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ABSTRACT 
 

Aflatoxins are produced by different strains of Aspergillus flavus and Aspergillus parasiticus, found in different 

agricultural commodities. Contamination of aflatoxin in food crops is a global issue and ingestion of such crops leads 

to drastic effects on health of animals and humans. Up to 25% of worlds agricultural commodities are thought to be 

contaminated with mycotoxins leading to economic constraints on exporting countries. Innovative technologies are 

being utilized to reduce aflatoxin contamination in food crops. Proper pre- and post- harvest technologies, heat 

treatment, chemical treatment and microbiological agents are some steps being utilized for the reduction of aflatoxin 

contamination. Amongst these technologies, biological control has the potential to successfully control and reduce 

aflatoxin contamination of agricultural crops by using competitive elimination of pathogenic strains of Aspergillus spp. 

by nonpathogenic strains.  
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INTRODUCTION 

 

Aflatoxins are a group of carcinogenic and toxic 

metabolites which are commonly found in agricultural 

commodities such as cereals, cereal grains, nuts and animal 

feed which create substantial problems to the food industry. 

Aflatoxin contamination in cereal grains is a worldwide 

concern especially in sub-tropical and tropical areas (Guan 

et al., 2011). Multiple species of Aspergillus (most 

commonly A. flavus and A. parasiticus) are often 

associated with cereals and peanuts and can be isolated 

from many other commodities such as household use 

products ( chili, eggs, milk and milk products), soybean, 

wheat, rice and sorghum (Williams et al., 2004).  

 

Initial investigations 

Aflatoxins were first reported in 1960 when the then 

unknown Turkey X disease killed thousands of young 

turkeys in the UK. Early reports suggested that ingestion of 

Brazilian peanut meal which were contaminated with 

secondary metabolites called aflatoxins produced by 

Aspergillus flavus were responsible for the problem (Van 

der Zijden et al., 1962). However, other reports have 

suggested that another mycotoxin, cyclopiazonic acid, 

which can be produced by A. flavus, also contributed to the 

disease.  

 

Global occurrence of aflatoxin contamination 

The occurrence of aflatoxins in various types of food 

grains has been well documented from different regions all 

over the world during the past two decades, such as Italy 

(Pietri et al., 2004), Ethiopia (Ayalew et al., 2006), India, 

Mexico, etc. (Binder et al., 2007, Jelinek et al., 1989, 

Monbaliu et al., 2010, Placinta et al., 1999). A study 

conducted in 2006 reported that increased occurrence of 

hepatocellular cancer in Africa can be associated with 

Aflatoxins which is among the most potent naturally 

occurring carcinogens  (Strosnider et al., 2006). Recent 

outbreak of acute aflatoxicosis has also been documented 

in Kenya (Probst et al., 2007). Increased exposure to high 

amounts of aflatoxins is also reported to stunt growth in 

children (Gong et al., 2004). Deficiencies of micronutrients 

caused due to aflatoxin contamination have also been 

reported in animal feed (Williams et al., 2004). In result to 

above mentioned effects, strict regulatory actions are 

established to prevent trade of contaminated products. 

(Juan et al., 2008). 
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Stepien et al. (2008) reported contamination of about 

25% of total world’s agricultural commodities by 

mycotoxins. Another report states that about quarter 

percentage of harvested fruits and vegetables are lost after 

harvesting due to these diseases (Gullino et al., 2000). In 

developing countries, poor storage condition and 

transportation accounts to increased losses after harvest 

(Singh et al., 2008). 

 

Strategies implemented for the reduction of aflatoxin 

contamination 

Several strategies have been implemented to control 

and reduce harmful effects of aflatoxins since 1960s (Guan 

et al., 2011). Generally, these strategies can be divided into 

three groups; pre-harvest control, harvest management and 

post-harvest detoxification (Kabak et al., 2006). Field 

management practices such as use of resistant varieties, 

crop rotation, weed control, timed planting, pest control 

along with other practices have been used to reduce the risk 

of aflatoxin development (Hell and Mutegi, 2011). 

Pesticide application and the use of atoxigenic fungi to 

competitively displace toxigenic fungi are common 

measures used to stop aflatoxin infection in field condition. 

