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ABSTRACT 

Aflatoxins have been known to badly affect humans and livestock through 

immunosuppression, carcinogenicity, poor production in livestock and other associated 

health problems. These toxic compounds are also responsible for huge economic loss in 

terms of increased cost in food testing, low-quality agriculture and livestock products, 

rejection of trade commodities and failure to access international markets. Despite of 

setting regulatory limits, huge budget allocations in research projects and focused 

surveillance, aflatoxins are being reported every day in the world especially in developing 

countries. Pakistan is amongst top milk producing countries of the world but facing 

aflatoxin contamination problem in raw and processed milk, showing that there exists 

some deficiencies in decontamination efforts of aflatoxins that are not addressed 

appropriately and deserve more attention. In addition, when global climate change is 

brutally affecting food quality and quantity, availability of safe and secure food becomes 

a major concern. Market indicators have shown that aflatoxins are affecting more than 

25% of tradable crops globally and critically responsible for liver cancer and gene 

mutations. Keeping in view the described scenario, in current study focus has been made 

on the early detection and decontamination control strategies for aflatoxins. The study 

describes the morphological and molecular characterization of aflatoxigenic and non- 

aflatoxigenic fungibased on sequencing of ITS regions of fungal genome using universal 

pair of primers (ITS1 & ITS4). Three Aspergillus species were isolated from feed samples 

collected from the dairy farms and were identified through phylogenetic analysis to be 

Aspergillus unguis (GenBank Accession # MH174087, A. niger (GenBank Accession 

#MH174088)and A. flavus (GenBank Accession # MH179066). The identified 

aflatoxigenic A. flavus was further analyzed for aflatoxin biosynthetic gene profiling. 

Two regulatory (aflR, aflS) and five structural (aflQ, aflP, aflD, aflM, aflO) genes were 
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targeted using Polymerase Chain Reaction (PCR). The PCR analysis and sequencing of 

amplicons showed the presence of all targeted genes in the isolated A. flavus, thus its 

aflatoxigenic nature. The targeted aflatoxigenic gene cluster variation will be helpful in 

the evolutionary analysis of genetic variation among aflatoxigenic fungi. In the context of 

“early detection and early control of aflatoxins”, assays were developed and validated for 

detection of aflatoxin B1 through surface plasmon resonance based immunoassay 

(biosensor) and ELISA. In case of biosensor based assay, CM5 chip surface was 

effectively immobilized with AFB1-ova albumin conjugate and used in BIAcore 

equipment for biospecific interaction analysis. The key analytical features of assay 

observed were dynamic range, IC20 and IC50 as 3.04-31.9 ng/ml, 3.04 ng/mland 12.7 ng 

ng/ml, respectively. While in case of developed ELISA, the observed parameters were 

IC20 as 0.86 ±0.05 (ng g-1), IC50 as 3.62±0.06 ng g-1, CV as 3-14% and average aflatoxin 

recovery of 99.6%. The assays were based on customized monoclonal antibodies using 

aflatoxin B1-ova conjugate and presented remarkable analytical characteristics when 

maize samples spiked with aflatoxins were used as matrix. The potential of developed 

assays showed that they can be successfully utilized with respect to regulatory 

requirement of AFB1. Moreover, biological decontamination trials were also performed 

using viable, heat treated and acid treated lactic acid producing bacterial (LAB) cells. All 

the LAB cells utilized in current study (Lactobacillus plantarum, L. fermentum, L. 

paracasei andL. coryniformis) were able to decontaminate the aflatoxin M1from milk 

samples with variable binding potential when determined using ELISA. Highest binding 

potential was observed with heat treated cells (92.30-98.77%) as compared to acid treated 

(68.62-80.63%) and viable LAB cells (56.04-72.64%). The study has potential 

significance in offering an applicable and point of use approach for the early detection, 

control and decontamination of aflatoxins.  



1 
 

Chapter-1 

INTRODUCTION 

Mycotoxins are the chemical compounds produced by fungal species in a variety 

of food items, agriculture and livestock products. Contamination of food by these toxic 

metabolites has been a great problem in the food industry and is unsolved subject in most 

of the scientific and industrial research. Among mycotoxins, aflatoxins are reported as 

most toxic compounds and are significant in the livestock production cycle starting from 

animal feeding as AFB1 to milk production and consumption stage as AFM1 through 

biological conversion of aflatoxin-B1and is critical for public health as milk is very 

important daily consumable product in homes. The presence of aflatoxins in milk is 

distressing and shows that all preventive measures to counteract aflatoxins and fungal 

growth in livestock production cycle have some loopholes (Gell et al., 2019). 

Aflatoxins produced by Aspergillus genus are most striking mycotoxins 

responsible for heavy economic losses in terms of spending huge budgets in scientific 

research, trade deficits, food and feed losses besides qualitative screening expenses (Ji et 

al.,2020). Aflatoxins are hepatotoxic, genotoxic and carcinogenic compounds that are 

widely reported in developing countries. It had been reported that aflatoxins B1 are most 

potent liver carcinogen and responsible for up to 28 % liver cancer cases worldwide and 

contribute in 80% of liver cancer cases in south-Asian and African countries (Magzine, 

2018). Aflatoxin B1 had also reported to be responsible for contamination of most of 

staple food products by affecting 25% global tradable crops (Klingelhöfer et al., 2018). 

Developing countries like Pakistan are at serious risk of AFB1 contamination due to 

global climatic change and agriculture production circumstances due to which human 

health is at great risk. A number of reports are available that show higher concentration of 

AFM1 and AFB1 in food and feed products than permissible limit which is extremely 

frightening (Ashiq, 2015; Asi et al., 2012). 

The tribulations of aflatoxin-B1 are vastly notable in developing countries like 

Pakistan due to highly favorable environment for growth of aflatoxigenic strains of 

Aspergillus genus. The major portion of the year remains warm to hot with temperature 

range of 30-48 °C and humidity range of 25 % up to 50% which makes a perfect growth 

environment for toxic fungal growth (Saleemullah et al., 2006). It is therefore food and 
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feed products, agriculture crops and products, livestock products and human health 

conditions are enormously exposed to this menace which is abandoned and wild yet 

(Garcia et al., 2019).  

Among various food products, milk is very important food which is consumed as 

basic commodity in Pakistan. Despite of the fact that Pakistan is 4th largest milk 

producing country with annual production about 33 billion liters, there is poor animal 

feed management and storage practices that lead to contamination of milk by AFM1 (a 

secondary metabolite of AFB1) (Ashiq, 2015; Kamran et al., 2013). A lot of monitoring 

and surveillance studies had reported higher AFM1 concentration in milk that were far 

above safe permitted level of AFM1, consumed daily by humans (Hussain et al., 2008; 

Iqbal et al., 2011; Iqbal et al., 2014). Besides, other agriculture products like maize, 

cereals, wheat, and oil seeds etc. are major constituent of poultry and animal feed that are 

contaminated by aflatoxins. Upon contamination of these crops and feed ingredients, by 

fungal species like Aspergillus flavus, toxicological effectand toxins can be transmitted to 

animals, their products and ultimately to humans(Miranda et al., 2019).Toxins produced 

by these fungal species are carcinogenic, teratogenic and mutagenic, thus responsible for 

huge losses. Despite incorporation of tremendous efforts in controlling fungal toxins, 

these had been reported to-date. It is therefore control of toxigenic fungus and aflatoxins 

are very important at all level of food supply chain from production to consumption 

(Aliyu et al., 2016). 

Keeping in view all significant concerns including consistence manifestation of 

AFM1 in milk, associated economic losses and serious health issues especially in relation 

to liver cancer, an authoritarian approach is needed to a study that can highlight and 

present aflatoxin management model with some point-of-use applications. There must be 

some concrete efforts that can limelight and present reliable controlling mechanism of 

toxigenic fungus and aflatoxins in today’s environmental condition. 

This research project was intended to present some reliable solution in controlling 

most toxic aflatoxin B1 along with aflatoxin management methodology. The study was 

planned to analyze type of fungal contamination of animal feed and specifically aims to 

isolate and characterize aflatoxigenic species using molecular methods of detectionand 

study of aflatoxigenic genes involvedin aflatoxigenic biosynthesis pathway. The study 

was also aimed to use gold-standard method of aflatoxin detection in feed component 
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(maize) and comprise significant lab implications for decontamination that can help for 

promising control of aflatoxin by use of beneficial microbes. 

The objective of present work was to use modern method of molecular 

identification and characterization of aflatoxigenic fungi involved in aflatoxin production 

in animal feed, so that accurate identification of aflatoxigenic Aspergillus sp isolated from 

animal feed may be performed. In addition, study was aimed for aflatoxigenic gene 

profiling of isolated aflatoxigenic species to scrutinize possible genetic pathway of 

aflatoxin production. This will be highly significant in development of genetic control of 

aflatoxigenic species. 

Besides, the study focusedon some aflatoxin detection assays in animal feed 

ingredients with an objective that early-detection based control of aflatoxins can be 

developed as quantity of AFM1 in milk directly relates with quantity of AFB1 intake by 

animal feed. ELISA and Surface Plasmon Rasonance technique will be used for 

development of bio-molecular assays for feed ingredient other matrices for effective 

control of aflatoxins. Moreover, by adopting similar pattern of study ELISA assays can be 

replicated for detection of other mycotoxins in animal feed. 

Finally, the study was determined to achieve some valuable objectives in 

biological decontamination of AFM1 using lactobacillus bacteria in lab. The key 

objective was to use beneficial bacterial strains for biological control of AFM1 in milk 

and determination of toxin binding potential of bacterial strains (viable, killed cells).  

The current study has enormous significance in controlling AFM1 contamination 

as it underlines some very important steps for aflatoxin management and control model. 

The model comprises concurrent approach to hit a target from multiple sites. It is 

targeting genetic profiling of toxigenic Aspergillus, while at the same time it is pointing 

out control measures of Aspergillus toxins by early detection along with decontamination 

of toxins using some beneficial bacterial strains. Hence, the project may become highly 

valuable for researchers, industrial scientists and public health specialists for opening new 

doors in controlling and monitoring the aflatoxin contamination.  
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Chapter-2 

REVIEW OF LITERATURE 

2.1.  Discovery of mycotoxins and aflatoxins 

The record of fungal poisoning or ergotism had been found from Biblical times 

when it was termed as “Toxic Wheat” being unknown at that time. In 1875, such a 

causative agent involved in ergotism was found to be “sclerotium” of the fungus. The 

sclerotium of fungus continued its outbreaks in parts of India, Canada, Egypt and resulted 

in massive illness and loss in domestic animals and especially reports of feed poisoning in 

horses in Soviet Union were high from 1931 to 1940 (Kurata, 1990). Later on, fungus and 

associated toxins were coined as mycotoxins. Historically, the term mycotoxin was first 

used in 1960 when some outbreaks in Turkey X diseases were reported in England and 

linked to groundnut meal that was imported from Brazil (Richard, 2008). It was the time 

when organized efforts had begun to sort out indispensable knowledge and information 

about Aspergillus flavus in association with mycotoxins. During this time aflatoxins were 

first discussed as potential threat and toxic component of animal feed ingredient i.e. 

ground nut meal (Richard, 2008).Through the history of aflatoxins association with 

animal feed, it was further investigated that milk of affected animals may contain toxic 

elements. In certain experiments by Allcroft and Carnaghan in 1962, this factual relation 

between toxin and milk of affected cows were found positive and results confirmed that 

ingestion of contaminated feed by milking animals may integrate toxic factors that can be 

a potential threat to its quality (Allcroft et al., 1962). This grid relationship among animal 

feed, toxin and milk turn up to add another associate toxin later on, and aflatoxin M was 

given name to toxin isolated from milk (Nabney et al., 1967) and in succeeding 

experiments toxin was studied in specifications with respect to different levels and types 

of excretion in lactating cows and were designated as M1, M2, G1 and G2 (Allcroft et al., 

1968). Among these toxins, aflatoxin M1 is studied most with respect to its high 

occurrence in milk and milk related products (Fallah, 2010).  

2.2.  Classification of mycotoxins 

Mycotoxins are fungal toxins that are able to intoxicate plants, invertebrates, 

animal feed, agriculture products and number of microorganisms. While all mycotoxins 
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are of parasitic nature, not every poisonous compound created by fungal growth is called 

mycotoxins. Mycotoxins are made by growths and are detrimental to vertebrates and 

other living organisms. Some other low-atomic weight metabolites like ethanol that are 

hazardous when high in dose are not considered mycotoxins. In-spite of the fact that 

mushroom harms are contagious metabolites and can cause malady and demise in people 

and different commodities; they are somewhat subjectively prohibited from talks of 

mycotoxicology. Molds (micro-fungi) make mycotoxins; mushrooms and other plainly 

visible growths make mushroom harms. The refinement between a mycotoxin and a 

mushroom poison is put up not just with respect to the extent of the forming growth, yet 

additionally on human understanding. Interestingly, except for the casualties of a couple 

of mycologically proficient killers, mushroom hazards are overlooked by its potential 

benefits and not considered as harmful toxins yet regarded as edible commodity. So, 

mycotoxins are classified according to various other norms that are discussed here 

(Bennett et al., 2003). 

Mycotoxins have complex system of classification in literature. Due to complexity 

and multiple criterions available, these are classified accordingly. They have different 

biosynthetic pathways, chemical structures, biological effect and biochemistry. So, 

classification of mycotoxins is generally described as per reflection of training of person 

who is categorizing it. Classifications by clinicians depend on type of effect they induce 

on organs e.g. toxins affecting kidneys are regarded as nephrotoxins, while affecting liver 

cells are termed as hepatotoxins and similar definitions are given for immunotoxins and 

nephrotoxins. Some scientists classify them as allergens, teratogens and carcinogens. 

Some other scientists have classified toxins as per their chemical structures. Likewise, 

another group of scientists have branded them according to source from where these are 

derived (for instance amino acid-derivatives etc). Mycologists, have classified them 

according to their production from fungi, for instance Aspergillus toxins, Penicillium 

toxins etc. Despite of massive classification and categorization, none of them is entirely 

satisfying and same compound may be placed in multiple categories e.g. Aflatoxins may 

be termed as hepatotoxic, carcinogenic, mutagenic and Aspergillus toxin at the same time 

(Yoshinari et al., 2010). 

 Citrinin are also important mycotoxins and are usually produced by Penicillium 

citrinum and some other strains of Penicillium. Citrinin is responsible for causing yellow 
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rice disease, porcine nephropathy (Perrone et al., 2017). Ergot Alkaloids are also 

important ergot alkaloids. Most common occurrence of “ergot alkaloids” is human 

ergotism which is caused by these compounds (Ostry et al., 2017). 

Similarly, fumonisins are toxin types that are produced by Fusarium species.  The 

major strains that produce such toxins comprise “Fusarium proliferatum” and “Fusarium 

nygamai” (Pleadin et al., 2017). Another category in toxin classification is ochratoxin 

which is produced by member of species of “Aspergillus niger and Aspergillus melleus”. 

Of all toxins produced by Aspergillus sp., ochratoxin is as significant as aflatoxin. In case 

of ochratoxin, kidney is main affected target organ. Apart from damaging kidney, these 

toxins are responsible for other abnormal conditions including immunosuppression 

(Alshannaq et al., 2017) 

Patulin is another significant mycotoxin that is produced mainly by various molds 

but key fungal agent is Penicillium patulum. It is used as good antibiotic. For instance, it 

was used as antibiotic for treating cold and flu. Patulin is toxic in high concentration in 

lab settings, however it is not reported much toxic in natural condition (Alshannaq et al., 

2017). Similarly, trichothecenes and zearalenone are also important toxins among 

mycotoxins. Trichothecenes are important mycotoxins that are termed as macro lytic or 

non-macrolytic produced by Stachybotrys, Trichoderma, Fusarium, 

Myrothecium, Phomopsis, and others. Zearalenone are secondary compounds produced 

by Fusarium graminearum. Higher concentration of this toxin may result in abortion, 

misconception, and allied reproductive problems (Ostry et al., 2017). 

2.3. Aflatoxin and their types 

Among most common mycotoxins, aflatoxins are significant in mycotoxin 

discussion (Frisvad et al., 2019). The aflatoxins were separated and described after the 

demise of more than 100,000 turkeys in U.K. Such identified aflatoxins are named as G1, 

G2, B1 and B2, G1 according to their blue and green color under UV light. Aflatoxin B1 

is the most famous normal cancer-causing agent known and produced commonly by 

strains of “Aspergillus flavus” and “Aspergillus parasiticus”.  The ailment induced by 

aflatoxin is called aflatoxicoses, whose acute condition result in mortality while chronic 

condition results in cancer, immunogenic conditions along with gradual pathological 

conditions (Figure-2.1). Aflatoxins affect mainly liver as their primary target and once in 
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body these aflatoxins are transformed into lethal metabolites by various enzymatic 

reactions (Battilani et al., 2016). 

Aflatoxins are secondary toxic compounds produced by genus Aspergillus(Iram et 

al., 2019). Among genus Aspergillus, “Aspergillus flavus” is the most famous in light of 

the fact that it produces aflatoxins. This species grow quickly and  equipped for making 

its growth on numerous natural supplement sources like plant flotsam and jetsam, 

creature feed, cotton, compost heaps, dead creepy crawlies and creature remains, put 

away grains, and even immune-compromised people. It can survive in optimum 

temperature range (12 to 48 °C), with the best development temperature range (28 to 37 

°C). For the greater part of its lifecycle, the organism exists as “mycelium” known as 

“conidia”. Under unfavorable conditions, for example, absence of suitable supplements, 

the infectious mycelium transform to sclerotia which can grow as mycelium. At 

promising environmental conditions, the sclerotia grow straightforwardly to create new 

states or conidiophores with conidia (Battilani et al., 2016). Since their revelation 50 

years back, the aflatoxins have turned out to be perceived as all-pervading contaminants 

of the food chain all through developing countries. The frosty toxicological results of 

these compounds are variable due to an extensive variety of exposures (Battilani et al., 

2016). 

The A. flavus is potential opportunistic pathogen involved in production of 

secondary metabolites aflatoxins B1 and B2(Udomkun et al., 2017; Makhlouf et al., 

2019). Aflatoxins are comprised of 18 similar compounds in mycotoxins and are 

categorized as the most critical ones in terms of biological significance. Among all 

described toxins, AFB1 that is produced by A. flavus is considered as the most toxic 

compound (Ketney et al., 2017). The secondary compounds produced by AFB1 and AFB2 

are aflatoxins M1 and M2(De Roma et al., 2017). Some other aflatoxins metabolites are 

“P1, Q1, GM1, G2A M2A and GM2,” (Eaton et al., 2013). It is pertinent to note here that 

out of identified mycotoxins; aflatoxins are generally related to food safety issues, human 

and livestock health. Aflatoxins are most studied and considered as significant in 

producing clinical acidosis, carcinogenicity and various diseases (Alberts, J. et al., 2017).  
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synthesis(Figure-2.2). It has been reported that NOR was the foremost and earliest 

identified aflatoxin precursor in aflatoxin synthesis pathway and its discovery put forward 

recognition of other aflatoxin synthetics involved in pathway. The understanding of 

pathway’s agents provided prospect to isolate and classify involved gene that is 

encrypting “reductase” into  final product of aflatoxin from NOR. Multiple efforts have 

been done in cloning genes involved in aflatoxin synthesis pathway and resulted gene 

cluster understanding in “A. parasiticus and A. flavus”. This value addition in knowledge 

of gene cluster enhanced and diverted interest in comprehension and understanding 

aflatoxin biosynthetic pathway, regulatory mechanics, associated enzymes, genes and 

intermediate compounds involved. So far, nearly 30 genes are significantly involved in 

aflatoxin biosynthesis activity and aflatoxin pathway gene location as cluster is found to 

be within 75 kb region on chromosome III which is nearly 80 kb far from telomere. This 

knowledge of cluster is found in “A. parasiticus and A. flavus”. In A. parasiticus and A. 

flavus the aflatoxin pathway genes are expressed concomitantly in cluster in genome. The 

“aflR” is regulatory gene which is situated gene cluster in central position to which “aflS” 

(a transcribed gene) was observed for transcription regulation. The information and 

knowledge about genes clusters in aflatoxigenic sp. has enhanced significance of 

understanding aflatoxigenic biosynthetic pathway and variations at molecular  for 

recognition of atoxigenic and toxigenic strains that can be used in biological control for 

reducing or minimizing mycotoxin (aflatoxin) contamination risk (Faustinelli et al., 

2017). Genetic cluster study and molecular characterization of A. flavus has opened new 

horizons for researchers, one of which is bio control of aflatoxin production at genetic 

level (El Khoury et al., 2017). In order to develop better control at molecular level, study 

of regulatory and structural pathway involving relative genetic cluster is of high 

importance and is of great use in the study of fungal aflatoxic gene biodiversity and 

genetic variation (Faustinelli et al., 2017). 
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Figure-2.2: Aflatoxin biosynthesis genes. (A) clustered Genes, (B) aflatoxin biosynthesis 

pathway (Yu et al., 2004). 
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2.6. Factors affecting aflatoxin synthesis  

Many factors influence aflatoxin production in A. flavus. Some of them are biotic 

and abiotic factors of environment that may alter aflatoxin production. Also, nutritional 

factors like nitrogen, carbon, physical activity, temperature and bio reactive agents are 

able to determine aflatoxin production. These studies help in devising strategies to 

monitor and control aflatoxin production by controlling and manipulation of aflatoxigenic 

conditions (Klich, Maren A., 2007). 

2.6.1.  Carbon 

Among many factors, carbon is the most significant source that influences 

aflatoxin production (Adye et al., 1964; Luchese et al., 1993).The aflatoxin production 

and carbon source relation is well documented and established since a long time. Among 

significant sugars, simple sugars like sucrose, glucose and fructose are documented to 

support production of aflatoxin while some other sugars like peptone or sorbose are not 

mainly linked with aflatoxin production. It has been reported that lipid substrate is an 

important and well-established source of carbon for aflatoxin synthetic activity (Fanelli et 

al., 1983; Fanelli et al., 1995) yet, biological contrivances comprising carbon involvement 

accurately in aflatoxin synthesis and gene regulation need further research and 

investigations (Luchese et al., 1993). 

2.6.2.  Nitrogen 

Nitrate is important in discussion associated with aflatoxin production. It has been 

reported that nitrogen has oppressive effect on AF synthetic process (Luchese et al., 

1993). 

2.6.3.  Temperature 

Temperature has great and significant impact on aflatoxin production. Maximum to 

optimum aflatoxin production has been observed between 28°C - 35°C and increase in 

temperature from 36°C may dominantly decrease aflatoxin production. It has been 

reported that aflatoxin production is highly inhibited due to rise in temperature due to 

decrease in expression of aflatoxin pathway genes. It has been assumed from studies that 

increase in temperature have clear effect on two regulatory genes aflRand aflStranscripts 
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level (aflS is more affected than aflR) that eventually inhibit aflatoxin production (OBrian 

et al., 2007). 

2.6.4. Water activity 

An exact or clear mechanism of water activity and aflatoxin production is unclear 

however, A. flavus infestation in corn was observed highly in hot weather and drought 

condition in some studies. This condition may be resulted due to multiple reasons that 

may include, plant resistance, infection rate, hot or dry climate and so on. Further studies 

are required to further probe into matter in association with AF synthesis (Cotty et al., 

2007; Sanders et al., 1984). 

2.6.5. Culture pH 

There are evident research reports that indicate good occurrence of A. flavus in a 

media which is more acidic than the media which is more alkaline. The “pacC” gene is 

known to source and regulate pH homeostasis (Keller et al., 1997). 

2.6.6. Morphological changes and developmental stages 

Developmental stages have been found to impact aflatoxin production. Some 

mutants that are unable to produce spores are not able to produce aflatoxins. The 

alteration in aflatoxin ability and capability has been greatly influenced by major 

morphological changes (Torres et al., 1980). 

2.6.7. Plant metabolites 

There are found different studies and research reports over plant metabolites and 

their association with aflatoxin production. Some metabolites only retards fungal growth 

and not aflatoxin production while some of them work for aflatoxin production stoppage 

instead of fungal growth (Luchese et al., 1993). 

2.7. Economic impact of aflatoxin 

Aflatoxins are involved in heavy economic losses due to their intense impact on 

animals, humans and agriculture products. Major economic losses are related to market 

losses rather than human health and animals. Despite of multiple aflatoxin checks and 
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induction of regulatory level at various steps, every year huge losses are reported almost 

in every country dealing with fungal problems. In United States, significant economic 

losses have been seen at farmer and grain elevators level, where high quality corn is 

affected due to aflatoxin load and farmers and intermediary face huge rejections and low 

price of their products due to aflatoxin level (Zain, 2011). 

The major hazards induced by AFM1 are liver toxicity, carcinogenicity, liver 

maladies, mortality, morbidity, mutations at genetic level and associated health problems 

in humans, while it also affects livestock in terms of diseases, poor production, mortality 

and poor quality of livestock products. Aflatoxins have been classified into Group 1 

among all cancer causing agents that was previously in Group 2B (Lyon, 2014). 

Mycotoxins impede international trading and agriculture commodities quality, impact on 

import and export of food due to quality issues, divert resources toward mycotoxin 

research and regulatory affairs. It is estimated that world’s harvested crop face more than 

25 % every year losses due to mycotoxin contamination (Marin et al., 2013). Among 

mycotoxins, aflatoxins contribute largely in economic losses especially in United States, 

EU countries, Asian and African countries being major trade hubs (Alshannaq et al., 

2017). Aflatoxins are responsible for huge economic losses and food contamination in 

many countries and therefore a regulatory limit is assigned to aflatoxin level in raw and 

processed milk commodities usually expressed in parts per billion (ppb). These limits of 

aflatoxins vary with respect to human consumption, exports and industrial products. 

These strict regulations impact economics of  trading milk products in meeting these 

standards in terms of testing, rejection, delays, low or even no value of products, 

reduction in marketable volume, decreased share of market volume and so on. Other 

forms of economic losses include; liver cancer, poor production in livestock and agri-

products, increased health costs (for human and animals), heavy investment and budget 

involvement in research projects (Zain, 2011). Seeing critical nature of problems 

generally for livestock and human beings, researchers had been highlighting special 

efforts in controlling its hazards in animal feed chain from its incidence, prevalence and 

consumption by consumers (Zain, 2011).  

Mycotoxins are produced by fungus that attack field trims and defile agrarian 

products amid postharvest capacity under ideal conditions. Among mycotoxins, aflatoxin-

sullying keeps on getting significant consideration, yet late intrigue has focused on 
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estimating aflatoxin biomarkers. Momentum investigations have focused on various 

mycotoxins (fumonisins), mycotoxins influencing different products (e.g. aflatoxin, 

ochratoxin). The main focus and objectives of few observation programs has moved from 

single mycotoxin studies to multi-mycotoxin studies, especially in oat grains. Information 

and data heaped by “Global Environmental Monitoring System / Food Contamination 

Monitoring and Assessment Program” on mycotoxin tainting demonstrate that 

mycotoxins harm sustenance supplies in many nations around the world. Aflatoxin 

effluence of maize and groundnut, which are high-hazard items, keeps on being a 

noteworthy worry of inspection programs in different parts of the world. Defilement 

information is being utilized to gauge introduction levels for these items in different 

nations (WHO, 1998). Many examinations have demonstrated that aflatoxins are 

available in a more extensive scope of food supply, including different sorts of tree nuts, 

dry organic product, and flavors. Aflatoxin M1 tainting of drain and drain items is as a 

rule progressively revealed. An audit of overall information since 1980 on its episode in 

human, milk products and other dairy supply items appeared to show that normal 

defilement levels do not speak to a genuine wellbeing risk. Monitoring programs are yet 

the best buy security technique (Galvano et al., 1996). 

FAO has evaluated the extensive effect (volume of deliver influenced) of 

mycotoxins in food grains in Southeast Asia (Gasga, 1993).  The immediate cost of the 

effect of aflatoxin (A. flavus) sullying of maize and groundnut in Thailand, Indonesia, and 

the Philippines was evaluated to be more than $ 470 million every year (Sohn et al., 

1999). The impact on maize was more noteworthy (66% of the aggregate cost). Indonesia 

was the most exceedingly bad influenced nation, bearing 48% of the assessed cost. Decay 

misfortunes represented 24% ($ Aust. 108 million every year). Reports from the 

Australian groundnut industry demonstrated that, for a yearly generation of 40 000 to 50 

000 metric tons, with a gross yearly estimation of $ 40 million, disaster because of 

aflatoxin were 10% of the collected crop in a season. In some years, over half of 

groundnut supplies got by sellers had unsatisfactory aflatoxin levels (Sohn et al., 1999).  

