temperature and moisture level was found to be significantly higher than at ow temperature 

and moisture level. At high temperature and moisture level the maximum increase of AFB1 

contents by A. flavus was obtained up to a level of 220.573 ng/g at rice, 186.217 ng/g at 

maize and 123.237 ng/g in wheat while by A. parasiticus the increase in aflatoxin B1 contents 

was found 178.132 ng/g in rice, 159.701 ng/g in maize and 98.652 ng/g in wheat.  

According to results a continuous increase in aflatoxin B1 and B2 contents by both 

tested fungi was found from 1st to 4th month in rice and maize and up to 5th month in wheat 

and after reaching to maximum level a slight decrease in aflatoxin B1 and B2 contents was 

observed following a rapid decline at both storage conditions while aflatoxin G1 and G2 

contents increase continuously upto the 7th month (66.173 and 14.569 ng/g, ) in rice and 

wheat (31.719 and 7.426 ng/g) and 6th month (45.513 and 13.650 ng/g) in maize at 30oC and 

21% moisture level and then a small decrease was observed up to 9th month.  

 

 

  Fig.4.4. Effect of temperature, moisture and incubation time on total aflatoxins      

                      production in cereals by A. flavus. 

0

50

100

150

200

250

300

1 2 3 4 5 7 9

To
ta

l a
fla

to
xi

n 
(n

g/
g)

   
 

incubation time (days)

rice(25 T & 18%M)

rice (30 T, 21% M)"

maize (30 T & 21% M)

maize (25 T & 18%M)

wheat (30 T & 21%M)

wheat (25 T & 18% M)



70 
 

 

Results showed that at low temperature and moisture level aflatoxin G2 was not 

produced during 1st month of incubation in any type of cereal sample but during 2nd month a 

detectable amount was produced and increased up to 7th month of storage. Statistical analysis 

showed that the temperature and moisture significanltly effect the rate of production of 

aflatoxin B1 and B2 by A. flavus and B1, B2, G1, G2 by A. parasiticus at three cereals (rice, 

maize and wheat). Similar effect of moisture was observed by Bresler et al. (1998) he also 

found delay production of both aflatoxins B2 and G2 in amarnath grains but in contradiction to 

his findings in our study this effect was not much evident for accumulation of aflatoxins B2. 

This may be due to the metabolic conevertion of aflatoxin B1 and G1 into B2 and G2 during 

biosythetic pathway (Bresler et al., 1998) 

 The quantitative estimation of aflatoxins contents revealed that main increase in total 

aflatoxin amounts was due to the substanialy high production of AFB1 while very small due 

to AFG2. The minimum levels of total aflatoxin contents eastimated in cotrol samples after 

9th month of storage were 108.572 and 125.940 ng/g in rice, 76.279 and 59.100 ng/g in maize 

and 39.528 and 54.626 ng/g in wheat by A. flavus and A. parasiticus at 30oC and 21% 

moisture level while at 25 oC and 18% moisture level minimum levels of total aflatoxin 

contents accumulated were 78.538 and 54.211 ng/g in rice, 50.854 and 41.824 ng/g in maize 

and 34.501 and 22.237 ng/g at wheat after 9 months of storage. 

From results it was found that minimum levels of total aflatoxins accumulation by A. 

flavus and A. parasiticus after 9th month of incubation period at three cereals were still higher 

than the amount of total aflatoxins produced during first month of incubation. This decline in 

aflatoxins amounts after reaching a maximum value may be due to degradation of aflatoxins 

because as the fungal mycelia gets matured an intramycelial substances are released from 

mycelia which may cause to degrade aflatoxins (Krishnamurthy and Shashikala, 2006). A 

similar trend of aflatoxins accumulation and degradation was also observed by Bresler et al 

(1998) stored amarnath grains innoculated with A.parasiticus at 25 oC for 56 days ( 

approximately 2 months). In agreement to our studies Lin et al., (1980) also studied the effect 

of temperature and incubation duration on the production of toxins in sterilized corn grains. 
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                     Fig.4.5. Effect of temperature, moisture and incubation time on total aflatoxins  
                                 production in cereals by A. parasiticus. 
 

 

 

They concluded that maximum concentration was found in longer time stored grains 

at the temperature of 25°C. According to Abdullaha et al. (2000) a small error of 1.1% in 

moisture content for rice 1.3% for glutinous rice could be disastrous. Ordinary rice and 

glutinous rice at 14.1% and 14.2% (0.75 aw) may contaminate in about 20 days but at low 

moisture level 13.0% and 12.9% (0.65 aw) it would be safe for about 2 months. 

The rate of production of aflatoxins by toxigenic fungi also depends on the 

combination of temperature, light intensity, humidity level, nature of substrate, and absence 

or presence of other microorganism (Rao et al., 1997).  
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4.8. Inhibitory effect of plant materials on aflatoxin synthesis at cereals 

(maize, wheat and rice) under different storage conditions 

Aflatoxins have been considered as the most dangerous contaminants of food and 

feed commodities. Many countries have worked out the maximum limits of aflatoxins 

according to different consumers and commodities. For example, the maximum level of 

AFB1 cannot be more than 5.0 μg/g in maize used as an ingredient in feedstuffs in European 

countries. It is very important and necessary to take measures for reducing AFB1 production 

and aflatoxin contaminated feed stuffs (Zou et al., 2012). Due to the adverse effects of 

synthetic pesticides/fungicides on human health and environment, there is a need to search 

for some new nature based fungicides with better performance as well as eco-friendly in 

nature (Mohanlall and Odhav, 2006). Approximately 300 plant species have been 

investigated for their inhibitory effect against the development of Aspergillus species and the 

production of aflatoxins and nearly 100 of them have been found to have some reducing 

effect on both growth and production of aflatoxins by these fungi (Krishnamurthy and 

Shashikala, 2006).   

In present research work 5 different plant materials from five different families (neem 

leaves, kikar leaves, citrus peels, pomegranate peels, and citrus leaves) at three different 

concentrations (5, 10, and 20%) were applied at three different cereals to investigate their 

inhibitory effect on the production of aflatoxins (B1 and B2) by A. flavus and (B1, B2, G1 and 

G2) by A. parasiticus. The inhibitory effect of investigated plants was estimated by 

comparing aflatoxins contents in control with treated samples. Generally the production of 

aflatoxin in all treated samples decreased as compare to control during 9 months of storage. 

Among the three different applied plant concentrations (5, 10, and 20%), 20% was found to 

be most effective to inhibit aflatoxins synthesis at all tested cereals while 5% was least 

effective. All plant treatments at 20 % concentration effectively inhibit the synthesis of all 

types of aflatoxins in wheat, rice and maize by both tested fungi where as at 5 and 10% 

concentration. None of the plant fully inhibit aflatoxins B1 synthesis at all cereal grains but 

inhibited B2, G1 and G2 synthesis completely. In general a linear upward relationship was 

observed between the applied concentration of plant and inhibitory effect against aflatoxins 

production. A significant increase in inhibitory effect of plant was observed by increasing the 

concentration of plants. Our findings were confirmed by Sharma and Sharma (2012) who 
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also reported that by increasing the concentration of extracts in stored maize there was a 

rapid decrease in aflatoxin amount. A significant diffrenec (P<0.05) was observed in 

afaltoxins amounts produced in control and treated cereal samples by A. parasiticus and A. 

flavus. 

 Genrally the order of inhibitory potential of investigated plants (20%concentration) 

against aflatoxins synthesis by both tested fungi was as neem leaves > pomegranate peels > 

citrus leaves > citrus peel > kikar leaves. 

4.8.1. Inhibitory effect of plant materials on aflatoxin synthesis in rice 

 
From results it was found that among the three cereals highest amount of aflatoxins 

was produced at rice at both conditions of temperature and moisture (25oC, 18% and 30oC, 

21%) by both tested fungi. The results of inhibitory effect of different plant at different 

concentration (Table 4.8-4.21) showed that pomegranate peels and neem leaves (20%) were 

found to be most effective and they fully inhibit (100%) aflatoxin B1 synthesis by A. flavus 

for 3 month and by A. parasiticus for 4 months at 25oC temperature and 18% moisture level. 

Pomegranate peels and neem leaves (20%) also fully inhibit B2, G1 and G2 synthesis by A. 

parasiticus for 5 month at 25oC temperature and 18% moisture level. Whereas, at high 

temperature and moisture level (30oC and 21%) they did not show complete inhibition of 

aflatoxin B1 synthesis by both tested fungi but fully inhibit the synthesis of B2, G1 and G2 

production by A. parasiticus for 3 months. At high temperature and moisture level (30oC and 

21%) pomegranate peels were found not much effective to inhibit aflatoxin B2 synthesis by 

A. flavus and show complete inhibition only for one month whereas neem leave totally 

inhibit for 3 months. Citrus leave (20%) also showed good inhibitory potential at low 

temperature (25oC) and moisture (18%) condition and fully inhibited aflatoxin B1 synthesis 

by A. parasiticus for 3 month and for 2 month by A. flavus but at high temperature (30 oC) 

and moisture (21 %) condition citrus leave fail to fully inhibit the production of aflatoxin B1, 

B2, and G1 by both tested fungi but only inhibit G1 synthesis for one month.  

The results of aflatoxins estimation during 9 month of storage revealed that the 

inhibitory effects of plants decreased with increase in incubation period up to 9 months. The 

remarkable inhibitory effect of neem leaves and pomegranate peels at 20% concentration 

against aflatoxin B1 synthesis by A. flaus and A. parasiticus was ranged from 55-89% and 

64-96% and 54-89% and 63-90% during nine month of storage at high temperature (30oC) 
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and moisture (21%) conditions. Under same conditions the moderate inhibitory effect of 

citrus leaves, citrus peels at 20%, was ranged from 42- 72% and 47-74%, 38-75% and 43-

70%. While minimum inhibitory effect was exhibited kikar leaves at 20% ranged from 38- 

72% and 40-85% under same condition of temperature. 

Whereas at low temperature (25oC) and moisture (18%) conditions inhibitory effect 

of neem leave, pomegranate peel, citrus leave at 20% concentration against aflatoxin B1 

synthesis by A. flaus and A. parasiticus during nine month storage was ranged from 76-100% 

and 81-100%, 78-100% and 72-100%  and 70-100% and 73-100%, respectively. While the 

inhibitory effect of citrus leaves at 20% was found to be ranged from 70-100% and 73-100% 

for aflatoxin B1 synthesis by A. flaus and A. parasiticus followed by kikar leaves 55-81% 

and 60-81%, respectively. 

Statistical analysis showed that a significant diffrenece was observed in nhibitory 

potential of plants against aflatoxins synthesis at low temperature (25oC) and moisture (18%) 

conditions and at high temperature (25oC) and moisture (18%) conditions. A variation in 

fungitoxicity potential of the plant against the toxigenic A. flavus strain may be due to 

substantial variation in their phyto constituents (Cavaleiro et al., 2006). A similar study was 

conducted by Awuah (1996) who reported that ocimum leaf powder successfully reduce 

fungal development and aflatoxin production on soybean for 9 month of storage. According 

to our study Thanaboripat (2011) also reported that compound at early stage show strong 

potential to inhibit aflatoxin synthesis but after prolonged incubation they become almost 

ineffective. 
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Table 4.8 Effect of plants on production of aflatoxin (ng/g) in rice by A flavus and A. parasiticus at 1st month of storage (25°C temperature and 18% moisture 
level) 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B G1C G2D

Control                  
 16.25±0.54d 4.31±0.15d 8.16±0.29d 1.03±0.04d 2.98±0.09d 0±0.00

Neem leaves  
5 3.09±0.10a(81) 0.90±0.03a(79) 1.71±0.06a(79) 0.09±0.00a(91) 0.27±0.01a(91) 0±0(100) 

10 1.79±0.06a(89) 0±0 (100) 0.98±0.03a(88) 0±0(100) 0±0(100) 0±0(100)

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100)

Kikar leaves  
5 5.20±0.17b(68) 0.65±0.02a(85) 2.45±0.09b(70) 0.12±0.00a(88) 0.30±0.01a(90) 0±0(100)

10 4.55±0.15b(72) 0.17±0.01a(96) 2.04±0.07a(75) 0.04±0.00a(96) 0.12±0.00a(96) 0±0(100)

20 3.09±0.10a(81) 0±0(100) 1.55±0.05a(81) 0±0(100) 0±0(100) 0±0(100)

Citrus leave  
5 3.58±0.12a(78) 0.30±0.01a(93) 1.47±0.05a(82) 0.23±0.01b(78) 0.48±0.01a(84) 0±0(100)

10 2.28±0.08a(86) 0±0(100) 1.06±0.04a(87) 0.13±0.01a(87) 0.09±0.00a(97) 0±0(100)

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100)
Pomegranate 
peels  

5 2.76±0.09a(83) 0.43±0.01a(90) 1.55±0.05a(81) 0.20±0.01a(81) 0.33±0.01a(89) 0±0(100)

10 1.14±0.04a(93) 0±0(100) 1.06±0.04a(87) 0±0(100) 0±0(100) 0±0(100)

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100)

Citrus peels  
5 3.90±0.13a(76) 0.56±0.02a(87) 2.20±0.08b(73) 0.22±0.01a(79) 0.56±0.02a(81) 0±0(100)

10 2.44±0.08a(85) 0±0(100) 1.55±0.05a(81) 0.12±0.00a(88) 0.36±0.01a(88) 0±0(100)

20 0.49±0.02a(97) 0±0(100) 0.24±0.01a(91) 0±0(100) 0±0(100) 0±0(100)
Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
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Table 4.9 Effect of plants on production of aflatoxin (ng/g) in rice by A.flavus and A.parasiticus at 2nd month of storage (25°C temperature and 18% moisture 
level) 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                  26.13±0.86d 8.13±0.28d 14.71±0.51d 2.97±0.11d 6.74±0.2d 0.68±0.03d

Neem leaves  
5 4.96±0.16a(81) 1.22±0.04a(85) 2.5±0.09a(83) 0.27±0.01a(91) 0.67±0.02a(90) 0.03±0.00a(96)

10 2.09±0.07a(92) 0±0.00a(100) 1.47±0.05a(90) 0.18±0.01a(94) 0.67±0.02a(90) 0±0(100)

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100)

Kikar leaves  
5 8.88±0.29b(66) 1.22±0.04a(85) 4.41±0.15b(70) 0.56±0.02a(81) 1.21±0.04a(82) 0.06±0.00a(91)

10 7.32±0.24b(72) 0.49±0.02a(94) 3.97±0.14b(73) 0.3±0.01a(90) 0.94±0.03a(86) 0±0(100)

20 5.23±0.17a(80) 0±0(100) 3.09±0.11a(79) 0±0(100) 0±0(100) 0±0(100)

Citrus leave  
5 4.96±0.16a(81) 0.89±0.03a(89) 2.94±0.10a(80) 0.44±0.02a(85) 1.08±0.03a(84) 0.05±0.00a(93)

10 3.92±0.13a(85) 0.08±0.00a(99) 1.91±0.07a(87) 0.18±0.01a(94) 0.2±0.01a(97) 0±0(100)

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100)
Pomegranate 
peels  

5 4.7±0.16a(82) 1.46±0.05a(82) 3.09±0.11a(79) 0.56±0.02a(81) 0.74±0.02a(89) 0.04±0.0a(94.08)

10 3.14±0.10a(88) 0±0(100) 1.77±0.06a(88) 0±0(100) 0±0(100) 0±0(100)

20 0±0(88) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100)

Citrus peels  
5 7.58±0.25b(71) 1.54±0.05a(81) 4.56±0.16b(69) 0.71±0.03a(76.03) 1.75±0.05b(74) 0.09±0.0a(86.09)

10 4.44±0.15a(1) 1.06±0.04a(87) 3.09±0.11a(79) 0.36±0.01a(88) 1.08±0.03a(84) 0±0(100)

20 0±0(83) 0±0(100) 1.77±0.06a(88) 0±0(100) 0±0(100) 0±0(100)
Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
.  
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Table 4.10 Effect of plants on production of aflatoxin (ng/g) in rice by A.flavus and A.parasiticus at 3rd month of storage (25°C temperature and 18% moisture 
level) 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 48.24±1.59d 14.35±0.49d 31.13±1.09d 4.85±0.18d 11.19±0.32d 2.04±0.08d

Neem leaves  
5 13.03±0.43b(78) 2.3±0.08a(84) 7.78±0.27ab(75) 0.53±0.02a(89) 1.57±0.05a(86) 0.22±0.01a(89)

10 7.72±0.25a(84) 1.58±0.05a(89) 5.6±0.20a(82) 0.29±0.01a(94) 0.67±0.02a(94) 0±0(100)

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100)

Kikar leaves  
5 19.3±0.64b(60) 3.87±0.13b(83) 10.27±0.36b(67) 1.12±0.04a(77) 2.01±0.06a(82) 0.22±0.01a(89)

10 16.88±0.56b(65) 1.58±0.05a(89) 9.03±0.32b(71) 0.39±0.01a(92) 1.23±0.04a(89) 0±0(100)

20 9.65±0.32a(80) 0.00±0.00a(100) 7.16±0.25a(77) 0±0(100) 0±0(100) 0±0(100)

Citrus leave  
5 13.51±0.45b(72) 2.15±0.07a(85) 8.09±0.28b(74) 0.73±0.03a(85) 1.68±0.05a(84) 0.14±0.01a(93)

10 10.13±0.33a(79) 0.14±0.00a(99) 5.91±0.21a(81) 0.73±0.03a(85) 0.34±0.01a(97) 0±0(100)

20 5.31±0.18a(89) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100)
Pomegranate 
peels  

5 10.13±0.33a(79) 2.58±0.09a(82) 5.91±0.21a(81) 1.16±0.04a(76) 1.57±0.05a(83) 0.35±0.01a(83)

10 3.24±0.11a(85) 0.43±0.01a(97) 4.36±0.15a(86) 0.68±0.03a(86) 0.56±0.02a(95) 0.10±0.00a(95)

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100)

Citrus peels  
5 15.92±0.53b(67) 2.87±0.10a(80) 9.65±0.34b(69) 1.41±0.05a(71) 2.91±0.08b(74) 0.37±0.01a(82)

10 11.58±0.38a(76) 1.87±0.06a(87) 8.72±0.31b(72) 0.78±0.03a(84) 1.86±0.05a(84) 0.16±0.01a(92)

20 5.31±0.18a(89) 0±0(100) 6.23±0.22a(80) 0±0(100) 0±0(100) 0±0(100)
Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
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Table 4.11. Effect of plants on production of aflatoxin (ng/g) in rice by A.flavus and A.parasiticus at 4th month of storage (25°C temperature and 18% moisture 
level) 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 89.44±2.95d 23.02±0.78d 52.13±1.82d 5.91±0.22d 15.63±0.45d 5.42±0.22d

Neem leaves  
5 26.83±0.89b(70) 5.53±0.19a(76) 15.12±0.53b(71) 0.59±0.02a(90) 2.81±0.08a(82) 0.54±0.02a(90)

10 17.89±0.59a(80) 2.81±0.10a(87) 9.38±0.33a(82) 0.59±0.02a(90) 0.78±0.02a(95) 0±0(100)

20 5.37±0.18a(94) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100)

Kikar leaves  
5 39.35±1.30b(51) 4.84±0.16a(79) 20.33±0.71b(61) 1.36±0.05a(77) 3.13±0.09a(80) 0.87±0.03a(84)

10 34.88±1.15b(61) 3.68±0.13a(84) 18.25±0.64b(65) 0.59±0.02a(90) 0.77±0.02a(87) 0.54±0.02a(90)

20 22.36±0.74ab(75) 1.84±0.06a(92) 13.55±0.47b(74) 0±0(100) 0.24±0.01a(96) 0±0(100)

Citrus leave  
5 27.73±0.91b(69) 4.6±0.16a(80) 15.64±0.55b(70) 1.06±0.04a(82) 0.95±0.03a(84) 0.54±0.02a(90)

10 22.36±0.74ab(75) 1.84±0.06a(92) 12.51±0.44a(76) 0.89±0.03a(85) 0.53±0.02a(91) 0.11±0.00a(98)