Post-harvest interventions that reduce aflatoxin include; 

proper drying, proper transportation, sorting, cleaning and 

post-harvest insect control. Physical methods used for 

reduction and detoxification of aflatoxins include; sorting, 

physical segregation, flotation etc. Recent advances 

through chemical treatments (calcium hydroxide, 

ammonia) and microbiologically (incorporating pro-

biotics, binding by yeast) have been successful in reducing 

risk of aflatoxin contamination. Among these 

interventions, biological control appears to be the most 

promising approach for control of aflatoxin in both pre- and 

post- harvested crops. 

 

Mechanisms of biological control 

Plant pathogen antagonize mainly through four 

mechanisms: parasitism, competition, induced resistance 

predation and competition. The most common mechanisms 

for microbial antagonism of plant pathogens are parasitism, 

predation, competition, induced resistance and the 

production of antimicrobial substances. Organisms that 

have similar sources for growth and survival always 

compete in nature. Competition results in reduction in 

availability of feed source to at least one competitor. In 

nature, organisms that compete for resources are often 

closely related. For that reason, if non-pathogenic strains 

are introduced to certain plants or seeds, it is possible that 

it can compete out pathogenic strain. This can also be 

carried out by using non-related strains of they compete 

with feed resource. For example, fungal spore germination 

will be reduced when bacteria and yeast compete for 

nutrients on surface of leaves. However, anti-microbial 

properties of certain metabolites produced by micro-

organisms are mostly seen when grown in culture, and 

rarely in nature. A successful biocontrol requires 

considerable understanding of cropping system; disease 

epidemiology; the biology, ecology, and population 

dynamics of biocontrol organisms; and the interactions 

among these variables. 

Initial investigations for biological control 

During late 1990’s the maize crop in the region south 

of USA from Texas to Georgia was contaminated with an 

acute attack of aflatoxins. Following this, an approach was 

pioneered by Peter Cotty in cotton fields of Arizona which 

were affected by A. flavus and aflatoxin contamination. The 

idea was to inundate the cotton field soil environment with 

an indigenous atoxigenic strain of A. flavus. Cotty reasoned 

that the ability of the atoxigenic strain to mimic the 

behaviour of the toxigenic strains under Arizona cotton-

field conditions would result in a decrease in the overall 

aflatoxigenicity of the population and result in less 

contamination of the crop. Brown et al. (1991) using the 

toxigenic strain (AF13) and Cotty’s atoxigenic strain 

(AF36) conducted co-inoculation experiments in maize 

revealing 80-95% decreases in aflatoxin contamination. 

Treatments included co-inoculation and atoxigenic 

inoculation 24 h prior to the toxigenic strain, compared to 

the toxigenic strain alone. They also demonstrated 

reduction in post-harvest aflatoxin contamination when 

harvested kernels were treated with the atoxigenic strain, 

incubated for 24 h, dried and stored for 8 days prior to 

inoculation with the toxigenic strain and incubated over 12 

days, suggesting possible efficacy in reducing 

contamination during storage. These experiments 

demonstrated efficacy of the biocontrol concept by 

reducing contamination in these artificially inoculated 

tests.  

A new approach was introduced by a research group 

of India to decrease aflatoxin production in chili from 

multiple fields (Sudha et al., 2013). Fungicides, bio-agents 

and plant extracts against Aspergillus flavus under both in 

vitro and field condition were evaluated. Bio-agents 

(P.flourescens and T. flourescens) were observed to 

effectively reduce infection of Aspergillus flavus in chili. 

 

Commercial aspects of Biological control 

In field conditions, biological control of aflatoxin by 

non-pathogenic strains of A. flavus has been used for a long 

time,  Cotty and Mellon (2006) stated that increasing spore 

count in soil of non-pathogenic strain results in better 

competition with pathogenic strains. Furthermore 

carryover effect of non-pathogenic strains inoculation in 

soil keeps crops protected for even in storage. (Atehnkeng 

et al., 2014, Dorner, 2009). Many factors are responsible 

for ability of non-pathogenic strain to compete with non-

pathogenic strain including soil type and pH as well as 

access to nitrogen, carbon, water, and minerals. (Ehrlich, 

2014).  