Mycotoxin-defiled items cause critical financial and exchange issues at relatively 

every advertising stage, from the maker to the shopper. As of late, fares of rural wares - 

especially groundnut and groundnut-based items have been antagonistically influenced by 

the stringent aflatoxin administrative breaking points forced by bringing in nations. In 
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Africa, African Groundnut Council (AGC) have experienced issues in sending out 

groundnut and its items (cake and oilseed supper) to western European markets. EU has 

forced administrative cutoff points for aflatoxin B1 in groundnut, and in feedstuffs and 

feedstuff fixings that incorporate groundnut items. Thus, EU imports of groundnut supper 

have declined from 0.91 million metric tons in 1979/80 to 0.4 million metric tons in 

1989/90. In India, the fare estimation of groundnut extractions over a 10-year time span is 

accounted for to have declined by US$ 32.5 million because of aflatoxin sullying (Bhat, 

1991). Many trades in nations have been building up limits without applying the criteria 

suggested by the Codex Alimentarius Commission (CAC) for hazard evaluation and 

fitting methods to be connected. Such outlandish controls implement exchange 

hindrances and are in this manner additionally expanding the shortage of food supplies 

and disabling the economies of developing nations. While trying to orchestrate the 

present aflatoxin resilience levels in food in various nations, “FAO and the Codex 

Committee on Food Additives and Contaminants” proposed a most extreme breaking 

point of 15 µg/kg for add up to aflatoxins in crude groundnuts, in view of a 20 kg test 

estimate (Commission1998).  

Numerous ailment flare-ups in domesticated animals have been caused by 

aflatoxin, fumonisins, trichothecenes, and zearalenone, and to a lesser degree by 

ochratoxin and ergot alkaloids. Indeed, even low levels of introduction to mycotoxins in 

food-supply can cause serious hazards. A mix of mycotoxins may prompt more 

noteworthy generation damages than would be incited by each of these mycotoxins 

independently. Financial damages can be considered as decreased efficiency - bring down 

egg generation, conceptive impacts, powerlessness to diseases bringing about expanded 

dreariness lastly mortality. Aflatoxin hazards could likewise happen because of toxin 

deposit sullying of milk, eggs, meat, and so forth. Poultry, swine, dairy cows, and steeds 

are the farm animals most influenced by mycotoxins. The real cost of such damages have 

been assessed just for a few flare-ups. A contextual investigation in India of an 

aflatoxicosis flare-up in 11465 layers and 5000 pullets on a poultry cultivate uncovered 

that a 18-day presentation to defiled sustain containing 600 g/kg of aflatoxin B1 (mostly 

from groundnut cake) brought about loss around 10% of the investment (Sudershan et al., 

1996). The fundamental misfortunes were because of a drop in egg production, death rate 

and the extra use for a feed protein source. Medicinal and different random consumptions 

of drugs including treatment likewise helped misfortunes (Sudershan et al., 1996). 
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2.8.   Regulatory levels of aflatoxins  

Aflatoxins are potential carcinogenic (Group 1) and strong mutagenic compound 

that are produced by various fungal strains. A great no of living organisms including 

human population and livestock population is at high risk of exposure to aflatoxins. As 

discussed earlier, aflatoxins induce great deal of diseases, malfunctions, anomalies and 

responsible for economic losses in food and feed industry (Rivero-Menendez et al., 

2019). A variety of livestock and agriculture-based products (e.g. spices, nuts, dried fruit, 

corn, cereals, milk, meat, eggs) that are important in terms of trading at international level 

are affected and thus quality norms are disturbed. It is therefore regular monitoring and 

control of aflatoxins is necessary to regulate food quality aspects, international and 

national trade affairs (Rodrigues et al., 2011).  

A number of health and food authorities are involved in regulation of aflatoxin 

levels in food and feed (Table-2.1). The “EU Food Safety Authority”, “Food and Drug 

Administration”, “Food and Agriculture Organization”, “World Health Organization” are 

involved in strict regulations, awareness and its compliance throughout the region to have 

secure and safe food from aflatoxins and other food contaminants. The key areas and 

priorities include special conditions for administration of food products across the region 

especially from developing countries. The main objective is to monitor and observe 

maximum allowed level of different food toxins and contaminants in order to provide a 

safe and quality food at all levels (Zain, 2011). 

Table-2.1: Aflatoxin regulatory level in feed(Abbès et al., 2013; Commission, E., 2013; 

Commission, E. U., 2003; Rodrigues et al., 2011). 

  Commodity 
Aflatoxin B1 (µg/kg) 

(Maximum Level) 
All feed materials 20 
Complete feed for cattle, sheep and goats 20 
Complete feed for dairy animals 5 
Complete feed for calves and lambs 10 
Complete feed for pigs and poultry (not young animals) 20 
Other complete feed 10 
Complementary feed for cattle, sheep and goats (except 
dairy animals, calves and lambs) 

20 

Complementary feed for pigs and poultry (except 
young animals) 

20 

Other complementary feed 5 
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2.9. Decontamination of aflatoxin in milk 

Decontamination of aflatoxin in milk and before contamination of milk has been studied 

extensively (Chen et al., 2019). Different parameters and methodologies were adopted to 

recognize various spots where these can effectively be controlled decontaminated.  

However, it has been found that none of physical, chemical and biological method has 

been found completely successfully. Despite of merits and demerits, all methods have 

their own variable usages in industry depending upon cost, potential and application. 

Different methods have been reported to detoxify aflatoxins with variable intensity of 

aflatoxin removing / binding efficiency. These methods can be classified as: 

-   Biological Methods 

-   Physical Methods 

-   Chemical Methods 

2.9.1. Biological methods 

Many approaches have been reported to control aflatoxins biologically. Biological 

methods of aflatoxin decontaminations are based on mechanisms of nutrients and space 

competition, interactions, and antibiosis of aflatoxigenic fungi (Haskard et al., 2001). 

Mainly bacteria and yeast are reported for effective decontamination of aflatoxins (Jebali 

et al., 2015; Shetty et al., 2006). However, most of the biologically effective methods are 

not extensively on hand use due to complex procedures and increased cost issues (Gowda 

et al., 2013; Guan et al., 2011). Biological detoxification of mycotoxins works mostly by 

two ways; one is adsorption and other is enzymatic detoxification (Abbès et al., 2013; 

Guan et al., 2011). 

In adsorption method, microorganisms (live or dead) are used to detoxify 

mycotoxins. (Adibpour et al., 2016). There are number of microorganisms with the 

capability to detoxify aflatoxins. Live microorganisms can work by fixing mycotoxins to 

cell wall constituents or working by active internalization and assembly. Similarly, dead 

or killed microbial cells soak up fungal toxins resulting in their binding and elimination. 

In enzymatic degradation, extra or intracellular enzymes (e.g. aflatoxin-detoxifizyme) are 

used to detoxify aflatoxins (Kabak et al., 2008).  

 



 
 

18 
 

2.9.1.1. Bacteria 

Mainly microbes especially Lactic acid bacteria (e.g. Lactobacillus bulgaricus, 

Lactobacillus plantarum, Lactobacillus acidophilus, Streptococcus thermpohilus) are able 

to bind and eliminate aflatoxins from food models (Ismail et al., 2016b). Similarly, many 

single colony bacterial isolates e.g. Bacillussp can decontaminate AFB1 in the liquid 

medium with variable level of efficiency. In addition, incubation in the presence of 

Rohodoccos erythropolis cells can also reduce AFB1 (Albertset al., 2006).  

2.9.1.2. Yeast 

Saccharomyces cerevisiae cells have been widely observed in lab studies for their 

potential to remove AF (Shetty et al., 2006). In addition to that Saccharomyces cerevisiae 

cell wall componentesterified glucomannan (EGM) are significant in binding of 

aflatoxins B1(Raju et al., 2002). Yeast also has synergistic effect with the specific bacteria 

for the removal of AFM1 e.g. yeast along with LAB (lactic acid bacteria) can remove 

AFM1to a considerable level (Pfliegler et al., 2015). 

2.9.1.3. Mold / Filamentous Fungi 

  Fungi are significant in decontamination of aflatoxins. Different strains of fungi 

especially “A. parasiticus, A. niger and Amillariella tabescens” have been extensively 

studied to determine their detoxification potential (Guan et al., 2011).  

2.9.2. Physical methods 

Methods included in this case are; adsorption, UV radiations and thermal 

treatments. Bentonite adsorption was found to be effective to a significant reduction 

values of 89%, while use of radiations was found to be 3.6-100% effective for AFM1 

removal from milk depending on wavelength, exposure and other factors of experiments 

(Applebaum et al., 1982). Moreover, absorbent (alumino-silicate and active carbon) are 

able to reduce AF in aqueous environments (Applebaum et al., 1982). 

2.9.3. Chemical methods 

Chemical agents work by breaking mycotoxin structure. A number of chemical 

agents have been used to detoxify mycotoxins (Applebaum et al., 1982). However, most 

of these methods are not generally used being expensive and food safety issues (Gowda et 

al., 2013). 
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Aflatoxin M1 has been reported as toxic metabolic agent that arises from 

hydroxylation of AFB1. Much work has been reported for its monitoring, control and 

detoxification; yet there is lack of solid and concrete studies that can help to detoxify raw 

milk from AFM1 without considerable qualitative changes, that is the great point of 

concern. The best option is to control aflatoxins in animal feed (AFB1) at earliest level of 

contamination by quick and rapid detection of aflatoxin using sensitive biosensors, which 

may positively decrease the AFM1 level in raw milk (Fallah, 2010). 

2.10. Detection of aflatoxins by biosensors 

2.10.1. Aflatoxin and milk 

Milk and milk products being heavily contaminated by AFM1, observe strict 

regulatory compliance by “Codex Alimentarius Commission” (Omar, 2016). Milk quality 

may be affected by number of factors, one of which is contamination by aflatoxins M1- a 

metabolite of aflatoxin B1 (Caldas et al., 2012). Despite of strict regulatory conditions, 

these toxins are highly reported in animal feed consumed by them (Nayak et al., 2017). 

After contaminated feed intake, aflatoxins (AFB1) is transformed by enzymatic 

hydroxylation at 9a position and secreted in milk as secondary metabolite AFM1 at 

conversion rate of .3 to 6.2 % (Fallah, 2010). 

All forms of milk including human breast milk are at high risk of AFM1 in-

toxification (Radonic et al., 2017). A significant aspect of occurrence of aflatoxins (M1) 

is its threat of occurrence in infant formula and baby powder milk (Pleadin et al., 2017) 

resulting in impaired growth, immunosuppression and hepatic diseases (Turner et al., 

2005). Neonates being at earliest developmental stage are at critical risk of AFM1 

contamination among all affected milk consumers which is extremely alarming (Maleki et 

al., 2015; Radonic et al., 2017) as they may opt serious damages to health at this age of 

life (Giovati et al., 2015).  

The major hazards induced by AFM1 are liver toxicity, carcinogenicity, liver 

maladies, mortality, morbidity, mutations at genetic level and associated health problems 

in humans, while it also affects livestock in terms of diseases, poor production, mortality 

and poor quality of livestock products. Mycotoxins impede international trading and 

agriculture commodities quality, impact on import and export of food due to quality 

issues, divert resources toward mycotoxin research and regulatory affairs. It is estimated 

that world’s harvested crop face more than 25% every year losses due to mycotoxin 
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contamination (Marin et al., 2013). Among mycotoxins, aflatoxins contribute largely in 

economic losses especially in United States, EU countries, Asian and African countries 

being major trade hubs (Alshannaq et al., 2017). Aflatoxins are responsible for huge 

economic losses and food contamination in many countries and therefore a regulatory 

limit is assigned to aflatoxin level (Iamanaka et al., 2019). These limits of aflatoxins vary 

with respect to human consumption, exports and industrial products. These strict 

regulations impact economics of trading milk products in meeting these standards in 

terms of testing, rejection, delays, low or even no value of products, reduction in 

marketable volume, decreased share of market volume and so on. Seeing critical nature of 

problems generally for livestock and human beings, researchers had been highlighting 

special efforts in controlling its hazards in animal feed chain from its incidence, 

prevalence and consumption by consumers (Zain, 2011). 

 Despite of spending millions of budget and utilization of vast resources, AFM1 is 

still being reported in milk. In addition to reports of incidence and prevalence in livestock 

and humans, scientists are also working side-by-side on its decontamination techniques. 

A number of researches have highlighted occurrence of aflatoxins (M1) in milk along 

with its potential threats and applicable decontamination methods (Radonic et al., 2017). 

Multiple types of decontamination methods have been adopted to detoxify AFM1 

including biological methods (by using bacterial strains, enzymes, beneficial fungus), 

chemical methods (using chemicals and toxin binders) and physical methods 

(pasteurization, use of radiations and heat treatments etc. ), however, no single method of 

decontamination is proved completely successful so far and efforts to detoxify AFM1 are 

not entirely successful and losses due to toxin hazards demand some fruitful approach 

that can affectively regulate, monitor and control its occurrence if not completely control 

it, so that its harms can be minimized (Flores-Flores et al., 2017). It is therefore 

controlling and monitoring methods for aflatoxins gain special attraction. Along with 

other diversified efforts for decontamination of aflatoxins in terms of physical, chemical 

and biological control, a special attention must be given to monitor and control of toxins 

at earliest stage of contamination. Therefore, scientists are on a way to find novel 

techniques and methodology to control AFM1 occurrence in milk. One of such efforts is 

based on control of toxin by rapid detection of aflatoxins M1 in contaminated milk. The 

concept behind this approach is to detect AFM1 at ultra-scale level so that threat can be 

minimized and controlled before initiation of any possible vulnerability. In case of 
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AFM1, this effort should include all possible decontamination methods along with 

monitoring and screening of AFM1 and AFB1 (precursor of AFM1) at ultra-scale level 

(Hashemi, 2016). Much work has been reported in case of decontamination methods and 

researchers are eager for optimistic results yet AFM1 occurrence is unbeaten to date 

(Ismail et al., 2016a). So far, only way out seems to be quick, rapid and earliest detection 

of aflatoxins at all level starting from farm level to consumer end so that contamination 

intensity can be monitored and regulated at multiple levels of food chain before service of 

food and feed to consumers. Advanced, sensitive and quick screening methods in AFM1 

detection can bring heartening result in getting good milk quality, and contaminated milk 

can be discarded even if trace levels of AFM1 are found before it is served for 

consumption (Wu et al., 2017). However, this approach of monitoring demands advanced 

equipment, sensitive techniques and assays. By adopting such updated tools, one can 

reinforce an effective aflatoxin management to prevent its exposure to livestock and 

humans (Battilani et al., 2016).  

A comprehensive knowledge base is required to have insight into use of some 

quick methods of detection of aflatoxin in milk, as less analytical knowledge is available 

in this part (Ansari et al., 2010). Early screening of AFM1 in milk can significantly 

reduce huge economic losses that are faced by milk industry (Zain, 2011). Despite of 

presence of conventional detection methods of AFM1, there is unrelieved call for 

development of novel and sensitive analytical AFM1 detection assays to introduce 

development in conventional methods of detection (Sharma et al., 2017). The detection 

assay discussed in this study has highlighted possible use of biosensors based on 

nanoparticles in screening of AFM1, which will definitely add value in role of screening 

assays in this area. In contrast to conventional methods of aflatoxin detection nanosensors 

present rapid detection and also tend to give sensitive detection results (Narsaiah et al., 

2012). The results offered by nanosensors will make emphasis on potential role of 

nanosensors based AFM1 assays to replace conventional screening methods and frequent 

utilization of such devices for compliance of strict regulatory requirement by trace level 

screening of toxins. Though traditional methods of aflatoxin detection (e.g. HPLC) fulfill 

regulatory requirements, yet procedures involved are usually complicated and laborious 

which makes an urge of replacement of technology with updated 

transformations(McCabe-Sellers et al., 2004). In addition, need of observance of strict 

regulations of aflatoxins M1 level has urged researchers to amplify efforts in finding 
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more rapid, sophisticated, highly sensitive and low-cost modern analytical methods that 

can add value in analytical science of detection of aflatoxin M1 (Muhammad, 2013). 

2.10.2. Biosensors in milk analysis for AFM1 

Biosensors are combination of biological component with some physiochemical 

detector or transducer (optical, piezoelectric elements or electrochemical). Biosensors are 

self-contained integrated devices that use principle of combination of (a) biological 

elements (b) with physio-chemical transducer to produce electric indication relative to 

analyte that is sent to (c) detector. There are three main components i.e. bio receptor (e.g. 

enzymes, tissue, antibody, nucleic acid etc) immobilizing matrix (conducting polymers, 

sol-gel films, monolayer etc) and transducer (electrochemical, optical or physical). The 

biological recognition component may be something secreted by organisms like 

secondary metabolite etc. Once signals are received by transducer because of some 

interaction between biological component and analyte, these signals are transformed into 

quantified and measurable output, which are then exhibited by signal processing unit in a 

convenient protocol. 

Use of biosensors in food analytical system has considerable implication and have 

manifold applications in food analysis where antibodies coated optics are generally used 

for food toxin detection systems and generally flourescence light system is used in such 

biosensing system as they can intensify signals to a significant extent as per requirement 

(Ahmed et al., 2016). Many other biosensing systems based on immune and ligand-

binding biosensors are widely reported in food industry for detection of drugs residues, 

toxins and other contaminants (Ahmed et al., 2016). As far as reports of biosensors in 

milk aflatoxins detections are concerned, much data is available on use of conventional 

biosensing systems. There are numerous reports available for detection and screening of 

milk aflatoxins by conventional biosensing system as extensive work had been reported 

on food mycotoxins from decades.  Some common methods that are being used 

traditionally used in detection AFM1 include HPLC, ELISA, and TLC and so on. Despite 

of completing regulatory requirement, each method has different advantages and 

disadvantages based on use of technique, nevertheless HPLC is recommended as 

preferred technique in determination of aflatoxin being more sensitive but has been 

described as an expensive one also. Almost all-conventional biosensing system (ELISA, 

HPLC etc) for toxin detection demand extensive sample extraction / clean up procedures 

while also needs expert handling of technique as well (Sekhon, 2010).  
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In general, biosensors for mycotoxin detection follow a strict and complicated 

approach to detect food pathogen (Scognamiglio et al., 2014). Biosensors approaches 

used for mycotoxin detection mainly follow two approaches; Label free and Label based. 

Label based measurement approach is further divided in to two disciplines; competitive 

and non-competitive assays. In competitive assays, target molecules (labeled) contest 

with non-labeled (analyte) for binding site. In sandwich type of assays, two (types) bio 

receptor molecules are utilized. The capturing receptors are made immobilized over 

surface of transducer for binding target molecules. The complex formed by analyte and 

capture receptor interacts with signaling receptors. This is how both formats work based 

on “labeled approach”. The most recent, label free biosensors have been introduced in 

mycotoxin investigation studies and include; SPR and EIS i.e. “electrochemical 

impedance spectroscopy” that work  to record changes in shift of light dependent on 

biological interactive process between receptors (immobilized) and biological objective 

molecules (McGrath et al., 2012).                                                      

2.10.3. Nanotechnology and nanoparticles 

The progress in Nanotechnology has brought forward biosensors into nanosensors 

by use of nanoparticles. Nanotechnology deals with use of nanoparticles usually size 

range in 1-100 nm and it is one of the most significant areas which permit investigators to 

effort at micro-level for giving significant advancements in various fields including food 

sciences (Sekhon, 2010). Nanobiosensors are the sensors that are developed using nano-

scale materials and are more sensitive than biosensors (Rossi et al., 2014). Different kind 

of nanomaterials like gold, silver, supra magnetic nanoparticles present major advantages 

due to their unique features and ultra-sensitivity in diagnostic applications (Singh et al., 

2017). In food analysis industry, nanoparticles have been extensively used in detection of 

mycotoxins especially milk industry (Handford et al., 2014) due to the reason that 

nanoparticles based biosensors helped researchers in getting more promising results in 

mycotoxin studies  (da Silva et al., 2013).  

Multiple uses of nanoparticles in different kind of sensors have been documented 

due to presence of their characteristics features (Bouwmeester et al., 2009). One of the  

characteristic features of using nanoparticles in sensors is that food is safe for human 

consumption i.e. using NP (nanoparticles) in food chain enhances quality of food at very 

small level, thus help in developing rapid detection based food controlling parameters 
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(Kumar et al., 2017). Nano-biosensors have been proved as ultra-sensitive biosensors due 

to engagement of nanoparticles in it. The mixed combination of molecular and 

nanoparticles have engineered bioelectrical combinations that paved a new way of 

investigation of molecular kinetics and interaction (Rai et al., 2015). 

Nanoparticles based devices have been known to have increased signal response 

produced by electrochemical biosensors and these amplified signal responses are highly 

advantageous in detection of minute toxins quantity and hence makes possible that poor 

quality food can be treated in one way or other before it is presented for human 

consumption (Rai et al., 2015). These devices present extensive application in diversified 

disciplines of biological research sciences and include but not limited to; development of 

DNA based sensors for monitoring applications, immunosensors development, enzyme 

based sensors and bacterial sensors especially for food industry. Besides, these are also 

helpful in environmental application comprising agriculture monitoring. Immense 

attention has been given on development of nonmaterial-based development of sensors 

due to their high specificity and characteristics features. Nano materials, in contrast to 

their counterparts present unique electrical, magnetic and optical properties due to 

increased surface to volume ratio and diversified effects that are available in these sizes. 

These attractive and novel features of nanomaterials enhance their possibility of use in 

wide ranging scientific procedures, enormous biological and medical applications in 

relation to food technology. Dynamic properties of nanomaterials have attracted 

researchers to enhance use of nanobiosensors due to increased reproducibility, reduced 

response time, comparatively wider linear range than conventional analytical techniques. 

This is why nanobiosensors are gaining popularity in food industry especially mycotoxin 

detection assays (Rai et al., 2015). 

2.10.4. Nanosensors for mycotoxins detection 

Nanosensors are the devices that offer most of these features with an up-to-date 

technological features and gaining momentum in ultra-trace molecules analytical 

determination especially by use of optical and electrochemical nanosensors in case of  

AFM1 determination. Persistent and valuable use of nanosensors spotlights on some 

potential outcome of nanosensors that may open novel directions in importunate 

engagement of nanosensors in AFM1 detection. In addition, rapid detection of AFM1 by 

use of nanosensors to monitor toxin in comparison with conventional methods, 

economical cost, increased sensitivity, compactness and portability are some of 



 
 

25 
 

competitive features that may make nano-sensor an affluent substitute in milk quality 

screening devices in future (Sekhon, 2010). 

The most significant mycotoxins in food industry include; aflatoxins, zearalenone, 

deoxynivalenol, patulin, ochratoxin and fumonisin (Bullerman et al., 2007). Some 

conventional methods of detection include ELISA, HPLC, TLC, immune-affinity assays 

and mass spectrometry. With advancement of nanotechnology, involvement of 

nanoparticles in detection of mycotxins increased accuracy and so as usage of 

nanoparticles based assays (Hayat et al., 2013). Nanosensors have been widely reported 

with a vital role in screening of mycotoxins. Fabrication of conventional biosensors by 

use of nanomaterials is focal point of researchers for many reasons. Their extensive use in 

contaminants detection programs incessantly reported fair results. In reference to 

mycotoxin detection, a range of nano particles based detection systems are in use and 

among these some significant nonmaterial used in mycotoxin studies include; quartz 

nanopipettes (Actis et al., 2010), SWCNT and MWCNT (Wang et al., 2014). Besides, 

involvement of nanoparticles (NP’s) in fungal studies established good sensitivity for 

their targets (Yotova et al., 2013). Some assays developed sensitive limit of detection for 

AFM1 e.g. up to 5 pg/ml(Gan et al., 2013), while there are sensors that are reported with 

development of multiplex sensing systems by means of high level of accuracy (van der 

Gaag et al., 2003). Also,  comparatively low assay time for  fungal toxin analysis (Cao et 

al., 2011), presentation of cost-effective solutions (Xu et al., 2012) and immense 

development of assays in relation to specificity of  targets (Shim et al., 2009) have proven 

competitive advantages of these devices. These valuable responses kept on encouraging 

researchers to grab more research work in area of mycotoxin study with an exceptional 

emphasis on aflatoxins by involvement of nanosensors (Razzaghi-Abyaneh et al., 2014). 

2.10.5.  Nanosensors for AFM1 detection 

The advancement in nanoscience has helped prominently to cultivate 

nanobiosensors from existing biosensors. The nanosensors are considered as advanced 

form of biosensors with high level of sensitivity due to use of nanomaterial in it. In case 

of AFM1 detection in milk, nanosensors have made known highly validated results in 

past as indicated by number of available studies. The use of nanosensors in milk 

aflatoxins detection, i.e. electrochemical biosensors have found detection range of 0.01 to 

0.1 ppb in milk and it turned out to be an effective technique of AFM1 detection method 

in dairy industry. Equally, quickness of nanosensors based methods was validated by use 
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of bioelectric recognition assay (BERA) output in ultra-trace detection of AFM1 where an 

analysis time of just 3 min for very low concentrations of 5 pg/ml of AFM1 was 

observed (Larou et al., 2013) and Micro Electrode Assay (MEA) was found to detect 

AFM1 at 8 ng/L with minimum milk interference with sensor surface (Parker et al., 

2009a). Likewise, method with “Dynamic Light Scattering” with supera-paramagnetic 

globules detected minimum limit of toxins at 27.5 ng/L in milk (Zhang et al., 2013) and a 

DNA based approach in bio sensors produced  response of 1-14 ng/ml which is fairly 

remarkable (Dinçkaya et al., 2011). In addition, highly sensitive aptasensors based 

techniques detected AFM1 (6 to 60 ng/L) with limit of detection of 1.98 ng/L (Nguyen et 

al., 2013). However, some nanosensors based detection methods reported that measured 

quantity of AFM1 was found  higher than permitted regulatory level as in case of 

photonic bio sensors based on a MZI, nevertheless there is no compromise over 

compactness of nano-biosensing process with an expandable prospect to multi-analyte 

possibilities (Chalyan et al., 2016). In such cases where results obtained were not so far 

from ELISA and HPLC in terms of sensitivity, still nanobiosensors are appreciable in 

term of portability as well as cost (Parker et al., 2009b). Reasonably, nanosensors based 

techniques are found to be quick and fast in comparison with the traditional methods like 

HPLC and ELISA (Paniel et al., 2010). Far-fetched explanations may be brought in 

services of conventional biosensors yet; nanosensors use in detection of AFM1 paved 

their way forward due to quickness, compactness and simplicity of process (Figure-2.3). 

The sensitive role of biosensor depends on bio-receptor or toxin specific recognition 

molecules employed in the process (Tothill, I. E., 2009).   

 

 

 

 

 

 

 

Figure-2.3: Schematic diagram of Surface Plasmon Resonance set up(Tang et al., 2010). 
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In order to gain high and rapid sensitivity of analysis for toxin detection, a range 

of recognition molecules like monoclonal or polyclonal antibodies, biomimetic and 

various synthetic materials have been developed (Tothill, 2011b). Currently, nanosensors 

based aflatoxins detection techniques have found toxins in milk at level of 0.008 

µg/L(Parker et al., 2009a). The most commonly developed nanosensors for aflatoxins are 

optical or electrochemical, yet physical methods of biosensing techniques i.e. 

piezoelectric sensors) have also been employed in mycotoxin detection. The fabulous 

competitive advantage that these nanosensors acquire is that they have need of minimum 

sample preparation particularly in liquid (like milk), while in case of solid samples (maize 

/ kernel etc) require much involvedness of process that include sample preparation, 

skilled handling of procedure, clean up and extraction process as in HPLC and MS 

procedures (Tothill, 2011b).   

 Multiple uses of nanoparticles have been reported in detection of AFM1 

including gold, silver Cadmium telluride and Hafnium oxide. However, use of magnetic 

NP in detection of AFM1 are highly reported as advantageous  due to various 

characteristics feature including greater described surface and volume ratio, higher Ag-

Ab kinetics, comparatively lower mass transmission resistance, a relative easier parting of 

molecules (immobilized ) from given reaction mixtures and low cost with high efficiency 

(Ahmed et al., 2016; Akbarzadeh et al., 2012).  

2.10.6. Nanosensors based immunoassay for AFM1 study 

Different analytical procedures have been reported for use of nonmaterial-based 

detection of AFM1. In order to comprehend some key concepts in development of 

nonmaterial based immunoassay system for analysis of AFM1, an understanding of basic 

concept is essential (Ahmed et al., 2016; Matabaro et al., 2017). 

While development of immunoassay based on NPs, important steps that should be 

considered i.e.Selection of nanomaterials, modification of NPs, enhancement of 

attachment of antibody, coupling of antibody, binding of AFM1 toxin and secondary 

antibody binding (Figure-2.4 ) (Ahmed et al., 2016).  

1-Selection of Nanomaterials: Selection of suitable nanomaterial is very important in 

development of immunoassay. For detection of AFM1, various types of NPs have been 
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Figure-2.4: Steps in detection of Aflatoxin (M1) using NP.
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Table-2.2: Different reported nano materials used in studying AFM1 in milk. 

 

2.10.7. Competitive advantages of nanosensors use in milk studies 

Based on reported scientific data, it can be assumed that use of nano sensors is 

indispensable in AFM1 detection in milk for getting effective monitoring and control of 

milk quality and detection by advanced analytical methods based on nanosensors 

definitely possesses competitive advantages over other conventional analytical methods 

(Singh et al., 2017; Wu et al., 2017). Being highly specific, nanobiosensors analysis of 

AF detection in milk may give high accuracy and specificity of results (Larou et al., 

2013). In addition, analyses based on biosensing methodology are independent of factors 

like pH and stirring with having linear and biocompatible responses (Tothill,2011a). 