20 11.63±0.38a(87) 0±0(100) 5.73±0.20a(89) 0±0(100) 0±0(100) 0±0(100)
Pomegranate 
peels  

5 22.36±0.74ab(75) 4.14±0.14a(82) 12.51±0.44a(76) 1.24±0.05a(79) 1.00±0.03a(83) 1.03±0.04a(81)

10 17.89±0.59a(80) 1.84±0.06a(92) 10.43±0.36a(80) 0.83±0.03a(86) 0.59±0.02a(90) 0.22±0.01a(96)

20 0±0(100) 0±0(100) 4.69±0.16a(91) 0±0(100) 0±0(100) 0±0(100)

Citrus peels  
5 34.88±1.15b(61) 5.3±0.18a(77) 18.25±0.64b(65) 1.71±0.07b(71) 1.65±0.05a(72) 1.08±0.04a(80)

10 24.15±0.80b(73) 3.68±0.13a(84) 16.68±0.58b(68) 1.12±0.04a(81) 3.13±0.09a(80) 0.76±0.03a(86)

20 16.1±0.53b(82) 1.84±0.06a(92) 10.95±0.38a(79) 0.41±0.02a(93) 3.13±0.09a(80) 0.22±0.01a(96)
Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
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Table 4.12. Effect of plants on production of aflatoxin (ng/g) in rice by A.flavus and A.parasiticus at 5th month of storage (25°C temperature and 18% moisture 
level) 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 140.29±4.63d 23.16±0.79d 61.24±2.14d 7.14±0.27d 13.33±0.39d 5.48±0.22d

Neem leaves  
5 51.91±1.71b(63) 5.79±0.20ab(75) 18.98±0.66b(69) 1.42±0.05a(84) 4.9±0.14b(79) 0.44±0.02a(92)

10 36.58±1.21b(74) 3.01±0.10a(87) 13.47±0.47a(78) 0.86±0.03a(88) 2.33±0.07a(90) 0±0(100)

20 16.33±0.54a(88) 0±0.00a(100) 4.29±0.15a(93) 0±0.00a(100) 0.47±0.01a(98) 0±0(100)

Kikar leaves       
5 74.35±2.45c(47) 5.79±0.2ab(75) 25.72±0.90b(53) 1.64±0.06a(77) 5.6±0.16b(76) 0.88±0.04a(84)

10 63.13±2.08b(55) 3.71±0.13a(84) 22.66±0.79b(63) 1.00±0.04a(86) 3.03±0.09a(87) 0.55±0.02a(90)

20 43.49±1.44b(69) 2.32±0.08a(90) 17.76±0.62b(71) 0.29±0.01a(96) 0.93±0.03a(96) 0.05±0.00a(99)

Citrus leave  
5 54.71±1.81b(61) 5.56±0.19a(76) 22.66±0.79b(63) 1.28±0.05a(82) 4.9±0.14b(70) 0.55±0.02a(90)

10 44.89±1.48b(68) 2.55±0.09a(89) 17.15±0.6b(72) 0.93±0.04a(87) 2.57±0.07a(89) 0.16±0.01a(97)

20 28.06±0.93a(80) 0.69±0.02a(97) 6.74±0.24a(89) 0±0(100) 0.47±0.01a(98) 0±0(100)
Pomegranate 
peels  

5 42.09±1.39b(70) 4.17±0.14a(82) 16.53±0.58b(73) 1.28±0.05a(82) 4.67±0.14b(80) 0.99±0.04a(82)

10 33.67±1.11a(76) 2.32±0.08a(90) 12.86±0.45a(79) 1.00±0.04a(86) 3.03±0.09a(87) 0.27±0.01a(95)

20 15.43±0.51a(89) 0±0(100) 6.74±0.24a(89) 0±0(100) 0.47±0.01a(98) 0±0(100)

Citrus peels  
5 68.74±2.27b(51) 6.02±0.20b(74) 25.72±0.9b(58) 2.14±0.08b(70) 7.23±0.21c(69) 1.32±0.05a(76)

10 51.91±1.71b(63) 3.47±0.12a(85) 23.88±0.84b(61) 1.36±0.05a(81) 5.13±0.15b(78) 0.93±0.04a(83)

20 36.48±1.2b(74) 1.85±0.06a(92) 17.76±0.62b(71) 0.36±0.01a(95) 4.67±0.14b(80) 0.49±0.02a(91)
Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
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Table 4.13. Effect of plants on production of aflatoxin (ng/g) in rice by A.flavus and A.parasiticus at 7th month of storage (25°C temperature and 18% moisture 
level) 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 115.21±3.8d 16.02±0.54d 42.21±1.48d 6.31±0.24d 23.81±0.69d 7.64±0.31d

Neem leaves ±0 ±0 ±0 ±0 ±0 ±0

5 44.93±1.48b(61) 3.53±0.12a(78) 32.11±1.12d(63) 1.14±0.04a(82) 5.95±0.17a(75) 0.76±0.03a(90)

10 35.71±1.18a(69) 2.08±0.07a(87) 10.97±0.38a(74) 0.82±0.03a(87) 3.1±0.09a(87) 0.08±0.00a(99)

20 19.59±0.65a(83) 0.16±0.01a(99) 1.27±0.04a(87) 0.13±0.00a(98) 0.48±0.01a(98) 0±0(100)

Kikar leaves       
5 69.13±2.28b(40) 4.01±0.14a(75) 19.84±0.69b(53) 1.58±0.06a(75) 5.24±0.15a(78) 1.37±0.05a(82)

10 58.76±1.94b(49) 2.72±0.09a(83) 18.15±0.64b(57) 0.95±0.04a(85) 3.33±0.1a(86) 0.76±0.03a(90)

20 46.08±1.52b(60) 1.28±0.04a(92) 14.35±0.50b(66) 0.25±0.01a(96) 1.43±0.04a(94) 0.08±0.00a(99)

Citrus leave       
5 48.39±1.6b(58) 4.65±0.16b(71) 18.15±0.64b(57) 1.33±0.05a(79) 5.00±0.15a(79) 0.99±0.04a(87)

10 38.02±1.25a(67) 2.88±0.10a(82) 13.09±0.46b(69) 1.01±0.04a(84) 3.33±0.10a(86) 0.31±0.01a(96)

20 28.8±0.95a(75) 1.28±0.04a(92) 8.86±0.31a(79) 0.50±0.02a(92) 0.48±0.01a(98) 0±0(100)
Pomegranate 
peels       

5 39.17±1.29a(66) 3.37±0.11a(79) 13.09±0.46b(69) 1.26±0.05a(80) 4.76±0.14a(80) 1.53±0.06a(80)

10 31.11±1.03a(73) 2.24±0.08a(86) 10.97±0.38a(74) 0.76±0.03a(88) 3.10±0.09a(87) 0.61±0.02a(92)

20 14.98±0.49a(87) 0.48±0.02a(97) 6.75±0.24a(84) 0.19±0.01a(97) 1.19±0.03a(95) 0±0(100)

Citrus peels       
5 58.76±1.94b(49) 4.17±0.14b(79) 20.68±0.72b(51) 1.89±0.07a(70) 1.89±0.05a(69) 1.83±0.07a(76)

10 47.24±1.56b(59) 2.88±0.10a(82) 17.31±0.61b(59) 1.33±0.05a(79) 1.33±0.04a(78) 1.45±0.06a(81)

20 35.71±1.18a(69) 1.28±0.04a(92) 12.24±0.43b(71) 0.32±0.01a(95) 0.32±0.01a(80) 0.69±0.03a(91)
Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
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Table 4.14. Effect of plants on on production of aflatoxin (ng/g) in rice by A.flavus and A.parasiticus at 9th month of storage (25°C temperature and 18% 
moisture level) 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 69.21±2.28d 9.33±0.32d 24.43±0.86d 5.22±0.20d 17.81±0.52d 6.75±0.27d 

Neem leaves  
5 34.61±1.14b(50) 2.61±0.09a(72) 10.51±0.37b(57) 1.04±0.04a(80) 4.45±0.13a(75) 0.67±0.03a(90)

10 28.38±0.94a(59) 1.87±0.06a(80) 7.82±0.27a(68) 0.68±0.03a(87) 2.32±0.07a(87) 0.07±0.00a(99)

20 16.61±0.55a(76) 0.56±0.02a(94) 4.64±0.16a(81) 0.16±0.01a(97) 0.36±0.01a(98) 0±0(100)

Kikar leaves  
5 47.76±1.58c(31) 2.70±0.09a(71) 13.68±0.48b(44) 1.31±0.05a(75) 4.63±0.13a(74) 1.75±0.07b(74)

10 41.53±1.37b(40) 1.87±0.06a(80) 12.70±0.44b(48) 0.939 ±0.03a(82) 2.49±0.07a(86) 1.12±0.04a(82)

20 31.15±1.03b(55) 1.21±0.04a(87) 9.77±0.34b(60) 0.31±0.01a(94) 1.60±0.05a(91) 0.61±0.02a(91)

Citrus leaves  
5 35.3±1.16b(49) 2.98±0.1b(68) 11.97±0.42b(51) 1.25±0.05a(76) 4.10±0.12a(77) 1.08±0.04a(84)

10 26.99±0.89a(61) 2.24±0.08a(76) 9.28±0.32a(62) 1.04±0.04a(80) 2.49±0.07a(86) 0.61±0.02a(91)

20 20.73±0.68a(70) 0.93±0.03a(90) 6.60±0.23a(73) 0.52±0.02a(90) 1.07±0.03a(94) 0±0(100)
Pomegranate 
peels  

5 31.15±1.03b(55) 1.96±0.07a(79) 9.04±0.32a(63) 1.25±0.05a(76) 4.10±0.12a(77) 1.35±0.05a(80)

10 24.23±0.80a(65) 1.31±0.04a(86) 7.57±0.27a(69) 0.78±0.03a(85) 2.67±0.08a(85) 0.54±0.02a(92)

20 15.23±0.50a(78) 0.28±0.01a(97) 6.84±0.24a(72) 0.26±0.01a(95) 0.89±0.03a(95) 0±0(100)

Citrus peels  
5 40.14±1.32b(42) 2.80±0.10a(70) 13.93±0.49b(43) 1.78±0.07b(66) 6.41±0.19b(64) 1.89±0.08b(72)

10 35.3±1.16b(49) 1.96±0.07a(79) 12.22±0.43b(50) 1.10±0.04a(79) 5.34±0.15b(70) 1.35±0.05a(80)

20 27.68±0.91a(60) 0.93±0.03a(90) 9.53±0.33a(61) 0.63±0.02a(88) 4.63±0.13a(74) 0.94±0.04a(86)
Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
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Table 4.15. Effect of plants  on production of aflatoxin (ng/g) in rice by A.flavus and A.parasiticus at 1st month of storage (30°C temperature and                      
21% moisture level) 
 

 
Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 29.11±0.96d 6.49±0.22d 19.12±0.67d 2.72±0.10d 6.88±0.20d 0.92±0.04d 

Neem leaves  
5 10.48±0.35b(64) 1.30±0.04a(80) 5.74±0.20b(70) 0.41±0.02a(85) 1.24±0.04a(82) 0.10±0.00a(89)

10 7.28±0.24a(75) 0.52±0.02a(92) 3.82±0.13a(80) 0.11±0.00a(96) 0.34±0.01a(95) 0±0(100)

20 3.20±0.11a(89) 0±0(100) 0.76±0.03a(96) 0±0(100) 0±0(100) 0±0(100)

Kikar leaves  
5 12.52±0.41b(57) 1.88±0.06b(71) 7.84±0.27b(59) 0.84±0.03b(69) 1.99±0.06b(71) 0.14±0.01a(85)

10 10.77±0.36b(63) 1.49±0.05a(77) 6.69±0.23b(65) 0.60±0.02a(78) 1.65±0.05a(76) 0±0(100)

20 8.44±0.28a(71) 0.71±0.02a(89) 5.16±0.18a(73) 0.38±0.01a(86) 0.55±0.02a(92) 0±0(100)

Citrus leave  
5 12.81±0.42b(56) 2.14±0.07b(67) 7.46±0.26b(61) 0.82±0.03b(70) 2.20±0.06b(68) 0.08±0.00a(91.07)

10 11.06±0.36b(62) 1.30±0.04a(80) 6.31±0.22b(67) 0.44±0.02a(84) 1.51±0.04a(78) 0±0(100)

20 8.15±0.27a(72) 0.52±0.02a(92) 4.97±0.17a(74) 0.05±0.00a(98) 0.62±0.02a(91) 0±0(100)
Pomegranate 
peels  

5 9.60±0.32a(67) 1.69±0.06b(74) 5.16±0.18a(73) 0.52±0.02a(81) 1.51±0.04a(78) 0±0(100)

10 6.40±0.21a(78) 0.97±0.03a(85) 4.21±0.15a(78) 0.30±0.01a(89) 1.03±0.03a(85) 0±0(100)

20 3.20±0.11a(89) 0±0(100) 1.91±0.07a(90) 0±0(100) 0±0(100) 0±0(100)

Citrus peels  
5 13.68±0.45b(53) 2.01±0.07b(69) 9.56±0.33b(50) 0.92±0.04b(66) 2.06±0.06b(70) 0.06±0.00a(94)

10 11.35±0.37b(61) 1.69±0.06b(74) 8.22±0.29b(57) 0.79±0.03b(71.) 1.44±0.04a(79) 0±0(100)

20 7.28±0.24b(75) 0.58±0.02a(91) 5.74±0.20b(70) 0.41±0.02a(85) 0.41±0.01a(94) 0±0(100)
Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
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Table 4.16. Effect of plants concentration on production of aflatoxin (ng/g) in rice by A.flavus and A.parasiticus at 2nd month of storage (30°C temperature 21% 
moisture level) 
 

Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 52.8±1.74d 14.17±0.48d 44.24±1.55d 7.31±0.28d 15.04±0.44d 2.13±0.09d 

Neem leaves 

5 22.7±0.75b(57) 3.12±0.11a(78) 15.49±0.54b(65) 1.32±0.05a(82) 3.16±0.09a(79) 3.16±0.13d(87) 

10 17.42±0.57a(67) 1.56±0.05a(89) 11.95±0.42a(73) 0.58±0.02a(92) 1.05±0.03a(93) 0.02±0a(99) 

20 10.56±0.35a(80) 0±0(100)a 3.98±0.14a(91) 0±0(100)a 0±0(100)a 0±0a(100) 

Kikar leaves 

5 30.1±0.99b(43) 4.53±0.15b(68) 22.12±0.77b(50) 2.56±0.1b(65) 4.66±0.14b(69) 0.32±0.01a(85) 

10 25.34±0.84b(52) 3.54±0.12ab(75) 18.58±0.65b(58) 1.75±0.07a(76) 4.21±0.12b(72) 0.09±0a(96) 

20 18.48±0.61(65) 1.98±0.07a(86) 13.27±0.46a(70) 1.1±0.04a(85) 1.5±0.04a(90) 0±0a(100) 

Citrus leave 

5 27.98±0.92b(47) 4.96±0.17b(65) 20.79±0.73b(53) 2.19±0.08b(70) 5.11±0.15b(68) 0.21±0.01a(90) 

10 25.87±0.85b(51) 3.26±0.11a(77) 17.25±0.6b(61) 1.46±0.06a(80) 3.31±0.1a(78) 0.08±0a(96) 

20 15.84±0.52a(70) 1.56±0.05a(89) 10.18±0.36a(77) 0.29±0.01a(96) 1.5±0.04a(90) 0±0a(100) 
Pomegranate 
peels 

5 21.12±0.7b(60) 3.68±0.13b(74) 14.6±0.51b(67) 1.53±0.06a(79) 3.31±0.1a(78) 0.15±0.01a(93) 

10 15.84±0.52b(70) 3.12±0.11a(78) 12.39±0.43a(72) 0.88±0.03a(88) 2.23±0.06a(85) 0±0a(100) 

20 9.5±0.31a(82) 1.7±0.06a(88) 6.63±0.23a(85) 0±0(100)a 0±0(100)a 0±0a(100) 

Citrus peels 

5 29.04±0.96b(45) 7.08±0.24bc(50) 24.78±0.87c(44) 2.63±0.1b(64) 4.96±0.14b(67) 0.19±0.01a(91) 

10 23.76±0.78b(55) 5.67±0.19b(60) 21.68±0.76b(51) 2.34±0.09b(68) 3.76±0.11ab(75) 0±0a(100) 

20 16.37±0.54a(69) 3.97±0.13b(72) 15.93±0.56b(64) 1.17±0.04b(84) 1.2±0.03a(92) 0±0a(100) 
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Table 4.18. Effect of plants on production of aflatoxin (ng/g) in rice by A.flavus and A.parasiticus at 3rd month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 113.13±3.73d 20.97±0.71d 96.13±3.36d 12.43±0.47d 28.03±0.81d 3.87±0.15d 

Neem leaves 

5 55.43±1.83b(51) 4.82±0.16a(77) 39.41±1.38b(59) 2.49±0.09a(80) 7.29±0.21b(74) 0.58±0.02a(85) 

10 40.73±1.34a(64) 2.94±0.1a(86) 29.8±1.04a(69) 1.37±0.05a(89) 4.04±0.12a(87) 0.15±0.01a(96) 

20 28.28±0.93a(75) 0±0(100)a 14.42±0.5a(85) 0±0(100)a 0±0(100)a 0±0(100)a 

Kikar leaves 

5 71.27±2.35c(37) 7.55±0.26b(64) 56.72±1.99c(41) 4.85±0.18b(61) 10.09±0.29b(64) 0.7±0.03a(82) 

10 63.35±2.09b(44) 5.66±0.19b(73) 45.18±1.58b(53) 3.35±0.13a(73) 8.97±0.26b(68) 0.35±0.01a(91) 

20 45.25±1.49a(60) 3.35±0.11a(84) 35.57±1.24b(63) 2.24±0.08a(82) 3.92±0.11a(86) 0±0(100)a 

Citrus leave 

5 65.61±2.17b(42) 8.18±0.28b(61) 51.91±1.82b(46) 4.1±0.16b(67) 10.65±0.31b(62) 0.5±0.02a(87) 

10 59.96±1.98b(47) 5242±178.23d(75) 46.14±1.62b(52) 2.98±0.11a(76) 6.73±0.2a(76) 0.23±0.01a(94) 

20 40.73±1.34a(64) 2.94±0.1a(86) 27.88±0.98a(71) 0.87±0.03a(93) 3.08±0.09a(89) 0±0(100)a 

Pomegranate 
peels 

5 53.17±1.75b(53) 6.08±0.21b(71) 34.61±1.21a(64) 2.98±0.11a(76) 7.29±0.21b(74) 0.35±0.01a(91) 

10 44.12±1.46a(61) 5.45±0.19b(74) 29.8±1.04a(69) 1.62±0.06a(87) 4.2±0.12a(85) 0±0(100)a 

20 23.76±0.78a(79) 2.94±0.1a(86) 18.27±0.64(81) 0±0(100)a 0±0(100)a 0±0(100)a 

Citrus peels 

5 67.88±2.24b(40) 10.9±0.37c(48) 56.72±1.99c(41) 4.97±0.19b(60) 10.65±0.31b(62) 0.54±0.02a(86) 

10 58.83±1.94b(48) 9.34±0.32b(56) 51.91±1.82b(46) 4.35±0.17b(65) 8.13±0.24b(71) 0.19±0.01a(95) 

20 44.12±1.46a(61) 6.29±0.21b(70) 38.45±1.35b(60) 2.61±0.1a(79) 3.92±0.11a(86) 0±0(100)a 
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Table 4.18. Effect of plants on production of aflatoxin ((ng/g) in rice by A.flavus and A.parasiticus at 4th month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 220.57±7.28d 44.52±1.51d 178.13±6.23d 22.68±0.86d 55.31±1.6d 9.21±0.37d 

Neem leaves 

5 125.73±4.15b(43) 11.13±0.38b(75) 87.28±3.05b(51) 5.22±0.2a(77) 16.59±0.48a(70) 1.75±0.07a(81) 

10 99.26±3.28a(55) 7.57±0.26a(83) 57.91±2.03a(63) 2.95±0.11a(87) 9.96±0.29a(82) 0.64±0.03a(93) 