 

Recent advances in biological control of aflatoxin in 

agricultural commodities  

Commercial products such as Afla guard® and AF36® 

based on non-pathogenic strains of A. flavus are in use to 

prevent production of aflatoxins in cotton seed, corn and 

peanuts and it has been regulated by EPA (Dorner, 2009). 

Similarly, African scientists have been able to identify 

certain non-pathogenic strains of A. flavus that 

competitively eliminate pathogenic strains in fields of corn 

and peanuts. furthermore these strains are observed to 

decrease concentration of aflatoxin in in vitro and in situ 

trials (Atehnkeng et al., 2008). 
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Certain species of Pseudomonas, Bacillus, and 

Trichoderma has shown to have effective antagonistic 

action when inoculated on pre- harvested peanuts for 

reduction of aflatoxins. Toxicity (Anjaiah et al., 2006). 

Garcia et al. (2012) also observed under pre- harvest 

conditions, decreased aflatoxin production from A. flavus 

when treated with 1:1 mixture of Equisetum arvese and 

Stevia rebaudiana along with extract of Equistetum 

arvense. Another research group reported effective control 

of aflatoxin production through bioplastic-based 

formulation in maize, that resulted in reduced 

contamination up to 90% (Accinelli et al., 2014). Non-

pathogenic aflatoxin competitive A. flavus (AFCHG2), 

when applied to Argentinian groundnuts reduced up to 71% 

contamination in soil Zanon et al. (2013). Similarly, 

Weaver et al. (2015) observed that non-pathogenic A. 

flavus strains mitigated aflatoxin contaminations in maize 

through pre-harvest field application.  

Growth of A. flavus was also reported to be inhibited 

by various species and strains of Bacillus, Pseudomonas, 

Ralstonia and Burkholderia. Furthermore, aflatoxin 

accumulation was halted by B. subtilis and P. 

solanacearum, which were isolated from maize (Palumbo 

et al., 2006).A publication in 1997 reported that B. pumilus 

was responsible for inhibition of major portion of aflatoxin 

that is produced by A. parasiticus (Munimbazi and 

Bullerman, 1997). Decreased aflatoxin production in maize 

was observed when treated with non-pathogenic strain of 

A. flavus (Brown et al., 2003). A. parasiticus was also 

reported to be inhibited by dominated population of A. 

cheralieri and A. candidus (Boller and Schroeder, 1974). 

 

Impact of aflatoxin contamination in agricultural 

commodities in Pakistan 

Pakistan is the sixth largest producer of chilies in the 

world. The major Province contributing to the production 

of the crop is Sindh (82 %), followed by Punjab (10 %) and 

Balochistan (6 %). Chilies are considered a basic ingredient 

of everyday foods in Pakistan. Owing to the increased 

demand, chilies are available throughout the year. 

Generally, harvesting starts in the middle of July till the end 

of November. Chilies are predominantly dried under the 

sun for 5-7 days to reduce the moisture content or until 33 

% of fresh mass is retained. The method of drying leads to 

accumulation of moisture content at different stages of 

storage resulting in beneficial conditions for the growth of 

aflatoxin causing organisms. The recommended level of 

aflatoxins set by the European Union is 10 µg/kg. However 

due to improper regulations in Pakistan the levels of 

aflatoxins in chilies exceeds the recommended levels 

leading to export losses. In Pakistan, very little information 

is available about mycotoxins in chilies with studies only 

reporting the levels of contamination. Iqbal et al. (2010) 

compared the seasonal effect of aflatoxin contamination in 

chilies from Punjab. Whole chili and powdered samples 

were collected randomly from vendors during summer 

(March to August) and winters (September to January). 

Samples were stored in plastic bags at -4°C until analysis 

using HPLC. Mean concentration of aflatoxins in summer 

and winter was reported to be 18 µg / kg and 14 µg / kg 

respectively.  

Future impact of biological control to reduce aflatoxin 

contamination in Pakistan 

The natural occurrence of aflatoxin in commercial 

chili and maize from different regions of Pakistan has been 

reported in literature. However, in Pakistan, no studies and 

results have been reported using biological control agents 

to reduce aflatoxin contamination in agricultural 

commodities. The aim of our study is to substantially 

produce biological agents to reduce aflatoxin 

contamination in field conditions. 
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