Moreover, easy to use technique, low-cost, accuracy, requirement of small sample 

volume for analysis, and durability of process are some supplemented advantages that 

prove high acceptance and application of technique for wide industrial and public health 

usage (Nguyen et al., 2013). These defined features characteristically substantiate that 

researchers involved in conventional analytical technique in milk for aflatoxins detection 

Sr. 
No. 

Nanoparticles Assay Used 
Limit of 

Detection 
(LoD) 

Reference(s) 

1.  Au NPs Impedence Spectroscopy 1  (ng/ml) 
Dinçkaya et al., 
2011 

2.  
Magnetic NP 
(polyanilline)  

Electrochemical induction  1.98 (ng /ml) 
Nguyen et al., 
2013 

3.  
Gold 
Nanoparticle-
based probes 

Dynamic light scattering-
based detection 

27.5 (ng /ml) 
Zhang, . et al., 
2013 

4.  Fe3O4 NPs 
Spectrofluorimetry 
 

13 ( ng /ml) 
Amoli-Diva et 
al., 2015 

5.  
Fluorescent 
microspheres  

Immunochromatographic 
strips methods 

4.4 ( ng /ml) 
Zhang,  et al., 
2016 

6.  Magnetic NPs 
Direct Competitive 
ELISA 

0.015 (ng /ml) 
Radoi et al., 
2008 

7.  
Hafnium oxide 
HfO2 NPs 

A multi-platform 
detection 

6.25 (pg /ml) Pal et al., 2015 

8.  Gold NPs 

Background  flourescence 
quenching 
immunochromatographic 
assay (bFQICA) 

0.0009  (ng /ml) Wu et al., 2017 
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should see another side of toxin detection that is based on ultra-screening of toxins. This 

may have a significant impact on reduction of testing times, results accuracy, sensitivity, 

specificity and enhanced level of food security (Atanasova et al., 2017; Sharma et al., 

2017). Detection of AFM1 in milk by conventional methods is challenging task and 

seeing rapidity and sensitivity of nanoparticles in milk analysis, it is indispensable to say 

that nanosensors can have all-embracing prospective functions with unique properties that 

can improve food safety and security including milk (Kumar et al., 2017). 

Nanosensors present fast and sensitive screening of toxins in contrast to 

conventional sensors that are being used in food industry. A far-reaching use of 

nanosensors in milk studies for aflatoxins has shown their significance and immersion in 

modern toxin investigation science. Despite of few operational issues there are no major 

reported hazards in using technology, however, more evidential benefits are documented 

comparatively. The detection of toxins in food chain takes a central position in health care 

and food industry in wide spread benefit of main kind. When there is no successful 

decontamination or controlling measures are available, rapid and quick detection can play 

a superb role in milk quality analytical studies as direct and quick sensing of toxins in 

food can drastically influence food quality and especially milk quality. The concept of 

“early and rapid detection based control of toxins” in milk may receive prominent edge 

along with other monitoring efforts until concrete controlled measures are not 

investigated for AFM1 detection and it is therefore, there is no clear disagreement of 

acceptance of concept of early and rapid detection based control of toxins (Atanasova et 

al., 2017).  

2.10.8. Current challenges in using nanosensors 

There are general concerns reported in quick detection of toxins, one of which is 

awareness of using nanoparticles in food system and its acceptance among consumers. 

Though use of nanosensors with all different applications has considerable potential to 

change today’s way of analyzing food quality methods, yet extensive application and 

benefits of nanosensors also carry some deficiencies that can limit use of nanosensors in 

food chain including milk quality studies. There may be serious concerns of customers 

who may or may not accept nanotechnology processed food products. Apart 

fromconsumer’s acceptance, safety of researchers and nanomaterial is of big concern in 

food analytical studies that should be handled in special reference to toxicological studies 
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of food products (Sekhon, 2014). Some other challenges in detection of aflatoxins are 

relatively smaller size of molecules and complexities of structures that present analytical 

problems and hinder smooth toxin detection (Rai et al., 2015). Moreover, samples 

treatment before they are provided to nano-devices, development systems and associated 

informatics tools for signal outcome are some associated serious concerns in wide spread 

use of nano devices. There are reported some problems about toxicity of nanoparticles in 

using food product. Problems in association with toxicity generated by nanoparticles and 

its impact on human health also impart some significant safety issues with these devices 

(Rai et al., 2015). Use of nanoparticles is sometime a human safety risk too.As 

nanoparticles possess distinctive properties, and are smaller sized particles with high 

surface area, high solubility and extent of agglomeration, that is why these can easily 

cross cell boundaries and probably can go to blood stream after inhalation from lungs and 

sooner or later reach at all vital organs of the body (Kumari et al., 2014). Also, 

environmental hazard induced due to nanoparticles is also a serious concern that must be 

understood while formulating operating procedures for handling nanoparticles. Besides, 

all these technical issues, an important deficiency in this area are food industry’s 

ignorance on providing less awareness to consumers about safety aspect of nanoparticles. 

As proper communication and information on its application in food aspect, especially 

milk related sensitive products might open new horizon for researchers and public for 

cost-benefit analysis (Grobe et al., 2012).  

 However, an improved strategy to resolve such issues, involvement of necessary 

regulations and more scientific knowledge about use of nanoparticles and devices may 

help to transform improved strategy in quick aflatoxin detection that may be more 

advantageous in future (Sekhon, 2014). 

In overcoming efforts of hazards associated with nanoparticles in quick toxin 

detection and awareness of its fair uses, experts have opinion that potential benefit of 

nanotechnology use in food sector need to have a fair balance with concerns of food, 

environmental and researcher’s safety.  

Despite of use of many physical, chemical and biological treatments, AFM1 is 

still a notable issue in milk quality (Ismail et al., 2016a). Therefore, detection of AFM1 in 

milk especially for infants due to high vulnerability remained a burning issue in scientific 

and analytical disciplines. Due to this reason, ultra-scale level of AFM1 by diagnostic 
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assays with sensitive and specific measurement is need of time. This review has 

approached AFM1 detection in a novel way that can help researchers to probe into the 

matter with more customized procedure for effective and accurate results. The use of 

nanobiosensors in detection of AFM1 have provided some concrete information that can 

conclude “early and rapid detection” based  control of aflatoxins in sensitive food 

commodities like milk (Zhanget al., 2016). Based on this rationality, toxin hazards can be 

minimized and noticeably controlled before the food is served for human consumption. 

The role of nanobiosensors is critical and carries efficacious future aspects as nanosensors 

have rapid AF detection competence in milk in comparison with conventional methods of 

toxin detection. Low cost, high sensitive, compactness and portability are some essential 

factors that will emerge and will make these devices an affluent substitute of existing 

milk quality detection methods and use of nanoparticles for aflatoxins detection will bring 

high output in authenticity, validation and food safety in coming days. The true challenge 

for emerging nanoparticles based techniques is to demonstrate its advantages over 

conventional methods and development of multiplexed detection systems so that toxins of 

multiple origins may be detected in single run. Time is not far when commercially 

prepared nanobiosensors based toxins detection analytical devices ensuring food safety 

will be available for best of public health (Sekhon, 2014). 
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Chapter-3 

MATERIALS AND METHODS 

3.1. Molecular characterization of fungal isolate(s) and their 

aflatoxin biosynthesis gene profiling 

 This part of research was carried out at Bioprocess Engineering Laboratory, 

Department of Bioinformatics and Biotechnology, GCUF for molecular characterization 

of fungal isolate(s) and their aflatoxin biosynthesis gene profiling. 

3.1.1.  Molecular characterization of fungal isolates 

3.1.1.1. Chemicals, consumables and apparatus  

 All the chemicals used in the current study were of analytical grade, mainly 

purchased from Sigma-Aldrich(USA), Fermentas (Lithuania), RDH (Germany), Carl 

Roth Gmbh (Germany) or otherwise stated. The plasticware, glassware and consumables 

were mainly purchased from Bio Basic, Inc. (Canada) or Pyrex®-Corning (USA). The 

instruments being used are summarized briefly in Appendix-1. 

3.1.1.2. Collection of feed samples  

 Feed samples were collected from various animal feed stocks located in the 

vicinity of Faisalabad, Pakistan during humid season of June-August and were 

transported asepticallyto lab in plastic bags following standard protocol, where stored at 

4°C till further analysis. 

3.1.1.3.  Isolation and identification of the fungi 

 The isolation and identification of Aspergillus sp.was carried out by following 

the methods as described earlier(Abriba et al., 2013; Klich, 2002; Sekar et al., 2008), 

which are briefly described as follows: 

1. The microorganisms were isolated from feed samples by dilution-plate method. 

2. About 8-10 grams of feed sample was gently shaken in 100 ml of buffered 

peptone water for 30 min on orbital shaker and then placed for sedimentation and 

enrichment. 
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3. For isolation purpose, enriched culture was serially diluted up to 10-6 dilutions. 

4. Aspergillus Differentiation Media (AFPA) was prepared (Appendix-2) as 

described by the manufacturer (HiMedia, India), autoclaved at 121°C for 15 min, 

cooled and 300 µL of chloramphenicol solution was added to AFPA to inhibit 

bacterial growth. 

5. The media was poured in petri plates and after solidification kept overnight to 

check for any contamination. 

6. About 1-2 ml of aliquots of appropriate dilutions was spread on AFPA in 

duplicate. 

7. Each plate was then incubated at 28°C for 2-5 days in dark. 

8. After 2-5 days, microscopic and morphological characterizations (growth 

pattern, reverse plate color, conidia appearance / shape, sporulation color etc) of 

the isolates were determined. 

9. Based on identification parameters, three distinctive Aspergillus isolates from 

AFPA plates were selected for further molecular characterization.  

3.1.1.4. Molecular characterization of the fungal isolates 

 After determining morphological and cultural characteristics, three fungalisolates 

(isolate-1, isolate-2 and isolate-3) were identified based on sequencing of their ITS 

(Internal Transcribed Spacer) region as described below: 

3.1.1.5. Genomic DNA extraction 

The genomic DNA from all the three isolates was extracted by following the 

method of Cenis (Cenis, 1992). Chemicals for DNA isolation were prepared as per 

Appendix-3. The genomic DNA extraction for each isolate was done as per method 

described below: 

1. Vogel’s media for fungal growth was prepared as per Appendix-4. 

2. Three flasks containing Vogel’s media were aseptically inoculated separately 

with three isolates for fungal growth and were incubated in shaking incubator at 

30±1°C for 2-3 days. 
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3. After 48-60 hr of fungal growth on Vogel’s medium containing 2% (w/v) 

glucose as carbon source at 30±1°C, fungal mycelia was harvested by filtration 

through sterilized filter paper placed in a funnel. 

4. Mycelia were scratched from filter papers and were grinded in sterilized pestle 

and mortar using liquid nitrogen. 

5. For each isolate, 2 gm grinded mycelia were taken in 50 ml falcon tube and 10 

ml of extraction buffer (Appendix-3) was added. 

6. Afterwards, 5 ml of 3 M sodium acetate buffer was added and falcon tubes were 

placed at -20°C for 10 min.  

7. Falcon tubes were spun at 8,000 rpm (6,080×g) for 5 min at 4°C. 

8. Supernatant was taken and equal volume of ice-cold isopropanol was added. 

9. Tube was placed at room temperature for 5 min and then again was spun at 8,000 

rpm (6,080×g) for 5 min at 4°C. 

10. Supernatant was discarded and pellet was washed with 70% (v/v) ice-cold 

ethanol (to remove salts) by spinning at 8,000 rpm (6,080×g) for 5 min at 4°C. 

11. The pellet was dissolved in double distilled water or TE buffer (500 µL) and if 

some un-dissolved material is still there, it was spun again. 

12. The extracted DNA of three isolates was analyzed by 0.8-1% (w/v) agarose gel 

electrophoresis along with standard 1kb DNA markers. DNA fragments were 

mixed with 6X DNA Loading Dye and separated by electrophoresis on 0.8-1% 

(w/v) agarose gels in 0.5X TAE buffer (containing ethidium bromide). The gels 

were visualized by Gel documentation system (Syngene Ingenius3). The DNA 

fragment sizes were estimated by comparison with Gene Ruler™ 1kb DNA 

ladder; Figure-3.1 (Sanderson et al., 2014). Reagents for agarose gel 

electrophoresis are described in Appendix-5. 

3.1.1.6. Polymerase Chain Reaction 

 For polymerase chain reaction, following two primers were used (Gardes et al., 

1993; White et al., 1990) to amplify the ITS regions. 

Forward PrimerITS1: 5΄-TCCGTAGGTGAACCTGCGG-3΄ (19 mer, Tm 59.2 °C) 

Reverse Primer   ITS4: 5΄-TCCTCCGCTTATTGATATGC-3΄ (20 mer, Tm 53.4 °C) 
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3.1.1.7. Reconstitution of primers 

 Firstly, the oligonucleotides were shortly spun (5 sec) before use and dissolved 

in 10X volume of TE buffer (10 mM Tris, 1 mM EDTA, pH 7.5) as compared to its 

concentration (nmoles) e.g. For 25 nmoles of primer, added 250 μL of TE buffer. It gave 

a concentration of 0.0001 M or 0.1 mM [(25 nmoles/L) (x moles/250 x 10-6 L) = 0.0001 

mole/L = 0.0001 M = 0.1 mM = 100 μM or 100 pmoles μL-1]. After reconstitution, the 

primer stock was stored at -80°C or -20°C. Further dilution for use in PCR reaction was 

made in sterile distilled water. The stock was further diluted 10 times to give a 

concentration of 10 μM (10 pmoles μL-1). From this, 1 μL was used in a typical PCR 

reaction. This gave a final concentration of 10 pmoles in a PCR reaction. (Because 1 μL 

of 10 μM = 10 μmoles/10-6 L = 0.00001 μmoles/μL = 10 pmoles/μL).  

3.1.1.8. PCR reaction mixture set up 

 After thawing on ice, all solutions were gently vortexed and briefly spun. In a 

thin walled PCR tube being placed on ice, components were added as per Appendix-6. A 

25 μL mixture containing template DNA 2.5 l, dNTP mix (10 mM) 0.5 μL, Pfu buffer 

with MgCl2 (10X) 2.5 μL, Forward Primer 0.5 μL, Reverse Primer 0.5 μL, Pfu 

polymerase (2.5 U/μL) 0.5 μL and double distilled deionized H2O 18 μL was prepared. 

3.1.1.8.1. PCR profile 

  After reaction mixture set-up, Pfu polymerase was used with initial denaturation 

at 94°C for 5 min (1 cycle) and 30 cycles for 94°C for 1 min, 50°C for 1 min, followed 

by extension 72°C for 1.5 min (30 cycles) and final extension for 72°C for 10 min (1 

cycle) with a hold temperature of 4°C (Appendix-7). 

3.1.1.8.2. Agarose gel electrophoresis  

 The amplified products were analyzed by 1% (w/v) agarose gel electrophoresis 

along with standard 1kb DNA markers. DNA fragments were mixed with 6X DNA 

Loading Dye and were separated by electrophoresis on 1% (w/v) agarose gels in 0.5X 

TAE buffer (containing ethidium bromide). The gels were visualized by Gel 

documentation system (Syngene Ingenius3). The DNA fragment sizes were estimated by 

comparison with Gene Ruler™ 1kb DNA ladder (Sanderson et al., 2014). Reagents for 

agarose gel electrophoresis are described in Appendix-5. 
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Figure-3.1: GeneRuler™ 1kb DNA Ladder (Fermentas, Lithuania; cat # SM0311). 

3.1.1.9. Purification of amplified PCR products for sequencing 

 Amplified PCR products of ITS regions were purified using FavorPrep PCR 

Clean-Up Mini Kit (FAVORGEN Biotech Corp., Taiwan) according to the standard 

protocol recommended by the manufacturer. Reagents required for purification of 

amplified PCR products are given in Appendix-8. The method adopted for purification 

of each amplified DNA is given as under: 

1. PCR product (25 l) was transferred to a 1.5 ml micro centrifuge tube and 5 

volumes of FAPC buffer was added and mixed well by vortexing. 

2. FAPC column was placed into a collection tube and the sample mixture was 

transferred to FAPC column. 

3. Centrifuged at 13,000 rpm (12,470×g) for 1 min and flow-through were discarded. 

4. Then 750 μL of wash buffer (ethanol added) was added to FAPC column. 

Centrifuged at 13,000 rpm (12,470×g) for 1 min and again discarded the flow-

through. 

5. Again centrifuged at 13,000 rpm (12,470×g) for an additional 3 min to dry the 

column. 

6. Placed the FAPC column into an elution tube. 

7. Then added 40 μL of Ellution buffer to the membrane center of FAPC column and 

allowed to stand at room temperature for 2 min. 

8. After this, centrifuged at 13,000 rpm (12,470×g) for 1 min to elute the DNA. 
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9. A fraction of eluted DNA was analyzed by electrophoresis on 1% (w/v) agarose 

gel along with DNA ladder. 

3.1.1.10. Quantification of amplified DNA  

 DNA concentration/quantification was determined by Nanodrop spectrometer as 

described earlier (Haque et al., 2003). 

3.1.1.11. Sequencing of ITS region and phylogenetic analysis  

1. Three purified and quantified ITS region amplicons were sent for sequencing to 

Macrogen (Korea). 

2. After receiving results from Macrogen, the sequences were compared to the ITS 

nucleotide sequences (Kwak et al., 2013) in the GenBank database by BLASTN 

at NCBI (http://www.ncbi.nlm.nih.gov)  

3. Sequences were assembled in contigs by DNA Dragon Software (Version 1.6.0, 

SequentiX-Digital DNA Processing, Germany). 

4. Multiple sequence alignment of closely related type strain ITS sequences of 

validly named Aspergillus species, retrieved from NCBI was done using 

ClustalW and a phylogenetic tree was constructed by the Neighbour-Joining 

method using MEGA software (Version 7.0). 

5. The confidence level of each branch and stability of the relationship was tested 

by bootstrap analysis, by performing 1000 re-sampling for the tree topology of 

the Neighbour-Joining data (Costa et al., 2011).  

6. The ITS sequences of isolates were submitted in the GenBank database under the 

accession numbers MH174087, MH174088 and MH179066. 

3.1.1.12. Screening of aflatoxin production on APA media 

 In parallel to molecular characterization, the aflatoxin production screening of 

identified species was done on APA (Aflatoxin Producing Ability) media according to 

methods described by Sekar and Hara (Hara et al., 1974; Sekar et al., 2008). 

1. Briefly, the isolates were grown on APA media petri plates (Appendix-9) in 

duplicate to obtain pure colonies and screening of aflatoxin production. 
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2. Each petri plate was aseptically inoculated and then incubated at 28°C for 7 days 

in dark. 

3. Flourescence screening for the identification of aflatoxigenic isolate was carried 

out by the formation of toxin zone as described earlier (Paula et al., 2007) by 

visualizing the plates under UV light at 365nm and characteristics “Blue 

flourescence” was observed. 

4. For comparison, a blank APA media plate was also used as a control (without 

fungal culture). 

3.1.1.13. Aflatoxin analysis using HPLC 

 Extraction and purification of aflatoxins in sample (autoclaved corn grains 

inoculated with aflatoxigenic fungus in aseptic conditions and incubated in dark for 7 

days at 28°C) were carried out according to Iqbal et al., 2013 with some modifications. 

Briefly, 25g sample (contaminated corn grains) was grinded and extracted with 100 ml 

of acetonitrile: water (86:14; v/v) by horizontal shaking for 1 hr at 100 rpm. Extract was 

then filtered through Whatman No. 1 filter paper. After filtration, 10 ml filtrate with the 

addition of 70 ml acetic acid was passed through an immunoaffinity column (AflaTest, 

VICAM, USA) at a flow rate of 1.0 ml/min. Aflatoxins were eluted from the column by 

applying 1.5 ml of methanol and the extract was collected in a glass vial. Then, aliquot 

was evaporated to dryness by N2 stream at 40°C in a glass centrifuge tube. Pre-column 

derivatization was done with the addition of 100 ml TFA to the extract residue or 

aflatoxins standards to derivatize AFB1 and AFG1. The samples were left in dark at 

room temperature for 20 min and then 400 ml mixture of acetonitrile: water (1:9, v/v) 

was added into a tube. A fraction was subjected to HPLC analysis. The flow rate of 

isocratic mobile phase acetonitrile:methanol: water (20:20:60, v/v/v) was maintained at 

the rate of 1.0 ml/min. The samples were analyzed on reverse-phase HPLC (Shimadzu, 

Kyoto, Japan) with a Discovery HS C18 column (Sigma-Aldrich, USA) equipped with a 

fluorescence detector (RF-530). Excitation and emission wavelengths were 360 and 440 

nm, respectively (Gallo et al., 2012; Iqbal et al., 2013; Hossain et al., 2018). 

3.1.2.  Aflatoxin biosynthesis gene profiling of aflatoxigenic fungus 

 The identified species of aflatoxigenicfungus was further utilized for 

aflatoxigenic biosynthesis gene profiling. By using specific gene primers, aflatoxin 
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biosynthetic genes (aflR, aflS, aflQ, aflP, aflD, aflM, and aflO)were amplified as 

described earlier (Gallo et al., 2012). The detail of primers used in current study is 

described in Table-3.1. 

Table-3.1: Primers used for aflatoxin biosynthesis gene profiling. 

Primer 
Name 

Primer Sequences 
Length 

(bp) 
Tm 

(°C) 

AflR-F 5′-AAGCTCCGGGATAGCTGTA-3′ 19 54.9 

AflR-R 5′-AGGCCACTAAACCCGAGTA-3′ 19 54.9 

AflS-F 5′-TGAATCCGTACCCTTTGAGG-3′ 20 55.4 

AflS-R 5′-GGAATGGGATGGAGATGAGA-3′ 20 55.4 

AflD-F 5′-CACTTAGCCATCACGGTCA-3′ 19 54.9 

AflD-R 5′-GAGTTGAGATCCATCCGTG-3′ 19 54.9 

AflM-F 5′-AAGTTAATGGCGGAGACG-3′ 18 52.1 

AflM-R 5′-TCTACCTGCTCATCGGTGA-3′ 19 54.9 

AflO-F 5′-TCCAGAACAGACGATGTGG-3′ 19 54.9 

AflO-R 5′-CGTTGGCTAGAGTTTGAGG-3′ 19 54.9 

AflP-F 5′-AGCCCCGAAGACCATAAAC-3′ 19 54.9 

AflP-R 5′-CCGAATGTCATGCTCCATC-3′ 19 54.9 

AflQ-F 5′-TCGTCCTTCCATCCTCTTG-3′ 19 54.9 

AflQ-R 5′-ATGTGAGTAGCATCGGCATTC-3′ 21 55.9 

 

3.1.2.1. Polymerase Chain Reaction of  aflatoxin biosynthesis gene 

 The seven aflatoxigenic genes were targeted for their prevalence in the isolated 

aflatoxigenic fungus. 

1. The genomic DNA of aflatoxigenic fungus was used as template in PCR. For 

amplification, seven primer sets were used. 
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2. PCR reaction mixture: A 25 μL mixture containing template DNA 2.5 l, dNTP 

mix (10 mM) 0.5 μL, Pfu buffer with MgCl2 (10X) 2.5 μL, Forward Primer 0.5 

μL, Reverse Primer 0.5 μL, Pfu polymerase (2.5 U/μL) 0.5 μL and double 

distilled deionized H2O 18 μL was prepared. 

3. PCR Profile was: Pfu polymerase was used with initial denaturation at 94°C for 

5 min (1 cycle) and 30 cycles for 94°C for 1 min, annealing temperature was 

according to the primer set being used (aflR 54ºC; aflS 54ºC; aflD 50ºC; aflM 

46ºC; aflO 45ºC; aflQ 45ºC and aflP 50ºC) for 1 min,followed by extension at 

72°C for variable time (as per amplicon size and Pfu polymerase synthesis rate) 

and final extension for 72°C for 10 min (1 cycle) with a hold temperature of 4°C. 

3.1.2.2. Agarose gel electrophoresis 

 The amplified products (genes) were analyzed by 1.5% (w/v) agarose gel 

electrophoresis along with 100kb plus DNA marker (Figure-3.2). 

 

Figure-3.2: GeneRuler™ 100bp Plus DNA Ladder (Fermentas, Lithuania; cat # SM0321). 

3.1.2.3. DNA extraction from agarose gel 

 For extraction of amplified gene fragments from 1.5% agarose gel, FavorPrep 

GEL / PCR Purification Kit (FAVORGEN Biotech Corp., Taiwan) was used.The gels 
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were visualized by Gel Documentation & Analysis System (Model INGENIUS3, 

Syngene, England) for excising agarose gel pieces using sterilized scalpel. Up to 300 

(mg) of excise gel pieces could be transferred into microcentrifuge tube. The seven pieces 

of gel that were transferred to each microcentrifuge tube had approximately weight as 

171.5 mg, 130.90 mg, 215.1 mg, 140.35 mg, 175.80 mg, 210.11 mg, and 180.25mg. 

About 500 µL FADF buffer was added (for > 2% gel, 1000 µL can be added) to each 

sample and then mixed and vortexed. The seven microcentrifuge tubes were incubated at 

55 °C for 10 min or more until gel is completely dissolved in it.  After short intervals, 

these tubes were also mixed for complete dissolution of gel. All samples were cooled 

down to room temperature and a FADF column was placed in collection tube. 

Approximately 800 µL of sample mixture were transferred to FADF column and 

centrifugation was done at 13,000 rpm (12,470×g) for 1 min. Flow-through was 

discarded. Again, centrifugation was done at 13,000 rpm (12,470×g) for 1 min to dry the 

column matrix.  Elution tube was taken and FAPC column was placed in it. Elution buffer 

(40 l) was added to membrane center of FAPC column and FAPC column was kept 

stand for 1 minute. Centrifugation was done again at 13,000 rpm (12,470×g) for 3 min for 

DNA elution. A fraction of eluted DNA was analyzed by electrophoresis on 1.5% (w/v) 

agarose gel along with DNA ladder. DNA concentration / quantification was determined 

for each of eluted DNA by Nanodrop spectrometer as described earlier (Haque et al., 

2003). 

3.1.2.4. Sequence analysis of aflatoxin biosynthesis genes 

 The quantified and purified amplicons were sequenced by utilizing commercial 

services of Macrogen (Korea). The gene sequences were then compared to the aflatoxin 

biosynthesis gene sequences available in the GenBank database using BLASTN at 

NCBI (http://www.ncbi.nlm.nih.gov) (Kwak et al., 2013). Prior to BLAST alignment, 

sequences were assembled in contigs by DNA Dragon software (Version 1.6.0, 

SequentiX-Digital DNA Processing, Germany).  
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3.2. Aflatoxin detection analysis by surface plasmon resonance 

(SPR) based biosensor and ELISA: Early detection-Early 

control 

 This part of research was performed at IGFS, Queen’s University, Belfast, UK. 

Aflatoxins are toxic substances and aflatoxin B1 is class 1 carcinogen. All trials were 

conducted keeping appropriate biosafety measures. 

3.2.1. Preparation and evaluation of surface plasmon resonance (SPR) based 

biosensor (CM5 sensor chip)  

3.2.1.1. Chemicals, consumables and apparatus 

 Aflatoxin-B1 from A. flavus (cat # A6636), N-hydroxysuccinimide (NHS; cat # 

130672), Ethylamine (EDA; cat # 395064), 1-Ethyl-3-[3-dimethylaminopropyl]-

carbodimide hydrochloride (EDC; cat # 8.51007), carboxymethyl hydroxylamine 

hemilydrocholoride (CMO; cat # C13408), Ethanolamine-HCl (1M, pH 8.5; cat # 

E6133) and Jeffamine® M-600 ([O-(2-Aminopropyl)-O′-(2-

methoxyethyl)polypropylene glycol 500]; cat # 422118) were purchased from Sigma-

Aldrich, USA. Slide-A-Lyzer™ Dialysis Cassettes (10K MWCO, 3 ml; cat # 66380) 

was purchased from ThermoFisher Scientific, USA. Monoclonal antibodies (AFB1), 10 

mg/ml were donated by IGFS, School of Biological Sciences, Queen’s University, 

Belfast, UK. 96-Well Microplates (Polypropylene) were purchased from Greiner Bio-

One, Germany. HBS-EP buffer (0.01 M HEPES pH 7.4, 0.15 M NaCl, 3 mM EDTA, 

0.005% v/v Surfactant P20; cat # BR-1006-69), was purchased from GE Healthcare Life 

Sciences, Sweden. BIAcore T200, BIAcore Q Control Software (version 3.0.3) and Gold 

Sensor chip CM5 were also of GE Healthcare Life Sciences.  