20 72.79±2.4a(67) 0.89±0.03a(98) 35.63±1.25a(80) 1.81±0.07a(92) 4.42±0.13a(92) 0±0(100)a 

Kikar leaves 

5 152.2±5.02c(31) 17.81±0.61b(60) 121.13±4.24c(32) 9.3±0.35b(59) 22.12±0.64a(60) 2.12±0.08a(77) 

10 138.96±4.59b(37) 13.36±0.45b(70) 106.88±3.74bc(40) 7.26±0.28b(68) 17.7±0.51a(68) 1.29±0.05a(86) 

20 112.49±3.71b(49) 8.46±0.29a(81) 78.38±2.74b(56) 4.54±0.17a(80) 11.06±0.32a(80) 0.28±0.01a(97) 

Citrus leave 

5 141.17±4.66c(36) 18.25±0.62b(59) 112.22±3.93c(37) 8.17±0.31b(64) 22.12±0.64a(60) 1.57±0.06a(83) 

10 130.14±4.29b(41) 12.91±0.44b(71) 94.41±3.3b(47) 5.9±0.22a(74) 14.93±0.43a(73) 0.83±0.03a(91) 

20 97.05±3.2a(56) 8.46±0.29b(81) 67.69±2.37a(62) 2.72±0.1a(88) 7.74±0.22a(86) 0±0(100)a 

Pomegranate 
peels 

5 112.49±3.71b(49) 14.25±0.48b(68) 76.6±2.68b(57) 6.35±0.24a(72) 16.04±0.47a(71) 1.1±0.04a(88) 

10 94.85±3.13a(57) 12.47±0.42b(72) 64.13±2.24a(64) 3.4±0.13a(85) 10.51±0.3a(81) 0.18±0.01a(98) 

20 59.55±1.97a(73) 8.01±0.27a(82) 40.97±1.43a(77) 0.68±0.03a(97) 1659±48.11a(97) 0±0(100)a 

Citrus peels 

5 149.99±4.95c(32) 24.93±0.85c(44) 117.57±4.11c(34) 9.75±0.37b(57) 22.12±0.64a(60) 1.47±0.06a(84) 

10 130.14±4.29b(41) 20.48±0.7b(54) 106.88±3.74bc(40) 8.85±0.34b(61) 18.81±0.55a(66) 0.83±0.03a(91) 

20 105.88±3.49b(52) 15.58±0.53b(65) 81.94±2.87b(54) 5.67±0.22a(75) 9.96±0.29a(82) 0±0(100)a 
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Table 4.19. Effect of plants on production of aflatoxin(ng/g) in rice by A.flavus and A.parasiticus at 5th month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 206.15±6.8d 44.72±1.52d 161.15±5.64d 22.22±0.84d 64.32±1.87d 14.47±0.58d 

Neem leaves ±0 ±0 ±0 ±0 ±0 ±0 

5 123.69±4.08b(40) 13.86±0.47b(69) 82.18±2.88b(49) 5.55±0.21a(75) 22.51±0.65b(65) 3.18±0.13a(78) 

10 101.01±3.33b(51) 8.94±0.3a(80) 64.46±2.26a(60) 3.11±0.12a(86) 14.15±0.41a(78) 1.74±0.07a(88) 

20 68.03±2.24a(67) 0.89±0.03a(98) 38.68±1.35a(76) 1.78±0.07a(92) 0±0(100)a 0±0(100)a 

Kikar leaves 

5 142.24±4.69c(31) 18.78±0.64b(58) 112.8±3.95c(30) 9.33±0.35b(58) 28.94±0.84b(55) 4.05±0.16b(72) 

10 134.00±4.42c(35) 14.76±0.5b(67) 96.69±3.38b(40) 7.11±0.27b(68) 25.73±0.75b(60) 2.6±0.1a(82) 

20 113.38±3.74b(45) 9.39±0.32a(79) 75.74±2.65b(53) 4.44±0.17a(80) 16.72±0.48b(74) 0.87±0.03a(94) 

Citrus leave 

5 136.06±4.49c(34) 18.33±0.62b(59) 106.36±3.72c(34) 8.22±0.31b(63) 27.01±0.78b(58) 3.18±0.13a(78) 

10 121.63±4.01b(41) 13.41±0.46b(70) 91.85±3.21b(43) 5.78±0.22a(74) 17.37±0.5b(73) 1.88±0.08a(87) 

20 96.89±3.2a(53) 8.5±0.29a(81) 70.9±2.48b(56) 3.11±0.12a(86) 10.29±0.3a(84) 0.29±0.01a(98) 
Pomegranate 
peels 

5 113.38±3.74b(45) 14.31±0.49b(68) 75.74±2.65b(53) 6.67±0.25b(70) 22.51±0.65b(65) 2.46±0.1a(83) 

10 92.77±3.06a(55) 12.97±0.44b(71) 58.01±2.03a(64) 4.22±0.16a(81) 15.44±0.45a(76) 1.16±0.05a(92) 

20 61.84±2.04a(70) 8.05±0.27a(82) 40.29±1.41a(75) 1.33±0.05a(94) 3.86±0.11a(94) 0±0(100)a 

Citrus peels 

5 140.18±4.63c(32) 25.49±0.87c(43) 111.19±3.89c(31) 9.55±0.36b(57) 27.66±0.8b(57) 2.75±0.11a(81) 

10 125.75±4.15b(39) 21.46±0.73c(52) 99.01±3.47b(38) 8.67±0.33b(61) 21.66±0.63b(66) 1.3±0.05a(91) 

20 103.07±3.4b(50) 15.65±0.53b(65) 74.13±2.59b(54) 5.78±0.22a(74) 2.86±0.08a(80) 0±0(100)a 
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Table 4.20. Effect of plants on production of aflatoxin (ng/g) in rice by A.flavus and A.parasiticus at 7th month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin 
production. A, B, C, D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 157.44±5.2d 29.31±1d 94.49±3.31d 31.1±1.18d 66.17±1.92d 14.57±0.58d 

Neem leaves 

5 99.19±3.27b(37) 12.31±0.42b(58) 52.91±1.85b(44) 13.06±0.5b(58 25.81±0.75b(61) 3.79±0.15b(74) 

10 85.02±2.81b(46) 7.91±0.27a(73) 43.46±1.52ab(54) 9.64±0.37a(69) 18.53±0.54a(72) 2.04±0.08a(86) 

20 62.98±2.08a(60) 2.93±0.10a(90) 26.46±0.93a(72) 4.35±0.17a(86) 11.25±0.33a(83) 0.58±0.02a(96) 

Kikar leaves 

5 122.80±4.05c(22) 14.65±0.5b(50) 70.86±2.48c(25) 15.55±0.59b(50) 34.41±1.00b(48) 5.24±0.21b(64) 

10 113.36±3.74c(28) 12.31±0.42b(58) 61.42±2.15c(35) 12.75±0.48b(59) 29.78±0.86b(55) 4.08±0.16b(72) 

20 97.61±3.22b(38) 9.08±0.31a(69) 51.97±1.82b(45) 9.33±0.35a(70) 22.5±0.65a(66) 1.89±0.08a(87) 

Citrus leave 

5 108.63± 3.58c(31) 14.07±0.48b(52) 67.08±2.35c(29) 13.68±0.52b(56) 29.78±0.86b(55) 4.23±0.17b(71) 

10 97.61± 3.22b(38) 11.14±0.38b(62) 57.64±2.02b(39) 9.95±0.38a(68) 19.85±0.58a(70) 2.91±0.12a(80) 

20 85.02± 2.81b(46) 7.91±0.27a(73) 47.24±1.65b(50) 6.22±0.24a(80) 13.23±0.38a(80) 1.31±0.05a(91) 
Pomegranate 
peels 

5 94.46±3.12b(40) 11.72±0.4b(60) 51.02±1.79b(46) 10.89±0.41b(65) 25.81±0.75b(61) 2.77±0.11a(81) 

10 77.15±2.55a(51) 10.26±0.35a(65) 39.68±1.39a(58) 7.46±0.28a(76) 17.87±0.52a(73) 1.46±0.06a(90) 

20 53.53±1.77a(66) 7.91±0.27a(73) 28.35±0.99a(70) 3.73±0.14a(88) 8.60±0.25a(87) 0±0(100)a 

Citrus peels 

5 114.93±3.79c(27) 18.17±0.62c(38) 69.92±2.45c(26) 16.48±0.63b(47) 31.10±0.9b(53) 3.06±0.12a(79) 

10 107.06±3.53c(32) 16.7±0.57b(43) 65.19±2.28c(31) 13.68±0.52b(56) 25.81±0.75b(61) 2.04±0.08a(86) 

20 85.02±2.81 b(46) 12.6±0.43b(57) 46.30±1.62b(51) 9.33±0.35a(70) 23.16±0.67b(65) 0.58±0.02a(96) 
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Table 4.21 Effect of plants on production of aflatoxin (ng/g) in rice by A.flavus and A.parasiticus at 9th month of storage (30°C temperature and 21% moisture  
level) 

Values are mean ± SD of all samples analysed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin 
production. A, B, C, D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 91.36±3.01d 17.21±0.59d 56.19±1.97d 19.3±0.73d 41.11±1.19d 9.34±0.37d 

Neem leaves 

5 63.95±2.11c(30) 8.43±0.29b(51) 35.4±1.24b(37) 7.53±0.29a(61) 18.09±0.52b(56) 2.62±0.1b(72) 

10 54.82±1.81c(40) 5.51±0.19a(68) 29.22±1.02ab(48) 9.46±0.36b(51) 12.33±0.36a(70) 1.77±0.07a(81) 

20 41.11±1.36b(55) 3.1±0.11a(82) 20.23±0.71a(64) 4.05±0.15a(79) 8.63±0.25a(79) 0.93±0.04a(90) 

Kikar leaves 

5 79.48±2.62d(13) 9.98±0.34b(42) 45.52±1.59c(19) 11.19±0.43c(42) 23.43±0.68b(43) 3.74±0.15b(60) 

10 69.43±2.29c(24) 8.61±0.29b(50) 41.02±1.44c(27) 9.65±0.37b(50) 20.56±0.6b(50) 2.99±0.12b(68) 

20 62.124±2.05c(32) 6.88±0.23a(60) 35.40±1.24b(37) 7.91±0.3b(59) 16.86±0.49ab(59) 1.68±0.07a(82) 

Citrus leave 

5 66.69±2.2c(27) 9.29±0.32b(46) 43.27±1.51c(23) 9.07±0.34b(53) 29.73±0.86c(52) 3.08±0.12b(67) 

10 63.95±2.11c(30) 7.4±0.25b(57) 36.53±1.28b(35) 7.33±0.28a(62) 13.16±0.38a(68) 2.71±0.11b(71 

20 52.99±1.75b(42) 5.85±0.2a(66) 29.78±1.04b(47) 5.02±0.19a(74) 11.51±0.33a(72) 1.77±0.07a(81) 
Pomegranate 
peels 

5 63.04±2.08c(31) 8.09±0.28b(53) 35.96±1.26b(36) 7.72±0.29ab(60) 17.68±0.51b(57) 2.52±0.1b(73) 

10 55.73±1.84c(39) 6.88±0.23a(60) 27.54±0.96a(51) 5.79±0.22a(70) 13.16±0.38a(68) 0.93±0.04a(90) 

20 42.03±1.39b(54) 5.68±0.19a(67) 20.79±0.73a(63) 4.05±0.15a(79) 8.22±0.24a(80) 0±0(100)a 

Citrus peels 

5 14.92±0.49a(18) 11.7±0.4c(32) 47.76±1.67d(15) 12.16±0.46c(37) 21.79±0.63b(47) 2.24±0.09b(76) 

10 68.52±2.26c(25) 10.5±0.36c(39) 43.83±1.53c(22) 10.04±0.38b(48) 17.68±0.51b(57) 1.49±0.06a(84) 

20 63.95±2.11c(30) 8.78±0.30b(49) 32.03±1.12b(43) 7.53±0.29a(61) 16.86±0.49b(59) 0.37±0.01a(96) 
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4.8.2. Inhibitory effect of plant materials against aflatoxin synthesis in maize 

The inhibitory effect of plants against the production of aflatoxins at maize by A. flavus and 

A. parasiticus during 9 moth storage at two different conditions was somewhat similar to that was 

shown in rice (Table 4.22-4.36). Pomegranate peels at20 % concentration effectively inhibit 

aflatoxin B1 synthesis upto 100% by both tested fungi for 4 month and also fully inhibit B2, G1 and 

G2 synthesis by A. parasiticus for 5 month at 25oC temperature and 18% moisture level whereas at 

10% concentration it inhibit only B2, G1 and G2 synthesis by A. parasiticus for only one month. 

Under same condition of temperature and moisture neem leaves at 20% concentration also totally 

inhibit (100%) aflatoxin B1 synthesis by both tested fungi for 3 months and fully inhibit B2, G1 and 

G2 synthesis for 5 months. At low temperature and moisture level citrus peel totally inhibit aflatoxin 

B1 synthesis by A. flavus for two month and by A. parasiticus only for one month. Citrus leave at 

20% also show 100% inhibition for aflatoxin B1 synthesis by both tested fungi for one month.  

Whereas, at high temperature and moisture level (30oC and 21%) only neem leave and 

pomegranate peels at 20 % concentration completely inhibit aflatoxin B1 synthesis for 3 month by 

both tested fungi and also fully inhibit B2, G1 and G2 synthesis by A. parasiticus for 4 month. Result 

showed that inhibitory potential of observed plants at all concentration during storage period up to 

nine month significantly decreased against aflatoxin B1 synthesis but a non-significant decrease in 

inhibitory potential of plants was obsreved for  B2, G1 and G2 synthesis.  

At low temperature and moisture level (25oC and 18%) the inhibitory potetial of observed 

plants was higher than at high temperature and moisture level, as hight temperature and moisture 

level (30 oC and 21 %) favor the growth of aflatoxigenic fungi and synthesis of aflatoxins. The 

higher inhibitory potential of pomegrante peels, neem leaves and citrus leaves at 20% concentration 

against aflatoxin B1 synthesis by A. flavus and A. parasiticus was found to be ranged from 83-100% 

and 84-100%, 78-100% and 74-100% and 68-100% and 75-100%, respectively during nine month 

storage. Citrus peels and kikar leave at 20% showed the inhibitory efect ranged from 59-100% and 

62-100% and 58-84% and 57-100% against aflatoxin B1 accumulation by A. flavus and A. 

parasiticus during nine month storage. Whereas at higher temperature and moisture level (30 oC 

and 21 %) the inhibitory effect for aflatoxin B1 production by A. flavus and A. parasiticus was 

found 68-100% and 74-100% by neem leaves, 72-100% and 71-100% by pomegranate peels, 61-

86% and 68-89% citrus leaves, 49-80%, 53-81% a by citrus peels and 61-86% and 68-89% kikar 

leaves during nine month storage. 
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To control aflatoxin synthesis in maize at low temperature and moisture level (25oC and 

18%) 10% concentration of pomegrante peels, neem leaves and citrus leaves was also effective and 

show good inhibitory potential ranging from 65- 91% and 55-98%, 69- 96% and 74-94% and 61- 

88% and 66- 90% for aflatoxin B1 synthesis by A. flavus and A. parasiticus during 9 month storage. 

But at 10% concetraton pomegrante peels, neem leaves and citrus leaves significantly control B2, G1 

and G2 synthesis A. parasiticus  and acompletely ceased aflatoxin B2, G1 and G2 synthesis A. 

parasiticus and B2, accumulation  by A. flavus for one month during storage  (9 month). Citrus peel 

and kikar leaves at 10% concentration also effectively control aflatoxin B1 accumulation by A. 

flavus and A. parasiticus in maize with the inhibitiory values ranged from 50- 84% and 53- 85% 

and 44- 76% and 45- 82% during storage (9 months) and they also  show effective control for B2, 

G1 and G2 synthesis A. parasiticus under same conditions. However, 5% concentration of 

pomegranate peels, neem leaves and citrus leaves were also effective to control aflatoxin B1 

synthesis by A. flavus and A. parasiticus  with the inhibitory potential ranged from 62-86%  and 66-

83%, 54-79% and 47-87% and 50-79% and 57- 82% respectively, and they also control aflatoxin 

B2, G1 and G2 synthesis. 

Whereas, at higher temperature and moisture level (30oC and 21%) 10% concentration of 

pomegranate peels, neem leaves and citrus leaves were also found to effectively control 

accumulation of aflatoxin B1 by A. flavus and A. parasiticus with the potential ranged from 48- 

82% and 57- 82%, 55- 79 % and 60- 81% and 45- 69% and 41- 69 % respectively during storage (9 

month). Under same condition of storage they also effectively control synthesis of aflatoxin B2, G1 

and G2 by A. parasiticus. However, at high temperature and moisture level (30oC and 21 %) 5 % 

concentration of pomegranate peels, neem leaves and citrus leaves were also effective against 

aflatoxin B1 synthesis by A. flavus and A. parasiticus with the inhibitory values ranging from 37- 69 

% and 40- 71 %, 37- 67 % and 39- 69 % and 35- 58% and 38- 56 % respectively but showed a 

higher inhibitory potential for aflatoxin B2, G1 and G2 synthesis by A. parasiticus. 
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Table 4.22 Effect of plants on production of aflatoxin (ng/g) in maize by A.flavus and A.parasiticus at 1st month of storage (25°C temperature and 18% moisture 

level) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                  
 11.26d

d±0.37 2.016d
d±0.068 5.192b

d±0.181 0.859a
d±0.032 2.218d±0.064 0±0 

Neem leaves 

5 2.364d
a±0.078(79) 0.161a±0.005(92) 0.674ab±0.023(87) 0.0859a±0.003(90) 0.288a±0.008(87) 0±0(100) 

10 1.013a±0.033(91) 0±0a(100) 0.103a±0.003(98) 0±0a(100) 0.022a±0.000(99) 0±0(100) 

20 0±0a(100) 0±0a(100) 0±0a(100) 0±0a(100) 0±0a(100) 0±0(100) 

Kikar leaves 

5 3.828b±0.126(66) 0.383a±0.013(81) 1.505c±0.052(71) 0.137a±0.005(84) 0.421b±0.012(81) 0±0(100) 

10 2.702b±0.089(76) 0.06a±0.002(97) 0.934b±0.032(82) 0.034a±0.001(96) 0.088a±0.002(96) 0±0(100) 

20 1.801a±0.059(84) 0±0a(100) 0±0a(100) 0±0a(100) 0±0(100) 0±0(100) 

Citrus leave 

5 2.364a±0.078(79) 0.262a±0.008(87) 0.934b±0.032(82) 0.0859a±0.003(90) 0.576b±0.016(74) 0±0(100) 

10 1.351a±0.044(88) 0.06a±0.002(97) 0.519a±0.018(70) 0±0a(100) 0.266a±0.007(88) 0±0(100) 

20 0±0a(100) 0±0a(100) 0±0a(100) 0±0a(100) 0±0a(100) 0±0(100) 
Pomegranate 
peels 

5 1.576a±0.052(86) 0.221a±0.007(89) 0.882b±0.030(83) 0.0687a±0.002(92) 0.177a±0.005(92) 0±0(100) 

10 0.45a±0.014(96) 0±0a(100) 0.311a±0.010(94) 0±0a(100) 0±0 a (100) 0±0(100) 

20 0±0a(100) 0±0a(100) 0±0a(100) 0±0a(100) 0±0 a (100) 0±0(100) 

Citrus peels 

5 2.702b±0.089(76) 0.443a±0.015(78) 1.246c±0.043(76) 0.0944a±0.003(89) 
0.354 a 
±0.010(84) 0±0(100) 

10 1.801a±0.059(84) 0.221a±0.007(89) 0.778b±0.027(85) 0±0a(100) 0.088 a 0.002(96) 0±0(100) 

20 0±0a(100) 0±0a(100) 0±0a(100) 0±0a(100) 0±0 a (100) 0±0(100) 
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Table 4.23 Effect of plants on production of aflatoxin (ng/g) in maize by A.flavus and A.parasiticus at 2nd month of storage (25°C temperature and 18% moisture 
level) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production.  
A, B, C, D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
  