3.2.1.2. Preparation of AFB1-Oxime-Ethylamine Conjugate 

 For development of aflatoxin detection assay using biosensor, modification of 

CM5 chip sensor surface was done as described earlier (van der Gaag et al., 2003). 
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3.2.1.2.1. Procedure 

The carboxyl groups of the protein carrier were first cross-linked to 

ethylenediamine (EDA) with 1-Ethyl-3-[3-dimethylaminopropyl]-carbodimide 

hydrochloride (EDC) linker, so that the amine groups of the protein can be enriched. The 

aflatoxin carboxylation was carried out as described below:  

1. About 1.3 mg aflatoxin-B1 was dissolved in pyridine (1.5 ml) and 2.6 mg 

carboxymethyl hydroxylamine hemilydrocholoride (CMO) was added in solution. 

The ratio of AFB1 and CMO was 1:2. 

2. All reagents were mixed up in fume cupboard gradually.  

3. The pyridine was evaporated using stream of nitrogen and gentle heating. 

4. About 200 µL DMSO was added in above mixture vial using a syringe and stirred 

overnight.  

5. After 24 hours, the whole mixture was made dry by using nitrogen within fume 

cupboard.  

6. About 100 l of EDC-NHS (50:50) solution was added to the vial. 

7. Then 800 l ova-albumin (10 mg/ml) was mixed in 180 l DMSO and added to 

the vial. 

8. The vial was stirred for 60 min at room temperature.  

9. Purification of conjugates of AFB1-ovalbumn was done by dialysis method 

against NaCl solution (45g NaCl in 5 L dH2O). The conjugates were injected in 

dialysis cartridge by syringe with a special care to avoid bubble formation in 

cartridge. In case of any air bubble, it was taken out by syringe.  

10. The cartridge was covered with aluminium foil and kept in water container for 2 

hrs, placed over a shaker.  

11. Aflatoxin-protein conjugate (~ 4 mg/ml) was stored at -20°C for further analysis. 

 

3.2.1.3. Immobilization of CM5 sensor chip surface by AFB1-derivative 

(AFB1-Oxime-Ethylamine Conjugate) 

For chip surface modification and immobilization of AFB1 on it, a humidity 

chamber was made (some tissue papers were soaked in water, placed in a tray and sensor 

chip was placed over it).  
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1. The chip sensor surface was washed with double distilled de-ionized water 

(d2H2O). 

2. The chip surface was cleaned with a wet tissue paper (by avoiding the finger touch 

to the sensor surface). 

3. EDC was mixed in NHS (total volume 60 L) in 50:50 ratio, poured on sensor 

chip surface and was covered in dark for overnight.  

4. Jeffamine solution (1M Jeffamine = 851 l d2H2O + 149 l Jeffamine) was 

prepared and vortexed. The solution was diluted to 0.1 M Jeffamine (900 l Borat 

buffer (pH 8.5) and 100 l of 1M Jeffamine).  

5. Chip was uncovered, 60 l of 0.1M Jeffamine was added on its surface and was 

incubated in dark at room temperature for 60 min. 

6. After 60 min, the chip was again uncovered and cleaned with a wet tissue paper. 

7. About 60 l 1M Ethanolamine-HCL (pH 8.5) was added on chip surface and 

incubated in dark at room temperature for 60 min.  

8. Meanwhile, 20 l NHS was slowly mixed with 20 l EDC. About 20 l of AFB1 

ova-albumin conjugate (derivative) was taken from vial and mixed with NHS-

EDC mixture. The whole mixture was poured on chip surface and kept overnight.  

9. Next day, precipitates on chip surface may be removed gently by using wet tissue 

paper.  

10. Chip surface was washed 2-3 times (by avoiding the finger touch to the sensor 

surface) to remove un-bonded residues. The chip surface was dried by nitrogen in 

fume cupboard, marked with identification no. and stored at 4ºC. 

3.2.1.4. Priming, docking and undocking of chip 

 Priming of BIAcore T200 was performed three times (for 6 min each) with HBS-

EP buffer at room temperature. The CM5 chip was docked on BIAcore T200 using BIA 

core operation wizard (Software), after undocking maintenance chip.  
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3.2.1.5. Testing efficacy and conditioning of chip surface 

 The chip surface was analyzed for successful immobilization by injecting 

regeneration solution (250 mM NaOH in 20% v/v acetonitrile) over the surface. All 

unbound molecules were removed from the surface by regeneration solution. This will 

not remove AFB1 derivative that was immobilized on surface. Excess of antibody was 

removed from surface by long injection at flow rate of 5 μL/min. Sensogram images 

were observed to find out successful or unsuccessful immobilization over chip surface. 

This will also provide output efficacy of chip surface. 

3.2.1.6. Optimization and regeneration of chip 

 BIAcore T200 rack was set up as per operation manual. Microplate (96-well) was 

set as per specific pattern. Before concentration analysis of aflatoxins, the antibodies 

were optimized by various antibody dilutions. Monoclonal antibodies (10 mg/ml) were 

diluted as 1/40, 1/200 and 1/400(1/40: 37 µL of Ab in 1463 µL HBS-EP; 1/200: 300 µL 

of 1/40 dilution of Ab in 1200 µL HBS-EP; 1/400: 500 µL of 1/200 Ab dilution in 500 

µL of HBS-EP). Chip surface was regenerated by regeneration solution. The plate and 

injection rate were set up. Set up wizard was run for concentration analysis as per 

BIAcore T200 handling manual (Schasfoort et al., 2008). 

3.2.1.7. Calibration curve and data analysis  

 A calibration curve was developed for aflatoxin concentration (ng/ml) vs response 

(RU). The data was analyzed by MS excel software and BIAcore Q control version 3.03 

(for calibration curve), The maximal-half inhibition concentration (IC50), Limit of 

detection (IC20), dynamic range (IC20-IC80) and Co-efficient of variation (CV) were 

determined. 

3.2.2. Cross reactivity analysis of anti-aflatoxinB1 monoclonal antibody 

with various toxins of A. flavus (AFB1, AFB2, AFM1 and AFG1) 

using CM5 sensor chip 

3.2.2.1 Chemicals, consumables and apparatus  

  Aflatoxin-B1 (cat # A6636), Aflatoxin-B2 (cat # A9887), Aflatoxin-M1 (cat # 

46319-U) and Aflatoxin-G1 (cat # A0138) from A. flavus were purchased from Sigma-
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Aldrich, USA. Monoclonal antibodies (AFB1), 10 mg/ml were donated by IGFS, School 

of Biological Sciences, Queen’s University, Belfast, UK. 96-Well Microplates 

(Polypropylene) were purchased from Greiner Bio-One, Germany. HBS-EP buffer (0.01 

M HEPES pH 7.4, 0.15 M NaCl, 3 mM EDTA, 0.005% v/v Surfactant P20; cat # BR-

1006-69) was purchased from GE Healthcare Life Sciences, Sweden. BIAcore T200, 

BIAcore Q Control Software (version 3.0.3) and Gold Sensor chip CM5 were also of GE 

Healthcare Life Sciences.  

3.2.2.2. Procedure for cross reactivity analysis 

3.2.2.2.1. Preparation of microplate for SPR 

 Microplate (96 wells) was designed as per given pattern (Figure-3.3) and A. flavus 

toxin standards (AFB1, AFB2, AFM1 and AFG1) prepared in HBS-EP buffer were 

inoculated (100 µL) in each microwell (Table-3.2). 

3.2.2.2.2. Priming, docking and undocking of chip 

 Before each analysis priming of BIAcore T200 was performed three times (for 6 

min each) with HBS-EP buffer at room temperature. The CM5 chip was docked on 

BIAcore T200 using BIA core operation wizard (Software), after undocking 

maintenance chip.  

3.2.2.2.3. Testing efficacy and conditioning of chip surface 

 Before each analysis the prepared chip surface (as described earlier in section 

3.2.1) was analyzed for successful immobilization by injecting regeneration solution 

(250 mM NaOH in 20% v/v acetonitrile) over the surface. All unbound molecules were 

removed from the surface by regeneration solution. This will not remove AFB1 

derivative that was immobilized on surface. Excess of antibody was removed from 

surface by long injection at flow rate of 5μL/min. Sensogram images were observed to 

find out successful or unsuccessful immobilization over chip surface. This will also 

provide output efficacy of chip surface. 

3.2.2.2.4. Optimization and regeneration of chip 

 BIAcore T200 rack was set up as per operation manual. Microplate (96-well) was 

set as per specific pattern. Before concentration analysis of aflatoxins, the antibodies 



 

were optimized by various antibody dilutions.

diluted as 1/40, 1/200 and 1/400(1/40: 37 µL of Ab

of 1/40 dilution of Ab in 1200 µL HBS

µL of HBS-EP). Chip surface was regenerated by regeneration solution. The plate and 

injection rate were set up. Set up wizard was run 

BIAcore T200 handling manual 

3.2.2.2.5. Calibration curve and data analysis

 A calibration curve was developed for aflatoxin concentration (ng/
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version 3.03 (for calibration curve), The maximal
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were determined. 

Figure-3.3: Schematic di

analysis using CM5 sensor chip (biosensor).
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were optimized by various antibody dilutions. Monoclonal antibodies (10 mg/

diluted as 1/40, 1/200 and 1/400(1/40: 37 µL of Ab in 1463 µL HBS-EP; 1/200: 300 µL 

/40 dilution of Ab in 1200 µL HBS-EP; 1/400: 500 µL of 1/200 Ab dilution in 500 

EP). Chip surface was regenerated by regeneration solution. The plate and 

set up. Set up wizard was run for concentration analysis as per 

BIAcore T200 handling manual (Schasfoort et al., 2008).  

3.2.2.2.5. Calibration curve and data analysis 

A calibration curve was developed for aflatoxin concentration (ng/

response (RU). The data was analyzed by MS excel software and BIAcore Q control 

version 3.03 (for calibration curve), The maximal-half inhibition concentration (IC

), dynamic range (IC20-IC80) and Co-efficient of variation (CV) 

3.3: Schematic diagram of microplate model for aflatoxin cross reactivity 

analysis using CM5 sensor chip (biosensor). 

 

Monoclonal antibodies (10 mg/ml) were 

EP; 1/200: 300 µL 

EP; 1/400: 500 µL of 1/200 Ab dilution in 500 

EP). Chip surface was regenerated by regeneration solution. The plate and 

concentration analysis as per 

A calibration curve was developed for aflatoxin concentration (ng/ml) vs. 

excel software and BIAcore Q control 

half inhibition concentration (IC50), 

efficient of variation (CV) 

 

agram of microplate model for aflatoxin cross reactivity 
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Table-3.2: Aflatoxin standards prepared in HBS-EP buffer for calibration curve. 

Aflatoxin 
STD STD Buffer Total Volume  
ng/ml µL µL ml 

AFB1 (1 mg/ml) 

1000 5 4995 5.0 
100 50 450 0.5 
50 250 250 0.5 
10 100 400 0.5 
5 250 250 0.5 

2.5 250 250 0.5 
1 200 300 0.5 

0.5 250 250 0.5 
0* 

   

AFB2 (0.5 mg/ml) 

1000 10 4990 5 
100 50 450 0.5 
50 250 250 0.5 
10 100 400 0.5 
5 250 250 0.5 

2.5 250 250 0.5 
1 200 300 0.5 

0.5 250 250 0.5 
0*    

AFM1 (10 µg/ml) 

1000 500 4500 5 
100 50 450 0.5 
50 250 250 0.5 
10 100 400 0.5 
5 250 250 0.5 

2.5 250 250 0.5 
1 200 300 0.5 

0.5 250 250 0.5 
0*    

AFG1 (0.5 mg/ml) 

1000 10 4990 5 
100 50 450 0.5 
50 250 250 0.5 
10 100 400 0.5 
5 250 250 0.5 

2.5 250 250 0.5 
1 200 300 0.5 

0.5 250 250 0.5 
0*    

*where “0” STD means 100 µL (HBS-EP Buffer) as control.   
For preparation of next dilution, the mentioned volume of STD was taken from last 
prepared dilution. 
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3.2.3. Aflatoxin detection analysis using Enzyme Linked Immunosorbent 

Assay (ELISA)  

3.2.3.1. Positive/negative control development and optimization of 

monoclonal antibodies for assay development 

3.2.3.1.1. Chemicals, consumables and apparatus 

 Marvel Dried Skimmed Milk (198 g) was purchased from Premier International 

Foods, UK. Tetramethylbenzidine substrate solution (TMB; cat #860336), aNunc-

Immuno™ MicroWell™ 96 well solid flat bottom plates (cat # M9410), Methanol (cat 

#82762), Sulphuric acid (cat #339741), Sodium carbonate (cat #1613757), Tween 20 

(cat #P1379), Sodium bicarbonate (cat #S5761) and Sodium chloride (cat #S7653)were 

purchased from Sigma-Aldrich, USA. Multiskan™ FC microtiter photometer was 

fromThermoScientific, USA. Aflatoxin-protein conjugates (4 mg/ml) were prepared in 

lab (as described in section 3.2.1). Monoclonal antibodies (10 mg/ml) were donated by 

IGFS, Queen’s University, Belfast, UK. Goat anti-Mouse IgG Antibody, HRP conjugate 

(Cat #12-349) was purchased from Merck, Germany. 

3.2.3.1.2. Procedure for control developments 

 For positive and negative control developments, following procedure was 

followed:  

1. Two dilutions of aflatoxin-protein conjugate (1 g/well & 0.5 g/well) were 

prepared from stock (4 mg/ml) in coating buffer (0.1 M Carbonate / Bicarbonate 

buffer, pH 9.6, Appendix-10) and 100 l of each dilution was added in 96-well 

plate (48 wells of each dilution). 

2. The plate was then incubated overnight at 4°C (The plate was labelled and 

marked with date of preparation, type of coating antigen and respective 

concentration). 

3. Next day, the coating buffer was discarded carefully and wells were blocked 

with 100 l/well of blocking buffer (Appendix-10).  

4. The plate was then incubated for 1 hour at 37°C and blocking buffer was 

discarded.  
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5. As a negative control PBS buffer (50 µL) was added to appropriate wells, while 

50 µL of aflatoxin-B1 (100 ng/ml) was added to the appropriate wells as a 

positive control.  

6. Antibody test dilutions (1/1000, 1/2000, 1/4000, 1/8000, 1/16000, 1/32k, 1/64k, 

1/128k, 1/256k, 1/512k, 1/1024k and 1/2048k) were prepared in phosphate 

buffer (pH 7.2). The serially diluted antibodies (50 l/well) were added (in 

duplicate) to appropriate wells of coated microplate (as described in step 1). 

7. The plate was incubated for 3 hrs at 37°C with mild shaking. After incubation, 

the antibody solution was discarded and all the wells were washed 4 times with 

ELISA washing buffer (Appendix-10).  

8. Goat anti-species HRP labelled secondary antibody (Polyclonal goat anti-mouse 

immunoglobulin) was diluted as 1/2000 (5 µL HRP + 9995 µL PBS) and was 

added (100 µL) to the wells. Plate was again incubated at 37°C for 55 min.  

9. After incubation, the plate was washed 8 times with ELISA wash buffer. It was 

made sure that there must not be any air bubble in wells prior to adding TMB.  

10. After washing, TMB (100 µL) was added in each well and plate was kept in dark 

for 5 min, so that color can be developed.  

11. The reaction was stopped by adding 25 µL/well of 2.5M sulphuric acid.  

12. The absorbance was recorded using ELISA plate reader (Multiskan™ FC) at 450 

nm. 

3.2.3.1.3. Procedure for optimization of monoclonal antibodies (MAbs) 

for assay development 

1. Two dilutions of aflatoxin-protein conjugate (1 g/well & 0.5 g/well) were 

prepared from stock (4 mg/ml) in coating buffer (0.1 M Carbonate / Bicarbonate 

buffer, pH 9.6, Appendix-10) and 100 l of each dilution was added in 96-well 

plate (48 wells of each dilution). 

2. The plate was then incubated overnight at 4°C (The plate was labelled and 

marked with date of preparation, type of coating antigen and respective 

concentration). 

3. Next day, the coating buffer was discarded carefully and wells were blocked 

with 100 l/well of blocking buffer (Appendix-10).  
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4. The plate was then incubated for 1 hour at 37°C and blocking buffer was 

discarded.  

5. As a negative control PBS buffer (50 µL) was added to appropriate wells, while 

50 µL of aflatoxin-B1 (100 ng/ml) was added to the appropriate wells as a 

positive control.  

6. Optimized antibody test dilutions (1/4000, 1/8000 and 1/16000) of previous trial 

were prepared in phosphate buffer (pH 7.2). The serially diluted antibodies (50 

L/well) were added (in duplicate) to appropriate wells of coated microplate (as 

described in step 1). 

7. The plate was incubated for 3 hrs at 37°C with mild shaking. After incubation, 

the antibody solution was discarded and all the wells were washed 4 times with 

ELISA washing buffer (Appendix-10).  

8. Goat anti-species HRP labelled secondary antibody was diluted as 1/2000 (5 µL 

HRP + 9995 µL PBS) and was added (100 µL) to the wells. Plate was again 

incubated at 37°C for 55 min.  

9. After incubation, the plate was washed 8 times with ELISA wash buffer. It was 

made sure that there must not be any air bubble in wells prior to adding TMB.  

10. After washing, TMB (100 µL) was added in each well and plate was kept in dark 

for 5 min, so that color can be developed.  

11. The reaction was stopped by adding 25 µL/well of 2.5M sulphuric acid.  

12. The absorbance was recorded using ELISA plate reader (Multiskan™ FC) at 450 

nm. 

3.2.3.1.4. Data interpretation 

1. Calibration graphs:Calibration curve was developed using at least five values in 

working range and date curve goodness-of-fit was determined. Standard curves 

were plotted as absorbance (RU) vs logarithm of analyte concentration (ng/ml). 

2. The half-maximal inhibition concentration (IC50): The half-maximal inhibition 

concentration of aflatoxins was calculated using calibration graph function of BIA 

core evaluation software (version 4.1). 
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3. Data analysis: Data analysis and evaluation was done using statistical methods 

and BIA core evaluation software (version 4.1) as described earlier (Fang et al., 

2011). 

3.2.3.2. Cross reactivity analysis of anti-AFB1 monoclonal antibody with 

A. flavus toxins (B1, B2, M1, G1 & G2) by antigen coated plate 

immunoassay 

3.2.3.2.1. Chemicals, consumables and apparatus  

  Aflatoxin-B1 (cat # A6636), Aflatoxin-B2 (cat # A9887), Aflatoxin-M1 (cat # 

46319-U), Aflatoxin-G1 (cat # A0138) and Aflatoxin G2 (cat #A0263) from A. flavus 

were purchased from Sigma-Aldrich, USA. Tetramethylbenzidine substrate solution 

(TMB; cat #860336), aNunc-Immuno™ MicroWell™ 96 well solid flat bottom plates 

(cat # M9410), Methanol (cat #82762), Sulphuric acid (cat #339741), Sodium carbonate 

(cat #1613757), Tween 20 (cat #P1379),Sodium bicarbonate (cat #S5761) and Sodium 

chloride (cat #S7653)were purchased from Sigma-Aldrich, USA. Multiskan™ FC 

microtiter photometer was fromThermoScientific, USA. Marvel Dried Skimmed Milk 

(198 g) was purchased from Premier International Foods, UK. Aflatoxin-protein 

conjugates (4 mg/ml) were prepared in lab (as described in section 3.2.1). Monoclonal 

antibodies (10 mg/ml) were donated by IGFS, Queen’s University, Belfast, UK. Goat 

anti-Mouse IgG Antibody, HRP conjugate (Cat #12-349) was purchased from Merck, 

Germany. 

3.2.3.2.2. Procedure for cross Reactivity analysis of anti-AFB1 monoclonal 

antibody with A. flavus toxins 

1. One hundred (100) l of optimized aflatoxin-protein conjugate (1 g/well) was 

prepared from stock (4 mg/ml) in coating buffer (0.1 M Carbonate / Bicarbonate 

buffer, pH 9.6, Appendix-10) and was added in 96-well plate. 

2. The plate was labelled and marked with date of preparation, type of coating 

antigen and respective concentration. 

3. The plate was then incubated overnight at 4°C. 

4. Next day, the coating buffer was discarded carefully and wells were blocked 

with 100 l/well of blocking buffer (Appendix-10). 
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5. The plate was then incubated for 1 hour at 37°C and blocking buffer was 

discarded.  

6. As a negative control PBS buffer (50 µL) was added to appropriate wells, while 

50 µL of aflatoxin-B1 (100 ng/ml) was added to the appropriate wells as a 

positive control.  

7. Optimized antibody test dilution (1/16000) of previous trial was prepared in 

phosphate buffer (pH 7.2). The serially diluted antibodies (50 l/well) were 

added to appropriate wells of coated microplate (as described in step 1). 

8. The plate was incubated for 3 hrs at 37°C with mild shaking. After incubation, 

the antibody solution was discarded and all the wells were washed 4 times with 

ELISA washing buffer (Appendix-10).  

9. Goat anti-species HRP labelled secondary antibody was diluted as 1/2000 (5 µL 

HRP + 9995 µL PBS) and was added (100 µL) to the wells. Plate was again 

incubated at 37°C for 55 min.  

10. After incubation, the plate was washed 8 times with ELISA wash buffer. It was 

made sure that there must not be any air bubble in wells prior to adding TMB.  

11. After washing, TMB (100 µL) was added in each well and plate was kept in dark 

for 5 min, so that color can be developed.  

12. The reaction was stopped by adding 25 µL/well of 2.5M sulphuric acid.  

13. The absorbance was recorded using ELISA plate reader (Multiskan™ FC) at 450 

nm. 

3.2.3.2.3. Data interpretation 

1. Calibration curve:Calibration curve was developed using at least five values in 

working range and date curve goodness-of-fit was determined. Standard curves 

were plotted as absorbance (RU) vs logarithm of analyte concentration (ng/ml). 

2. Cross reactivity: Cross reactivity for multiple toxins were determined by 

performing competitive inhibition assay and developing a comparison of the 

analyte concentration giving the half-maximal inhibition IC50 (ng g-1), that were 

calculated by using following equation;  

CR (%) = (IC50 of AFB1/ IC50 of analyte) × 100 
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3. Data analysis: Data analysis and evaluation was done using statistical methods 

and BIA core evaluation software (version 4.1) as described earlier (Fang et al., 

2011). 

3.2.3.3.  Detection of AFB1 in maize using customized antigen-coated 

ELISA plate based on monoclonal antibody 

3.2.3.3.1. Chemicals, consumables and apparatus 

  Edible maize (1000 g) was purchased from local market of Belfast, UK. 

Whatman™ Grade 44 quantitative filter paper (cat # 09860B) was purchased from 

ThermoFisher Scientific, USA, while other materials were the same as described in 

earlier sections.  

3.2.3.3.2. Procedure for the detection of AFB1 in maize 

1. Handling of samples: All samples were prepared and handled according to the 

instructions given in manual (Commission, 2002), so that maximum detection of 

substance is made possible. The sample analysis was done as per procedure 

describes earlier (Oplatowska-Stachowiak et al., 2016).  

2. Sample preparation: Edible maize was purchased from market for spiking and 

aflatoxin analysis. Maize grains were grinded to fine powder and were filtered to 

remove any larger granules. For each 21 samples, 1g maize fine powder was 

weighed on weighing balance and added to a jar. Now de-ionized water (2.5 ml) 

was added to it and was shaken for 5 min on a multi-vortex. After shaking, 2.5 ml 

of 12.5% ethanol was added to jar and was shaken for 5 min on a multi-vortex. 

The extract obtained was filtered and diluted 1:4 with assay buffer (1 ml of extract 

+ 3 ml PBS). 

3. Spiking maize samples: The above prepared maize samples were then spiked with 

variable concentrations (0.5, 1.0, 2.5, 5.0 and 10 ng/g) of AFB1 (in triplicate) and 

labelled accordingly. 

4. ACP-ELISA protocol: One hundred (100) l of optimized aflatoxin-protein 

conjugate (1 g/well) was prepared from stock (4 mg/ml) in coating buffer (0.1 

M Carbonate / Bicarbonate buffer, pH 9.6, Appendix-10) and was added in 96-
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well plate. The plate was labelled and marked with date of preparation, type of 

coating antigen and respective concentration. The plate was then incubated 

overnight at 4°C. Next day, the coating buffer was discarded carefully and wells 

were blocked with 100 l/well of blocking buffer (Appendix-10). The plate was 

then incubated for 1 hour at 37°C and blocking buffer was discarded. As a 

negative control PBS buffer (50 µL) was added to appropriate wells, while 50 µL 

of aflatoxin-B1 (100 ng/ml) was added to the appropriate wells as a positive 

control. 

5. Spiked maize samples (as described in step 3) were added in appropriate wells 

(50 µL each). The plate was incubated for 3 hrs at 37°C with mild shaking. After 

incubation, the sample solutions were discarded and all the wells were washed 4 

times with ELISA washing buffer (Appendix-10). Goat anti-species HRP 

labelled secondary antibody was diluted as 1/2000 (5 µL HRP + 9995 µL PBS) 

and was added (100 µL) to the wells. Plate was again incubated at 37°C for 55 

min. After incubation, the plate was washed 8 times with ELISA wash buffer. It 

was made sure that there must not be any air bubble in wells prior to adding 

TMB. After washing, TMB (100 µL) was added in each well and plate was kept 

in dark for 5 min, so that color can be developed. The reaction was stopped by 

adding 25 µL/well of 2.5M sulphuric acid. The absorbance was recorded using 

ELISA plate reader (Multiskan™ FC) at 450 nm. 

3.2.3.3.3. Data interpretation 

1. Calibration curves: For antigen-coated plate ELISA, standard curves were fitted 

by using non-linear 4 parameters calibration plots. Calibration curve was 

developed using at least five values in working range and date curve goodness-of-

fit was determined. Standard curves were plotted as absorbance (RU) vs logarithm 

of analyte concentration (ng/ml). 

2. Precision of quantitative method: The inter-laboratory co-efficient of variation 

(CV) for repeated analysis under reproducible condition was determined by 

precision of quantitative method. 
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3. Spike/Recovery: Samples were analyzed and concentration analysis of each 

sample was done. By using the below mentioned equation, recovery (%) and mean 

recovery were calculated; 

*Recovery (%) = Observed - Neat / Expected × 100 

*Where spiked sample value obtained after ELISA is termed as “observed”, un-

spiked / control sample is termed as “Neat” and expected value is the amount of 

aflatoxin spiked in the sample (that is calculated on the basis of given 

concentration of spiking stock and spiked volume in solution). It may be noted that 

neat sample value may read as 0, if values fall below the detectable range of 

calibration curve. 

4. Data analysis: Data analysis and evaluation was done using statistical methods 

and BIAcore evaluation software (version 4.1) as described earlier (Fang et al., 

2011). 
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3.3. Detoxification of aflatoxin M1 by using lactic acid producing 

bacterial (LAB) cells 

3.3.1. Culturing of LAB cells 

 This part of research was carried out at Bioprocess Engineering Laboratory, 

Department of Bioinformatics and Biotechnology, GCUF for culturing of LAB cells and 

determination of their potential for the decontamination of AFM1. Asaflatoxins are 

carcinogenic, therefore biosafety measures were carefully taken while handling toxins. 

3.3.1.1. Chemicals, consumables and instruments 

 All the chemicals used in the present study were of analytical grade, mainly 

purchased from RDH (Germany), Sigma-Aldrich (USA), CarlRoth Gmbh (Germany), 

Europroxima (The Netherlands) or others as stated. The glassware, plasticware and 

consumables were mainly purchased from Bio Basic, Inc. (Canada) or Pyrex®-Corning 

(USA). The instruments used for different processes during the study are described in 

Appendix-1. 

3.3.1.2. LAB culture collection 

 The endogenously isolated (from rice rinsed water) lactic acid producing bacteria 

(e.g. Lactobacillus plantarum (KX388381), Lactobacillus plantarum (KX388382), 

Lactobacillus plantarum (KX388384), Lactobacillus fermentum (KX388385), 

Lactobacillus paracasei (KX388386) and Lactobacillus coryniformis (KX388387) 

available in the lab were used in the current study. 

3.3.1.3. Culturing media and growth conditions 

  To culture the lactic acid producing bacteria (LAB), specific broth media (MRS 

media) having pH 6.4 was used, initially formulated by de Man, Rogosa & Sharpe (De 

Man et al., 1960). The composition of MRS media (Rapid Labs, UK) is described in 

Appendix-12. For 100 ml of culture, 5.5 grams of MRS broth media was required. All 

the chemicals were dissolved in a volumetric flask to prepare the growth media and pH 

was set at 6.4 with 1M HCl / NaOH, if required. The culture medium was then equally 

poured into the test tubes. Then these test tubes were plugged with cotton and also with 
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the aluminum foil to avoid contamination and wetness. Then these tubes were placed in 

the autoclave and autoclaved for 15 min at 121°C, 30-psi pressure. The autoclaved tubes 

were placed at room temperature for 24 hours to observe any contamination. After this, 

these tubes were inoculated aseptically in laminar air flow using sterilized inoculating 

loop full of culture and incubated in shaking incubator at 37±1 °C for 22 hours. The 

cells were harvested by spinning at 6,682 rpm (5,000×g) for 10 min and washed twice 

with 4ml of phosphate buffer saline (pH = 7.3, 0.01M) (Haskard et al., 2000). 

3.3.1.4.  Determination of bacterial growth 

 The bacterial culture growth was diluted ten times by taking 100 µL of culture in 

900 µL of double distilled autoclaved water in separate autoclaved test tubes. The cell 

mass density in diluted cultures was determined on spectrophotometer at a wavelength 

of 610 nm by taking 2 ml of diluted sample in a quartz cuvette. The OD thus obtained 

was used to synchronize the cell density of each culture for further analysis.  

3.3.2. Preparation of lactic acid producing bacterial (viable) cells 

 For the determination of aflatoxin M1 binding potential of viable lactic acid 

producing bacterial (LAB) cells, the procedure used is described as follows (Le et al., 

2004): 

1. Culture broth (4 ml) containing (1×109 CFU/ml) of each LAB cells were 

transferred to 15 ml falcon tubes, separately. 

2. The tubes were centrifuged at 3,490 rpm (1,500×g) for 15 min. 

3. The pellet was washed with phosphate buffer saline (2 ml) and spun at 3,490 rpm 

(1,500×g) for 2 min. 

4. The pellet thus obtained (1.5 g approximately) was re-suspended in 0.9% w/v 

saline (NaCl solution) and stored for further analysis. 

3.3.3. Preparation of heat killed lactic acid producing bacterial cells 

 In order to prepare heat killed lactic acid producing bacterial cells, following 

procedure was used (Oliveira et al., 2013): 
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1. Culture broth (4 ml) containing (1×109 CFU/ml) of each LAB cells were taken in 

15 ml falcon tubes separately.  

2. These cells were heated at a temperature of 70°C in an oven for 25 min.  

3. The cells were then harvested by centrifugation at 3,490 rpm (1,500×g) for 15 

min. 

4. Pellet was washed with phosphate buffer saline (2 ml) and spun at 3,490 rpm 

(1,500×g) for 2 min. 

5. The pellet thus obtained (1.5 g approximately) was re-suspended in 0.9% w/v 

saline (NaCl solution) and was and stored for further analysis. 

3.3.4. Preparation of acid killed lactic acid producing bacterial cells 

 In order to prepare acid killed lactic acid producing bacterial cells, following 

procedure was used (Rahaie et al., 2010):  

1. Culture broth (4 ml) containing (1×109 CFU/ml) of each LAB cells were taken in 

15 ml falcon tubes separately.  

2. These cells were incubated at 37°C in equal volume (4 ml) of 2 M HCl for about 

1 hour.  

3. The cells were then harvested by centrifugation at 3,490 rpm (1,500×g) for 15 

min. 

4. Pellet was washed with phosphate buffer saline (2 ml) and spun at 3,490 rpm 

(1,500×g) for 2 min. 

5. The pellet thus obtained (1.5 g approximately) was re-suspended in 0.9% w/v 

saline (NaCl solution) and was stored for further analysis. 

3.3.5. Preparation of milk samples and aflatoxin M1 binding assay using 

LAB cells 

 Aflatoxin M1 binding assay using lactic acid producing bacterial cells (viable, 

heat killed and acid killed) was performed as described below (Ivanova et al., 2002): 
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1. Milk samples (from dairy farms and local markets of Faisalabad) were collected at 

various time intervals in aseptic falcon tubes and were transported to lab for further 

analysis. 

2. Samples were defatted by centrifugation at 3,490 rpm (1500×g), 4°C for 10 min. 

3. The upper fat layer was removed using aseptic spatula. 

4. Aflatoxin M1 level in milk samples was determined using Aflatoxin M1 Sensitive 

ELISA Kit (Europroxima, Netherlands). 

5. Two milk samples, one having natural aflatoxin M1 (425 pg/mlor 0.425 ppb) and 

other spiked with commercial aflatoxin M1 (100 pg/mlor 0.1 ppb) were selected 

for further analysis.   

6. 100 µL of each supernatant (milk layer) was further used to determine the 

remaining AFM1level through Aflatoxin M1 Sensitive ELISA Kit. 

7. The procedure was performed in triplicate with both control group and 

experimental group. 

3.3.6. Decontamination of AFM1 using LAB cells 

3.3.6.1. Determination of aflatoxin M1 level using aflatoxin M1 sensitive 

ELISA kit  

 For the determination of aflatoxin M1 level in milk samples, a competitive 

enzyme linked immunosorbent assay kit (Aflatoxin M1 Sensitive ELISA Kit, 

Europroxima, Netherlands) was used as follows: 

3.3.6.2. Preparation of reagents 

 The reagents included in the test-kit were sufficient to carry out at least 96 

analyses (including standard analyses). Each standard and sample was analyzed in 

triplicate. 

1. Before starting the test, the reagents were brought up to ambient temperature.  

2. The reagents not in use were stored at 2°C to 8°C. Strip holder was also retained.  
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3.3.6.3. Dilution buffers  

 In the assay kit, two ready-to-use dilution buffers were supplied. Sample dilution 

buffer (40 ml, Ready to use) was to dissolve the evaporated sample residues. Since our 

samples were in liquid form, so this buffer was not used. This buffer can become jelly. 

Therefore, the buffer should keep for a while in room to adapt to ambient temperature 

and mixed vigorously until a homogeneous solution is obtained. The other dilution 

buffer (15 ml, ready to use) was used for the dilution of the conjugate. 

3.3.6.4. Rinsing buffer 

1. The rinsing buffer was delivered as 20X concentrated.  

2. Required dilutions were prepared freshly before use. 

3. For each strip, 40 ml of diluted rinsing buffer (2 ml concentrated rinsing buffer + 

38 ml distilled water) was prepared. 

3.3.6.5. Conjugate solution 

1. Fresh reagents were prepared before use.  

2. The conjugate (Aflatoxin M1-HRP) was delivered as 100X concentrated. The 

conjugate was spun down in the vial by a short centrifugation step for 1 minute 

at 2,988 rpm (1,000×g).  

3. Then 30 µL of the concentrated conjugate solution was added to 3 ml of dilution 

buffer. For 3 × 8 wells, 2,400 µL of diluted conjugate was required. 

4. The unused concentrated conjugate solution was stored at 2°C to 8°C.  

3.3.6.6. Substrate / Chromogen solution 

1. The substrate / chromogen solution (ready-to-use) tends to precipitate at 4°C.  

2. Special care was taken for this vial by keeping it in dark at room temperature and 

by mixing the content before pipetting it into the wells. 
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3.3.6.7. ELISA Procedure  

3.3.6.7.1. Rinsing Protocol 

 While performing ELISA, between each immunological incubation step, 

unbound components were removed efficiently. This was reached by appropriate 

rinsing. It was made sure that each rinsing procedure must be carried out with care to 

guarantee good inter- and intra-assay results. Manual rinsing was done as follows:  

1. The contents of each well were removed by turning the microtiter plate upside 

down and residual liquid was removed by striking the plate against a paper 

towel. 

2. All the wells were filled to the rims (300 µL) with rinsing solution. 

3. This rinsing cycle (1 and 2) was carried out 3 times.  

4. Turned the plate upside down and removed the wells by a firm short vertical 

movement. 

5. Placed the inverted plate on absorbent paper towels and tapped the plate firmly 

to remove residual washing solution in the wells.  

6. Care was taken that none of the wells become dry out before the next reagent 

was dispensed. 

3.3.6.7.2. Assay Protocol 

1. Samples and reagents were prepared as described above. 

2. 100 l of the zero standards was taken in triplicate wells (A1, A2 & A3 as blank). 

3. 100 l of each of the aflatoxin M1 standard solutions (5, 10, 20, 40, 80, 100 and 

120 pg/ml) was taken in triplicate wells (B1, B2, B3 to H1, H2, H3). 

4. 100 l of each sample solution was taken in triplicate into the remaining wells of 

the micro titre plate. 

5. The micro titre plate was sealed and was shaken for a few seconds on a 

microtiter plate shaker. 

6. Incubated for 1 hour in the dark at room temperature (20°C to 25°C). 

7. The solution from the microtiter plate was discarded and the microtiter plate was 

washed 3 times with 300 µL rinsing buffer. 

8. 100 l of conjugate (Aflatoxin M1-HRP) was taken to all wells. 
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9. The microtiter plate was sealed and was shaken for a few seconds on a microtiter 

plate shaker. 

10. Incubated for 30 min in the dark at room temperature (20°C to 25°C). 

11. The solution from the microtiter plate was discarded and the microtiter plate was 

washed 3 times with 300 µL rinsing buffer. 

12. 100 l of substrate solution was taken in each well.  

13. Incubated for 30 min at room temperature (20°C to 25°C). 

14. 100 l of stop solution was added to each well. 

15. The absorbance (OD) was taken immediately at 450nm on ELISA reader 

(ELx808IU, Biotech, USA). 

3.3.7. Interpretation of results  

3.3.7.1 Calibration curve preparation 

 The OD values of the standards (mean values of the triplicate) were taken and 

were made reciprocal (1/Mean OD), since it’s a competitive enzyme linked 

immunosorbent assay. The mean reciprocal OD values (1/Mean OD) were then plotted 

on the Y-axis versus the analyte equivalent concentration (pg/ml) on X-axis. 

 

Figure-3.4: Standard calibration curve for AFM1 concentration determination. 

3.3.8. Determination of residual AFM1 level 

 The OD values of the control and experimental groups (mean values of the 

triplicate) were taken and were made reciprocal (1/Mean OD). The concentration of the 

residual AFM1 was determined using the following equation: 

y = 0.011x + 0.621
R² = 0.998
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  x = (y - 0.6215)/0.0114  

Where;  

x = AFM1 concentration (pg/ml) 

y = 1/Mean OD 

The residual AFM1 concentration of control group was considered as 100%. 

3.3.9. Statistical Analysis 

 Statistical evaluation of the data was carried out using SPSS Statistics 17.0 

(IBM, USA) and Microsoft Excel (2010 version) as described earlier (Ismail et al., 

2016b). 
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Chapter-4 

RESULTS AND DISCUSSION 

4.1. Molecular characterization and aflatoxigenic gene profiling 

4.1.1. Screening, isolation and identification of isolates 

For screening of aflatoxigenic fungi, feed samples were collected from dairy 

farms around vicinity of Faisalabad, Pakistan and transported in plastic bags to lab under 

aseptic conditions. The isolation and identification of Aspergillus sp.was done using 

method prescribed by Sreekanth and Klich (Klich, 2002; Sreekanth et al., 2011). The 

microorganisms were isolated from feed samples by dilution-plate method. Two growth 

media were used for isolation and identification of aflatoxigenic fungus; Aspergillus 

Differentiation Media (AFPA) and Aflatoxin Producing Ability (APA) media. Based on 

morphological and cultural characteristics (growth pattern, reverse plate color, conidia 

appearance and sporulation color) on AFPA media, three isolates were obtained (Figure-

4.1). The colonial growth of isolate-1 showed white to greenish color and eventually it 

became dark green to brown. Isolate-2 showed characteristic pale yellow to white hyphae, 

turning to black / dark brown originating from center of the culture. While the isolate-3 

showed characteristic velvety to woolly colonies of yellow to green color (especially at 

center), with a white border surrounding the yellow to greenish surface. On reverse side 

of the AFPA culture plate, it also showed characteristics bright orange color of colonies 

(Figure-4.2). On the basis of the observed characteristics, the isolates were recognized to 

be Aspergillus unguis, A. niger and A. flavus, respectively. Fakruddin et al. (2015) has 

also reported similar characteristics of A. flavus isolated from feed samples using AFPA. 

AFPA is a selective media that identifies various Aspergillus species and gives distinct 

characteristic color of many Aspergillus species especially A. flavus and A. niger. Many 

researchers have reported promising results while conducting identification studies of 

Aspergillus flavus on AFPA(Fakruddin et al., 2015; Pitt et al., 1983). In our study,A. 

niger showed characteristics pale yellow to white hyphae, turning to dark brown to black 

color of colonies and similar results are reported by other researchers (Abriba et al., 2017; 

Salkin et al., 1975). Similarly, A.unguis have been reported to show similar cultural 

characteristics (dark green to brown colour) when isoalted from house dust (Hamano et 

al., 1992). 



 

Figure-4.1: Growth of Aspergillus 

A: Front side of AFPA petri plate showing various isolates after 5 days of incubation 
at 28°C.   
B: Reverse side of AFPA petri plate showing characteristic colors of various isolates 
after 5 days of incubation at 28°C.  
 

Figure-4.2: Growth of Aspergillus flavus 

A: Front side of colonies of 
AFPA after 2
B: A. flavus (
colonies on AFPA after 2
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Aspergillus isolates on Aspergillus Differentiation Media (AFPA).

: Front side of AFPA petri plate showing various isolates after 5 days of incubation 

: Reverse side of AFPA petri plate showing characteristic colors of various isolates 
after 5 days of incubation at 28°C.   

 

Aspergillus flavus on Aspergillus Differentiation Media (AFPA).

: Front side of colonies of A. flavus (Isolate-3) showing good luxuriant growth on 
AFPA after 2-3 days of incubation at 28°C. 

(Isolate-3) showing characteristics bright orange color on reverse side of 
colonies on AFPA after 2-3 days of incubation at 28°C. 

 

 

isolates on Aspergillus Differentiation Media (AFPA). 

: Front side of AFPA petri plate showing various isolates after 5 days of incubation 

: Reverse side of AFPA petri plate showing characteristic colors of various isolates 

 

on Aspergillus Differentiation Media (AFPA). 

3) showing good luxuriant growth on 

lor on reverse side of 
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4.1.2A. Screening of aflatoxigenic potential of isolates using APA 

medium 

The isolates were grown separately on APA media for screening of aflatoxigenic 

potential. Petri plates were inoculated aseptically in duplicate and then incubated at 28°C 

for 7 days in dark (Figure-4.3). After incubation period, all incubated plates were 

observed for aflatoxin zone formation as per method described earlier by visualizing the 

culture plates under UV light (365 nm) for blue fluorescence (Paula et al., 2007). Out of 

all petri plates, the plates inoculated with isolate-3 showed zone of aflatoxin formation 

(Figure-4.4). The control as well as plates inoculated with isolate-1 and 2 did not show 

any blue fluorescence on APA media. Thus, the analysis of A. flavus under UV light 

confirmed that A. flavus (isolate-3)was toxigenic. Hence, characteristics orange color of 

colonies (reverse side culture on AFPA) and visible zone of aflatoxin production along 

with peculiar “Blue fluorescence” confirmed the isolate-3 as aflatoxigenic species of A. 

flavus. Many researchers have reported promising results in identification of Aspergillus 

flavus on Aspergillus Differentiation medium (AFPA) (Abriba et al., 2017). However, 

toxigenic potential is not usually determined by this media. For determination of 

toxigenic potential of A. flavus, APA media is used which shows zone of toxin formation 

(in case of toxigenic fungus) under UV light (365nm). Hara et al (1974) identified 

aflatoxigenic species (Aspergillus flavus) using same media and confirmed it by TLC 

(Hara et al., 1974). In current study, we isolated and identified A. flavus species on AFPA 

and then used APA media for determination of toxigenicity of species. Similar results 

have been described earlier by many other scientists (Fakruddin et al., 2015). 

Though cultural and morphological identification of atoxigenic and toxigenic 

species provides precise results however, polyphasic approach of identification involving 

various cultural and molecular methods is preferred (Sudini et al., 2015), as false positive 

results are not un-common in identification of aflatoxigenic and non-aflatoxigenic strains.  

 

 

 



 

Figure-4.3: Growth of 

A: Isolate-1 growth on APA media at 28
B: Isolate-2 growth on APA media at 28
C:Isolate-3 growth on APA media at 28
 

Figure-4.4: Determination of aflatoxin p

A: Characteristic “Blue flourescence” as shown by aflatoxigenic 
B: Controlled petri plate did not exhibit “Blue 
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Growth of Aspergillus isolates on APA media. 

growth on APA media at 28°C after 7 days of incubation. 
growth on APA media at 28°C after 7 days of incubation. 
growth on APA media at 28°C after 7 days of incubation. 

4.4: Determination of aflatoxin production under UV light (365nm)
media. 

: Characteristic “Blue flourescence” as shown by aflatoxigenic A. flavus. 
: Controlled petri plate did not exhibit “Blue flourescence”. 

        

 

 

 

roduction under UV light (365nm) on APA 
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4.1.2B. Aflatoxin analysis using HPLC 

The extracts (in duplicate) of the sample were analyzed on HPLC. For 

quantitation, a mix of aflatoxin standards (Sigma-Aldrich, USA) containing 3 mg of each 

toxin (AFB1, AFG1, AFB2 and AFG2) in 1 ml of benzene: acetonitrile (98:2 v/v) was 

also applied on HPLC column (Figure-4.5A). The peak at the similar retention time and 

five-times higher than the baseline noise indicated the presence of a particular aflatoxin in 

the sample. The HPLC analysis of the extract indicated the presence of 0.15 ng AFB1 per 

g sample with nondetectable amounts of AFB2, AFG1 and AFG2 (Figure-4.5B). Fente et 

al., 2001 and Rodrigues et al., 2009 have also reported a positive correlation between the 

observation of blue fluorescence on culturing media and aflatoxin detection on HPLC. In 

a study Hossain et al., 2018 have reported 12.052 ppb to 68.674 ppb aflatoxin level in 

75% of collected raw red chilli samples contaminated with A. flavus. 
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A 
 

 
 

B 
 

Figure-4.5: HPLC analysis for the determination of aflaxigenic potential of fungus. 
A: Chromatogram showing the peaks of aflatoxin standards (AFG1, AFB1, AFG2 and AFB2, 

respectively). 
B: Chromatogram showing the aflatoxin potential of isolated A. flavus. 
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4.1.3. Molecular characterization of the isolates 

The isolates were further processed for molecular characterization by sequencing 

their ITS (Internal Transcribed Spacer) regions. Genomic DNA of three isolates (isolate-

1, isolate-2 and isolate-3) was extracted (Figure-4.6) using method as described by Cenis 

(1992). The genomic DNA was used as template for PCR amplification of ITS-region 

using forward primer (ITS1) and reverse primer (ITS4). PCR products were purified 

using FavorPrep PCR Clean-up Mini Kit (Figure-4.6). Quality of DNA was observed on 

1 % agarose gel and quantity of DNA was determined using Nanodrop spectrometer. All 

amplicons were sent for sequencing to Macrogen (Korea). The BLASTN analysis of 

sequences thus obtained identified the isolates as Aspergillus unguis, A. niger and A. 

flavus, respectively. The sequences (Figure-4.7 to 4.9) were submitted to GenBank at 

NCBI and accession numbers MH174087 (A. unguis), MH174088 (A. niger) and 

MH179066 (A. flavus) were obtained (Table-4.1). 

Molecular identification of the isolates supported our morphological 

characterization. All these identified species were not aflatoxigenic. Out of three 

identified species, A. flavus was found to aflatoxigenic. ITS based identification and 

taxonomic systems are most common is mycology. ITS is actually spacer DNA that is 

located between small subunit (rRNA) to large subsunit (rRNA). Sequencing based on 

ITS based regions is very common in molecular phylogenetic system because of multiple 

reasons including easiness in identification even in small quantities of DNA, being 

smaller in size, enhanced variability in closely related species (Gardes et al., 1993). 

Similar to our study, Molsems and co-workers used molecular methods for identification 

of Aspergillus from coffee beans (Moslem et al., 2010). Likewise, some other scientists 

also described molecular identification of Aspergillus species based on ITS regions 

(Kashif et al., 2012). Our study will help to analyze local biodiversity of aflatoxigenic 

strains and may contribute in development of more reliable method of identification along 

with conventional methods of identification (Gallo et al., 2012). 

  

 

 

 



 

Figure-4.6: Different steps in molecular characterization of ITS region.

A: Isolation of genomic DNA from
unguis), 2: isolate-2 (
B: PCR amplification of 
unguis), 2: isolate-2 (
 
 
 
 
 
 
 
 
 
 
 

Table-4.1: Taxonomic classification of the isolates.

Sr. 
No. 

Isolate Codes 

1 Isolate-1 

2 Isolate-2 

3 Isolate-3 
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4.6: Different steps in molecular characterization of ITS region. 

: Isolation of genomic DNA from isolates. M: 1 kb DNA ladder, 1: isolate
2 (Aspergillus niger), 3: isolate-3 (Aspergillus flavus).   

: PCR amplification of ITS regions of isolates.M: 1 kb DNA ladder, 1: isolate
2 (Aspergillus niger), 3: isolate-3 (Aspergillus flavus). 

4.1: Taxonomic classification of the isolates. 

ITS  based identification of 
isolates 

GenBank 
Accession No.

Aspergillus unguis strain GCUF-
BNB01 

MH174087

Aspergillus niger strain GCUF-
BNB01 

MH174088

Aspergillus flavus strain GCUF-
BNB01 

MH179066

  

 

 

isolates. M: 1 kb DNA ladder, 1: isolate-1 (Aspergillus 

M: 1 kb DNA ladder, 1: isolate-1 (Aspergillus 

GenBank 
Accession No. 

MH174087 

MH174088 

MH179066 
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  1 tccctcatat tgctaagatg ggtttccttc gggctttaag atgaagttaa agtcagagca 
 61 aatccttact aggtgaaggt gcggcaggat cattaccgag tgcgggctgc ctccgggcgc 
121 ccaacctccc acccttgaat actaaacact gttgcttcgg cggggagccc cttccggggg 
181 gcaagccgcc ggggaccact gaacttcatg cctgagagtg atgcagtctg agtctgaatt 
241 ataaatcagt caaaactttc aacaatggat ctcttggttc cggcatcgat gaagaacgca 
301 gcgaactgcg ataagtaatg tgaattgcag aattcagtga atcatcgagt ctttgaacgc 
361 acattgcgcc ccctggcatt ccggggggca tgcctgtccg agcgtcattg ctgcccttca 
421 agcccggctt gtgtgttggg tcgtcgtccc ccccggggga cgggcccgaa aggcagcggc 
481 ggcaccgtgt ccggtcctcg agcgtatggg gctttgtcac ccgctcgatt agggccggcc 
541 gggcgctagc cggcgtcatc aatctatttt accaggttga cctcggatca ggtaaggata 
601 cccgctgaac ttaagcatat caaaaagg 
 
 

Figure-4.7: ITS region sequence (628 bp) of Aspergillus unguis strain GCUF-BNB01 
(GenBank Accession # MH174087). 

 
  1 aagtcgtaac aaggtttccg taggtgaacc tgcggaagga tcattaccga gtgcgggtcc 
 61 tttgggccca acctcccatc cgtgtctatt gtaccctgtt gcttcggcgg gcccgccgct 
121 tgtcggccgc cgggggggcg cctctgcccc ccgggcccgt gcccgccgga gaccccaaca 
181 cgaacactgt ctgaaagcgt gcagtctgag ttgattgaat gcaatcagtt aaaactttca 
241 acaatggatc tcttggttcc ggcatcgatg aagaacgcag cgaaatgcga taactaatgt 
301 gaattgcaga attcagtgaa tcatcgagtc tttgaacgca cattgcgccc cctggtattc 
361 cggggggcat gcctgtccga gcgtcattgc tgccctcaag cccggcttgt gtgttgggtc 
421 gccgtccccc tctccggggg gacgggcccg aaaggcagcg gcggcaccgc gtccgatcct 
481 cgagcgtatg gggctttgtc acatgctctg taggattggc cggcgcctgc cgacgttttc 
541 caaccattct ttccaggttg acctcggatc aggtagggat acccgctgaa cttaag 

 

Figure-4.8: ITS region sequence (596 bp) of Aspergillus niger strain GCUF-BNB01 
(GenBank Accession # MH174088). 

  1 cactaggaaa tgatctttcc cggtagggtg acctgcggaa ggatcattac cgagtgtagg 
 61 gttcctagcg agcccaacct cccacccgtg tttactgtac cttagttgct tcggcgggcc 
121 cgccattcat ggccgccggg ggctctcagc cccgggcccg cgcccgccgg agacaccacg 
181 aactctgtct gatctactga agtctgagtt gattgtatcg caatcagtta aaactttcaa 
241 caatggatct cttggttccg gcatcgatga agaacgcagc gaaatgcgat aactagtgtg 
301 aattgcagaa ttccgtgaat catcgagtct ttgaacgcac attgcgcccc ctggtattcc 
361 ggggggcatg cctgtccgag cgtcattgct gcccatcaag cacggcttgt gtgttgggtc 
421 gtcctcccct ctccgggggg gacgggcccc aaaggcagcg gcggcaccgc gtccgatcct 
481 cgagcgtatg gggctttgtc acccgctctg taggcccggc cggcgcttgc cgaacgcaaa 
541 tcaatctttt tccaggttga cctcggatca agtagggata cccgctgaac ttaagcatat 
601 ctaaagccgg aaggaa 
 

Figure-4.9: ITS region sequence (616 bp) of Aspergillus flavus strain GCUF-BNB01 
(GenBank Accession # MH179066). 
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4.1.4. Phylogenetic analysis 

 Phylogenetic analysis is an imperative tool that aids to describe evolutionary 

relationships between species or entities. The phylogeny is based on similarities or 

differences in their genetics or physical characteristics. This phylogeny is based on tree 

which brings species to its common ancestor and classify accordingly with other species. 

In our study, we have reconstructed evolutionary tree based on ITS region sequences of 

isolates and their close relatives. Multiple sequence alignment of closely related type 

strain sequences of validly named species retrieved from NCBI was done using Clustal W 

and a phylogenetic tree was reconstructed by the neighbor-joining method using MEGA 

(Version 7.0) software. The confidence level of each branch and stability of the 

relationship was tested by bootstrap analysis, by performing 1000 re-sampling for the tree 

topology of the neighbor-joining data (Costa et al., 2011). The evolutionary history was 

inferred using the Neighbor-Joining method. The optimal tree with the sum of branch 

length = 0.82474709 is shown. The percentage of replicate trees in which the associated 

taxa clustered together in the bootstrap test (1000 replicates) is shown next to the 

branches. The tree is drawn to scale, with branch lengths in the same units as those of the 

evolutionary distances used to infer the phylogenetic tree. The evolutionary distances 

were computed using the Maximum Composite Likelihood method and are in the units of 

the number of base substitutions per site. The analysis involved 22 nucleotide sequences. 

All ambiguous positions were removed for each sequence pair. There were a total of 711 

positions in the final dataset. The evolutionary tree showed that isolate-1 closely matches 

to A. unguis, while isolate-2 and 3 are similar to A. niger and A. flavus, respectively 

(Figure-4.10). 

Similar phylogenetic relationships based on ITS and IGS regions of nuclear rRNA 

gene complex of fungus have been determined by other scientists(Krimitzas et al., 2013). 

Some efforts also have been reported by Chiba and co-workers in which they developed   

phylogenetic tree analysis of aflatoxigenic and other non-aflatoxigenic species of 

Aspergillus group based on ITS sequences identification. Like our findings, phylogenetic 

tree analysis of identified strains was consistent with culture method findings (Chiba et 

al., 2014).  
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Figure-4.10: Phylogenetic tree reconstruction by using MEGA 7 software among ITS 
sequences retrieved from GenBank-NCBI and sequenced fungal isolates. Neighbor-

joining method was used with 1000 bootstrap value. Isolates obtained in current study are 
shown within boxes.  
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4.1.5. Aflatoxin biosynthesis gene profiling 

The identified aflatoxigenic A. flavus strain GCUF-BNB01 was selected for 

analysis of aflatoxin biosynthetic gene profiling. Aflatoxin biosynthetic pathway is 

regulated by two regulatory (aflR, aflS) and five structural genes were targeted (aflQ, 

aflP, aflD, aflM, aflO) (Fakruddin et al., 2015). Thus, these seven genes were targeted for 

our analysis. The analysis showed that all targeted genes were found in A. flavus GCUF-

BNB01local isolate and also confirmed that A. flavus was only species responsible for 

aflatoxin contamination in feed of dairy animals. For aflatoxin biosynthesis gene 

profiling, toxigenic A. flavus was further characterized for seven-targeted genes involved 

in the biosynthesis of aflatoxins, using specific primers at optimized annealing 

temperature (Table-4.2). PCR products thus obtained were observed in 1.5 % agarose 

gel.The size of amp icons were compared to DNA ladder (100 bop plus) and size of each 

amplified gene was compared (Figure-4.11) i.e. aflR (1079bp), aflS (684bp), aflQ 

(790bp), aflP (870bp), aflD (852bp), aflM (470bp), and aflO (790). For extraction of 

amplified gene fragments from 1.5% agars gel, FavorPrep GEL / PCR Purification Kit 

(FAVORGEN Biotech Corp., Taiwan) was used.Quantity of DNA was determined using 

Nanodrop spectrometer.All amplicons were sent for sequencing to Macrogen (Korea). 

The BLASTN analysis of sequences thus obtained identified the aflatoxin biosynthesis 

genes of Aspergillus flavus i.e. aflR, aflS, aflQ, aflP, aflD, aflM, and aflO. The sequences 

were submitted to GenBank at NCBI and accession numbers were obtained (Figure-

4.12).Aflatoxin analysis of extract of samples (in duplicate) using HPLC revealed .15ng 

of aflatoxin B1 per gm sample with non-detectable amount of AfB2, AfG1 and AfG2. 