Plant samples % 
A. flavus x A. parsiticus y 

B1A B2B B1A B2B B1A B2B

Control                   20.041±0.66d  5.116d±0.17  9.869d±0.34  2.1d±0.07  5.261d±0.15  0.713d±0.02  

Neem leaves 

5 4.809a±0.15 (76)  0.562 a ±0.01 (89)  1.48 a ±0.05 (85)  0.189 a ±0.00 (91)  0.736 a ±0.02 (86)  0±0 a (100)  

10 3.206 a ±0.10 (84)  0 a ±0(100)  0.592 a ±0.02 (94)  0 a ±0(100)  0 a ±0(100)  0±0 a (100)  

20 0±0 a (100)  0±0 a (100)  0±0 a (100)  0±0 a (100)  0 a ±0(100)  0±0 a (100)  

Kikar leaves 

5 7.214b±0.23 (64)  1.125b±0.03 (78)  3.256b±0.11(67)  0.378 a ±0.01 (82)  0.946 a ±0.02 (82)  0.071 a ±0.00 (90)  

10 5.811b±0.19 (71)  0.306 a ±0.01 (94)  2.763b±0.09 (72)  0.189 a ±0.00 (91)  0.315 a ±0.00 (94)  0±0 a (100)  

20 3.206 a ±0.10 (84)  0 a ±0(100)   1.48 a ±0.05 (85)  0 a ±0(100)  0 a ±0(100)  0±0 a (100)  

Citrus leave 

5 6.012b±0.19 (70)  0.92 a ±0.03 (82)  2.467b±0.08 (75)  0.321 a ±0.01 (89)  0.736 a ±0.02 (86)  0.057 a ±0.00 (92)  

10 4.609 a ±0.15 (77)  0.562 a ±0.01(89)  2.664b±0.09 (73)  0.105 a ±0.00 (95)  0.105 a ±0.00 (98)  0±0 a (100)  

20 1.803 a ±0.05 (91)  0±0 a (100)  0.592 a ±0.02 (94)  0±0 a (100)  0±0 a (100)  0±0 a (100)  
Pomegranate 
peels 

5 3.775 a ±0.12 (83)  0.716 a ±0.02 (86)  1.776 a ±0.06 (82)  0.252 a ±0.00 (88)  0.841 a ±0.02 (84)  0.021 a ±0.00 (97)  

10 1.803 a ±0.05 (91)  0 a ±0(100)  0.789 a ±0.02 (92)  0.084 a ±0.00 (96)  0.052 a ±0.00 (99)  0±0 a (100)  

20 0±0 a (100)  0 a ±0(100)  0±0 a (100)  0±0 a (100)  0±0 a (100)  0±0 a (100)  

Citrus peels 

5 5.216b±0.17 (74)  1.074 a ±0.03 (79)  2.96b±0.10 (70)  0.378 a ±0.01 (82)  0.946 a ±0.02 (82)  0.057 a ±0.00 (92)  

10 2.805 a ±0.09 (86)  0.716 a ±0.02 (86)  1.973b ±0.06 (80)  0.231 a ±0.00 (89)  0.578 a ±0.01 (89)  0±0 a (100)  

20 0±0 a (100)  0.102 a ±0.00 (98)  0.888 a ±0.03 (90)  0.021 a ±0.00 (99)  0.21 a ±0.00 (96)  0±0 a (100)  
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Table 4.24 Effect of plants on production of aflatoxin (ng/g) in maize by A.flavus and A.parasiticus at 3rd month of storage (25°C temperature and 18% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                36.52d±1.20  9.019d±0.30  20.632d±0.72  3.161d±0.120118  8.051d±0.23  1.119d±0.04  

Neem leaves  

5 8.764b±0.28 (76)  1.2626a±0.04 (86)  4.539b±0.15 (78)  0.2844a±0.01 (91)  1.2881a±0.03 (84)  0.0895 a ±0.00 (92)  

10 4.747 a ±0.15 (87)  0±0  (100)  2.0632 a ±0.07 (90)  0±0 a (100)  0±0 a (100)  0±0 a (100)  

20 0±0 a (100)  0±0  (100)  0±0 a (100)  0±0 a (100)  0±0 a (100)  0±0 a (100)  

Kikar leaves 

5 13.877b±0.45 (62)  2.3449a±0.07 (74)  5.7769b±0.20 (72)  0.6005b±0.02 (81)  1.6102 a ±0.04 (80)  0.1566b±0.00 (86)  

10 12.0516b±0.39 (67)  0.992 a ±0.03 (89)  3.7137 a ±0.12 (82)  0.2844 a ±0.01 (91)  0.8856 a ±0.02 (89)  0.01119 a ±0.00 (99)  

20 6.9388 a ±0.22 (81)  0.1803 a ±0.00 (98)  0±0 a (100  0±0 a (100)  0.322 a ±0.00 (96)  0±0 a (100)  

Citrus leave 

5 9.4952b±0.31 (74)  1.7136 a ±0.05 (81)  4.3327b±0.15 (79)  0.3477 a ±0.01 (89)  1.0466 a ±0.03 (87)  0.123 a ±0.00 (89)  

10 6.9388b±0.22 (81)  0.6313 a ±0.02 (93)  2.4758 a ±0.08 (88)  0.1264 a ±0.00 (96)  0.322 a ±0.00 (96)  0.01119 a ±0.00 (99)  

20 2.5564b±0.08 (93)  0±0 a (100)  0±0 a (100)  0±0 a (100)  0±0 a (100)  0±0 a (100)  
Pomegranate 
peels 

5 6.9388 a ±0.22 (81)  1.2626 a ±0.04 (86)  3.7137 a ±0.12 (82)  0.4109 a ±0.01 (87)  1.2881 a ±0.03 (84)  0.0559 a ±0.00 (95)  

10 2.5564a ±0.08 (93)  0±0 a (100  1.8568 a ±0.06 (91)  0.1896 a ±0.00 (94)  0.2415 a ±0.00 (97)  0±0 a (100  

20 0±0 a (100)  0±0 a (100)  0±0 a (100)  0±0 a (100)  0±0 a (100)  0±0 a (100)  

Citrus peels 

5 11.3212b±0.37 (69)  2.0743b±0.07 (77)  6.1896b±0.21 (70)  0.6322b±0.02 (80)  1.5296 a ±0.04 (81)  0.123 a ±0.00 (89)  

10 7.304 a ±0.24 (80)  1.2626 a ±0.04 (86)  5.158b±0.18 (75)  0.4109 a ±0.01 (87)  1.12714 a ±0.03 (86)  0.01119 a ±0.00 (99)  

20 3.2868 a ±0.10 (91)  0.3607 a ±0.01 (96)  3.3011 a ±0.11 (84)  0.0316 a ±0.00 (99)  0.4025 a ±0.01 (95)  0±0 a (100)_  
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Table 4.25 Effect of plants on production of aflatoxin (ng/g) in maize by A.flavus and A.parasiticus at 4thmonth of storage (25°C temperature and 18% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                79.15±2.61d  15.221d±0.51  47.71±1.66 d 5.196d±0.19  13.241d±0.38  2.965d±0.11  

Neem leaves 

5 22.162b±0.73 (72)  2.8919 a ±0.09 (81)  12.4046b±0.43(74)  0.6235 a ±0.02 (88)  2.6482b±0.07 (80)  0.3558 a ±0.01 (88)  

10 14.247 a ±0.47 (82)  1.5221 a ±0.05 (90)  7.6336 a ±0.26 (84)  0.2078 a ±0.00 (96)  0.5296 a ±0.01 (96)  0.1186 a ±0.00 (96)  

20 2.3745 a ±0.07 (97)  0±0 a (100  2.8626±0.10 (94)  0±0 a (100  0±0 a (100  0±0 a (100)  

Kikar leaves  

5 32.4515c±1.07 (59)  4.414b±0.15 (71)  17.6527b±0.61 63)  1.195b±0.04 (77)  3.0454b±0.08 (77)  0.5337 b ±0.02 (82)  

10 30.077b±0.99 (62)  2.1309 a ±0.07 (86)  14.7901b±0.51 69)  0.8313 a ±0.03 (84)  2.2509 a ±0.06 (83)  0.1779 a ±0.00 (94)  

20 18.2045 a ±0.60 (77)  0.9132 a ±0.03 (94)  11.4504b±0.40 76)  0.3117 a ±0.01 (94)  0.7944 a ±0.02 (94)  0±0 a (100  

Citrus leave  

5 23.745b±0.78 (70)  4.5663b±0.15 (78)  12.4046b±0.43 74)  0.8313 a ±0.03 (84)  1.7213b±0.04 (87)  0.2361 a ±0.00 (89)  

10 13.4555 a ±0.44 (83)  1.8265 a ±0.06 (88)  7.1565 a ±0.25 (85)  0.2598 a ±0.00 (95)  0.9268 a ±0.02 (93)  0.0889b±0.00 (97)  

20 6.332 a ±0.20 (92)  0.4566 a ±0.01 (97)  2.3855 a ±0.08(75)  0±0 a (100)  0±0 a (100  0±0 a (100)  

Pomegranate 
peels  

 

5 17.413b±0.57 (78)  3.0442 a ±0.10 (80)  9.542 a ±0.33 (80)  0.6754 a ±0.02 (87)  2.2509b±0.06 (83)  0.2075 a ±0.00 (93)  

10 10.2895 a ±0.33 (87)  0.761 a ±0.02 (95)  7.6336 a ±0.26 (84)  0.2078 a ±0.00 (96)  0.7944 a ±0.02 (94)  0±0 a (100  

20 0±0 a (100)  0±0 a (100)  0±0 a (100)  0±0 a (100)  0±0 a (100  0±0 a (100  

Citrus peels  

5 28.494b±0.94 (64)  4.1096b±0.13 (73)  16.2214b±0.56 66)  1.247 a ±0.04 (76)  3.1778b±0.09 (76)  0.3854 a ±0.01 (87)  

10 18.996 a ±0.62 (76)  3.0442 a ±0.10 (80)  11.9275 a ±0.41 75) 0.9352 a ±0.03 (82)  2.1185b±0.06 (84)  0.0889 a ±0.00 (97)  

20 12.664 a ±0.41 (84)  0.9132 a ±0.03 (94)  9.542 a ±0.33 (80)  0.3637 a ±0.01 (93)  0.9268 a ±0.02 (93)  0±0 a (100)  
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Table 4.26.  Effect of plants on production of aflatoxin (ng/g) in maize by A.flavus and A.parasiticus at 5th month of storage (25°C temperature and 18% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                120.336d±3.971088 13.732d±0.466888 56.129d±1.964515 9.31d±0.35378 16.21d±0.47009 5.04d±0.2016 

Neem leaves 

5 42.1476b±1.39 (65)  3.021b±0.102 (78)  16.277b±0.56 (71)  1.3034 a ±0.04 (86)  3.5662b±0.10 (78)  0.756 a ±0.03(85)  

10 28.8806b±0.95 (76)  1.6978a±0.05 (88)  8.98 a ±0.31 (84)  0.651 a ±0.02 (93)  0.9726 a ±0.02 (94)  0.3024 a ±0.01(94)  

20 13.2369 a ±0.43 (89)  0±0 a (100)  4.4903 a ±0.15 (92)  0±0 a (100)  0±0 a (100)  0±0 a (100)  

Kikar leaves 

5 60.168c±1.98(50)  4.6688b±0.15(66)  22.4516b±0.78(60)  2.3275b±0.08(75)  4.0525b±0.11(75)  1.1088b±0.04 (78)  

10 52.9478c±1.74(56)  2.7464 a ±0.09 (80)  19.6451b±0.68(65)  1.5826 a ±0.06(83)  2.9178 a ±0.08 (82)  0.3024 a ±0.01(94)  

20 36.1008b±1.19 (70)  1.6478 a ±0.05(88)  15.716 b±0.55(72)  0.558 a ±0.02(94)  1.458 a ±0.04(91)  0±0 a (100)  

Citrus leave  

5 44.524b±1.46(63)  3.707b±0.12(73)  17.961b±0.62(68)  1.489 a ±0.05(84)  2.593 a ±0.07(84)  0.756 a ±0.03(85)  

10 32.49b±1.07(73)  2.334b±0.07 (83)  12.348b±0.43(78)  0.558 a ±0.02(94)  1.621 a ±0.04(90)  0.201 a ±0.00(96)  

20 19.253 a ±0.63(84)  0.823 a ±0.02(94)  6.174 a ±0.21(89)  0±0 a (100)  0±0 a (100)  0±0 a (100)  
Pomegranate 
peels 

 

5 2.883b±0.09 (79)  14.593b±0.51(74)  1.489b±0.05(84)  2.755 a ±0.07(83)  0.453 a ±0.01(91)  

10 25.27 a ±0.83 (79)  1.373 a ±0.04(90)  10.664 a ±0.37(81)  0.465 a ±0.01(95)  0.972 a ±0.02(94)  0±0 a (100)  

20 8.243 a ±0.27(93)  0.137 a ±0.00 (99)  2.806 a ±0.09 (95)  0±0 a (100)  0±0 a (100)  0±0 a (100)  

Citrus peels  

5 56.557c±1.86(53)  3.982b±0.13 (71)  21.89c±0.76 (61)  2.699 a ±0.10 (71)  4.376b±0.12 (73)  0.806 a ±0.03 (84)  

10 39.71b±1.31(67)  3.158b±0.10 (77)  17.961b±0.62 (68)  2.234 a ±0.08 (76)  3.404b±0.09 (79)  0.453 a ±0.01(91)  

20 28.88b±0.95(76)  1.098 a ±0.03(92)  14.032b±0.49(75)  0.931 a ±0.03(90)  1.783 a ±0.05(89)  0±0 a (100)  
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Table 4.27. Effect of plants on production of aflatoxin (ng/g) in maize by A.flavus and A.parasiticus at 7th month of storage (25°C temperature and 18% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                94.876±3.13d 18.271±0.62d 29.33±1.02d 11.291±0.42d 16.141±0.46d 5.81±0.23d 

Neem leaves  

5 38.899±1.28b (59)  4.75±0.16a(74) 12.905±0.45b(56)  2.145±0.08a (81) 4.159±0.12a (72) 0.697±0.02a(88) 

10 27.514±0.90a (71)  3.288±0.11a(82)  10.852±0.37b(63)  1.354±0.05a(88)  1.936±0.05a(88)  0.581±0.02a(90)  

20 16.128±0.53a(83)  0.548±0.01a(97) 4.986±0.17a(83)  0.225±0.00a(98)  0.161±0.00a(99)  0±0(100)  

Kikar leaves  

5 54.079±1.78b(43)  7.125±0.24b(61)  13.198±0.46b(55)  3.387±0.12b (70)  5.326±0.15b(67)  1.743±0.06b (70)  

10 47.438±1.56b(50)  4.385±0.14 a(76)  12.025±0.42b(59)  2.371±0.09a(79)  3.873±0.11a(76)  0.639±0.02a(89)  

20 35.104±1.15b(63)  3.106±0.10 a(83)  9.385±0.32a(68)  1.467±0.05a(87)  2.582±0.07a(84)  0.348±0.01a(94)  

Citrus leave  

5 43.642±1.44b(54)  5.481±0.18b(70)  10.558±0.36b(64)  2.371±0.09a(79)  2.905±0.08a(82)  1.336±0.05a(77)  

10 30.36±1.00a(68)  3.288±0.11a(82)  8.212±0.28a (72)  1.58±0.06a(86)  2.259±0.06a(86)  0.581±0.02a(90)  

20 23.719±0.78a(75)  1.827±0.06a(90)  4.986±0.17a(83)  0.225±0.00 a(98)  0.322±0.00a(98)  0±0(100 ) 
Pomegranate 
peels 

 

5 31.309±1.03a(67)  4.567±0.15a(75)  8.505±0.29b(71)  2.145±0.08a (81)  3.066±0.08 a(81)  0.639±0.02a(89)  

10 26.565±0.87a(72)  2.192±0.07 a(88)  5.866±0.20a(80)  1.242±0.04a(89)  1.291±0.03 a(92)  0.232±0.00b(96)  

20 11.385±0.37a(88)  0.913±0.03a(95)  2.933±0.10a(90)  0.112±0.00a(99)  0±0(100 ) 0±0(100 ) 

Citrus peels  

5 49.335±1.62b(48)  6.212±0.21b(66)  13.785±0.48b (53)  3.383±0.12b(66)  5.649±0.16b (65)  1.394±0.05a(76)  

10 44.591±1.47b (53)  4.75±0.16a (74)  11.145±0.39b(62)  3.387±0.12b(70)  4.68±0.13 b(71)  0.871±0.03a(85)  

20 34.155±1.12b (64)  2.192±0.07a (88)  8.505±0.29a(71)  1.467±0.05a (87)  2.241±0.06 a(85)  0±0 (100 ) 
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Table 4.28 Effect of plants on production of aflatoxin (ng/g) in maize by A.flavus and A.parasiticus at 9th month of storage (25°C temperature and 18% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                43.694±1.44d 7.16±0.243d 17.713±0.619d 7.011±0.266d 12.809±0.371d 4.291±0.171d 

Neem leaves 

5 20.1±0.66b      (54) 2.29±0.08a    (68) 9.39±0.33b       (47) 1.68±0.06a     (76) 4.74±0.14b        (63) 0.82±0.03a      (81) 

10 15.29±0.50b    (65) 1.58±0.0a    (78) 7.97±0.28b      (55) 1.26±0.05a      (82) 2.56±0.07a        (80) 0.69±0.03a       (84) 

20 9.61±0.32a      (78) 0.72±0.02a    (90) 4.61±0.16a      (74) 0.7±0.03a        (90) 1.28±0.04a         (90) 0±0(100) 

Kikar leaves  

5 27.53±0.91c    (37) 3.58±0.12b    (50) 10.45±0.37c   (41) 2.66±0.1b     (62) 5.38±0.16b        (58) 1.85±0.07b      (57) 

10 24.47±0.81b  (44) 2.36±0.08a    (67) 9.74±0.34b      (45) 1.89±0.07a    (73) 4.1±0.12b          (68) 0.94±0.04a      (78) 

20 18.35±0.61b   (58) 1.72±0.06a    (76) 7.62±0.27b      (57) 1.33±0.05a    (81) 3.07±0.09a         (76) 0.64±0.03a       (85) 

Citrus leave 

5 21.85±0.72b    (50) 2.79±0.09b   (61) 7.62±0.27b     (57) 2.03±0.08a   (71) 3.33±0.10a         (74) 1.5±0.06 b        (65) 

10 17.04±0.56b    (61) 2.08±0.07a   (71) 6.02±0.21a     (66) 1.47±0.06a   (79) 2.56±0.07a        (80) 0.82±0.03a       (81) 

20 13.98±0.46a    (68) 1.93±0.07a   (73) 4.43±0.15a      (75) 0.63±0.02a    (91) 1.28±0.04a         (90) 0.3±0.01a        (93) 
Pomegranate 
peels 

5 16.60±0.55b   (62) 2.36±0.08a   (67) 6.02±0.2a    (66) 1.68±0.06a   (76) 2.95±0.09a        (77) 3.23±0.13c       (82) 

10 13.55±0.45a   (69) 1.15±0.04a   (84) 4.61±0.16a   (74) 1.26±0.05a    (82) 1.67±0.05a        (87) 0.34±0.01a       (92) 

20 7.42±0.24a     (83) 0.72±0.02a   (90) 2.83±0.1a      (84) 0.56±0.02a    (92) 0.26±0.01a         (98) 0±0(100) 

Citrus peels 

5 24.91±0.82b    (43) 3.08±0.1b     (57) 10.63±0.37c    (40) 2.8±0.11b     (60) 5.38±0.16b        (58) 1.37±0.05a       (68) 

10 21.84±0.72b    (50) 2.36±0.08a   (67) 8.33±0.29b     (53) 2.52±0.1b      (64) 4.23±0.12b         (67) 0.94±0.04a       (78) 

20 17.91±0.59b    (59) 1.93±0.07a   (73) 6.73±0.24b    (62) 1.47±0.06a    (79) 2.56±0.07a        (80) 4.29±17.16d      (90) 
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Table 4.29. Effect of plants on production of aflatoxin (ng/g) in maize by A.flavus and A.parasiticus at 1st month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                19.62±0.65d 3.98±0.14d 12.17±0.43d 1.93±0.07d 4.82±0.14d 0.11±0d 