Pre-dominance of A. flavus as potent aflatoxigenic strain has been widely reported 

across the world and is diverse in toxigenicity with its high incidence dependent on 

geographic locations, environment and optimum temperature (Marin et al., 2013; Garcia 

et al., 2019). In present study, set of seven primers specific to major genes involved in 

aflatoxins synthesis pathway were used to identify Aspergillus flavus strain GCUF-

BNB01 genes. The analysis showed that aflatoxin producing isolate possesses complete 

set of genes that were targeted. This finding co-relates with findings of another study by 

Davari and co-workers in which they had shown targeted quadruplet pattern of aflatoxin 

genes and found all four toxic genes in molecular characterization (Davari et al., 2015). 

Further studies may be conducted to extend a complete classification system of atoxigenic 

and toxigenic fungal species based on aflatoxin biosynthesis gene profiling. 



 

Figure-4.11: Aflatoxin biosynthesis gene profiling of 

M: 100 bp plus DNA ladder; PCR products of 1: 
3:aflS(684bp), 4: 
1.5% agarose gel.

 

Table-4.2: Optimized PCR parameters for aflatoxigenic gene profiling of t

Gene 
Name 

Template 
(Genomic 

DNA) 
 Conc. 

(ng/L) 
Vol. 
(L) 

aflO 50 2 

aflR 25 2 

aflS 50 2 

aflP 50 2 

aflD 50 2 

aflM 25 2 

aflQ 50 2 
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Aflatoxin biosynthesis gene profiling of Aspergillus flavus

M: 100 bp plus DNA ladder; PCR products of 1: aflO (790bp), 2: 
(684bp), 4: aflP (870bp), 5: aflD (852bp), 6: aflM (470bp), 7: 

1.5% agarose gel. 

 

4.2: Optimized PCR parameters for aflatoxigenic gene profiling of targeted genes 
in Aspergillus flavus. 

Forward Primer 
Reverse 
Primer 

Amplicon 
Size

Conc. 
(ng/L) 

Vol. 
(L) 

Conc. 
(ng/L) 

Vol. 
(L) 

bp 

132.00 2 171.99 1 790

139.37 1 226.37 1 1089

92.84 1 200.62 1 684

185.83 2 114.11 1 870

107.53 1 138.73 1 852

179.49 1 116.48 1 470

158.33 1 92.43 2.5 757

 

 

Aspergillus flavus. 

2: aflR (1079bp), 
(470bp), 7: aflQ (757bp) in 

argeted genes 

Amplicon 
Size 

Annealing 
Temperature 

 ºC 

790 45 

1089 54 

684 54 

870 50 

852 50 

470 46 

757 45 
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 In relation to prevalence of aflatoxigenic genes, Gallo and co-workers found 

variable findings. Though they studied seven genes (two regulatory and five structural 

genes) in toxigenic strains of A. flavus yet a variable pattern comprising of three to four 

genes were also observed in various non-toxigenic strains. Interestingly, some non-

toxigenic strains also showed complete set of seven genes. The reasons may be inclusion 

of false positive results in trials (Gallo et al., 2012). Gene profiling of current study is in 

accordance with the findings of Gallo et al. (Gallo et al., 2012) where molecular 

characterization of A. flavus revealed similar pattern of genetic diversification of seven 

aflatoxigenic target genes and are also similar to studies conducted by Fakurddin et al. 

(Fakruddin et al., 2015) with a difference that some of A. flavus exhibit seven 

aflatoxigenic genes but no aflatoxins production (AFB1). So, despite presence of seven 

amplicons, these A. flavus isolates were found to be negative for aflatoxin production 

(Gallo et al., 2012). In this regard, our study differs with their findings, as our studied 

strain was found to be involved in aflatoxins biosynthesis in lab condition as confirmed 

by zone of aflatoxin production on APA media observed under UV light (365nm). 

Fakruddin et al. (Fakruddin et al., 2015) has also reported that despite absence of targeted 

aflatoxigenic genes, some strains showed aflatoxin production in lab conditions. 

However, this indistinctness was assumed to be observed due to inability of primers to 

amplify targeted genes. 

The study of fungal genetic pathway and variations at molecular level will be of 

high interest for recognition of atoxigenic and toxigenic strains. It is highly usable in 

biological control for reducing mycotoxin contamination risks. Biocontrol strategies for 

fungal toxins can be developed, as such procedures in agriculture crops are already in 

process (Ehrlich, 2014). 

Aflatoxins production is a serious health hazard and its contamination can 

seriously harm human health by using contaminated products. As determined, A. flavus is 

involved in the contamination of animal feed due to which AFM1 is being reported in 

milk (Sadia et al., 2012). Though, genetic cluster of toxigenic A. flavus has been 

investigated that can contribute its share in toxicological studies yet further studies are 

advised to devise genetic controls based strategies. Such integrated genomic resources 

promise a bright future in formulation of anti-fungal strategies with minimum toxin 

contamination in food and feed supply.  
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>aflS (GenBank Accession # MH280086) 

        1 gtgcgaccgt tatttacaat aggctttctt tgtgagccgt caccggggca tgtggccccc 
       61 agcgtgttgt cgaaacagtt cgtgacccaa ccagccctgc tggacgccat tcttttcatg 
      121 tcggagactc tggctccgtc agcatcagct atggggaccc aaacgcgcag gtttggggcc 
      181 tcagagcagg ccgaagattc cgcttggaat atggctgtag gaagtgactc tccttttgct 
      241 gcatgtcttc aacaacgacc caaggttaag cggcagctgg gtgcctacct ctcctacgtg 
      301 tcaagttcaa ttgatgccgg cgtggaggat acgctcactc ggatgaactg gcaaaacttg 
      361 ggaatggcaa cggtcgtgca tgtgcgaatc ctatcccccg atcgtggtat tcaacctttg 
      421 actaacctca tcttcatgta ggtgggcgcc cagtcaccct cactggttgt tgccctcgct 
      481 ccgcaatttc catcactccg tttcctcgtg cagacagaag ctaaggccga gtctgggggt 
      541 catcaaccat gtctcgataa tcatggcata tctgccttga aactaacgag catacccctg 
      601 catctacgcg cacgcatcac ttggggtac 

 

>aflR(GenBank Accession # MH280087) 

 1 atcgaacgtg gtcttgcctg tcaatacatg gtctccaagc ggatgggccg caatccgcgc 
       61 gttcccagtc cccttgattc aactcggcga ccatcagaga gtcttccttc agccaggtcg 
      121 gaacagggac ttccggcgca taacacgtac tcaacgcctc atgctcatac gcaggcccac 
      181 actcatgctc attctcatcc gcaaccgcat ccacaatctc atcctcaatc gaatcaacca 
      241 ccacacgctc tgcccacccc caatggtagc agtagcgtct ccgccatctt ttctcatcag 
      301 agtccgccgc cacccgtgga gacccagggc cttggaggag atctggctgg tcaggagcaa 
      361 agcaccctgt cttccctaac agtcgattcg gaattcgggg gctctttgca gtcaatggaa 
      421 cacggaaacc atgccgattt cttggccgag tcgacgggga gtcttttcga cgcgtttttg 
      481 gaagtaggga cccccatgat cgacccgttc ctcgagtcgg ccccactacc accgtttcag 
      541 gcgcgctatt gctgcttttc gctagcacta caaacactga cccacctctt cccccacgcc 
      601 ccgctgggct gtcaactacg gctgacggac ggtgaggaca gttcgtgcaa cctgatgacg 
      661 actgatatgg tcatctcggg gaacaagagg gctaccgatg cggtccggaa gatcctcggg 
      721 tgttcgtgcg cgcaggatgg ctacttgctg agcatggtcg tccttatcgt tctcaaggtg 
      781 ctggcatggt atgctgcggc agcaggcacc cagtgtacct caacggcggc gggtggagaa 
      841 accaacagtg gcagctgtag caacagtccc gccaccgtgt ccagtggctg tctgacggaa 
      901 gagcgcgtgc tgcacctccc tagtatgatg ggcgaggatt gtgtggatga ggaagaccag 
      961 ccgcgagtgg cggcacagct tgttctgagt gaactgcacc gagtccagtc gctggtgaac 
     1021 ctattggcca agcgcctgca a 

 

>aflP(GenBank Accession # MH280088) 

 1 tccgtgaatg acggcaggca ggtcctgttc gatgaacctg aggtggggat gcttttgcga 
       61 aacccgtcgg ctgagatgac cacgaccgcc gccgacatcg acaacggtgc tcccctcagg 
      121 tagactgtcg aaatcaaaca tctcctctac cagtggcttc gtggcttcgg tgccacccat 
      181 acctagatca aagcggcggc cgcgaacctc gtccacagtg ctgtaatagt caaatagccc 
      241 tttggtagct gtttctcgca tttcagctcc gttcctatct agatagagtg gaatacctac 
      301 gatcaaatgc caatgagaaa ggtgaaggca cattccaact cggaggtttg cctttcgtct 
      361 gctgcaagaa gtcggaaaag taggcacccg accgcatcac ttcgtcacat ctaactcggt 
      421 ctccctggtg aggacatctg gtagtttatt gttaaagaag gagactcacg agaatccaac 
      481 caaggcatga atacccgtca ctcgcagcat ctttgaggca tctgtgtggg cgtattggtc 
      541 aggggcaacc tcctcaaaga tgaagcgctg ggcacatcct cgaagaatcc gtcctgaata 
      601 ttgattaatg cactgccttt cagtggatga cctatagaca tggaagctca tacgtagtaa 
      661 atcctcggag actccggttg tggcgacgat tgtgtcgagt gatgtgggac taggtccgtc 
      721 cacaatgata tcctgtaggt tgagctgggt ggcagcagct agacaggcgc tatcgagatg 
      781 ggacaacgcg ttgcttagga gccagg 
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>aflO(GenBank Accession # MH280089) 

 1 tgggatgtgg ttatgcgatt gagcagtggg gtaggtctcc tatgcttgaa gtcctagcta 
       61 tggttgagaa taggaaggtt gatcatcctg tagcccctac aagttgctct ggcgaaggtc 
      121 ggcattgatc tgggcatctt ccgcagcctc aaagagagtg acacaccgat aaccctagcg 
      181 gaatttgtca agaagactgg agcttctccc agactgcttg gttggatccc tatgtacctc 
      241 atgactgagt tctattctaa cccacaatag gtcgcatcct acggacccag gcggcttttg 
      301 gcctgatcaa ggagacaggt ccccaagagt atacctcgag tgcatttaca gatgtgttcg 
      361 ccaacccggc tgccgcaggt gcggtggtgc aactgtatgg tttatcccaa tcggcggttg 
      421 gcgtattata tactaatcct gtggcctctg tttagattcg atatctcggg gccttgcacc 
      481 cagatattgc ctgacttcct ggccgagaga cattaccaag atatcacctc taacaaggac 
      541 tgcgtcttcc aaaaggcctt cgacagtgac ctaaccatgt ttgaatggat gccacagcac 
      601 cccaagcaca tggaatcact cggtcattta atggctctgg agcgtcccgt ttcctgggtc 
      661 gaccacttcc ctgttctcga ggagctgggc gatttcccgg ctcctgacaa ggtattaatg 
      721 gttgatatcg gtggaggctt tggccagcaa tcgaa 

 

>aflQ(GenBank Accession # MH280090) 

        1 caagagcagg ttttggtatg gactaatgcc gaattcgtta tgggaggatc ggacacggta 
       61 caacattctc tgcctcatca ctttaggata ggaagcgtgt taatccatta cacagacagt 
      121 gtccgcagtg tctagctttt ttgtggccat ggccctgtac cccgaggtgc aacgcaaggc 
      181 gcgcgaggaa ctcgaccgag tcgtgggacc aactactctg gcgacctttg agcaccgttc 
      241 gcagttaccc tttattgacg cccttgtcaa ggaggtgttt cgatggcatc ctgcctcccc 
      301 tttgggtgca ccccatatca cgcaggagga tcagatctgg gatggctatc tactgcccaa 
      361 aggtgctctt ctactgccga atatctggtt gtttcacacc cgtccattga ttctcctatt 
      421 agcttccaag ctaactttat acttgctagg acgtttaccc atgatcccag tgtctatcac 
      481 gaccccatgg tgttcaagcc agagcgattc ctcgagggaa aagactcccc gccagaaaca 
      541 gatcccatga aatttgtgtt cggctttggg cgtcgcatat gccccggtcg gtttgtaaca 
      601 gacgagaagc tgtttttaat tgcgtgccac gcggtcagct gcttcttcat ctcgcccaag 
      661 gatccaggag ctccggaacc cgactggttg ccgggcgtaa tcagtcaacc gggcgccttt 
      721 gacctcaatg tggtccctcg cagccctgct cacgaa 

 

>aflD(GenBank Accession # MH280091) 

        1 ggtgtatttg gtcaccgggg ccagccgagg tacggtctat cgaatcaggg ggtcctacga 
       61 aattttactc atcacacgca ggcatcggac gaggtctcat tgaagctttt ctccaacatc 
      121 ccaaaagcac cgcggtccct tgcgtgccca acgtcgccac cgctacgccg gcgctctcgg 
      181 cactaaccta cgctgaagga agtcagatga tcatatggca tcttaactgc tactcgaaaa 
      241 ctgatgccca ggcatccgtc caaacattga gggaggagca cggggtgacg cacttggact 
      301 tggaggttgc caatgccgcc atggcgacca actttgggcc cgcgtccacc atgcccctcc 
      361 agcatctcca ggcacacatg atggtcaaca tgcatgctcc cgtactactg tttcatgcaa 
      421 cccgcctgat gctgcagcag gccaagaaac aggccaagtt tgtcttgatc ggcgccccga 
      481 tcatcaccat caccaacatg cacgactatg cgcgggcccc actgacggcg tacggagtgt 
      541 ccaagctggc ggccaactac atggtgcgca agttccactt tgagaacaaa tggctcacgg 
      601 ccttcatcat cgatccaggg taatcacagt ccgagggttc ttgtcgcaac gtatagtcgc 
      661 tgaccgaaac atgctagaca tgtgcagact gatatgggcg accaaggagc gcggctgatg 
      721 ggccgtccgc aggccccaac aactgtcgca gacagtgtgg caggcatctg tgctcgggta 
      781 tgatcattgc cttcttcctt gcgcgcgcag ggagcgacgt gggctaacgt tagggtggta 
      841 gattgatgaa 
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>aflM(GenBank Accession # MH280092) 

      1 atggcggaga cggtgcgcca ttttggctac ctggacattg tgtcatcgaa cgctggaatt 
       61 gtatcgttcg gtcacctgaa agacgtgacc ccagaagtat gaaccacaga taacgcattc 
      121 aaggcatatg ctaatgaaaa cattaggagt ttgaccgggt cttccgggtc aacactcgtg 
      181 gccagttctt cgtggcgcgg gaggcctatc gccatatgcg ggaaggaggc cggattatcc 
      241 tgaccagctc taacaccgct tgcgtcaagg gggtacccaa gcatgctgta tactccgggt 
      301 ccaaaggagc tattgacacc tttgttcgct gcatggccat tgactgcgga gacaagaaaa 
      361 tcaccgtgaa tgcggtggct cctggagcca tcaagactga tatgtttttg gctgtgtcgc 
      421 gggagtatat ccccaatggt gagactttca ccgatgagca g 

 

Figure-4.12: Aflatoxin biosynthesis gene sequences of Aspergillus flavus strain 
GCUF-BNB01; aflS (684 bp), aflR (1079bp), aflP (870 bp), aflO (790 bp), aflQ 

(757 bp), aflD (852bp) and aflM (470). 

 

 



4.2. Aflatoxin detection analysis by SPR and ELISA

4.2.1. Aflatoxin analysis by Surface Plasmon Resonance (SPR)        

In current study, a gold chip CM5 sensor surface was developed and immobilized 

with AFB1-protien conjugate. A conjugate consisting of AFB1

developed in lab and was immobilized on dextran gel surface of gold sensor chip for use 

in BIAcore equipment (Figure
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Figure-4.13: CM5 Chip immobilized with AF

83 

Aflatoxin detection analysis by SPR and ELISA 

Aflatoxin analysis by Surface Plasmon Resonance (SPR)        

In current study, a gold chip CM5 sensor surface was developed and immobilized 

protien conjugate. A conjugate consisting of AFB1-ova albumin was 

developed in lab and was immobilized on dextran gel surface of gold sensor chip for use 

uipment (Figure-4.13). The performance and efficacy of immobilized chip 

surface for aflatoxin concentration analysis was evaluated in HBS-EP buffer. Anti

aflatoxin B1 antibody was used to develop surface plasmon resonance based 

pattern of microplate was used (Figure-4.14) and 

curve was developed (Figure-4.15). Dynamic range (IC20-IC80), limit of detection (LoD; 

maximal inhibition concentration (IC50) was observed as 3.04 to 31.9 

and 12.7 ng/ml, respectively (Table-4.3). Aflatoxin

conjugation, immobilization of conjugate over dextran gel surface and evaluation of 

modified CM5 chip surface by development of SPR based immunoassay has 

been reported earlier for getting promising toxin analysis results (van der Gaag et al., 
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Protein conjugate. 



 

Figure-4.14: Microplate model for AFB1 concentration in HBS

 

 

 

Figure-4.15: Calibration curve of AFB1 concentration 
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: Microplate model for AFB1 concentration in HBS-EP analysis on Biosensor.

Calibration curve of AFB1 concentration analysis in 20% acetonitrile.

  

 

EP analysis on Biosensor. 

 

analysis in 20% acetonitrile. 
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Table-4.3: Dynamic Range (IC20-IC80), LoD (IC20) and Half-Maximal Inhibition 

Concentration (IC50) of AFB1 determined on biosensor. 

 

 

 

 

 

 

 

 

 

 

 

Immobilization of conjugate (ligand) on dextran chip surface by covalent 

immobilization is a common and useful approach (van der Gaag et al., 2003). The 

carboxymethyl dextran on Sensor Chip (CM5) provides a base for a range of covalent 

immobilization chemistries. The most significant coupling chemistry is amine coupling 

that uses primary amine groups (on the ligand) after surface activation by EDC and NHS 

(1-ethyl-3-(3-dimethylaminopropyl)-carbodimide, N-hydroxysuccinimide) (Larou et al., 

2013; van der Gaag et al., 2003). In this assay we used amine coupling method by 

covalent immobilization for modification of sensor chip surface to use in SPR based 

inhibition assay in BIAcore system. BIAcore system involves principle of surface 

plasmon resonance for monitoring biomolecules and their interaction in real time 

(Grumezescu, 2016; Larou et al., 2013). The procedure involves binding of one 

interacting substance to the sensor chip surface and passing sample containing second 

interacting partner over the modified chip surface. In case of binding of molecules on 

chip surface, a response is generated that is proportional to bound mass and can be 

detected (even in picomolar or less) on modified chip surface, corresponding to 

concentration (picomolar or nanomolar) in bulk sample solution. Such binding and 

binding patterns that are based on principle of surface plasmon resonance can be 

STDs Response 
Calculated  

Concentration 
ng/ml RU ng/ml 

0.01 655.5 Low 
0.5 557.7 Low 
1 502.1 4.2 

2.5 484.5 5.1 
5 449.6 6.8 
10 412.6 8.5 
25 215.9 20.8 
50 -11.9 149.7 

100 -12.3 151.8 
250 -11.4 146.9 
500 -11.6 147.7 
1000 -6.8 126.0 
IC50 331.2 12.7 
IC20 523.0 3.04 
IC80 125.7 31.9 
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monitored in real time and their analytical characteristics can be determined. Key 

information regarding binding and molecular interaction that can be addressed include; 

specificity of interaction by binding of different molecules, kinetics and affinity of 

interaction by observing binding behavior in extent of molecular interactive scheme and 

concentration of particular molecules in buffer or samples that can be investigated by 

measuring response (McGrath et al., 2012). 

 This assay was based on competition between immobilized AFB1 conjugate over 

gold sensor chip and aflatoxin in solution to antibody that was injected on surface of gold 

chip. Similar inhibition assays have been used for different toxins (van der Gaag et al., 

2003). The out responses observed against different cycles is summarized in Table-4.4. In 

order to see successful immobilization on chip surface, regeneration solution was run 

over by surface followed by injection of antibody at flow rate of 5 μL/min. The resulting 

sensogram must exhibit binding pattern to the surface, equivalent to several thousand RU, 

which also shows specificity of binding. In this case, sensograms (Figure-4.16) showed 

positive readings that are indicative of successful immobilization. In case, the surface is 

run by unrelated antibody, it will not show any binding pattern with no response on 

sensogram. Regeneration of antibody solution from conjugate surface was done to 

develop inhibition immunoassay by the use of regeneration solution with variable 

concentration. The regeneration solutions used were NaOH and HCl for monoclonal anti-

AFB1 antibody and regeneration was found to be effective by 250 mM NaOH in 20% 

(v/v) acetonitrile. The response (RU) against variable concentrations of AFB1 was 

observed with their normalized values (Table-4.4). Thus this assay can be successfully 

used for detection of AFB1.  

Aflatoxin B1 is relatively smaller molecule that requires conjugation with protein 

to be analyzed in an immunonosensor method. The developed assay in current study 

makes use of innovative technology by surface plasmon resonance and recombinant 

antibody exploitation that can be used for future analysis of aflatoxin B1 in different feed 

matrices. Use of immunoassays in SPR based system is valuable method that can 

contribute its share in research, food and analytical sciences. Detection of aflatoxin-B1 by 

surface plasmon resonance is quick method. Similar detection studies for toxin analysis 

have been done earlier as Dunne and co-workers conducted analysis using immunoassay 

based on single chain antibody fragments using SPR method (Dunne et al., 2005). 

Similarly, Daly and co-scientists developed AFB1-BSA conjugate,immobilized on the 
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dextran gel surface and found promising results in analytical characteristics including 

linear range of 3.0-98.0 ng/ml with fair reproducibility (Daly et al., 2000). Few other 

reports describing the analytical results in relation to SPR analysis for toxin detection 

have been described (Dunne et al., 2005; McGrath et al., 2012; van der Gaag et al., 2003). 

Likewise, Malmborg found BIAcore as an impressive device for antibody cross reaction 

analysis, characterization, mapping and antibody engineering technology (Malmborg et 

al., 1995). The current findings involved single toxin analysis (AFB1 detection only), 

which can be extended by immobilizing multiple toxins over chip surface.  

 

Table-4.4:Concentration and Coefficient of Variance (CV) analysis of AFB1 using CM5 

biosensor chip. 

Where, N/A means not applicable. 

 

Cycle Conc. Response 
Avg. 

Response 
Calculated 

Concentration 
Calculated 

Conc. 
CV 

No. ng/ml RU RU ng/ml ng/ml % 

3 0.01 706 
 

NA 
  

4 0.01 605 655.5 NA NA NA 
5 0.5 590.8 

 
NA 

  
6 0.5 524.5 557.65 2.96 2.96 NA 
7 1 510.6 

 
3.75 

  
8 1 493.5 502.05 4.64 4.19 15.1 
9 2.5 493.3 

 
4.65 

  
10 2.5 475.7 484.5 5.52 5.08 12.1 
11 5 451 

 
6.7 

  
12 5 448 449.55 6.84 6.77 1.4 
13 10 409.5 

 
8.68 

  
14 10 415.6 412.55 8.39 8.54 2.4 
15 25 254 

 
17.7 

  
16 25 177.8 215.9 24.7 21.2 23.2 
17 50 -11.4 

 
147 

  
18 50 -12 -11.7 151 149 1.5 
19 100 -12.2 

 
152 

  
20 100 -12.3 -12.25 153 152 0.4 
21 250 -10.7 

 
144 

  
22 250 -12.1 -11.4 151 148 3.6 
23 500 -11.7 

 
149 

  
24 500 -11 -11.4 145 147 1.9 
25 1000 -11.1 

 
146 

  
26 1000 -2.5 -6.8 113 129 18.2 



 

88 
 

 

A 

 

 

 

B 
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C 

 

D 

Figure-4.16: Sensogram images in Biointeraction specific analysis (BIA). 

A: Sensogram image of Response Vs. Concentration analysis of AFB1 in SPR. Sensogram 
showing real time biomolecule interaction in surface plasmon resonance, when chip is being 
regenerated with 250 mM NaOH in 20% (v/v) acetonitrile. 
B: Sensogram with a low concentration of 0.01 ng/ml AFB1, a high response (706.0 RU) is 
observed. 
C: Sensogram showing gradual low response as concentration of AFB1 is increasing up to 0.5 
ng/ml AFB1 with real calculated response of 590.8 RU. 
D: Sensogram showing gradual negative response as concentration of AFB1 is increased up to 
50 ng/ml with real calculated response of -11.4 RU.  
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4.2.2. Cross reactivity analysis of anti-aflatoxinB1 monoclonal antibody 

with various toxins of A. flavus (AFB1, AFB2, AFM1 and AFG1) 

Before proceeding to develop cross reactivity curve, immobilization procedure 

was to be evaluated by running regeneration solution. Regeneration solution was run over 

the chip surface followed by injection of antibody at flow rate of 5 μL/min. The resulting 

sensogram exhibited binding pattern to the surface equivalent to several thousand RU 

thus showing specificity of binding. Positive reading of sensogram showed successful 

immobilization of AFB1-ova over dextran surface.  

Calibration curves were developed (Figure-4.17) and the analytical characteristics 

of biosensor used for different toxins and their detection pattern comprising the dynamic 

range (IC20-IC80) and the half-maximal inhibition curve (IC50) values are summarized in 

Table-4.5. The data shows that monoclonal antibody was highly specific for AFB1, 

whereas it cross-reacted at < 40% to AFB2, AFM1 and AFG1. The actual response (RU) 

produced in inhibition assay for different toxins of A. flavus are given in Table-4.6, while 

the normalized values determined by BIAcore Q control software are given in Table-4.7. 

Monoclonal antibodies are considered very important in diagnosis and research. 

High affinity of antibodies makes their use important in detection assays. In this study, 

monoclonal antibody (Anti-aflatoxinB1) was characterized and its specificity with other 

A. flavus toxins was determined. Similar cross reactivity analysis have been reported 

earlier. In the study AFB1-BSA conjugate was developed,immobilized on the dextran gel 

surface and used in ELISA. The results obtained were within linear range of 3.0-98.0 

ng/ml with fair reproducibility. The observed cross-reactivity of poly-clonal antibody 

(AFB1) with other toxins was more than 40% with AFM1, AFM2 and AFB2a (Daly et 

al., 2000). Similarly, some scientists found high specificity of developed antibody (in 

rabbits) for AFB1, less binding capacity for B2 and Q1, while minimum binding capacity 

against M1 (Chu et al., 1977). In comparison to reported literature, the assay developed in 

current study showed relatively lower non-specific cross-reactivity, thus signifying the 

effort for development of specific biosensor based aflatoxin assay.    
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Table-4.5: Analytical characteristics of assay.  

Aflatoxins B2 B1 G1 M1 

The Half-maximal inhibition 
curvea IC50 (ng/ml) 

24.8 5.3 1.66 22.9 

Dynamic Rangeb 11.3-51.08 1.8-12.8 0.99-2.7 10.9-42.9 

Cross Reactivityc (%) 21 100 31 23 

aThe Half-maximal inhibition curve (IC50) values of detection for free AFB1, AFB2, AFG1 and AFM1. 
bDynamic Range (IC20-IC80) of detection for free AFB1, AFB2, AFG1 and AfM1.  
cCross-reaction (%) of monoclonal antibody observed to other aflatotoxins. 
 
 

Table-4.6: Concentration analysis of AFB1, AFB2, AFG1 and AFM1. 

STDS B2 B1 G1 M1 

ng/ml RU RU RU RU 

0.01 171.0 214.7 184.2 165.4 

0.5 177.7 181.2 173.2 173.6 

1 172.3 180.5 145.3 139.7 

2.5 157.4 154.18 37.7 149.9 

5 164.4 113.1 -2.6 136.4 

10 138.3 42.3 -11.6 140.1 

50 48.0 -14.2 -10.4 19.0 

100 -9.6 -14.4 -10.2 -8.2 

1000 1.9 -14.2 -9.6 -7.2 

IC50 86.4 100.2 87.3 79.1 

IC20 137.2 168.9 145.4 130.9 

IC80 35.7 31.6 29.2 27.4 

 

 

 

 

 



 

Table-4.7: Normalized values as calculated by 

STDS 

ng/ml 

0.01 
0.5 
1 

2.5 
5 
10 
50 

100 
1000 
IC50 
IC20 
IC80 

 

 

 

Figure-4.17: Comparative calibration curves of AFB1, AFB2, AFM1 and AFG1. 
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4.7: Normalized values as calculated by BIAcore Q control software.

B2 B1 G1 M1 

RU RU RU RU 

Low Low Low Low 
Low 1.28 0.56 Low 
Low 1.31 0.99 8.68 
6.15 2.50 2.49 5.16 
3.90 4.55 5.18 9.58 
11.06 10.88 High 8.57 
41.81 76.78 14.13 49.50 
High 79.56 12.63 157.79

140.66 76.78 10.19 137.35
24.81 5.30 1.66 22.85 
11.32 1.86 0.99 10.97 
51.08 12.83 2.73 42.92 

: Comparative calibration curves of AFB1, AFB2, AFM1 and AFG1. 

 

BIAcore Q control software. 

 
 
 
 
 
 
 

157.79 
137.35 

 
 
 

 

: Comparative calibration curves of AFB1, AFB2, AFM1 and AFG1.  
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4.2.3. Aflatoxin analysis by ELISA 

Aflatoxins hazards are reported to-date despite of tremendous controlling and 

decontamination efforts. Its occurrence in food and feed products is unavoidable and 

cause severe economic losses. Seeing the critical aspects of aflatoxins, researchers are in 

continuous effort to develop assays that can detect aflatoxin in food and feed 

commodities and can contribute in international food safety, human safety and food 

security efforts. There are different methods of detection of aflatoxins like TLC, HPLC, 

SPR and ELISA. However, one of the most established analytical tests for toxin detection 

to date is ELISA. Due to high sensitivity and specificity, ELISA is still considered as gold 

standard for toxin detection. Accuracy and rapidity of test makes it more reliable for toxin 

detection industry. However, real concern in ELISA assay development is 

implementation of ELISA into point-of-use analytical test that can benefit toxin detection 

assays. 

In present study, we have made use of anti-aflatoxinB1 monoclonal antibodies in 

antigen-coated plate ELISA for sensitive detection of aflatoxins in different matrices. The 

assay was developed with an aim to fulfill regulatory compliance regarding detection of 

AFB1 in maize and it successfully presented detection limit within desired range.  

4.2.3.1. Positive / negative control development and optimization of 

monoclonal antibodies for assay development 

The ELISA was performed for development of positive and negative controls with 

variable concentrations of antibodies. Two controls (50 L each) used were; positive 

(aflatoxin AFB1 standard having concentration of 100 ng/ml) and negative (PBS) control 

with variable coating antigen of 1 g/well and 0.5 g/well (Figure-4.18). After taking 

readings of microplate, the negative control wells (PBS only) showed colored response, 

while the wells which were added with AFB1, did show inhibition as colorless wells 

(Table-4.8). Few false positive results were also observed due to pipetting error. 
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Figure-4.18: ELISA plate as observed on microplate reader at 450nm. 

 

Table-4.8: Average absorbance values at 450nm.  

Controls Average Absorbance Values  
Coating 
Antigen 

Negative 2.26 2.55 2.43 2.11 1.62 0.78 

1 g/well 
Positive 0.11 0.07 0.046 0.05 0.05 0.05 

Negative 0.47 0.19 0.07 0.08 0.06 0.07 

Positive 0.05 0.05 0.05 0.05 0.05 0.06 

Negative 2.7 2.2 0.90 0.88 0.83 0.57 

0.5 g/well 
Positive 0.07 0.072 0.06 0.05 0.06 0.05 

Negative 0.34 0.16 0.08 0.06 0.053 0.07 

Positive 0.08 0.06 0.05 0.05 0.05 0.12 

For optimization of antibodies, ELISA plate was designed as per given pattern 

(Figure-4.19). Different dilutions (1/4k, 1/8k, 1/16k) against two coating antigen 

concenterations (1 g/well and 0.5 g/well) were analyzed. Different dilutions of AFB1 

standard (0 ng/ml to 100 ng/ml) were used in assay development procedure. After 

following ELISA procedure, ELISA plate was observed in microplate reader (Figure-

4.20) and absorbance values were observed (Figure-4.21). Average absorbance values 



 

were obtained (Table-4.9), analyzed by Biacore software and analytical characteristics of 

assay were determined (Table

concentrations of antibodies (Figure

g/well), the IC50 values for 1/8k antibody dilution was found as 0.72 ng/

dilution was 0.43 ng/ml. So, IC

1/16k was found to be more sensitive than higher concentration (1/8k).

Figure-4.19: 
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4.9), analyzed by Biacore software and analytical characteristics of 

assay were determined (Table-4.10).Calibration curves are developed for all 

of antibodies (Figure-4.22). In coating antigen with concentration of 

values for 1/8k antibody dilution was found as 0.72 ng/ml 

. So, IC50 values for (1 g/well) with antibody concentration of 

1/16k was found to be more sensitive than higher concentration (1/8k). 

: ELISA plate model for sensitivity analysis. 

4.9), analyzed by Biacore software and analytical characteristics of 

on curves are developed for all 

In coating antigen with concentration of (1 

 and for 1/16k 

/well) with antibody concentration of 

 



 

Figure-4.20: ELISA plate as observed by microplate reader at 450nm.
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ELISA plate as observed by microplate reader at 450nm.ELISA plate as observed by microplate reader at 450nm. 
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Figure-4.21: ELISA plate readings observed by microplate reader at 450nm. 

 

 

Table-4.9:  Average absorbance values representing IC20, IC50 and IC80. 

(Calculated by BIAcore software version 4.1) 

STDs Average Absorbance Values 

Afl [ng] (1 g) 1/8k (1 g) 1/16k (0.5 g) 1/4k (0.5 g) 1/8k 

0.001 2.07 1.48 1.30 1.03 
0.01 2.14 1.52 1.40 1.82 

0.025 1.73 1.66 1.55 1.07 
0.05 1.81 1.47 1.36 0.95 
0.1 1.68 1.40 1.36 1.01 
0.25 1.37 1.28 1.28 0.87 
0.5 1.64 0.64 1.27 0.73 
1 0.75 0.10 1.14 0.36 
5 0.12 0.07 1.00 0.11 
10 0.08 0.08 0.14 0.11 
50 0.06 0.07 0.08 0.12 

100 0.06 0.08 0.08 0.07 
IC20 1.67 1.20 1.06 0.84 
IC50 1.07 0.78 0.69 0.55 
IC80 0.46 0.36 0.32 0.26 

 

Table-4.10: Normalized values representing IC20, IC50 and IC80. 

(Calculated by BIAcore software version 4.1) 

STDs  Normalized values 

Afl [ng]  (1ug)1/8k (1 ug)1/16k (0.5ug)1/4k (0.5ug)1/8k 

0.001  Low 0.12 3.10 0.11 
0.01  Low Low Low Low 

0.025  0.15 Low Low 0.09 
0.05  0.09 0.14 Low 0.15 
0.1  0.18 0.20 Low 0.11 
0.25  0.41 0.25 3.50 0.21 
0.5  0.20 0.49 3.62 0.34 
1  1.25 1.35 4.41 1.38 
5  8.30 2.24 5.00 11.67 
10  12.90 1.81 10.01 10.94 
50  15.40 2.89 19.37 8.96 

100  15.60 1.81 High 75.23 



 

IC20  0.19
IC50  0.73
IC80  2.27

 

Figure-4.22: Calibration curves for 
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0.19 0.29 4.78 0.23 
0.73 0.43 6.02 0.64 
2.27 0.66 7.66 2.28 

 

 

: Calibration curves for optimization of monoclonal antibody (MAb) 

dilutions.  

  

 

optimization of monoclonal antibody (MAb) 
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4.2.3.2.  Cross reactivity analysis of anti-AFB1 monoclonal antibody with 

A. flavus toxins (B1, B2, M1, G1 & G2) by antigen coated plate 

immunoassay 

The current study was designed to analyze anti-aflatoxinB1 monoclonal antibody 

and its specific response to different toxins to seek analytical characteristics of ELISA 

assay. Samples were prepared according to (Appendix-11). The inter-laboratory co-

efficient of variation (CV) for repeated analyses under reproducible conditions were 

determined. Calibration curve was developed using at least five values in working range. 

The mathematical formula of curve goodness-of-fit of data is determined.The recovery 

parameters of each sample i.e. recovery (%) and mean recovery, cross reactivity for 

multiple toxins, the half-maximal inhibition IC50, IC20 and dynamic range (IC20-IC80) were 

determied (Fang et al., 2011). 

ELISA plate model designed for this study is given as (Figure-4.23). The ELISA 

plate was observed by microplate reader at 450nm. Average absorbance values and 

normalized values are determined (Table-4.11). Calibration curves are developed for all 

concentration of antibodies (Figure-4.24). The analytical characteristics of ELISA kit 

used for analysis of different toxins include; Detection limit (0.53 ng/ml), the half-

maximal inhibition curve IC50 (1.50 ng/ml), CV (6-21%) and average recovery (99.6%) 

(Table-4.12). Cross reactivity data analysis shows that monoclonal antibody was highly 

specific for AFB1, whereas it cross-reacted at > 50% to AFM1, AFG1, AFG2 and AFB2 

(Table-4.13). Statistical analysis parameters i.e. Mean (x), Standard Deviation (SD), 

Average recovery (%), Deviation about mean (x-average), Variance and CV (%) were 

also determined (Table-4.14).  

Similar cross reactivity analysis have been reported earlier (Daly et al., 2000). In 

the referred study AFB1-BSA conjugate was developed,immobilized on the dextran gel 

surface and used in ELISA. The results obtained were within linear range of 3.0-98.0 

ng/ml with fair reproducibility. The observed cross-reactivity of poly-clonal antibody 

(AFB1) with other toxins was more than 40% with AFM1, AFM2 and AFB2a. Similarly, 

some scientists found high specificity of developed antibody (in rabbits) for AFB1, less 

binding capacity for B2 and Q1, while minimum binding capacity against M1 (Chu et al., 

1977).  
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Figure-4.23: ELISA plate as observed by microplate reader at 450nm. 

 

Table-4.11: Average absorbance and normalized values representing IC20, IC50 and IC80. 

(Calculated by BIAcore software version 4.1) 

 

STDS Actual absorbance Normalized values 

ng/ml B1 M1 B2 G1 G2 B1 M1 B2 G1 G2 

0.01 1.48 1.27 1.51 1.38 1.3 Low Low 0.0 0.0 Low 
0.5 1.32 1.05 1.06 0.97 0.99 0.73 0.57 0.58 0.61 0.76 

1 1.21 0.84 0.96 0.85 0.96 1.09 0.94 0.89 1.10 0.82 

2.5 0.79 0.32 0.69 0.75 0.33 2.28 2.58 2.32 1.69 2.70 

5 0.22 0.13 0.39 0.4 0.11 6.34 6.38 5.60 5.64 6.03 

10 0.17 0.13 0.19 0.2 0.1 7.69 6.38 9.62 9.94 6.50 

IC50 0.83 0.7 0.85 0.79 0.7 2.16 1.21 1.35 1.43 1.36 



 

IC20 1.22 1.04 1.25

IC80 0.43 0.36 0.45

 

 

Figure-4.24: Calibration curve comparison of 

 

 

 

Table-4.12: 

Sr. No. Analytical characteristic

1 Detection limit (ng

2 IC50 (ng/ml)

3 CV (%) 

4 Average recovery (%)

101 

1.25 1.14 1.06 1.06 0.59 0.20 0.20

0.45 0.44 0.34 3.91 2.33 4.74 4.99

 

 

Calibration curve comparison of A. flavus toxins for cross reactivity analysis.

4.12: Analytical characteristics of assay. 

Analytical characteristic Value 

Detection limit (ng/ml) 0.53±0.36 

) 1.50±0.38 

6-21 

Average recovery (%) 99.6 

0.20 0.62 

4.99 2.64 

 

toxins for cross reactivity analysis. 
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Table 4.13: Cross-Reactivity analysis of anti-aflatoxinB1 monoclonal antibody. 

 

 

 

 

 

 

 

 

Table-4.14: Statistical analysis (Mean (x), Standard Deviation (SD), Average recovery 

(%), Deviation about mean (x-average), Variance and CV (%). 

STD 
(ng/ml) B1 M1 B2 G1 G2 

Mean 
(x) 

SD 
Average 
Recovery 

(%) 

(x-
mean)2 

Variance 
CV 
(%) 

0.5 
0.7
3 

0.57 0.58 0.61 0.76 0.65 0.09 130 5.5 1.1 14 

1 
1.0
9 

0.94 0.89 1.10 0.82 0.97 0.13 97 4.1 0.8 13 

2.5 
2.2
8 

2.58 2.32 1.69 2.70 2.31 0.39 93 0.5 0.1 17 

5 
6.3
4 

6.38 5.60 5.64 6.03 6.00 0.37 120 9.0 1.8 6 

10 
7.6
9 

6.38 9.62 9.94 6.50 8.03 1.69 80 25.3 5.1 21 

*Samples were run as duplicate for each value. 

 
 

Aflatoxins  used in cross reactivity analysis 

B1 M1 B2 G1 G2 

Cross Reactivity 
(%) 

100 57 69 80 60 
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4.2.3.3. Detection of AFB1 in maize using customized antigen-coated 

ELISA plate based on monoclonal antibody 

The aim of present study was to develop an applicable ELISA kit for detection of 

AFB1 in maize to determine analytical characteristics of assay so that it can be used for 

naturally contaminated maize samples. Samples were prepared and handled according to 

instructions given in manual so that maximum detection of substance is made possible. 

Such handling procedures and measures prevent any possible or accidental contamination 

of sample (Commission, T., 2002).  

An antigen-coated competitive enzyme-linked immunosorbent assay (ELISA) that 

was based on monoclonal antibody is developed for AFB1 detection in spiked maize 

samples. After following the ELISA protocol, plate was observed on microplate reader at 

450nm. The actual absorbance and their normalized values were calculated by BIAcore 

evaluation software (version 4.1). Calibration curve was developed and each point of 

curve shows means ±SD (standard deviation) of N = 21 assays. The curve was fitted by 

using non-linear 4 parameters calibration plots and developed using at least five values in 

working range (Figure-4.25) by diluting AFB1 in maize extract. The mathematical 

formula of curve goodness-of-fit of data to the curve was determined. The analytical 

characteristics of immunoassay based on monoclonal antibody for AFB1 detection were 

also determined. The detection limit (LoD, IC20)was found to be 0.86±0.05 (ng g-1), the 

half-maximal inhibition curve (IC50) was 3.62±0.06 ng g-1, CV was 3-14 % and average 

recovery was 99.6% (Table-4.15). The minimum recovery was found to be 83% at .5ng g-

1 and maximum recovery was 104% at 10ng g-1 (Table 4.16).This immunoassay was 

found to be sensitive, rapid and simple for AFB1 detection and can fulfill regulatory 

requirement for analytical studies and aflatoxin monitoring. The detection limit calculated 

in this study is good for calculation of naturally contaminated maize samples under given 

regulatory requirement and fulfills regulatory requirement for monitoring aflatoxin B1 in 

maize which is 20 ppb (Commission, E. U., 2003).Statistical analysis parameters i.e. 

Mean (x), Standard Deviation (SD), Recovery (%), Deviation about mean (x-average) and 

CV (%) were also determined (Table-4.17). 

 



 

Figure-4.25: Calibration curve for detection of AFB1 in spiked maize samples.

Each point of curve shows mean values ±SD (standard deviation) of N = 21. Standard curve 
was fitted by using non
at least five values in working range. The mathematical formula of curve goodness
data is described. Standard curve is plotted as absorbance (A) vs logarithm of analyte 
concentration. 

Table-4.15: Analytical characteristics of assay 

Sr. No. Analytical characteristics of assay

1 Detection limit (ng g

2 IC50 (ng g-1) 

3 Dynamic range (ng g

4 CV (%) 

5 Average recovery (%)
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Calibration curve for detection of AFB1 in spiked maize samples.

Each point of curve shows mean values ±SD (standard deviation) of N = 21. Standard curve 
was fitted by using non-linear 4 parameters calibration plots. Calibration is developed using 

t five values in working range. The mathematical formula of curve goodness
data is described. Standard curve is plotted as absorbance (A) vs logarithm of analyte 

 

Analytical characteristics of assay based on monoclonal antibody (N=21).

Analytical characteristics of assay Value 

Detection limit (ng g-1) 0.86 ± .05 

 3.62±.06 

Dynamic range (ng g-1) 0.86 ±0.05 to 16.32±0.12

3-14 

Average recovery (%) 99.6 

 

 

  

  

  

 

Calibration curve for detection of AFB1 in spiked maize samples. 

Each point of curve shows mean values ±SD (standard deviation) of N = 21. Standard curve 
linear 4 parameters calibration plots. Calibration is developed using 

t five values in working range. The mathematical formula of curve goodness-of-fit of 
data is described. Standard curve is plotted as absorbance (A) vs logarithm of analyte 

antibody (N=21). 

0.86 ±0.05 to 16.32±0.12 
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Table-4.16:  Recovery of Aflatoxin B1 from spiked maize samples. 

Aflatoxin B1 concentration, ng g-1 

Spiked Experimental Recovery (%) 

0.01 NDa ND 

0.5 0.63±0.09 83 

1 0.90±0.10 111 

2.5 2.00±0.15 125 

5 6.80±0.31 75 

10 9.34±0.31 104 
      a Not Determined 
 
 
 
 

Table-4.17: Statistical analysis (Mean (x), Standard Deviation (SD), Recovery (%), 

Deviation about mean (x-average) and CV (%).  

STD 
(ng g-1) 

Mean 
(X) 

Calculated 
Values*** 

SD 
Recovery 
(%) 

Deviation 
About 

mean (x-
Average) 

(x-
mean)2 

CV  
(%) 

0.01 ND** ND ND ND ND ND ND 

0.5 1.22 0.63 0.09 83 0.36 0.13 14 

1 1.15 0.90 0.10 111 0.29 0.08 11 

2.5 0.94 2.0 0.15 125 0.08 0.01 8 
5 0.55 6.7 0.31 75 -0.31 0.10 5 
10 0.46 9.3 0.31 93 -0.40 0.16 3 

*Samples were run as duplicate for each value.  
**Not determined 
***Values calculated by BIAcore evaluation software version 4.1. 

 

Similar studies conducted by using ELISA for AFM1 detection and variable 

detection limit have been reported e.g. AFM1 detection limit was found to be 5 pg/ml in 

immunoassay used (Gan et al., 2013). Whereas, in case of competitive direct enzyme-

linked immunosorbent assay for detection of AFM1, LoD was found to be 0.04 ng/ml as 

(Pei et al., 2009). In other immunoassays, detection limit was found to be variable in 
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every case depending upon specifications of assay. For instance, AFM1 detection limit 

was reported as 0.02 μg/L (Jaiswal et al., 2018) and 0.015 ng/ml using ELISA (Radoi et 

al., 2008). For AFB1 detection limits, some scientists have reported 1.25 ng g-1 for broiler 

feed with mean recovery as 98% (Rossi et al., 2012). 

The ELISA results were found significant by Lee and co-workers with fair 

detection range of 7.1-55.5 μg/kg. The half-maximal inhibition concentration were also 

observed (IC50) as 12±1.5 and 9±1.5 μg/kg. Different matrices used were maize, peanuts, 

soybean and pistachio (Lee et al., 2004). Pie and co-workers reported analytical 

characteristics of ELISA based on monoclonal antibody which was heavy chain 

monoclonal antibody. ELISA was performed for detection of AFB1 in different matrices 

(Barley, Rice and maize). The detection limit (LoD) was found to be 0.001 ng/ml and the 

half-maximal inhibition concentration were also observed (IC50) as 0.01 ng/ml(Pei et al., 

2010). The results obtained as detection limits were fair enough to compare with respect 

to sensitivity and compatibility. Use of various matrices in investigative assays is a viable 

advantage that offers more accuracy and precision in data. 

Kannan and Velazhahan detected AFB1 in maize products using sandwich ELISA 

based on polyclonal antibodies. The polyclonal antibodies were found to be sensitive and 

were able to detect antibodies even at low dilutions (1:10,000). AFB1 was detected in 

more than 85% of samples tested with a detection limit of 10 ppb. The ELISA method 

based on polyclonal antibodies was standardized for quantification of AFB1 in poultry 

feed and food products (Kannan et al., 2015).  

The aflatoxin analysis by ELISA was motivated by mounting interest in point-of-

use applications in feed ingredients toxin analysis and point-of-care applications in 

biomedical and diagnostic analysis. In present study, we have made use of anti-aflatoxin 

B1 monoclonal antibodies in antigen-coated plate ELISA for sensitive detection of 

aflatoxins. The assay was developed with an aim to fulfill regulatory compliance 

regarding detection of aflatoxins by using anti-aflatoxin B1 along with specificity of MAb 

and it successfully presented desired results. By observing such analytical characteristics 

as presented by this ELISA kit, it can be assumed that such ELISA kit can be replicated in 

other toxin studies for further analysis. The assay can also contribute its valuable 

information in determination of multiplex toxin detection system in future, which is still a 

major challenge for researchers of this field. 
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4.3. Detoxification of aflatoxin M1 using LAB cells 

4.3.1. Culturing of LAB cells  

The endogenously isolated lactic acid producing bacteria Lactobacillus plantarum 

(KX388381),Lactobacillus plantarum (KX388382),Lactobacillus plantarum 

(KX388384),Lactobacillus fermentum (KX388385), Lactobacillus 

paracasei(KX388386)andLactobacilluscoryniformis (KX388387)were cultured using 

MRS media. In 100 ml of distilled water 5.5 g of MRS media was dissolved. After final 

volume was made up, the pH 6.4 was maintained. 

The culture medium was then equally poured (~ 5 ml) into the test tubes. Then 

these tubes were autoclaved for 15 min at 121 °C, 30-psi pressure. The autoclaved tubes 

were placed at room temperature for 24 hours to observe any contamination. After this, 

these tubes were inoculated with endogenously isolated LAB cultures as described earlier, 

aseptically in laminar air flow using sterilized inoculating loop full of culture and 

incubated in shaking incubator at 37±1°C for 22 hours.  The cells were harvested by 

spinning at 6,682 rpm (5,000×g) for 10 min and washed twice with 4 ml of phosphate 

buffer. After 22 hours of incubation at 37°C in shaking incubator, the bacterial growth 

was examined under the inverted microscope (DH1500T, Meiji Techno, Japan) to 

determine colony morphology (shape and size) and culture purity. All the cultures were 

rod-shaped and there was no indication of impurity.  

4.3.2. Determination of bacterial growth 

The growth obtained was diluted ten times by dissolving 100 µL of each culture 

into 900 µL of double distilled autoclaved water present in separate autoclaved test tubes. 

The concentration of bacterial growth was determined on UV/Vis spectrophotometer at a 

wavelength of 610nm. All the cultures showed approximately the same optical density 

and thus were equal in cell densities (Table-4.18). 
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Table-4.18: Growth determination of LAB cultures. 

Species Name  
(Accession Number) 

Optical Density (OD 610nm) 

Viable Heat Killed Acid Killed 

L. plantarum (KX388381) 0.398 0.401 0.401 

L. plantarum (KX388382) 0.399 0.400 0.400 

L. plantarum (KX388384) 0.400 0.401 0.402 

L. fermentum (KX388385) 0.405 0.406 0.401 

L. paracasei (KX388386) 0.400 0.402 0.399 

L. coryniformis (KX388387) 0.403 0.398 0.400 

4.3.3. Detoxification of aflatoxin M1 by LAB cells 

Mycotoxins are toxic compounds of fungi that have received extensive 

consideration over the past decade. Mycotoxins are compounds that are associated with 

serious hazards to agriculture and food commodities largely. The losses generated due to 

fungal mycotoxins cause massive financial drain to research institutes along with food 

and feed industry. Among mycotoxins, aflatoxins are group of compounds that mainly 

affect feed ingredients, livestock and agriculture products. Among all aflatoxins, aflatoxin 

B1 is significant secondary metabolite produced by Aspergillus flavus species and cause 

serious damages to animal feed ingredient like maize, rice and cotton seed cake. Being 

highly toxic and resistant compounds, aflatoxins have tendency to remain in human food 

chain in shape of original toxin or their derivatives. Despite of tremendous 

decontamination efforts by researchers since its discovery, aflatoxins are being reported 

in feed commodities till-date.   

Aflatoxins have range of detrimental effects on human like immunosuppression, 

carcinogenicity and associated health problems. Apart from serious health concerns, these 

compounds are responsible for huge economic losses in terms of increased cost in food 

testing, lesser or rejection of trade commodities, failure to access to international market 

and food spoilage. Seeing the critical aspects of aflatoxins, researchers are in continuous 

effort to develop methods that can decontaminate aflatoxin in food and feed commodities 

and can contribute in international food safety and security efforts. In recent years, 

intensive efforts have been focused on decontamination of these complex mycotoxins 

through physical, chemical and biological methods. 
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 There are different types of toxic compounds produced by fungal species, among 

which aflatoxins are the most significant. Among different types of aflatoxins (B1, B2, 

G1 and G2), AFB1 is mostly found in animal feed and agriculture products. Aflatoxin B1 

when ingested by animals through animal feed are degraded into toxic secondary 

compounds like AFM1. Aflatoxin M1 is secreted out of body through urine and milk. 

When contaminated milk is consumed by humans then many anomalies, diseases and 

health problems originate. The highly toxic nature of aflatoxin M1 is due to its presence 

inside milk which is more often consumed by the most exposed group of people i.e. 

children and aged (Ismail et al., 2016b). Though aflatoxin M1 is 10-fold less toxic than 

aflatoxin B1 but still characterized as a group 1 human carcinogen on the basis of its 

toxicity and occurrence levels in milk. 

Aflatoxin M1 in milk and milk products is frequently being reported throughout 

the world particularly in developing countries because of consumption by the most 

vulnerable age group. In order to monitor AFM1 level in milk, strict regulatory limits are 

established globally for AFM1 in milk ranging between 0.05 and 0.5 ppb (Sadia et al., 

2012). 

Approaches for decontamination of aflatoxin M1 in milk through dealing of dairy 

products with heat, nanoparticles and microbial cells have been reported, however, not a 

single method has been observed to entirely eradicate the contaminant from food systems. 

These methods include physical and chemical decontamination technique but have 

several disadvantages as well e.g. loss of nutritional value through radiations, thermal 

activity, ionizing radioactivity and the disturbance of biological safety. In addition, some 

physical and chemical strategies are considered to be very expensive and are not viable 

practically. 

In the current era, when food security and safety is getting immense importance, 

milk processing industry is facing serious concern of removal and decontamination of 

aflatoxin M1from milk. The aflatoxin M1is considered to be present in milk and milk 

products and frequently being reported throughout the world particularly in developing 

countries. It is very difficult to completely remove aflatoxin M1 with current practices. 

However, decontamination of aflatoxin M1by microbial binding is a possible way 

(Kamkar, 2005). 
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Use of biological decontamination methods for decontamination of AFM1 is 

effective and useful in many ways. Among various microbes used in biological 

decontamination, lactic acid bacteria (LAB) are one of the most active aflatoxin M1 

binding agents in milk, because of their commonly recognized as safe status, advanced 

binding capabilities and extensive distribution in nature (Ismail et al., 2016b). Use of 

viable bacterial cells for aflatoxin M1 decontamination can reduce aflatoxin M1 to safe 

levels but may result in product spoilage. Consequently, dead LAB cells are also 

subjugated for binding aflatoxin M1 in milk and milk products. Using such applications 

for decontamination process has an edge that industry can include usage of LAB as bio 

preservative in food and milk products. 

 The key objective of this section of study was to determine the aflatoxin M1 

decontamination potential of live, heat treated and acid treated lactic acid bacteria (LAB). 

The decontamination potential of LAB cells was determined by toxin binding potential of 

cells using ELISA. The LAB cultures used were Lactobacillus plantarum (KX388381), 

Lactobacillus plantarum (KX388382), Lactobacillus plantarum (KX388384), 

Lactobacillus fermentum (KX388385), Lactobacillus paracasei (KX388386) and 

Lactobacillus coryniformis (KX388387). These strains were indigenously isolated from 

rice rinsed water, while mostly the strains isolated from milk products have been reported 

in literature. Moreover, variation in the binding potential of even various strains within a 

genus has been reported. Therefore, all the indigenously isolated and characterized strains 

were comparatively evaluated for the determination of aflatoxin binding potential.  

4.3.4. Aflatoxin decontamination potential of viable LAB cells 

When the viable cells of Lactobacillus plantarum (KX388381), Lactobacillus 

plantarum (KX388382), Lactobacillus plantarum (KX388384), Lactobacillus fermentum 

(KX388385), Lactobacillus paracasei (KX388386)and Lactobacillus coryniformis 

(KX388387) were utilized, significant toxin binding ability was noticed (Table-4.19). All 

the species showed a high binding ability for toxins. Among different cell cultures used, 

L. fermentum (KX388385) showed the highest toxin binding ability of 72.04% while L. 

plantarum (KX388384) showed the second highest toxin binding ability of 68.94%. 

Likewise, Lactobacillus plantarum (KX388381), Lactobacillus plantarum (KX388382), 

Lactobacillus paracasei (KX388386) and Lactobacillus coryniformis (KX388387) had 

the binding abilities of 58.53%, 58.84%, 60.74% and 61.06%, respectively. These binding 
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potentials were observed in naturally contaminated milk samples that were collected from 

various dairy farms. 