Neem leaves 

5 6.47±0.21a (67) 0.68±0.02a (83) 3.77±0.13a (69) 0.25±0.01a(87) 1.35±0.04a (72) 0.01±0a(90) 

10 4.12±0.14a (79) 0±0(100) 2.31±0.08a(81) 0±0(100) 0±0(100) 0±0(100) 

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 

Kikar leaves 

5 10.59±0.35b (46) 1.23±0.04b(69) 6.09±0.21b(50) 0.85±0.03b (56) 1.54±0.04b (68) 0.03±0a(77) 

10 8.04±0.27b (59) 0.8±0.03a(80) 5.23±0.18b(57) 0.67±0.03a(65) 1.4±0.04a(71) 0.01±0a (90) 

20 2.75±0.09a (86) 0±0(100) 2.56±0.09a(79) 0.25±0.01a (89) 0.29±0.01a(84) 0±0(100) 

Citrus leave 

5 8.24±0.27b (58) 1.23±0.04b(69) 5.36±0.19b(56) 0.58±0.02a(70) 1.88±0.05b(61) 0.04±0b(64) 

10 6.06±0.2a (69) 1.07±0.04a(73) 3.77±0.13a(69) 0.4±0.02a(79) 0.58±0.02a(88) 0.02±0a(79) 

20 2.75±0.09a (86) 0.24±0.01a(94) 1.34±0.05a(89) 0±0(100) 0±0(100) 0±0(100) 
Pomegranate 
peels 

5 6.06±0.2a (69) 1.27±0.04b(68) 3.53±0.12a(71) 0.62±0.02a(68) 0.67±0.02a(86) 0±0(97) 

10 3.53±0.12a (82) 0.8±0.03a(80) 2.19±0.08a(82) 0.13±0.01a(93) 0±0(100) 0±0(100) 

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 

Citrus peels 

5 9.61±0.32b (51) 1.39±0.05b (65) 5.23±0.18b(57) 0.92±0.04b (52) 1.21±0.03a(75) 0.01±0a(89) 

10 7.46±0.25b(62) 1.11±0.04a(72) 3.77±0.13a (69) 0.6±0.02a(69) 0.63±0.02a(87) 0±0(100) 

20 3.92±0.13a(80) 0.24±0.01a(94) 2.31±0.08a(81) 0.31±0.01a(84) 0±0(100) 0±0(100) 
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Table 4.30 Effect of plants concentration on production of aflatoxin (ng/g) in maize by A.flavus and A.parasiticus at 2nd month of storage (30°C temperature and 
21% moisture level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                43.56±1.44d 11.62±0.4d 27.7±0.97d 4.72±0.18d 8.26±0.24d 1.23±0.05d 

Neem leaves  

5 15.25±0.5b (65) 2.21±0.08a (81) 8.59±0.3a (69) 0.57±0.02a (88) 0.41±0.01a (95) 0±0(100) 

10 6.97±0.23a (84) 0±0(100) 3.6±0.13a(87) 0±0(100) 0±0(100) 0±0(100) 

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 

Kikar leaves 

5 25.27±0.83c (49) 3.83±0.13b (67) 13.85±0.48b (50) 1.94±0.07b (98.01) 2.23±0.06a (73) 0.26±0.01a (79) 

10 17.86±0.59b (59) 2.09±0.07a (82) 10.25±0.36b (63) 1.32±0.05b (72.02) 0.83±0.02a (90) 0.16±0.01a (87) 

20 4.36±0.14a (90) 0±0(100) 3.32±0.12a (88) 0.09±0a  (100) 0±0(100) 0±0(100) 

Citrus leave 

5 17.42±0.57b (60) 2.56±0.09a (78) 11.91±0.42b (57) 0.47±0.02a (90) 1.4±0.04a (83) 0.25±0.01a (80.02) 

10 15.25±0.5b (65) 0.93±0.03a (92) 9.14±0.32a (67) 0.38±0.01a (92.01) 0±0(100) 0±0(100) 

20 6.1±0.2a (86) 0±0(100) 3.05±0.11a (89) 0±0(100) 0±0(100) 0±0(100) 
Pomegranate 
peels 

5 15.68±0.52b (64) 2.56±0.09a (78) 8.59±0.3a (69) 1.18±0.04a (75.01) 0.83±0.02a (90) 0.07±0a (94.07) 

10 6.53±0.22a (85) 0±0(100) 3.05±0.11a (89) 0±0(100) 0±0(100) 0±0(100) 

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 

Citrus peels 

5 21.34±0.7b (51) 4.76±0.16b (59) 10.8±0.38b (61) 1.84±0.07b (61) 2.07±0.06a (75) 0.12±0a (90.01) 

10 15.25±0.5b (65) 2.32±0.08a (80) 8.32±0.29a (70) 1.18±0.04a (99) 1.07±0.03a (87) 0.04±0a(100) 

20 8.71±0.29a (80) 0±0(100) 5.27±0.18a (81) 0.05±0a  (75.01) 0±0(100) 0±0(97.08) 
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Table 4.31 Effect of plants on production of aflatoxin (ng/g) in maize by A.flavus and A.parasiticus at 3rdnd month of storage (30°C temperature and 21% 
moisture level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                95.34±3.15d 21.01±0.71d 73.67±2.58d 6.82±0.26d 19.05±0.55d 2.16±0.09d 

Neem leaves 

5 38.14±1.26b(60) 4.62±0.16a(78) 22.84±0.8b(69) 1.91±0.07b(72) 0.95±0.03a(95) 0±0(100) 

10 15.25±0.5a(84) 2.1±0.07a(90) 10.31±0.36a(86) 0.27±0.01a(96) 0±0(100) 0±0(100) 

20 0±0(100) 0±0(100) 0.74±0.03a(99) 0±0(100) 0±0(100) 0±0(100) 

Kikar leaves 

5 61.02±2.01c(36) 8.83±0.3b(58) 41.26±1.44c(44) 3.34±0.13b(51) 6.1±0.18b(68) 0.54±0.02a(75) 

10 48.62±1.6b(49) 5.04±0.17a(76) 29.47±1.03b(60) 1.91±0.07a(72) 2.48±0.07a(87) 0.28±0.01a(87) 

20 20.97±0.69a(78) 2.31±0.08a(89) 14±0.49a(81) 0.55±0.02a(92) 1.14±0.03a(94) 0±0(100) 

Citrus leave 

5 41.95±1.38b(56) 5.25±0.18a(75) 35.36±1.24b(52) 0.89±0.03a(87) 2.86±0.08a(85) 0.41±0.02a(81) 

10 36.23±1.2b(62) 2.31±0.08a(89) 29.47±1.03b(60) 0.55±0.02a(92) 0±0(100) 0.09±0.0a(96) 

20 15.25±0.5a(84) 0±0(100) 10.31±0.36a(86) 0±0(100) 0±0(100) 0±0(100) 
Pomegranate 
peels 

5 38.14±1.26b(60) 4.41±0.15a(79) 25.05±0.88b(66) 1.7±0.06a(75) 1.91±0.06a(90) 0.22±0.01a(90) 

10 15.25±0.5a(84) 2.73±0.09a(87) 8.1±0.28a(89) 0.2±0.01a(97) 0±0(100) 0±0(100) 

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 

Citrus peels 

5 50.53±1.67b(47) 8.19±0.28b(61) 35.36±1.24b(52) 3.48±0.13b(49) 5.72±0.17b(70) 0.26±0.01a(88) 

10 39.09±1.29b(59) 6.09±0.21b(71) 28.73±1.01b(61) 2.18±0.08a(68) 2.86±0.08a(85) 0.06±0.0a(97) 

20 19.07±0.63a(80) 0.63±0.02a(97) 10.31±0.36a(86) 1.29±0.05a(81) 0±0(100) 0±0(100) 
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Table 4.32 Effect of plants on production of aflatoxin(ng/g) in maize by A.flavus and A.parasiticus at 4th month of storage (30°C temperature and 21% moisture 
level) 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                186.22±6.15d 37.69±1.28d 159.7±5.59d 14.38±0.55d 43.37±1.26d 6.52±0.26d 

Neem leaves 

5 87.52±2.89b(53) 9.8±0.33a(74) 63.88±2.24b(60) 4.06±0.15a(72) 6.51±0.19a(85) 0.65±0.03a(90) 

10 35.38±1.17a(81) 3.39±0.12a(91) 27.15±0.95a(83) 0.72±0.03a(95) 3.47±0.1a(92) 0.46±0.02a(93) 

20 5.59±0.18a(97) 0±0(100) 1.6±0.06a(99) 0±0(100) 0.87±0.03a(98) 0±0(100) 

Kikar leaves 

5 130.35±4.3c(30) 15.83±0.54b(58) 103.81±3.63c(35) 7.19±0.27b(50) 17.35±0.5b(60) 1.89±0.08b(71) 

10 108.01±3.56c(42) 13.95±0.47b(63) 70.27±2.46b(56) 5.46±0.21b(62) 11.28±0.33a(74) 1.17±0.05a(82) 

20 49.42±1.63a(74) 9.42±0.32a(75) 35.13±1.23a(78) 2.16±0.08a(85) 5.2±0.15a(88) 0±0(100) 

Citrus leave 

5 98.7±3.26c(47) 11.31±0.38b(73) 91.03±3.19c(43) 3.16±0.12a(78) 9.98±0.29a(77) 1.5±0.06a(77) 

10 83.8±2.77b(55) 6.03±0.21a(85) 76.66±2.68b(52) 1.87±0.07a(87) 4.34±0.13a(90) 0.39±0.02a(94) 

20 39.11±1.29a(79) 1.13±0.04a(97) 27.15±0.95a(83) 1.15±0.04a(92) 3.9±0.11a(91) 0.13±0.01a(98) 
Pomegranate 
peels 

5 89.38±2.95b(52) 10.18±0.35a(73) 68.67±2.4b(57) 4.17±0.16b(71) 8.24±0.24a(81) 0.98±0.04a(85) 

10 44.69±1.47a(76) 5.65±0.19a(85) 28.75±1.01a(82) 1.15±0.04a(92) 2.6±0.08a(94) 0.52±0.02a(92) 

20 18.62±0.61a(90) 0±0(100) 6.39±0.22a(96) 0±0(100) 0±0(100) 0±0(100) 

Citrus peels 

5 115.45±3.81c(38) 16.21±0.55b(57) 83.44±2.92c(48) 7.91±0.3c(45) 13.01±0.38b(70) 1.24±0.05a(81) 

10 93.11±3.07b(50) 12.44±0.42b(67) 73.46±2.57b(54) 5.61±0.21b(61) 7.81±0.23a(82) 0.98±0.04a(85) 

20 49.42±1.63a(74) 2.26±0.08a(94) 33.54±1.17a(79) 2.88±0.11a(80) 5.2±0.15a(88) 0.72±0.03a(89) 
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Table 4.33. Effect of plants on production of aflatoxin(ng/g) in maize by A.flavus and A.parasiticus at 5th month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                170.17±5.62d 32.19±1.09d 151.25±5.29d 18.91±0.72d 45.51±1.32d 13.65±0.55d 

Neem leaves 

5 85.09±2.81b(50) 9.66±0.33a(70) 63.54±2.22b(58) 5.86±0.22b(69) 8.19±0.24a(82) 2.59±0.10a(81) 

10 69.77±2.3b(59) 3.86±0.13a(88) 40.85±1.43a(73) 1.89±0.07a(90) 3.19±0.09a(93) 1.77±0.07a(87) 

20 32.33±1.07a(81) 3.22±0.11a(90) 25.67±0.9a(87) 1.89±0.07a(90) 1.37±0.04a(97) 0.55±0.02a(96) 

Kikar leaves 

5 119.12±3.93c(30) 15.77±0.54b(51) 102.87±3.6c(32) 10.02±0.38b(47) 16.84±0.49b(63) 5.32±0.21b(61) 

10 108.91±3.59c(36) 12.88±0.44b(60) 81.69±2.86b(46) 6.24±0.24b(67) 15.02±0.44b(67) 3.14±0.13a(77) 

20 71.47±2.36b(58) 8.05±0.27a(75) 55.97±1.96b(63) 4.54±0.17a(76) 9.56±0.28a(79) 2.0475a(85) 

Citrus leave 

5 88.49±2.92b(48) 11.27±0.38b(65) 86.23±3.02c(43) 5.67±0.22b(70) 10.47±0.3a(77) 2.87±0.11a(79) 

10 79.98±2.64b(53) 5.79±0.2a(82) 77.15±2.7b(49) 3.59±0.14a(81) 6.35±0.18a(86) 1.37±0.05a(90) 

20 49.35±1.63a(71) 2.9±0.1a(91) 45.38±1.59a(70) 1.13±0.04a(94) 4.1±0.12a(91) 0.68±0.03a(95) 
Pomegranate 
peels 

5 85.09±2.81b(50) 9.66±0.33a(70) 71.1±2.49b(53) 6.05±0.23b(68) 10.47±0.3a(77) 2.73±0.11a(80) 

10 61.26±2.02b(64) 4.83±0.16a(85) 40.85±1.43a(73) 2.65±0.1a(86) 6.35±0.18a(86) 0.82±0.03a(94) 

20 22.12±0.73a(87) 2.58±0.09a(92) 15.13±0.53a(90) 1.89±0.07a(90) 2.28±0.07a(95) 0.96±0.04a(94) 

Citrus peels 

5 114.01±3.76c(33) 15.45±0.53b(52) 95.31±3.34c(37) 10.97±0.42c(42) 15.93±0.46b(65) 2.87±0.11a(79) 

10 93.59±3.09b(45) 12.88±0.44b(60) 74.13±2.59b(51) 7.94±0.3b(58) 9.56±0.28a(79) 1.77±0.07a(87) 

20 51.05±1.68a(70) 4.83±0.16a(85) 45.38±1.59a(70) 4.92±0.19a(74) 5.46±0.16a(88) 1.23±0.05a(91) 
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Table 4.34. Effect of plants on production of aflatoxin(ng/g) in maize by A.flavus and A.parasiticus at 7th month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                125.14±4.13d 19.37±0.66d 79.19±2.77d 9.23±0.35d 30.73±0.89d 10.07±0.4d 

Neem leaves  

5 72.58±2.4b (42) 7.75±0.26b (60) 46.72±1.64b (41) 3.42±0.13b (63) 6.76±0.2a (78) 2.22±0.09a (78) 

10 52.56±1.73b (58) 3.68±0.13a (81) 31.49±1.1b (64) 1.75±0.07a (81) 2.46±0.07a (92) 1.61±0.06a (84) 

20 36.29±1.2a (72) 1.16±0.04a (94) 15.84±0.55a (80) 0.74±0.03a (92) 3.38±0.1a (89) 0.4±0.02a (96) 

Kikar leaves  

5 95.11±3.14c (24) 11.43±0.39c (41) 62.56±2.19c (21) 5.44±0.21a (41) 14.75±0.43b (52) 4.53±0.18b (74.01) 

10 80.09±2.64c (36) 8.91±0.3b (54) 49.1±1.72c (38) 3.23±0.12b (65) 13.21±0.38b (57) 3.02±0.12b (70.01) 

20 61.32±2.02b (51) 5.81±0.2a (70) 34.05±1.19b (57) 2.68±0.1a (71) 9.83±0.29b (68) 0±0a (100) 

Citrus leave  

5 73.83±2.44b (41) 8.72±0.3b (55) 45.14±1.58b (43) 3.14±0.12b (66) 9.22±0.27a (70) 3.02±0.12b (70) 

10 63.82±2.11b (49) 5.23±0.18a (73) 45.14±1.58b (43) 1.94±0.07a (79) 5.22±0.15a (80) 1.91±0.08a (81) 

20 43.8±1.45a (65) 3.1±0.11a (84) 31.68±1.11b (60) 1.2±0.05a (87) 3.69±0.11a (88) 1.21±0.05a (88) 

Pomegranate 
peels 

  

5 68.83±2.27b (45) 6.97±0.24b (64) 42.76±1.5b (46) 3.32±0.13b (66) 9.22±0.27a (66) 2.82±0.11b (72) 

10 50.06±1.65b (60) 3.49±0.12a (82) 26.92±0.94a (66) 1.48±0.06a (84) 6.15±0.18a (84) 1.91±0.08a (81) 

20 25.03±0.83a (80) 2.13±0.07a (89) 16.64±0.58a (79) 0.92±0.04a (90) 3.08±0.09a (90) 1.51±0.06a (85) 

Citrus peels  

5 87.6±2.89c (30) 11.07±0.38c (34) 54.64±1.91a (31) 5.63±0.21a (39) 12.29±0.36c (39) 2.92±0.12b (71) 

10 73.83±2.44b(41) 9.49±0.32b (51) 41.97±1.47b (47) 4.15±0.16b (55) 8.91±0.26a (55) 2.11±0.08a (79) 

20 53.81±1.78b (57) 5.42±0.18a (72) 30.09±1.05a (62) 2.77±0.11a (70) 6.15±0.18a (70) 0±0a (100) 
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Table 35. Effect of plants on production of aflatoxin(ng/g) in maize by A.flavus and A.parasiticus at 9th month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 66.09±2.18d 10.19±0.35d 32.11±1.12d 3.17±0.12d 19.69±0.57d 4.14±0.17d 

Neem leaves  

5 41.64±1.37b (37) 4.28±0.15b (58) 19.59±0.69b (39) 1.17±0.04b (63) 4.92±0.14a(75) 0.91±0.04a(78) 

10 29.74±0.98a (55) 2.24±0.08a(78) 12.89±0.45(60) 0.63±0.02a(80) 1.97±0.06a(90) 0.7±0.03a(83) 

20 21.15±0.7a (68) 0.92±0.03a(91) 8.34±0.29(74) 0.25±0.01a(92) 2.95±0.09a(85) 0.33±0.01a(92) 

Kikar leaves  

5 52.88±1.74 c(20) 6.52±0.22 c(36) 25.36±0.89 c(21) 3.9±0.15d(37) 9.85±0.29b (50) 1.53±0.06b (63) 

10 45.6±1.5 c(31) 4.89±0.17b (52) 20.87±0.73 c(35) 1.27±0.05b (60) 9.06±0.26b (54) 1.49±0.06b (64) 

20 35.03±1.16b (47) 3.67±0.12b (64) 15.73±0.55b (51) 1.14±0.04b (64) 6.69±0.19b (66) 1.282± b(69) 

Citrus leave  

5 42.96±1.42 c(35) 4.58±0.16b (55) 19.91±0.7b (38) 1.27±0.05b (60) 3.94±0.11a(66) 1.24±0.05a(70) 

10 36.35±1.2b (45) 3.36±0.11b (67) 18.94±0.66b (41) 0.92±0.03a(71) 3.94±0.11a(80) 0.99±0.04a(76) 

20 25.78±0.85a (61) 2.04±0.07a(80) 10.27±0.36(68) 0.57±0.02a(82) 3.94±0.11a(80) 0.66±0.03a(84) 

Pomegranate 
peels 

 

5 41.64±1.37b (37) 4.07±0.14b (60) 19.26±0.67b (40) 1.3±0.05b (59) 6.3±0.18a(68) 1.24±0.05a(70) 

10 34.37±1.13b (48) 2.34±0.08a(77) 13.81±0.48(57) 0.79±0.03a(75) 3.94±0.11a(80) 1.16±0.05a(72) 

20 18.51±0.61a (72) 1.43±0.05a(86) 9.31±0.33(71) 0.63±0.02a(80) 2.95±0.09a(85) 0.7±0.03a(83) 

Citrus peels 66.09±2.18d 

5       

10 41.64±1.37b (37) 4.28±0.15b (58) 19.59±0.69b (39) 1.17±0.04b (63) 4.92±0.14a(75) 0.91±0.04a(78) 

20 29.74±0.98a (55) 2.24±0.08a(78) 12.89±0.45(60) 0.63±0.02a(80) 1.97±0.06a(90) 0.7±0.03a(83) 
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4.8.3. Inhibitory effect of plant materials against aflatoxin synthesis in wheat 

 As it has already discussed that production of aflatoxins contents at wheat as a substrate 

was lower than other two cereal grains (rice and maize). So, the tested plants showed higher 

inhibitory potential against aflatoxin synthesis at wheat than at other two grains as shown in table 

4.37-4.50. The inhibitory potential of pomegranate peels, neem leaves and citrus leaves were 

more pronounced particularly at low temperature and moisture level (25oC and 18%). Neem 

leaves showed maximum inhibitory effect (20%) with the potential that it totally inhibited for 5 

month aflatoxin B1 and B2, G1 and G2 synthesis by A. flavus and A. parasiticus. Pomegranate 

peels also showed maximum inhibitory effect (20%) by totally inhibiting aflatoxin B1 synthesis 

for 5 months by A. flavus and for 4 months A. parasiticus but fully inhibit B2, G1 and G2 synthesis 

by A. parasiticus for 5 months. Citrus leaves also totally inhibit aflatoxin B1 synthesis by A. 

parasiticus and A. flavus for 3 months and B2, G1 and G2 synthesis by A. parasiticus for 5 

months. While citrus peels totally inhibit aflatoxin B1 synthesis by A. flavus and A. parasiticus 

for one month and B2, G1 and G2 synthesis by A. parasiticus for 5 months. At 10% concentration 

no plant inhibit aflatoxin B1 synthesis except neem leaves that inhibit for one month but they 

fully control B2, G1 and G2 synthesis by A. parasiticus for two months. At 5 % the inhibitory 

trend was same as was observed at maize.   

At high temperature and moisture level neem leaves (20%) totally inhibited aflatoxin B1 

and B2, G1 and G2 synthesis by A. flavus and A. parasiticus for 4 month and Pomegranate peels 

totally inhibit aflatoxin B1 ynthesis by A .flavus and A. parasiticus for 3 month while and B2, G1 

and G2 for 4 month. Kikar leaves at (20%) inhibit only aflatoxin B2, G1 and G2 synthesis by A. 

flavus and A. parasiticus for 3 month and citrus peel at (20%) also inhibit only aflatoxin B2, G1 

and G2 synthesis by A. flavus and A. parasiticus for 2 month. However at 10% concentartion 

neem leaves, pomegranate peels totally inhibit aflatoxin B2, G1 and G2 synthesis by A. parasiticus 

for 2 month. 

Results showed that at low temperature and moisture level (25oC and 18%) neem leaves, 

pomegranate peel and citrus leaves (20%) not only completely stop aflatoxin B1 production by 

A. flaus and A. parasiticus but during storage up to 9 months they effectively control with the 

maximum inhibitory values ranging from 83-100% and 80-100%, 76-100% and 79-100% and 

59-100% and 70-100% respectively. While moderate inhibitory effect was exhibited by citrus 

peel and kikar leaves at 20% was ranged from 53-100% and 60-100%, 49-92% and 49-84%. 
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Whereas at 10 % concentration the inhibitory potentials of pomegranate peels, neem leaves, 

citrus leaves and kikar leaves for aflatoxin B1 accumulation by A. flavus and A. parasiticus were 

found ranged from 65- 94% and 72- 90%, 67- 94% and 64- 100%, 54- 86% and 59-88% and 42-

81% and 39-76% respectively during storage (9 month). Under same condition of storage they 

also effectively control synthesis of aflatoxin B2, G1 and G2 by A. parasiticus. Results showed 

that under same storage condition 5 % concentration of neem leaves, pomegranate peels and 

citrus leavess showed prominent inhibitory effects with inhibitory potential ranged from 63- 87% 

and 60- 90%, 61- 85% and 68- 86% and 52- 80% and 53- 76% respectively against aflatoxin B1 

synthesis by A. flavus and A. parasiticus and also showed a higher inhibitory potential for 

aflatoxin B2, G1 and G2 synthesis by A. parasiticus under same condition. 

Whereas during storage at high temperature (30oC) and moisture (21%) level the 

observed inhibitory effects of neem leaves, pomegranate peel, citrus leaves, citrus peel and kikar 

leaves at 20% concentration against aflatoxin B1 synthesis by A. flaus and A. parasiticus were 

somewhat lower with the inhibitory values 76-100% and 76-100%, 71-100% and 69-100%, 70-

100% and 71-100%, 54-90% and 50-86% and 48-73% and 47-75% respectively than that 

observed at low temperature and moisture level. All these plants also effectively control 

synthesis of aflatoxin B2, G1 and G2 by A. parasiticus with a greater potential than that they 

exhibited for aflatoxin B1 synthesis by A. flavus and A. parasiticus. Under these storage condition 

10 and 5 % concentration of neem leaves, pomegranate peel, citrus leaves, citrus peel and kikar 

leaves showed good inhibitory potential for aflatoxin B1, B2, G1 and G2 accumulation and by A. 

flaus and A. parasiticus. Statistical analysis showed that a significant difference was found 

among the inhibitory effects of plant treatments against aflatoxins production by A. parasiticus 

and A. flavus ar two different storage conditions. 

In present study the maximum inhibitory effect (100%) was presented by neem leaves, 

pomegranate peels and citrus peels (20% concentration) against aflatoxins synthesis by A. flavus 

and A. parasiticus at three different cereals was in fair agreement with the findings of Zeringue 

and Bhatnagar (1994) who reported that the aqueous extract of neem leaves effectively reduce 

98% aflatoxin B1 production by A. flavus in cotton balls without reducing fungal growth. The 

promising inhibitory effect of neem extracts on the synthesis of aflatoxins have been described 

by many other researchers. According to our findings Costa et al. (2010) also reported that 

aqueous extract of neem leaves at 5% concentration inhibited aflatoxin B1 production up to 90% 
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by A. parasiticus in a submerged culture. Although neem leaves has low amounts of observed 

phenolic acids in our study but its prominent antiaflatoxigenic effect may be attributed to the 

presences of active component azadirachtin a tetranortriterpenoids and volatile compounds 

(Krishnamurthy and Shashikala, 2006).  

The antimycotoxigenic potential of citrus peels at 10% for B1 production by A. flaus 

(25oC and 18% moisture) as determined in our present anaslysis was 60-97% in rice, 59-100% in 

maize and 53-100% in wheat was comparable with the previous finding of Krishnamurthy and 

Shashikala (2006) who reported the considerable inhibitory efficacy of Citrus sinesis peels (70-

84%) at 10% concentration against aflatoxin B1 production by A. flaus in soyabean seeds. The 

prominent inhibitory effect of pomegranate peels (54-89% in rice, 71-100% in wheat, 72-100% 

in maize) against aflatoxin B1 synthesis by A. flaus (30oC and 21% moisture) during nine months 

of storage as observed in present study was found to be somewhat comparable with previously 

reported inhibitory activity of pomegranate peels at 10% concentration against aflatoxin B1 

synthesis by A. flaus was 56-63% during one month storage of soyabean (Krishnamurthy and 

Shashikala, 2006). It is well known that by differing seasonal, soil and climatic conditions plant 

chemistry would be effect and hence type and quantity of the components would also be 

effected. Previous report of Razzaghi-Abyaneh, (2005) also showed remarkable inhibitory effect 

of neem leaves on aflatoxin production he found 90 and 65% inhibition in cultures containing 

50% neem leaf and seed extracts respectively. Electron microscopy examination of fungus in 

treated and controls (nontreated) revealed an relation between morphological changes of fungi 

and decreas in AF production, suggesting that biosynthesis and excretion of aflatoxins depends 

on integrity of cell wall.  

 It is well established that antifungal and antiaflatoxigenic activities of plants, cereals, 

fruits, herbs and vegetables may be attributed to the presence of phenolic compound that occur 

naturally (Santos and Furlong, 2008). The results of GC-MS analysis showed that a sufficient 

amount of phenolic acids was present in all the test plants. Hence the antifungal and 

antiaflatoxigenic properties of tested plants may be attributed to the amount and type of phenolic 

acids. The role of phenolics in inhibiting microbial growth and aflatoxin production has already 

been reported by many researchers. Selvi et al. (2003) reported that plenoilc acids and flavonoid 

rich plant Gascinia indica cause 40-60% reduction in aflatoxin synthesis by A.flavus. According 

to Sinha, (1990) on rice ferulic acid and caffeic acid inhibited aflatoxin production by 55.9% and 
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60.8% at 0.1 M concentration while tannic acid caused 58.33% inhibition in wheat and 68.42% 

in maize. Although the phenolic acids have good inhibitory effect on aflatoxin. Some extracts 

and EOs (vitamins, riboflavin, carotenoids, beta-carotene, alfa-carotene, lycopene, ascorbic acid, 

curcumin, several flavonoids, phenolic compouds and synthetic phenolic compounds) of plants 

could potentially provide protection against aflatoxins especially AFB1 (Lokman Alpsoy, 2010). 
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Table 4.36. Effect of plants on production of aflatoxin (ng/g) in wheat by A. flavus and A. parasiticus at 1st month of storage (25°C temperature and                         
18% moisture level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 7.62±0.25d 1.94±0.07d 4.8±0.17d 0.35±0.01d 1.19±0.03d 0±0 

Neem leaves  

5 0.99±0.03a (87) 0.37±0.01a (81) 0.48±0.02a (90) 0.02±0a (95) 0.19±0.01a (84) 0±0(100) 

10 0.46±0.02a (94) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 

Kikar leaves  

5 2.13±0.07b (72) 0.19±0.01a (90) 1.39±0.05b (71) 0.06±0a (84) 0.24±0.01a (80) 0±0(100) 

10 1.45±0.05a (81) 0.19±0.01a (90) 1.15±0.04a (76) 0.03±0a (91) 0.55±0.02b (87) 0±0(100) 

20 0.61±0.02a (92) 0±0(100) 0.77±0.03a (84) 0±0a (100) 0±0a (100) 0±0(100) 

Citrus leave  

5 1.52±0.05 a (80) 0.17±0.01a (91) 1.15±0.04a (76) 0.04±0a (89) 0.1±0a (92) 0±0(100) 

10 1.07±0.04 a(86) 0±0(100) 0.58±0.02a (88) 0±0(100) 0±0(100) 0±0(100) 

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 

Pomegranate 
peels 

 

5 1.14±0.04b (85) 0.12±0a (94) 0.67±0.02a (86) 0±0a (100) 0.06±0a (95) 0±0(100) 

10 0.46±0.02 a (94) 0±0(100) 0.48±0.02a (90) 0±0(100) 0±0(100) 0±0(100) 

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 

Citrus peels  

5 1.68±0.06a(78) 0.54±0.02b (72) 0.77±0.03a (84) 0.03±0a (91) 0.24±0.01a (80) 0±0(100) 

10 1.07±0.04a(86) 0.21±0.01a (89) 0.48±0.02a (90) 0±0(100) 0.85±0.02a(92) 0±0(100) 

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 
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Table 4.37 Effect of plants on production of aflatoxin (ng/g) in wheat by A.flavus and A.parasiticus at 2nd month of storage (25°C temperature and 18% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 11.72±0.39 d 3.12±0.11d 7.17±0.25d 1.27±0.05d 3.16±0.09d 0.2±0.01d 

Neem leaves  

5 1.52±0.05a (87) 0.31±0.01a (90) 0.86±0.03a (88) 0.13±0a (90) 0.51±0.01(84) 0±0a (100) 

10 0±0a (100) 0±0a (100) 0.14±0.01a (98) 0±0a (100) 0.06±0(98) 0±0a (100) 

20 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 

Kikar leaves  

5 3.63±0.12b (69) 0.31±0.01a (90) 2.08±0.07b (71) 0.2±0.01a (84) 0.57±0.02a (82) 0.02±0a(100) 

10 2.23±0.07a (81) 0.25±0.01a (100) 1.51±0.05a (79) 0.13±0a (90) 0.41±0.01a (87) 0±0a (100) 

20 1.17±0.04a (90) 0±0a (100) 1.51±0.05a (79) 0±0a (100) 0±0a (100) 0±0a (100) 

Citrus leave  

5 2.81±0.09a (76) 0.19±0.01a (94) 1.72±0.06a (76) 0.25±0.01a (80) 0.28±0.01a (91) 0±0a (100) 

10 1.88±0.06a (84) 0±0a (100) 0.86±0.03a (88) 0±0a (100) 0±0a (100) 0±0a (100) 

20 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 

Pomegranate 
peels 

 

5 1.76±0.06a(85) 0.28±0.01a (91) 0.93±0.03a (87) 0.03±0a (98) 0±0a (100) 0±0a (100) 

10 0.94±0.03a (92) 0±0a (100) 0.72±0.03a (90) 0±0a (100) 0±0a (100) 0±0a (100) 

20 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 

Citrus peels  

5 2.93±0.1a (75) 0.94±0.03b (70) 1.15±0.04a (84) 0.11±0a (96) 0.57±0.02a (82) 0±0a (100) 

10 1.88±0.06a (84) 0.34±0.01a (89) 0.93±0.03a (87) 0±0a (100) 0.25±0.01a (92) 0±0a (100) 

20 0.35±0.01a (97) 0±0a (100) 0.65±0.02a (91) 0±0a (100) 0±0a (100) 0±0a (100) 
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Table 4.38 Effect of plants on production of aflatoxin(ng/g) in wheat by A.flavus and A.parasiticus at 3rd month of storage (25°C temperature and 18% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 21.21±0.7d 4.17±0.14d 11.32±0.4d 2.13±0.08d 5.02±0.15d 0.97±0.04d 

Neem leaves  

5 3.82±0.13a (82) 0.54±0.02a (87) 1.58±0.06a (86) 0.19±0.01a (91) 0.75±0.02a (85) 0.08±0a (92) 

10 1.91±0.06a (91) 0.04±0a (99) 1.25±0.04a (89) 0±0a (100) 0.1±0a (98) 0±0a (100) 

20 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 

Kikar leaves  

5 7.85±0.26b (63) 0.33±0.01a (92) 3.17±0.11b (72) 0.41±0.02a (81) 1±0.03a (80) 0.09±0a (91) 

10 6.57±0.22b (69) 0.33±0.01a (92) 2.72±0.1a (76) 0.15±0.01a (93) 0.65±0.02a (87) 0±0a (100) 

20 2.12±0.07a (90) 0.17±0.01a (96) 2.15±0.08a (81) 0.15±0.01a (93) 0.25±0.01a (95) 0±0a (100) 

Citrus leave  

5 5.3±0.17a (75) 0.38±0.01a (91) 2.72±0.1a (76) 0.38±0.01a (82) 0.4±0.01a (92) 0±0a (98) 

10 3.82±0.13a (82) 0.38±0.01a (91) 1.7±0.06a (85) 0.13±0a (94) 0±0a (100) 0±0a (100) 

20 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 

Pomegranate 
peels 

 

5 3.18±0.1a(85) 0.33±0.01a (92) 1.7±0.06a (85) 0.11±0a (95) 0.2±0.01a (96) 0±0a (100) 

10 1.91±0.06a(91) 0±0a (100) 1.13±0.04a (90) 0±0a (100) 0.05±0a (99) 0±0a (100) 

20 0±0a(100) 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 0±0a (100) 

Citrus peels  

5 5.72±0.19b (73) 1.04±0.04a (75) 3.17±0.11b (72) 0.19±0.01a (91) 1±0.03a (80) 0.1±0a (90) 

10 4.24±0.14a (80) 0.54±0.02a (87) 2.15±0.08a (81) 0.06±0a (97) 0.4±0.01a (92) 0±0a (100) 

20 1.91±0.06a (91) 0±0a (100) 1.58±0.06a (86) 0±0a (100) 0.4±0.01a (92) 0±0a (100) 
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Table 4.39 Effect of plants on production of aflatoxin(ng/g) in wheat by A.flavus and A.parasiticus at 4th month of storage (25°C temperature and 18% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 34.17±1.13d 5.70±0.19d 22.11±0.77d 3.86±0.15d 9.02±0.26d 1.68±0.07d

Neem leaves  

5 7.86±0.26a(77) 0.74±0.03a(87) 4.64±0.16a(79) 0.35±0.01a(91) 1.44±0.04a(84) 0.10±0.00a(94) 

10 6.10±0.20a(82) 0.17±0.01a(97) 2.43±0.09a(89) 0±0(100) 0.72±0.02a(92) 0±0(100) 

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 

Kikar leaves  

5 12.64±0.42b(63) 0.63±0.02a(89) 7.08±0.25b(60) 0.77±0.03a(80) 2.17±0.06a(76) 0.17±0.01a(90) 

10 11.28±0.37b(67) 0.46±0.02a(92) 6.63±0.23b(70) 0.39±0.01a(90) 1.35±0.04a(85) 0.12±0.00a(93) 

20 5.13±0.17a(85) 0.23±0.01a(96) 4.2±0.15a(81) 0.27±0.01a(93.01) 0.81±0.02a(91) 0±0(100) 

Citrus leave  

5 9.91±0.33b(71) 1.2±0.04a(79) 6.19±0.22a(72) 0.43±0.02a(89) 1.26±0.04a(86) 0.15±0.01a(91) 

10 6.1±0.20a(82) 0.63±0.02a(89) 4.64±0.16a(79) 0.43±0.02a(89) 0.9±0.03a(90) 0.07±0.00a(96) 

20 3.08±0.10a(91) 0±0(100) 1.55±0.05a(93) 0±0(100) 0±0(100) 0±0(100) 

Pomegranate 
peels 

 

5 6.83±0.23a(80) 0.4±0.01a(93) 4.86±0.17a(78) 0.58±0.02a(85) 0.81±0.02a(91) 0.17±0.01a(90) 

10 5.13±0.17a(85) 0.4±0.01a(93) 3.98±0.14a(82) 0.19±0.01a(95) 0.36±0.01a(96) 0±0(100) 

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 

Citrus peels  

5 10.25±0.34b(70) 1.37±0.05a(76) 7.52±0.26b(66) 0.62±0.02a(84) 2.07±0.06a(77) 0.35±0.01a(79) 

10 9.23±0.30b(73) 1.03±0.03a(82) 6.63±0.23b(70) 0.43±0.02a(89) 1.71±0.05a(81) 0.30±0.01a(81) 

20 6.10±0.20a(82) 0.63±0.02a(89) 4.42±0.15a(80) 0.43±0.02a(89) 0.45±0.01a(95) 0±0(100) 
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Table 4.40 Effect of plants on production of aflatoxin (ng/g) in wheat by A.flavus and A.parasiticus at 5th  month of storage (25°C temperature and 18% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 63.57±2.1d 7.01±0.24d 29.64±1.04d 5.14±0.2d 10.21±0.3d 2.01±0.08d

Neem leaves  

5 17.8±0.59b(72) 1.26±0.04a(82) 8.3±0.29b(72) 0.67±0.03a(87) 1.63±0.05a(84) 0.18±0.01a(91) 

10 10.31±0.34a(83.79) 0.21±0.01a(97) 5.04±0.18a(83) 0.51±0.02a(90) 1.12±0.03a(89) 0.12±0.00a(94) 

20 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 0±0(100) 

Kikar leaves  

5 29.24±0.96b(54) 1.33±0.05a(81) 14.23±0.5b(52) 1.13±0.04b(78) 2.96±0.09b(71) 0.2±0.01a(90) 

10 26.06±0.86b(59) 0.77±0.03a(89) 13.34±0.47b(55) 0.77±0.03a(85) 1.53±0.04a(85) 0.18±0.01a(91) 

20 20.34±0.67b(68) 0.77±0.03a(89) 10.37±0.36b(65) 0.51±0.02a(90) 1.53±0.04a(85) 0.1±0.00a(95) 

Citrus leave  

5 20.34±0.67b(68) 1.68±0.06a(76) 10.08±0.35b(66) 0.98±0.04a(81) 1.94±0.06a(81) 0.22±0.01a(89) 

10 14.62±0.48a(77) 0.77±0.03a(89) 7.71±0.27b(74) 0.77±0.03a(85) 1.02±0.030a(90) 0.08±0.00a(96) 

20 10.81±0.36a(83) 0±0(100) 3.85±0.13a(87) 0±0(100) 0±0(100) 0±0(100) 

Pomegranate 
peels 

 