 When spiked milk samples were used, Lactobacillus fermentum (KX388385) and 

Lactobacillus plantarum (KX388384) showed a similar binding pattern of 72.6% and 

70.8%, respectively. While Lactobacillus plantarum (KX388381),Lactobacillus 

plantarum (KX388382),Lactobacillus 

paracasei(KX388386)andLactobacilluscoryniformis (KX388387) had the binding 

abilities of 56.0 %, 58.6%, 60.0 % and 60.2 %, respectively.  

In general, live LAB cells presented average toxin binding potential (%) of 

63.36±SD with toxin binding range (%) 58.5±.SD to 72.04±.SD in naturally contaminated 

milk samples. While in spiked milk samples, live LAB cells presented average toxin 

binding potential (%) of 63.1±SD while toxin binding range (%) was 56.0±SD to 

72.6±SD. 

Table-4.19: Determination of aflatoxin M1 binding potential of lactic acid producing 
bacterial cells (viable). 

Sample Organism 
(Accession Number) 

AFM1 
(pg/ml) 

%Residual 
Toxin 

%Toxin 
Binding 
Ability 

*Milk 
sample with 
natural 
Aflatoxin 
M1 

Control  
(Without LAB cells) 

365.86±.13 100.00 - 

L. plantarum (KX388381) 151.7±.09 41.47 58.53 

L. plantarum (KX388382) 150.6±.03 41.16 58.84 

L. plantarum (KX388384) 113.6±.01 31.06 68.94 

L. fermentum (KX388385) 102.3±.01 27.96 72.04 

L. paracasei (KX388386) 143.6±.01 39.26 60.74 

L. coryniformis (KX388387) 142.5±.01 38.94 61.06 

**Milk 
sample with 
spiked 
Aflatoxin 
M1  

Control  
(Without LAB cells) 

90.63±.12 100.00      - 

L. plantarum (KX388381) 39.84±.019 43.96 56.04 

L. plantarum (KX388382) 37.53±.01 41.41 58.59 

L. plantarum (KX388384) 26.48±.03 29.22 70.78 
L. fermentum (KX388385) 24.79±.04 27.36 72.64 
L. paracasei (KX388386) 36.23±.02 39.97 60.03 

L. coryniformis (KX388387) 36.04±.01 39.76 60.24 
Each value is a mean of three replicates ± Standard deviation. 
*425 AFM1 (pg/ml), **100 AFM1 (pg/ml) 
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4.3.5. Aflatoxin decontamination potential of heat killed LAB cells  

When heat killed LAB cells of Lactobacillus plantarum 

(KX388381),Lactobacillus plantarum (KX388382),Lactobacillus plantarum 

(KX388384),Lactobacillus fermentum (KX388385), Lactobacillus 

paracasei(KX388386)andLactobacilluscoryniformis (KX388387) were utilized, 

significant toxin binding ability was noticed (Table-4.20). All the species showed a high 

binding ability with toxins. Among these, L. fermentum (KX388385) showed the highest 

toxin binding ability of 98.77 % while L. plantarum (KX388384) showed the second 

highest toxin binding ability of 98.57 %. Likewise, Lactobacillus plantarum 

(KX388381),Lactobacillus plantarum (KX388382),Lactobacillus 

paracasei(KX388386)andLactobacilluscoryniformis (KX388387) had the binding 

abilities of 97.40%, 97.64%, 96.55% and 97.62%, respectively. These binding potentials 

were observed in naturally contaminated milk samples that were collected from various 

dairy farms. 

 When spiked milk samples were used, Lactobacillus fermentum (KX388385) and 

Lactobacillus plantarum (KX388384) showed a similar binding pattern of 97.79% and 

97.09%, respectively. While Lactobacillus plantarum (KX388381),Lactobacillus 

plantarum (KX388382),Lactobacillus 

paracasei(KX388386)andLactobacilluscoryniformis (KX388387) had the binding 

abilities of 92.45%, 92.30%, 95.47% and 94.51 %, respectively. The heat killed lab cells 

found to be highest in toxin binding capacity than live and acid killed bacteria. 

In general, heat killed cells presented average toxin binding potential (%) of 

97.76±.SD while toxin binding range (%) of 96.55±SD to 98.77±SD in naturally 

contaminated milk samples. While in spiked milk samples, heat killed LAB cells 

presented average toxin binding potential (%) of 94.93±.SD while toxin binding range 

(%) was 92.30±SD to 97.79±SD. 
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Table-4.20: Determination of aflatoxin M1 binding potential of lactic acid producing  
bacterial cells (heat killed). 

Sample Organism 
(Accession Number) 

AFM1 
(pg/ml) 

%Residual 
Toxin 

%Toxin 
Binding 
Ability 

*Milk 
sample 
with 
natural 
Aflatoxin 
M1 

Control  
(without LAB cells) 

365.86±.9 100     - 

L. plantarum (KX388381) 9.53±.02 2.60 97.40 

L. plantarum (KX388382) 8.64±.02 2.36 97.64 

L. plantarum (KX388384) 5.24±.01 1.43 98.57 

L. fermentum (KX388385) 4.50±.06 1.23 98.77 

L. paracasei (KX388386) 12.63±.05 3.45 96.55 

L. coryniformis (KX388387) 8.71±.10 2.38 97.62 

**Milk 
sample 
with 
spiked 
Aflatoxin 
M1  

Control  
(without LAB cells) 

90.63±1.5 100     - 

L. plantarum (KX388381) 6.84±.30 7.55 92.45 

L. plantarum (KX388382) 6.98±.12 7.70 92.30 

L. plantarum (KX388384) 2.64±.05 2.91 97.09 
L. fermentum (KX388385) 2.00±.11 2.21 97.79 
L. paracasei (KX388386) 4.11±.29 5.53 95.47 

L. coryniformis (KX388387) 4.98±.11 5.49 94.51 
Each value is a mean of three replicates ± Standard deviation. 
*425 AFM1 (pg/ml), **100 AFM1 (pg/ml) 

 

4.3.6. Aflatoxin decontamination potential of acid killed LAB cells  

When acid killed LAB cells of Lactobacillus plantarum 

(KX388381),Lactobacillus plantarum (KX388382),Lactobacillus plantarum 

(KX388384),Lactobacillus fermentum (KX388385), Lactobacillus 

paracasei(KX388386)andLactobacilluscoryniformis (KX388387) were utilized, 

significant toxin binding ability was also noticed (Table-4.21). All the species showed a 

high binding ability with toxins. Among these, L. fermentum (KX388385) showed the 

highest toxin binding ability of 80.63 % while L. plantarum (KX388384) showed the 

second highest toxin binding ability of 79.57 %. Likewise, Lactobacillus plantarum 

(KX388381),Lactobacillus plantarum (KX388382),Lactobacillus 

paracasei(KX388386)andLactobacilluscoryniformis (KX388387) had the binding 

abilities of 73.92%, 74.13%, 74.23% and 72.31%, respectively. These binding potentials 
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were observed in naturally contaminated milk samples that were collected from various 

dairy farms. 

 When spiked milk samples were used, Lactobacillus fermentum (KX388385) and 

Lactobacillus plantarum (KX388384) showed a similar binding pattern of 77.76% and 

76.42%, respectively. While Lactobacillus plantarum (KX388381),Lactobacillus 

plantarum (KX388382),Lactobacillus 

paracasei(KX388386)andLactobacilluscoryniformis (KX388387) had the binding 

abilities of 71.26%, 72.74%, 69.71% and 68.62 %, respectively. The acid killed LAB 

cells found to be high in toxin binding capacity than live cells but found to be less in toxin 

binding potential than heat killed LAB cells. 

In general, acid killed cells presented average toxin binding potential (%) of 

75.80±SD with toxin binding range (%) of 72.31± SD to 80.63± SD in naturally 

contaminated milk samples. While in spiked milk samples, acid killed LAB cells 

presented average toxin binding potential (%) of 72.75± SD with toxin binding range (%) 

of 68.62± SD to 77.76± SD. 

Table-4.21: Determination of aflatoxin M1 binding potential of lactic acid producing 
bacterial cells (acid killed). 

Sample Organism 
(Accession Number) 

AFM1 
(pg/ml) 

%Residual 
Toxin 

%Toxin 
Binding 
Ability 

*Milk 
sample 
with 
natural 
Aflatoxin 
M1 

Control  
(without LAB cells) 

409.61±12 100      - 

L. plantarum (KX388381) 106.83±.02 26.08 73.92 

L. plantarum (KX388382) 105.94±.09 25.87 74.13 

L. plantarum (KX388384) 83.70±.02 20.43 79.57 

L. fermentum (KX388385) 79.34±.40 19.37 80.63 

L. paracasei (KX388386) 105.55±.18 25.77 74.23 

L. coryniformis (KX388387) 113.42±.11 27.69 72.31 

**Milk 
sample 
with 
spiked 
Aflatoxin 
M1  

Control  
(without LAB cells) 

90.15±1.5 100   - 

L. plantarum (KX388381) 25.91±.23 28.74 71.26 

L. plantarum (KX388382) 24.58±8 27.26 72.74 

L. plantarum (KX388384) 21.25±11 23.58 76.42 

L. fermentum (KX388385) 20.05±2 22.24 77.76 

L. paracasei (KX388386) 27.31±1.9 30.29 69.71 
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L. coryniformis (KX388387) 28.29±.21 31.38 68.62 

Each value is a mean of three replicates ± Standard deviation. 
*425 AFM1 (pg/ml), **100 AFM1 (pg/ml)  
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The comparative analysis revealed that all the Lactobacillus species have the 

aflatoxin binding ability whether viable, heat killed or acid killed. It was observed that 

heat killed cells showed higher binding abilities as compared to viable or acid killed cells. 

However, the observed behavior among strains was highly variable. This observed 

behavior can be contributed by the variation in cell wall chemistry and toxin binding 

affinities within experimented Lactobacillus species (Ismail et al., 2016b).  

Var et al., (2008) observed high binding potential of Lactobacillus sp. for AFM1 

in skim milk (Var et al., 2008). Likewise, Lactobacillus viable cells were used to remove 

AFM1 from milk and appreciable amount of toxins was removed (7.85 to 25.94%). Using 

heat treated non-viable cells, AFM1 was removed with a range of 12.85-27.31% (Pierides 

et al., 2000). In another report Lactobacillus rhamnosus, Lactobacillus delbrueckii spp. 

bulgaricus, and Bifidobacterium lactis (heat-killed cells) were used to bind AFM1 and 

nearly 33% of AFM1 removal was observed (Campagnollo et al., 2016). Some strains of 

Lactobacillus rhamnosus (GG & LC705) in viable form showed more than 40% binding 

ability, while heat killed cells showed more than 50% binding ability (Pierides et al., 

2000). In another report, heat treated cells of L. rhamnosus LC705 showed more than 

87% toxin binding, while L. acidophilus LC1 and L. rhamnosus GG  showed 74.69% and 

84.09% toxin binding potential, respectively (Oliveira et al., 2013). Similarly, heat treated 

cells of L. acidophilus ATCC-4356 showed 69.7%, L. plantarum showed 35.5%, L. casei 

shirota showed 41.5%, L. delbrueckii subsp. bulgaricus showed 33.7% and L. helveticus 

showed 29.8% aflatoxin binding abilities (Oliveira et al., 2013). 

This study has shown that Lactobacillus species have great aflatoxin binding 

potential and this potential can be amplified by addition of heat and acid treatment of 

cells. However, further studies are recommended to analyze LAB cells utilization in 

synergetic effect with some other beneficial microbes to enhance effect of toxin binding. 

In addition, further studies are suggested to add beneficial microbes in animal feed to 

decrease AFB1 intake thus lowering the amount of AFM1 in milk.  
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Chapter-5 

SUMMARY 

Aflatoxins are carcinogenic and liver damaging compounds that need strict 

controlling measures. Despite setting of regulatory limits by Codex Alimentarius (a 

globally accepted food safety standard), huge budget allocations in research projects and 

keen focus on its surveillance, the toxin is being reported every day especially in 

developing countries. Pakistan is one of the largest milk producing countries with an 

average annual production of 33 billion liters. In Pakistan, high incidences of aflatoxin 

contaminations in raw and processed milk have been reported which means that there 

exists some paucities in controlling and decontamination efforts. Especially, when global 

climate change is brutally affecting food quality and food quantity, availability of safe 

and secure food is of great concern. This debate takes more attention when indicators 

show that aflatoxins are affecting more than 25% of tradable crops globally and critically 

responsible for liver cancer and gene mutations. Therefore an unwavering devotion is 

required to address and find some means that can help in the control or eradication of 

aflatoxin contaminations in food commodities. 

In the current study an aflatoxin early detection and control model is presented 

that can aid to devise eradication strategies. The study describes the molecular 

characterization of aflatoxigenic fungibased on sequencing of ITS regions of fungal 

genome using universal pair of primers (ITS1 & ITS4) and biosynthesis gene profiling by 

using specific set of primers against targeted genes. The toxigenic funguswhen grown on 

corn grains and analyzed through HPLC showed positive results for AFB1. For 

biosynthesis gene profiling, two regulatory (aflR, aflS)and five structural (aflQ, aflpP, 

aflD, aflM, aflO) genes were targeted. The genetic pathway analysis showed that all the 

studied targeted genes were present in A. flavus isolate.  Moreover, detection analysis of 

aflatoxin-B1 by the development of surface plasmon resonance based biosensor and 

enzyme linked immunosorbent assay using customized monoclonal antibodies and 

AflatoxinB1-protein conjugate were developed that presented notable analytical 

characteristics when maize was used as sample matrix. The key analytical features of 

assay presented are LoD (IC20)as 0.86 ±0.05 (ng g-1), the half-maximal inhibition curve 

(IC50) as 3.62±0.06 ng g-1, CV as 3-14% and average recovery of 99.6%. For biosensor 

based assay development, CM5 chip surface was effectively immobilized with AFB1-ova 
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albumin conjugate and was used in BIAcore equipment for biospecific interaction 

analysis. The dynamic range, limit of detection (LoD) and the half-maximal inhibition 

concentration (IC50) was observed as 3.04 to 31.9 ng/ml, 3.04 ng/ml  and 12.7 ng/ml, 

respectively. 

For biological decontamination of AFM1 in milk samples, lactic acid producing 

bacteria were utilized to determine their potential using ELISA in viable, heat treated and 

acid treated forms for aflatoxin binding. All the LAB cells utilized in the current study 

were able to decontaminate the aflatoxin M1from milk samples. The LAB cultures used 

were Lactobacillus plantarum, Lactobacillus fermentum, Lactobacillus 

paracaseiandLactobacilluscoryniformis. The toxin (AFM1) binding potential observed 

was 92.30-98.77%, 68.62-80.63% and 56.04-72.64% for heat killed, acid killed and 

viable cells, respectively. The most promising results were found in case of heat killed 

LAB cells while relatively low toxin binding was observed in case of acid killed and 

viable LAB cells. The viable LAB cells were found to be lowest in toxin binding capacity 

than heat and acid killed bacteria. 

CONCLUSION 

In conclusion, molecular characterization and aflatoxin biosynthesis gene 

profiling will enable to identify aflatoxigenic fungi. While, early detection-early control 

approach can minimize the loss and can help to control aflatoxin in food and feed 

commodities. For this approach, sensitive assay development can play key role for 

mitigation of aflatoxin level according to regulatory requirement. As concentration of 

AFM1 is directly linked with concentration of AFB1 in animal feed, so early detection of 

AFB1 in feed ingredients will enable to control AFM1 contamination in milk products. 

Moreover, biological decontamination approach using beneficial microorganisms is the 

most recurrently applied one and is very promising choice due to its efficiency, 

specificity, cost-effectiveness and environmentally friendly nature. Lactic acid bacteria 

(LAB) are frequently employed as AFM1binding agents in milk because of rapid and 

high binding abilities and wide distribution in nature. The LAB cells used in current study 

are potentially capable to decontaminate AFM1 and can be further modified to enhance 

their potential capabilities. Based on results, further studies are recommended to 

investigate potential role of LAB cells with other microorganisms such as yeast and 

enzymes to intensify the mutual beneficial effects associated with these microbes along 
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with qualitative changes in matrix. The study has potential significance in offering an 

applicable and point of use method for controlling aflatoxins in food and feed products. 

Similar studies can be replicated for other toxins and feed ingredients.  
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APPENDICES 

 

Appendix-1 

 

Autoclave     HVE-50, Hirayama, Japan 

Microcentrifuge 1-14, Sigma, Germany 

Low Temperature Freezer (-20) MDF-U334, Panasonic, Japan 

Ultra Low Temperature Freezer (-80) MDF-U33V, Panasonic, Japan 

Digital pH meter Multi-9420, WTW, Germany 

Analytical Balance AUW-320, Shimadzu, Japan 

Incubator IPP-750, Memmert, Germany 

Inverted Microscope DH1500T, Meiji Techno, Japan 

Laminar Air Flow SHC-4AX, Streamline, Singapore 

Temperature Controlled Centrifuge Z326K, Hermle, Germany 

ELISA Reader ELx808IU, Biotek, USA 

UV/Vis Spectrophotometer                         LMSP-UV1200PC, Labman, India 

Orbital Shaker U4000, Irmeco, Germany 

Oven                                                             BK-4266, EHRET, Germany 

Gel Documentation & Analysis System INGENIUS3, Syngene, England 

Nanodrop Spectrometer Colibri, Titertek Berthold, Germany 

Ice Flake Maker  AF 156 AS, Scotsman, Italy 

Block Heater  HB-1, Wealtec, USA 

Gradient Thermal Cycler Gradient Multi Gene, Labnet, USA  

  

Instruments Used 
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Appendix-2 

Directions: 

Suspend 22.75 grams in 500 ml distilled water. Heat to boiling to dissolve the medium 

completely. Sterilize by autoclaving at 15 lbs pressure (121°C) for 15 min. Cool to 45-

50°C and aseptically add sterile rehydrated contents of 1 vial of Chloramphenicol 

Selective Supplement (FD033). Mix well and pour into sterile Petri plates. 

      

  

Aspergillus Differentiation Medium (AFPA) Base  
(Cat # M1127, HiMedia, India) 

Composition g/L 

Peptic digest (animal tissue) 10 

Yeast extract 20 

Ferric ammonium citrate 0.500 

Dichloran 0.002 

Agar 15 

Final pH (25 °C) 6.3±.2 
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Appendix-3 

Reagents: 

1) Extraction buffer: 

Tris-HCl, pH 8.5  200 mM 

NaCl   250 mM 

EDTA   25 mM 

SDS    0.5% (w/v) 

2) 3 M Sodium acetate buffer, pH 5.2 

3) Isopropanol (ice-cold) 

4) 70% (v/v) ethanol 

5)  Optional: TE buffer (1 mM Tris, pH 8.0; 0.1 mM EDTA, pH 8.0) 

 

  

Rapid Extraction of Fungal DNA for PCR Amplification (Cenis, 1992) 



 

145 
 

Appendix-4 

 

S. No. Ingredients Quantity (g L-1) 

1 Trisodium citrate (Na3C6H5O7.5H2O) 2.5 

2 KH2PO4, anhydrous 5.0 

3 NH4NO3, anhydrous 2.0 

4 (NH4)2SO4 4.0 

5 MgSO4.7H2O 0.2 

6 Peptone 2.0 

7 Trace element solution (B) 10 ml 

8 Vitamin solution (C) 5 ml 

9 CaCl2.2H2O* 0.1 

10 Tween 80 (optional) 1.0 

 

Weigh the Vogel salts and mix in distilled water one by one to prevent possible 
precipitation in Erlenmeyer flasks. 

*If CaCl2.2H2O has to be used, then it should be prepared separately (100 mg in 20 ml 
water) and added drop wise. 

B: Wolfe’s Trace Minerals Solution 

S. No. Ingredients Quantity 

1 Nitrilotriacetate (Nitriloacetic acid) 1.5 g 

2 MgSO 4.7H2O 3.0 g 

3 MnSO4. H2O 0.5 g 

4 NaCl 1.0 g 

5 FeSO4.7H2O 100 mg 

6 CoSO4 100 mg 

7 CaCl2 82 mg 

8 ZnSO4.7H2O 100 mg 

9 CuSO4.5H2O 10 mg 

10 Al K (SO4)2 10 mg 

A: Composition of Vogel’s Medium (Vogel, 1956) 
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11 H3 BO3 10 mg 

12 Na2MoO4.2H2O 10 mg 

13 Distilled Water 
Bring volume to 1 
liter 

 

C: Wolfe’s Vitamins Solution 

S. No. Ingredients 
Quantity  
(mg/L) 
 

1 Biotin 2.0 

2 Folic acid 2.0 

3 Thiamine-HCl 5.0 

4 Riboflavin 5.0 

5 Pyridoxine-HCl 10.0 

6 Cyanocobalamine 0.1 

7 Nicotinic acid 5.0 

8 Calcium D-(+)-pantothenate 5.0 

9 p-Aminobenzoic acid 5.0 

10 Thioctic acid 5.0 

Add ingredients to distilled/deionized water and bring volume to 1 liter. Mix 

thoroughly and filter sterilize. Instead of trace element and vitamin solutions, yeast 

extract (2 g L-1) can be used. Adjust pH of the medium to 5.0 using 1M HCl/1M NaOH 

and bring volume to 1 liter. Autoclave for 15 min at 121 °C. 

For inoculum preparation: 

After autoclaving the Vogel’s medium, aseptically add appropriate volume of 20% 

(w/v) autoclaved glucose stock solution (200 g/L or 10 g/50ml) in each flask to have a 

final concentration of 2% (w/v) glucose (20 g/L). 
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Appendix-5 

Reagents: 

1) 50X Tris-acetate EDTA buffer (TAE):  

Tris base     242 g  

Glacial acetic acid    57.1 ml 

0.5 M EDTA (pH 8.0)   100 ml 

Make up the final volume with distilled water to 1,000 ml.  

2)  Ethidium bromide stock solution (10 mg/ml) 

3) 6X DNA loading dye (Fermentas, Lithuania, cat # R0611): 

Bromophenol blue    0.03% (w/v)  

Xylene cyanol FF   0.03% (w/v)  

Glycerol     60% (v/v) 

EDTA    60 mM  

Tris-HCl (pH 7.6)   10 mM 

Dissolve in distilled water.  

 Mix DNA fragments or PCR amplified products with 6X DNA Loading 

Dye (Final conc. 1X) and  separate them by electrophoresis (5V cm of the gel) on 

0.8-1% (w/v) agarose gels in 0.5X TAE buffer containing ethidium bromide 

(Final conc. 0.5-2 μg/ml). Visualize the gels under UV light. Estimate the DNA 

fragment sizes by comparison with GeneRuler™ (Fermentas, Lithuania, cat # 

SM0311) 1kb DNA ladder. 

  

  

Reagents for Agarose Gel Electrophoresis 
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Appendix-6 

Reaction mixture set up: 

 After thawing on ice, gently vortex and briefly centrifuge all solutions. 

 Add, in a thin walled PCR tube, on ice: 

 

Component 
Volume of 
component 

(For 25 μL reaction) 
Final concentration 

Template DNA (Genomic) 2.5 μL 100 ng  
Range (25-100 ng) 

dNTP mix (10 mM) 0.5 μL 0.2 mM (200 μM each) 
Range (100-250 μM) 

Pfu Buffer with MgCl2 
(10X) 

2.5 μL 1.0X (2.0 mM) 

Forward Primer  
10 μM (10 pmol μL-1) 

0.5 μL 0.2 μM (0.2 pmol μL-1) 
Range (0.05-0.25 μM) 

Reverse Primer  
10 μM (10 pmol μL-1) 

0.5 μL 0.2 μM (0.2 pmol μL-1) 
Range (0.05-0.25 μM) 

Pfu polymerase (2.5 U μL-1) 0.5 μL 2.5 U 

Double distilled deionized 18 μL  

 

 Gently vortex sample and briefly centrifuge to collect all drops from walls of tube. 

 Overlay sample with half volume of mineral oil or add appropriate wax amount 

(This step may be omitted if thermocycler is equipped with a heated lid. Place 

samples in a thermocycler and start it). 

 

  

PCR Mixture 
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Appendix-7 

The PCR profile used is given below: 

1) Denaturation    94°C for 5 min      (1 cycle) 

2) Denaturation     94°C for 60 sec 

3) Annealing    50°C for 60 sec     (30 cycles) 

4) Extension     72°C for 1.5 min 

5)  Final extension     72°C for10 min     (1 cycle) 

6) Hold      4°C 

 

 

 

 

 

 

  

PCR Profile 
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Appendix-8 

 

Component 

FAPC Buffer 

FAPCK001 

30 ml 

FAPCK001-1 

110 ml 

Wash Buffer* (Concentrated) 12.5 ml 45 ml 

Elution Buffer 5 ml 20 ml 

FAPC Column 50 Pcs 200 Pcs 

Collection Tube 50 Pcs 200 Pcs 

 

  

Contents of PCR Purification Kit 
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Appendix-9 

 
Composition       Quantity 

Distilled HO       1 liter 

(NH4)H2PO4      10 g 

K2HPO4      1 g 

MgSO4.7H2O       0.5 g 

KCI        0.5 g 

FeSO4.7H2O       0.01 g 

Sucrose       30 g 

HgCl2       5 x 10-4 M 

Corn steep liquor     0.5 g 

Agar        20 g 

 

pH adjusted to 5.5 with 1 N NaOH before the addition of agar.  

Corn steep liquor is a corn product used in the media. 

  

Aflatoxin Producing Ability (APA) Media (Hara et al., 1974) 
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Appendix-10 

Phosphate Buffer Solution (PBS):  (For 1 liter of 1X PBS) 

Start with 800 ml of distilled water. Add 8 g of NaCl, 0.2 g of KCl to it, and 1.44 

g of Na2HPO4. Then add 0.24 g of KH2PO4 and adjust the pH to 7.4 with HCl. 

Finally, add distilled water to a total volume of 1 liter. 

ELISA Wash Buffer: 

 Take 90±0.1g sodium chloride and dissolve in 1 liter of deionized water. Add 

12.5 ml 10% Tween-20. Make final volume to 10 liters with deionized water.  

Coating Buffer (Carbonate / Bicarbonate Buffer, pH 9.6): 

Take 16 ml of 0.2 M sodium carbonate solution and add it to 34 ml of 0.2 M 

sodium bicarbonate solution. Make final volume to 200 ml with deionized water. 

Coating buffer should be prepared fresh each day. 

Stop Solution (2.5 M Sulphuric acid): 

Take 500 ml deionized water in a beaker and add 132.5 ml sulphuric acid, slowly 

with constant stirring. Transfer solution to a 1 liter volumetric flask. Rinse beaker 

with 200 ml deionized water and add this acid solution to the volumetric flask. Make 

final volume to 1 liter with deionized water. Mix it properly. Store solution at room 

temperature.   

Blocking Buffer: 

Take 2±0.01g dried skim milk. Dilute it to make final volume to 100 ml with 

deionized water and mix well. Blocking buffer should be prepared fresh each day. 

  

Buffers / Solutions used in ELISA 



 

153 
 

Appendix-11 

 

Aflatoxin 
STD STD Buffer Total Volume  
ng/ml µL µL ml 

AFB1 (1 mg/ml) 

1000 5 4995 5 
100 200 1800 2 
50 1000 1000 2 
10 400 1600 2 
5 1000 1000 2 

2.5 1000 1000 2 
1 800 1200 2 

0.5 1000 1000 2 
0* 

   

AFB2 (0.5 mg/ml) 

1000 10 4990 5 
100 200 1800 2 
50 500 500 1 
10 200 800 1 
5 500 500 1 

2.5 500 500 1 
1 400 600 1 

0.5 500 500 1 
0*    

AFM1 (10 µg/ml) 

1000 500 4500 5 
100 200 1800 2 
50 1000 1000 2 
10 400 1600 2 
5 1000 1000 2 

2.5 1000 1000 2 
1 800 1200 2 

0.5 1000 1000 2 
0*    

AFG1 (0.5 mg/ml) 

1000 10 4990 5 
100 200 1800 2 
50 500 500 1 
10 200 800 1 
5 500 500 1 

2.5 500 500 1 
1 400 600 1 

0.5 500 500 1 
0*    

AFG2 0.75mg/ml 

1000 10 4990 5 
100 200 1800 2 
50 500 500 1 
10 200 800 1 
5 500 500 1 

2.5 500 500 1 
1 400 600 1 

0.5 500 500 1 
0*    

*where “0” STD means 50 µL (PBS Buffer) as control.   
For preparation of next dilution, the mentioned volume of STD was taken from last 
prepared dilution. 

Aflatoxin Standards Prepared in PBS Buffer for Calibration Curve 
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Appendix-12 

 
 

  

  

 

MRS Media (de Man et al, 1960) 
(cat # M641, HiMedia, India) 

Sr. No. 

1 

Ingredients 

Oxide peptide 

Quantity (Per Liter) 

10 g 

2 Meat extract 10 g 

3 Yeast extract 5 g 

4 Glucose 20 g 

5 Tween 80 1 ml 

6 K2HPO4 2 g 

7 Triammonium citrate 2 g 

8 MgSO4.7H2O 0.2 g 

9 MnSO4.4H2O 0.05 g 

10 Agar 10 g 

 