5 13.99±0.46a(78) 0.7±0.02a(90) 8±0.28b(73) 0.77±0.03a(85) 1.12±0.03a(89) 0.22±0.01a(89) 

10 10.17±0.34a(84) 0.56±0.02a(92) 5.63±0.2a(81) 0.36±0.01a(93) 0.71±0.02a(93) 0.16±0.01a(92) 

20 0±0(100) 0±0(100) 3.26±0.11a(89) 0±0(100) 0±0(100) 0±0(100) 

Citrus peels  

5 22.89±0.76b(64) 1.82±0.06b(74) 11.56±0.4b(61) 1.03±0.04a(80) 2.45±0.07a(76) 0.46±0.02a(77) 

10 20.98±0.69a(67) 1.26±0.04a(82) 10.97±0.38b(63) 0.87±0.03a(83) 2.15±0.06a(79) 0.36±0.01a(82) 

20 18.44±0.61b(71) 1.26±0.04a(82) 7.71±0.27b(74) 0.67±0.03a(87) 0.82±0.02a(92) 0.16±0.01a(92) 
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Table 4.41 Effect of plants  on production of aflatoxin (ng/g) in wheat by A.flavus and A.parasiticus at 7th month of storage (25°C temperature and 18 % moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 47.41±1.56d 7.01±0.24d 18.21±0.64d 4.11±0.16d 10.2±0.3d 3.49±0.14d

Neem leaves  

5 14.7±0.48a(69) 1.33±0.05a(81) 4.65±0.16a(69) 0.62±0.02a(85) 1.94±0.06a(81) 0.37±0.01a(89) 

10 11.85±0.39a(75) 0.35±0.01a(95) 4.37±0.15a(76) 0.41±0.02a(90) 1.53±0.04a(85) 0.24±0.01+a(93) 

20 9.96±0.33a(89) 0.21±0.01a(97) 3.46±0.12a(86) 0.41±0.02a(90) 1.33±0.04a(87) 0.24±0.01a(93) 

Kikar leaves  

5 26.07±0.86b(45) 2.31±0.08b(67) 9.65±0.34b(47) 1.36±0.05b(67) 3.26±0.09b(68) 0.37±0.01a(89) 

10 25.13±0.83b(47) 1.89±0.06a(73) 8.74±0.31b(52) 0.99±0.04a(76) 1.84±0.05a(82) 0.31±0.01a(91) 

20 22.28±0.74b(53) 1.12±0.04a(84) 7.29±0.25b(60) 0.99±0.04a(76) 1.53±0.04a(85) 0.20±0.01a(94) 

Citrus leave  

5 18.96±0.63b(60) 1.96±0.07b(72) 7.1±0.25b(61) 0.82±0.03a(80) 2.42±0.07a(76) 0.44±0.02a(87) 

10 16.59±0.55a(65) 0.77±0.03a(89) 4.74±0.17a(74) 0.62±0.02a(85) 1.84±0.05a(82) 0.37±0.01a(89) 

20 12.33±0.41a(74) 0.42±0.01a(94) 2.91±0.1a(84) 0.41±0.02a(90) 1.02±0.03a(90) 0.27±0.01a(92) 

Pomegranate 
peels 

 

5 13.27±0.44a(72) 0.91±0.03a(87) 5.46±0.19a(70) 0.78±0.03a(81) 1.33±0.04a(87) 0.48±0.02a(86) 

10 12.33±0.41a(74) 0.7±0.02a(90) 4.01±0.14a(78) 0.41±0.02a(90) 0.92±0.03a(91) 0.27±0.01a(92) 

20 8.53±0.28a(82) 0.56±0.02a(92) 2.91±0.10a(84) 0.25±0.01a(94) 0.41±0.01a(96) 0.2±0.01a(94) 

Citrus peels  

5 23.23±0.77b(51) 2.1±0.07b(70) 2.55±0.09a(86) 0.82±0.03a(80) 2.42±0.07a(76) 1.36±0.05b(60) 

10 20.38±0.67b(57) 1.82±0.06a(74) 7.47±0.26b(59) 0.62±0.02a(85) 2.14±0.06a(79) 0.48±0.02a(86) 

20 7.07±0.23a(64) 1.4±0.05a(80) 6.19±0.22a(66) 0.45±0.02a(89) 2.14±0.06a(79) 0.37±0.01a(89) 
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Table 4.42 Effect of plants on production of aflatoxin (ng/g) in wheat by A.flavus and A.parasiticus at 9th month of storage (25°C temperature and 18% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 29.19±0.96d 5.31±0.18d 9.16±0.32d 2.36±0.09d 7.22±0.21d 3.49±0.14d 

Neem leaves 

5 10.8±0.36a(63) 1.01±0.03a(81) 3.67±0.13a(60) 0.35±0.01a(85) 1.58±0.05a(78) 0.38±0.02a(89) 

10 9.63±0.32a(67) 0.27±0.01a(95) 3.30±0.12a(64) 0.31±0.01a(87) 1.23±0.04a(83) 0.38±0.02a(89) 

20 7.88±0.26a(83) 0.27±0.01a(95) 2.66±0.09a(80) 0.24±0.01a(94) 1.16±0.03a(87) 0.27±0.01a(90) 

Kikar leaves 

5 18.39±0.61c(37) 2.07±0.07b(61) 5.86±0.21c(36) 0.87±0.03b(63) 2.31±0.07b(68) 0.49±0.02a(86) 

10 16.93±0.56b(42) 1.91±0.06b(64) 5.59±0.20c(39) 0.73±0.03a(69) 1.37±0.04a(81) 0.42±0.02a(88) 

20 14.89±0.49b(49) 0.90±0.03a(83) 4.67±0.16b(49) 0.61±0.02a(74) 1.23±0.04a(83) 0.31±0.01a(91) 

Citrus leave 

5 14.01±0.46b(52) 1.59±0.05b(70) 4.31±0.15b(53) 0.47±0.02a(80) 1.95±0.06a(73) 0.56±0.02a(84) 

10 13.43±0.44b(54) 1.12±0.04a(79) 3.76±0.13b(59) 0.4±0.02a(83) 1.44±0.04a(88) 0.52±0.02a(85) 

20 11.97±0.39a(59) 0.64±0.02a(88) 2.75±0.10a(70) 0.28±0.01a(88) 0.44±0.01a(87) 0.38±0.02a(89) 
Pomegranate 
peels 

5 11.38±0.38a(61) 0.96±0.03a(82) 2.93±0.10a(68) 0.57±0.02a(76) 1.37±0.04a(81) 0.59±0.02a(83) 

10 10.22±0.34a(65) 0.58±0.02a(89) 2.57±0.09a(72) 0.38±0.01a(84) 0.87±0.03a(88) 0.27±0.01a(90) 

20 7.01±0.23a(76) 0.42±0.01a(92) 1.92±0.07a(79) 0.24±0.01a(90) 0.58±0.02a(92) 0.28±0.01a(92) 

Citrus peels 

5 16.93±0.56b(42) 1.65±0.06b(69) 4.86±0.17b(47) 0.52±0.02a(78) 2.09±0.06a(71) 1.39±0.06b(60) 

10 15.47±0.51b(47) 1.54±0.05b(71) 4.49±0.16b(51) 0.40±0.02a(83) 1.95±0.06a(73) 0.84±0.03a(76) 

20 13.72±0.45b(53) 1.12±0.04a(79) 3.67±0.13a(60) 0.26±0.01a(89) 1.66±0.05a(77) 0.56±0.02a(84) 
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Table 4.43 Effect of plants on production of aflatoxin (ng/g) in wheat by A.flavus and A.parasiticus at 1st month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 13.22±0.44d 2.45±0.08d 8.19±0.29d 0.96±0.04d 3.00±0.09d 0.65±0.03d 

Neem leaves 

5 2.38±0.08a(82) 0.22±0.01a(91) 1.64±0.06a(80) 0.00±0.00a(100) 0.12±0.00a(96) 0.00±0.00a(100) 

10 1.19±0.04a(91) 0.00±0.00a(100) 0.90±0.03a(89) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

20 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

Kikar leaves 

5 6.48±0.21b(51) 0.69±0.02b(72) 3.77±0.13b(54) 0.27±0.01b(72) 0.72±0.02a(76) 0.00±0.00a(100) 

10 5.68±0.19b(57) 0.27±0.01a(89) 3.36±0.12b(59) 0.10±0.00a(90) 0.3±0.01a(90) 0.00±0.00a(100) 

20 3.57±0.12b(73) 0.00±0.00a(100) 2.05±0.07b(75) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

Citrus leave 

5 3.17±0.10a(76) 0.37±0.01a(85) 2.7±0.090b(67) 0.18±0.01a(81) 0.57±0.02a(81) 0.00±0.00a(100) 

10 1.98±0.07a(85) 0.07±0.00a(97) 2.21±0.08b(73) 0.04±0.00a(96) 0.12±0.00a(96) 0.00±0.00a(100) 

20 0.00±0.00a(100) 0.00±0.00a(100) 0.98±0.03a(88) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 
Pomegranate 
peels 

5 2.64±0.09a(80) 0.49±0.02a(80) 1.97±0.07a(76) 0.12±0.00a(87) 0.39±0.01a(87) 0.00±0.00a(100) 

10 1.98±0.07a(85) 0.20±0.01a(92) 0.90±0.03a(89) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

20 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

Citrus peels 

5 3.83±0.13b(71) 0.59±0.02a(76) 2.87±0.10b(65) 0.21±0.01a(78) 0.66±0.02a(78) 0.05±0.00a(100) 

10 3.04±0.10a(77) 0.29±0.01a(88) 2.29±0.08b(72) 0.77±0.03d(90) 0.36±0.01a(88) 0.00±0.00a(100) 

20 1.32±0.04a(90) 0.00±0.00a(100) 1.15±0.04a(86) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(93) 
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Table 4.44. Effect of plants on production of aflatoxin (ng/g) in wheat by A.flavus and A.parasiticus at 2nd month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 27.13±0.90d 6.14±0.21d 18.69±0.65d 2.14±0.08d 5.79±0.17d 1.24±0.05d 

Neem leaves 

5 5.43±0.18a(80) 0.55±0.02a(91) 3.55±0.12a(81) 0.00±0.00a(100) 0.23±0.01a(96) 0.00±0.00a(100) 

10 2.44±0.08a(91) 0.00±0.00a(100) 2.06±0.07a(89) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

20 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

Kikar leaves 

5 14.38±0.47c(47) 1.72±0.06b(72) 8.22±0.29b(56) 0.58±0.02b(73) 1.45±0.04b(75) 0.02±0.00a(98) 

10 11.94±0.39b(56) 0.68±0.02a(89) 7.66±0.27b(59) 0.21±0.01a(90) 0.58±0.02a(90) 0.00±0.00a(100) 

20 7.32±0.24b(93) 0.00±0.00a(100) 4.67±0.16ab(75) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

Citrus leave 

5 6.78±0.22ab(75) 0.86±0.03a(86) 6.17±0.22b(67) 0.41±0.02a(81) 0.98±0.03a(83) 0.00±0.00a(100) 

10 4.88±0.16a(82) 0.18±0.01a(97) 5.05±0.18b(73) 0.86±0.03b(96) 0.23±0.01a(96) 0.00±0.00a(100) 

20 5.43±0.18a(100) 0.00±0.00a(100) 2.24±0.08a(80) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 
Pomegranate 
peels 

5 3.53±0.12a(80) 1.04±0.04a(83) 4.11±0.14a(78) 0.28±0.01a(87) 1.16±0.03a(80) 0.00±0.00a(100) 

10 3.53±0.12a(87) 0.43±0.01a(93) 2.06±0.07a(189) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

20 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

Citrus peels 

5 8.68±0.29b(68) 1.60±0.05b(74) 0.54±0.02a(65) 0.47±0.02a(78) 1.39±0.04a(76) 0.07±0.00a(94) 

10 6.78±0.22ab(75) 0.37±0.01a(88) 5.61±0.20b(70) 0.21±0.01a(90) 0.70±0.02a(88) 0.00±0.00a(100) 

20 3.80±0.13a(86) 0.00±0.00a(100) 3.18±0.11a(83) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 



118 
 

Table 4.45. Effect of plants on production of aflatoxin (ng/g) in wheat by A.flavus and A.parasiticus at 3rd month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 50.78±1.68d 12.21±0.42d 38.55±1.35d 4.36±0.17d 13.26±0.38d 1.78±0.07d 

Neem leaves 

5 13.2±0.44a(74) 1.22±0.04a(90) 8.48±0.30a(78) 0.26±0.01a(94) 0.80±0.02a(94) 0.11±0.00a(94) 

10 6.09±0.20a(88) 0.00±0.00a(100) 5.40±0.19a(86) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

20 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

Kikar leaves 

5 29.96±0.99c(41) 3.15±0.11b(100) 18.89±0.66b(75) 1.26±0.05b(71) 3.84±0.11b(71) 0.05±0.00a(97) 

10 24.38±0.80b(52) 1.71±0.06a(86) 16.96±0.59b(56) 0.44±0.02a(90) 1.59±0.05a(88) 0.00±0.00a(100) 

20 14.73±0.49b(71) 0.00±0.00a(100) 9.64±0.34b(75) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

Citrus leave  

5 14.22±0.47b(72) 1.83±0.06a(95) 13.11±0.46b(71) 0.92±0.03a(79) 2.65±0.08a(80) 0.00±0.00a(100) 

10 10.16±0.34a(80) 0.61±0.02a(100) 11.18±0.39b(88) 0.17±0.01a(96) 0.80±0.02a(94) 0.00±0.00a(100) 

20 0.00±0.00a(100) 0.00±0.00a(100) 4.63±0.16a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 
Pomegranate 
peels 

5 11.68±0.39a(77) 2.08±0.07a(93.01) 8.48±0.30a(87) 0.61±0.02a(86) 2.92±0.08a(78) 0.00±0.00a(100) 

10 7.62±0.25a(185) 0.85±0.03a(100) 5.01±0.18a(100) 0.09±0.00a(98) 0.27±0.01a(98) 0.00±0.00a(100) 

20 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

Citrus peels 

5 18.28±0.60b(64) 3.17±0.11b(85) 15.41±0.54b(69) 1.09±0.04ab(75) 3.18±0.09a(76) 0.16±0.01a(91) 

10 15.23±0.50b(70) 1.83±0.06a(85) 11.95±0.42b(69) 0.05±0.00a(85) 2.39±0.07a(82) 0.02±0.00a(99) 

20 8.63±0.28a(83) 0.00±0.00a(100) 7.32±0.26a(81) 0.13±0.00a(97) 0.40±0.01a(97) 0.00±0.00a(100) 
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Table 4.46.Effect of plants on production of aflatoxin (ng/g) in wheat by A.flavus and A.parasiticus at 4th month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 107.00±3.53d 23.61±0.80d 79.21±2.77d 9.57±0.36d 22.16±0.64d 3.19±0.13d 

Neem leaves 

5 29.96±0.99b(72) 2.83±0.10a(88) 19.8±0.69ab(75) 0.77±0.03a(92) 2.22±0.06a(92) 0.19±0.01a(94) 

10 16.05±0.53a(85) 0.00±0.00a(100) 14.26±0.50a(82) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

20 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

Kikar leaves 

5 67.41±2.22c(37) 7.79±0.26b(67) 41.19±1.44c(48) 3.06±0.12b(68) 7.54±0.22b(68) 0.26±0.01a(92) 

10 54.57±1.80c(49) 4.49±0.15a(81) 38.02±1.33b(52) 1.34±0.05a(86) 3.32±0.10a(86) 0.00±0.00a(100) 

20 33.17±1.09b(69) 1.42±0.05a(94) 22.97±0.80b(71) 0.29±0.01a(97) 0.66±0.02a(97) 0.00±0.00a(100) 

Citrus leave 

5 35.31±1.17b(67) 4.49±0.15a(81) 27.72±0.97b(65) 2.30±0.09a(76) 5.10±0.15a(76) 0.13±0.01a(96) 

10 24.61±0.81a(77) 1.65±0.06a(93) 23.76±0.83b(70) 0.77±0.03a(92) 1.55±0.04a(92) 0.00±0.00a(100) 

20 6.42±0.21a(99) 0.00±0.00a(100) 11.88±0.42a(85) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 
Pomegranate 
peels 

5 28.89±0.95b(73) 4.01±0.14a(83) 19.8±0.69ab(75) 1.82±0.07a(81) 5.32±0.15a(81) 0.19±0.01a(94) 

10 19.26±0.64a(82) 2.13±0.07a(91) 10.3±0.36a(87) 0.57±0.02a(94) 1.99±0.06a(94) 0.00±0.00a(100) 

20 3.21±0.11a(97) 0.00±0.00a(100) 1.58±0.06a(98) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

Citrus peels 

5 42.8±1.41b(60) 6.85±0.23b(71) 33.27±1.16b(50) 2.68±0.10b(72) 6.43±0.19b(72) 0.38±0.02a(88) 

10 37.45±1.24b(65) 4.25±0.14a(82) 27.72±0.97b(65) 1.63±0.06a(83) 4.65±0.13a(83) 0.19±0.01a(94) 

20 24.61±0.81a(77) 0.71±0.02a(97) 17.43±0.61a(78) 0.57±0.02a(94) 1.33±0.04a(94) 0.00±0.00a(100) 
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Table 4.47. Effect of plants on production of aflatoxin(ng/g) in wheat by A.flavus and A.parasiticus at 5th month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 123.24±4.07d 25.03±0.85d 98.65±3.45d 9.57±0.36d 28.16±0.82d 7.43±0.30d 

Neem leaves 

5 45.6±1.50b(63) 4.76±0.16a(81) 31.57±1.10b(68) 1.05±0.04a(89) 3.66±0.11a(87) 0.74±0.03a(90) 

10 30.81±1.02a(75) 2.25±0.08a(91) 23.68±0.83a(76) 0.38±0.01a(96) 1.23±0.04a(96) 0.00±0.00a(100) 

20 11.09±0.37a(91) 0.00±0.00a(100) 8.88±0.31a(91) 0.00±0.00a(100) 0.00±0.00a(100) 0.00±0.00a(100) 

Kikar leaves 

5 85.03±2.81c(31) 10.01±0.34b(60) 60.18±2.11c(66) 3.64±0.14b(62) 10.7±0.31b(62) 0.89±0.04a(88) 

10 72.71±2.40c(41) 6.79±0.23b(73) 52.29±1.83b(47) 1.91±0.07a(80) 5.35±0.16a(81) 0.37±0.01a(95) 

20 45.6±1.50b(63) 3.75±0.13a(85) 33.54±1.17b(66) 0.96±0.04a(90) 2.82±0.08a(90) 0.00±0.00a(100) 

Citrus leave 

5 49.3±1.63b(60) 23.45±0.80d(78) 39.46±1.38b(68) 2.49±0.09b(74) 7.32±0.21b(74) 0.74±0.03a(90) 

10 34.51±1.14a(72) 3.00±0.10a(88) 31.57±1.10b(81) 1.15±0.04a(88) 3.94±0.11a(86) 0.22±0.01a(97) 

20 16.02±0.53a(87) 0.25±0.01a(99) 18.74±0.66a(100) 0.38±0.01a(96) 1.13±0.03a(96) 0.00±0.00a(100) 
Pomegranate 
peels 

5 43.13±1.42b(65) 5.01±0.17a(80) 28.61±1.00a(80.97) 2.01±0.08a(79) 7.6±0.22b(73) 0.67±0.03a(91) 

10 29.58±0.98a(76) 3.25±0.11a(87) 18.77±0.66a(92) 0.77±0.03a(92) 3.38±0.10a(88) 0.15±0.01a(90) 

20 9.86±0.33a(92) 0.75±0.03a(97) 7.89±0.28a(92) 0.00±0.00a(100) 0.28±0.01a(99) 0.00±0.00a(100) 

Citrus peels 

5 57.92±1.91b(53) 8.51±0.29b(66) 49.33±1.73b(58) 3.06±0.12b(68) 10.42±0.30b(63) 1.14±0.05a(85) 

10 49.3±1.63b(60) 5.51±0.19a(78) 41.43±1.45b(58) 1.91±0.07a(80) 7.04±0.20ab(75) 0.82±0.03a(89) 

20 36.97±1.22a(70) 2.25±0.08a(91) 28.61±1.00a(71) 0.96±0.04a(90) 3.38±0.10a(88) 0.15±0.01a(98) 
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Table 4.48. Effect of plants on production of aflatoxin (ng/g) in wheat by A.flavus and A.parasiticus at 7th month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 71.26±2.35d 16.04±0.55d 77.46±2.71d 7.56±0.29d 31.72±0.92d 0.20±0.01d 

Neem leaves 

5 30.64±1.01b(57) 4.01±0.14a(75) 30.98±1.08b(60) 1.44±0.05a(81) 6.34±0.18a(80) 0.00±0.00a(100) 

10 22.8±0.75a(68) 2.73±0.09a(83) 21.69±0.76a(72) 0.45±0.02a(94) 4.12±0.12a(87) 0.00±0.00a(100) 

20 10.69±0.35a(85) 0.96±0.03a(94) 10.84±0.38a(86) 0.00±0.00a(100) 0.95±0.03a(97) 0.00±0.00a(100) 

Kikar leaves 

5 54.87±1.81c(23) 7.86±0.27b(51) 55.00±1.92c(29) 3.40±0.13b(55) 15.23±0.44b(52) 0.02±0.00a(100) 

10 47.75±1.58c(33) 5.29±0.18b(67) 47.25±1.65c(39) 2.04±0.08b(73) 8.25±0.24a(74) 0.00±0.00a(100) 

20 30.64±1.01b(57) 3.69±0.13a(77) 4.08±0.14a(56) 1.36±0.05a(82) 6.34±0.18a(80) 0.00±0.00a(100) 

Citrus leave 

5 34.92±1.15b(51) 4.65±0.16a(71) 39.51±1.38b(49) 2.65±0.10b(65) 10.15±0.29b(68) 0.00±0.00a(100) 

10 25.65±0.85a(64) 3.21±0.11a(80) 30.98±1.08 b(60) 1.59±0.06a(79) 6.98±0.20a(78) 0.00±0.00a(100) 

20 15.68±0.52a(78) 1.60±0.05a(90) 23.24±0.81b(70) 0.76±0.03a(90) 4.12±0.12a(87) 0.00±0.00a(100) 
Pomegranate 
peels 

5 32.78±1.08b(54) 4.33±0.15a(73) 39.51±1.38b(60) 2.19±0.08b(71) 11.42±0.33b(64) 0.00±0.00a(100) 

10 24.23±0.80a(66) 2.89±0.10a(82) 30.98±1.08b(72) 1.13±0.04a(85) 6.03±0.17a(81) 0.00±0.00a(100) 

20 12.83±0.42a(82) 1.60±0.05a(90) 23.24±0.81b(80) 0.30±0.01a(96) 2.22±0.06a(93) 0.00±0.00a(100) 

Citrus peels 

5 40.62±1.34b(43) 7.70±0.26b(52) 45.7±1.60c(41) 3.10±0.12b(59) 14.59±0.42b(68) 0.00±0.00a(100) 

10 34.92±1.15b(51) 5.29±0.18b(67) 37.18±1.30b(52) 2.12±0.08b(72) 10.15±0.29b(68) 0.00±0.00a(100) 

20 26.37±0.87b(63) 3.37±0.11a(79) 30.98±1.08b(60) 1.29±0.05a(83) 5.39±0.16a(83) 0.00±0.00a(100) 
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Table 4.49 Effect of plants on production of aflatoxin (ng/g) in wheat by A.flavus and A.parasiticus at 9th month of storage (30°C temperature and 21% moisture 
level) 
 

Values are mean ± SD of all samples analyzed individually in triplicate (P <0.05). x and y represent effect of fungal strain on aflatoxin production. A, B, C, 
D represent difference in aflatoxin amount. A, b, c, d in superscripts represent effect of plant treatment on aflatoxin.  
 
 

Plant samples 
% 

A. flavus x A. parsiticus y 
B1A B2B B1A B2B B1A B2B

Control                 32.51±1.07d 7.01±0.24d 29.22±1.02d 3.17±0.12d 17.46±0.51d 4.79±0.19d 

Neem leaves 

5 16.91±0.56b(48) 2.38±0.08a(66) 14.02±0.49b(52) 0.85±0.03a(73) 4.71±0.14a(73) 1.20±0.05a(75) 

10 13.98±0.46b(57) 1.75±0.06a(75) 11.39±0.40a(61) 0.48±0.02a(85) 3.84±0.11a(78) 0.72±0.03a(85) 

20 7.80±0.26a(76) 1.05±0.04a(85) 7.01±0.25a(76) 0.13±0.00a(96) 1.75±0.05a(90) 0.19±0.01a(96) 

Kikar leaves 

5 27.31±0.90d(16) 4.00±0.14.00b(43) 23.37±0.82c(20) 1.67±0.06c(47) 9.25±0.27b(47) 1.44±0.06b(70) 

10 24.71±0.82c(24) 3.09±0.10b(66) 19.87±0.70c(32) 1.20±0.05b(62) 6.11±0.18b(65) 1.01±0.04a(79) 

20 16.91±0.56b(48) 2.03±0.07a(71) 15.48±0.54b(47) 0.85±0.03a(73) 4.71±0.14a(73) 0.57±0.02a(80) 

Citrus leaves 

5 18.53±0.61b(43) 2.81±0.10b(60) 18.11±0.63bc(38) 1.33±0.05b(50) 7.33±0.21b(58) 1.25±0.05a(74) 

10 13.33±0.44a(59) 1.54±0.05a(78) 15.19±0.53b(40) 0.89±0.03ab(72) 5.24±0.15a(70) 0.91±0.04a(81) 

20 9.75±0.32a(70) 1.33±0.05a(81) 8.47±0.30a(71) 0.60±0.02a(81) 3.32±0.10a(81) 0.48±0.02a(90) 
Pomegranate 
peels 

5 18.21±0.60b(44) 2.60±0.09b(63) 14.9±0.52b(49) 1.11±0.04b(65) 7.16±0.21b(59) 1.01±0.04a(79) 

10 14.96±0.49b(54) 1.82±0.06a(74) 11.39±0.40a(61) 0.63±0.02a(80) 4.54±0.13a(74) 0.62±0.02a(87) 

20 9.43±0.31a(71) 1.33±0.05a(81) 9.06±0.32a(69) 0.41±0.02a(87) 1.75±0.05a(90) 0.14±0.01a(97) 

Citrus peels 

5 21.13±0.70c(35) 3.79±0.13b(46) 19.87±0.70c(32) 1.58±0.06b(50) 9.60±0.28bc(45) 1.53±0.06b(68) 

10 18.21±0.60b(44) 2.88±0.10b(59) 17.24±0.60b(41) 1.23±0.05b(61) 6.98±0.20b(60) 1.15±0.05a(76) 

20 14.96±0.49b(54) 2.10±0.07a(70) 14.61±0.51b(50) 0.82±0.03a(74) 4.19±0.12a(76) 0.77±0.03a(84) 
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                          Fig 4.6 Typical HPLC chromatogram showing the separation of aflatoxin in standard 1 
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                       Fig 4.7 Typical HPLC chromatogram showing the separation of aflatoxin in standard 2            
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            Fig 4.8 Typical HPLC chromatogram showing the separation of aflatoxin in corn (kikar leave) 
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Fig 4.9. Typical HPLC chromatogram showing the separation of aflatoxin in wheat (citrus peel) 
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                   Fig 4.10. Typical HPLC chromatogram showing the separation of aflatoxin in rice (citrus leave) 
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       Fig 4.11. Typical HPLC chromatogram showing the separation of aflatoxin in rice (pomegaranate peel) 
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Fig 4.12. Typical HPLC chromatogram showing the separation of aflatoxin in maize (neem leaves) 
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                Fig 4.13. Typical HPLC chromatogram showing the separation of aflatoxin in wheat (neem leaves) 
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Summary 

Globally cereals and grains (maize, rice and wheat) are are not only economically 

important but due to their potential nutritional attributes are gaining much importance in human 

diet. Their use as staple food is increasing locally as well as worldwide, with increasing 

awareness about their health protective attributes as they contain variety of health promoting 

phytonutrients like carbohydrates, phytosteroles, lignins, phenolics, protein mineral, vitamin, 

fibers, oil and essential amino acids. All kinds of grains especially oat, have been found to 

contain such type of phytochemicals that may have potential to reduce the risk of coronary heart 

disease and certain types of cancers. In UK, it is usually suggested that starchy foods such as 

cereals, pasta, rice, bread, and potatoes should account one third of your diet what you eat. 

Approximately 50 percent calories of the worlds may be provided by wheat, rice and maize. 

Among the different cereal crops grown all over the world wheat, maize and rice are the 

major source of energy and have equal importance as staple food. In developing countries maize 

and rice contribute as a main constituent of poor people’s diet. In some developing nations, their 

daily use sustenance mostly consists of wheat, rice, maize millet  in the form of grains. Whereas, 

in developed nations moderate and varied forms of cereal are consumed but still substantial. 

Many commercial products are prepared by maize such as: roasted green maize, fermented corn, 

corn flakes, corn oil, boiled whole grains and bread. It is also used to prepare livestock feed, 

poultry and fish feed as well as by wet milling industry. Pakistani population use many different 

forms of wheat by different processing like chapatti, bakery items, soups, nodules etc and more 

than 50 % population of Pakistani use rice in diet.  

The mycotoxigenic fungi that mostly involved in the human food chain mainly belong to 

Aspergillus, Fusarium and Penicillium genera. Biologically and economically A. parasiticus and 

A. flavus are the most important species of Aspegillus that are ubiquitous and can invade under 

favorable conditions of temperature and moisture on large number of food stuffs like cereal 

grains, rye breads, wheat, rice, soybeans, oil seeds, etc and produce toxic metabolites called 

aflatoxins.  

 Aflatoxins not only deteriorate the food quality but have carcinogenic potential for 

mammals. The main toxic effects associated with the consumption of aflatoxin B1 are 

hepatotoxicity, teratogenicity and mutagenicity. It may cause hepatitis, hemorrhage, edema, 

immunosuppression and hepatic carcinoma.  
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Pakistan as well as many other countries has established the rule and acceptable levels of 

aflatoxins because of their common occurrence, carcinogenic nature and toxic potential to 

human’s health. According to European Union (EU) maximum acceptance level for sum of four 

aflatoxins (AFB1+AFB2+AFG1+AFG2) in cereal (Rice) was set 4 μg/kg. 

According to FAO estimates, 25% of the world crop production equal to estimated price 

of $100 million US dollar and 20% of crop production in European Union are annually 

contaminated by fungi and their toxic metabolites. Despite of several preservative measures a 

huge amount of agriculture commodities in country and worldwide undergo mycotoxins 

contamination.  

Many physical and chemical approaches such as aeration, cooling, storage of feeds with 

less than 100g/kg moisture level and rodent proof rooms and use of chemicals such as propoinic, 

acetic, sorbic acid, hydrogen peroxide and ammonium hydroxide have also been applied to 

detoxify aflatoxins. Although, chemical treatments are most effective and efficient to control 

aflatoxin contamination but due to their residual toxic and carcinogenicity, they cannot be 

applied to cereals, grains and other food materials. The use of plants in traditional system of 

fungal infection treatments and related ailments has been proved to be non-toxic, biodegradable, 

and renewable source for antifungal drugs and a number of plant species have been investigated. 

In present research work total 18 different plant materials were extracted with different solvents 

i.e. methanol, ethanol, chloroform and acetone and the amount of antifungal and 

antiaflatoxigenic components was found to be ranged from 12.30-50.71, 11.69-57.69, 3.12-

14.35 and 4.60-27.50 g/100g DW respectively. Among different solvents used methanol and 

ethanol exhibited highest yield compared to acetone and chloroform.  

 Antifungal activity of methanolic and ethanolic extracts of different parts of selected 

plants, and agrowastes were evaluated against two pathogenic fungal strains Aspergillus flavus 

(A.flavus) and Aspergillus parasiticus (A. parasiticus) by disc diffusion method and by 

microbroth dilution method. In general the values of diameter of inhibitory zone (DIZ) shown 

by ethanolic plant extracts ranged between 11-37 mm against A. flavus and 13-38 mm against 

A.parasiticus were found to be higher than DIZs values observed by methanolic plant extracts 

ranging between 10-32 mm against A. flavus and 10-34 mm against A. parasiticus. This 

showed that ethanolic plant extracts were more effective against both tested fungi than 

methanolic extracts. However no significant difference (P>0.05) was found between antifungal 
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effects of methanolic and ethanolic plant extracts against tested fungi but a significant 

difference (P<0.05) was observed among the antifungal activities of different plant extracts 

with the same solevent. Plant extracts showed a wide range of MICs against both tested fungi. 

The MICs for A. flavus ranged from 135 μg/ mL to 1396 μg/ mL and for A. parasiticus 99 μg/ 

mL to 1407 μg/ mL. Statistical analysis showed that a significant variation (P <0.05) was 

found among the MIC values of investigated plants against tested fungi but a non-significant 

difference (P>0.05) was found between MICs observed against A. parasiticus and A. flavus.  

 The plant extracts exhibited good antifungal potential were characterized for antifungal 

component as phenolic acids which can act as antifungal, antioxidant, anti-inflammatory and 

antibacterial agents. The phenolic acids profiles of 11 selected plant material determined using 

GC-MS showed the presence of total 8 acids like gallic acid, cinamic acid, benzoic acid, vanillic 

acid, protocacheuic acid, ferulic acid, caffeic acid, and paracoumaric acid. Among the 

investigated phenolic acids, gallic acid was found as major phenolic acid in significant higher 

amount in almost all of the observed plant extracts followed by ferulic acid and caffeic acid 

whereas cinamic, vanallic and benzoic acids were found in small amount in few of samples. 

Gallic acid was detected in all of the tested plant extracts to varying concentrations ranging from 

0.03 to 6.11 mg/g of dry matter whereas ferulic acid and caffeic acid were found at the 

concentration ranging from 0.12 to 5.16 and 0.15 to 1.47 mg/g of dry matter respectively. 

Whereas, protocacheuic, vanallic and p-coumaric acids were detected only in few of the extracts 

ranging from 0.02-0.56, 0.03-0.81 and 0.01-0.43 mg/g of dry matter respectively. Cinnamic acid 

was found in citrus and pomegranate peels at concentration 0.11 and 0.21 mg/g of dry matter but 

benzoic acid was detected only in kikar leaves at the level of 0.58 mg/g. Most of the investigated 

plant materials are rich source of many important phenolic acids, so their potential use in food 

industry as antioxidant and antimicrobial agents may provide a natural alternate of synthetic 

preservatives. However, it may also solve the environmental problem of disposal of wastes and 

by-products. 

 The plant materials showed good profile of phenolic acids were selected for 

investigation of their inhibitory potential against the production of aflatoxin by two strains of 

A. flavus and A. parasiticus at three different cereals (maize, wheat and rice) stored at two 

different conditions of temperature and moisture. Toxic strains of Aspergillus were isolated from 

nine samples i.e. three wheat, three maize and three peanut grains. 
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The cereal grains (wheat, maize and rice) inoculated with A. flavus and A. parasiticus 

were stabilized with 5 plant materials at three different concentrations (5, 10, and 20%) and 

stored at two different conditions of temperature and moisture (25oC temperature and 18% 

moisture and 30oC temperature and 21% moisture) for a period of 9 months. After regular 

interval of time, samples were drawn, extracted and pre concentrated for the qualitative analysis 

by TLC and quantitative estimation was performed by HPLC. Observing of TLC plates under 

UV light 365 nm showed the presence of B and G types of aflatoxins and by comparing the Rf 

values of tested samples with the standards four type of aflatoxins i.e. BI, B2, G1 and G2 were 

identified. The results showed that A. parasiticus was responsible for the production of four 

types of aflatoxins AFBI, AFB2, AFG1 and AFG2 while A. flavus produced only two type of 

aflatoxins AFBI and AFB2. The quantitative estimation of aflatoxins was performed by HPLC 

showed the order of accumulation of four types of aflatoxins content by A. parasiticus was in the 

sequence as AFBI > AFG1 > AFB2 > AFG2 while by A. flavus the accumulation of AFBI was 

significantly higher than AFB2. 

The quantitative analysis of aflatoxins after regular interval of time up to 9 months 

revealed that during first month of incubation very small increase in aflatoxin amount was 

observed by A. flavus and A. parasiticus whereas a continous increase in total aflatoxin contents 

was observed by both tested fungi up to 4th month in rice and maize and upto 5th month in wheat 

and after reaching to maximum level a slight decrease in total aflatoxin contents following a 

rapid decline was observed at both storage conditions. The minimum levels of total aflatoxin 

contents detected after 9 month of storage at 30oC and 21% moisture level by A. flavus and A. 

parasiticus were 108.572 and 125.940 ng/g at rice, 76.279 and 59.100 ng/g at maize and 39.528 

and 54.626 ng/g at wheat while at 25oC and 18% moisture level minimum levels of total 

aflatoxin contents were found 78.538 and 54.211 ng/g at rice, 50.854 and 41.824 ng/g at maize 

and 34.501 and 22.237 ng/g at wheat after 9 months of storage.  From results it was found that 

minimum level of total aflatoxins by A. flavus and A.parasiticus obtained at three cereals after 9 

month of incubation were higher than the amount of total aflatoxins produced after first month of 

incubation. 

Among the different applied concentrations 20% was found to be most effective to inhibit 

aflatoxins synthesis at all tested cereals while 5% was least effective. Among the investigated 

plants pomegranate peels and neem leaves (20%) were found to be most effective and they fully 
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inhibit aflatoxin B1 synthesis (100%) by both tested fungi for 4 month at all cereals (maize and 

rice and wheat) and for 5 month B2, G1 and G2 synthesis at 25oC temperature and 18% moisture 

level. Whereas, at high temperature and moisture level (30oC and 21%) although neem leaves 

fully inhibited aflatoxin B1 synthesis by both tested fungi but for 4 months in wheat and 3 month 

in maize and pomegranate peels (20 %) completely inhibit aflatoxin B1 synthesis for 3 month in 

maize and wheat grains while in rice pomegranate peels and neem leaves did not show complete 

inhibition of aflatoxin B1 synthesis by both tested fungi but they fully inhibit B2, G1 and G2 

production by A. parasiticus for 2 months at all cereal grains. Generally the order of inhibitory 

potential of investigated plants (20%concentration) against aflatoxins synthesis by both tested 

fungi was as neem leaves > pomegranate peels > citrus leaves > citrus peel > kikar leaves. 

The results of present research showed that investigated plant materials were found rich 

source of many important phenolic acids and they showed good inhibitory effect against the 

production of aflatoxins. So, the use of natural plants and their products may successfully replace 

synthetic chemicals and provide an alternative approach to protect cereal grains as well as other 

agricultural commodities of nutritional significance from toxigenic fungi such as A. flavus and A. 

parasiticus and the aflatoxin production. Their potential use in food industry as antioxidant and 

antimicrobial agents may provide a natural alternate of synthetic preservatives. However, it may 

also solve the environmental problem of disposal of wastes and by-products.  

Although present study provide that tested plants showed appreciable antifungal and 

antiaflatoxigenic potential against tested fungal strains. The antifungal and antiaflatoxigenic 

activities of plants may be attributed to the presence of various phytochemical compounds in 

plants. So, further research is needed to identify and isolate others phytoconstituents of tested 

plants by HPLC/ GC-MS and investigate which bio active compound exhibits best antimicrobial 

potential against a particular microorganism.  

Moreover, higher plants are good source of various organic compounds that are important 

nutraceutically as well as pharmaceutically. There are more than 400,000 phytochemicals and 

among them approximately 10,000 are secondary metabolites which play defensive role in 

plants. There may be certain plant whose constituents are needed to be explore against a wide 

range of microbes. Therefore, further investigation including evaluation of their in-vivo effect is 

required to make definite conclusion about their use in novel herbal antimicrobial formulations 

to control pathogenic microbes in food. This would expand their scope of application to control a 
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wide spectrum of mycotoxins development in food industry and storage system. Furthermore, the 

use of such indigenous plants and their bioactive components as potential natural food 

preservative could be economic.              
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