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Abstract 
Aflatoxin is the most potent toxic substances, these are the group of closely related mycotoxins 
produced by fungus i.e. Aspergillus flavus. Twenty seven isolates of A. flavus designated as Af-1, 
Af-2, Af-4, Af-5, Af-7, Af-9, Af-11, Af-12, Af-13, Af-15, Af-25, Af-28, Af-31, Af-33, Af-34, Af-35, Af-36, 
Af-37, Af-39, Af-40, Af-46, Af-47, Af-54, Af-55, Af-58, Af-59 and Af-60 were collected from different 
agro climatic conditions from chilies (Capsicum frutescence) samples. Random amplified polymor- 
phic DNA-PCR analysis was used to investigate genetic variation among these isolates. Molecular 
variability study was done to find out the best annealing temperature and sixty primers were 
screened to select for maximum polymorphism of DNA. The best annealing temperature was rec-
orded 34˚C for the pathogen and most efficient amplification and polymorphism of DNA was found 
with random primer 5’-CAGGCGCACA-3’. This primer sequence had also been identified as a typical 
A. flavus isolate which produced sclerotia in APA medium. In another set of experiments, occur-
rence of aflatoxin B1 in chilies from India was determined by using indirect competitive ELISA in 
work undertaken in Indian Institute of Vegetable Research, Varanasi, India. Among twenty chilies 
samples, the toxin concentration ranged from 15.3 - 782.3 µg/kg and all chilies samples were pos-
itive for aflatoxin B1. Out of twenty seven A. flavus isolates, seven samples were found to be tox-
igenic. UAS Dharwad (B) chilies sample was found most toxigenic because it was found to be pro-
ducing maximum yellow fluorescence light on exposure of UV (365 nm) light. 
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1. Introduction 
Chilies are one of the most important crops of India. Aflatoxins are heat stable compounds and normally do not 
easily degrade during common food or feed processing. Residual effect of this toxin is high and it does not de-
grade at high temperature up to 280˚C. Many researchers have studied the pathway of aflatoxin biosynthesis and 
they have devised strategies to intervene its production so that its contamination can be reduced [1]. PCR-based 
technique, involving the random amplification of polymorphic DNA (RAPD) has been used for assessing ge-
nomic variability among a wide range of culture collection strains of Aspergillus and related species. The utility 
of DNA markers as RAPD-DNA employ it as well established sample molecular marker tool for detecting ge-
netic variability for many phytopathogenic fungi. RAPD polymorphism results from a nucleotide base change, 
an insertion or deletion that alters the primer binding sites. This product can be polymorphic and may be used as 
genetic markers for extensive genetic variation analysis. An advantage of this technique is that the primers are 
universal and they can be used for genomic analysis of a wide variety of species. The research project of ana-
lyzing genetic diversity by RAPD-PCR is very useful to detect similarities and differences in different fungal 
species. Random amplified polymorphic DNA more or less randomly distributed in the whole genome [2]. 

A. flavus is known as contaminant of different agricultural commodities such as peanut, chilies, rice, maize, 
barley, sorghum and milk. India is the major exporter of the chilies crop and the level of other exporting coun-
tries were China (24%), Spain (17%), Mexico (8%), Pakistan (7.2%), Morocco (7%) and Turkey (4.5%). Chilies 
are subject to various pest and disease constraints to optimal production. The contamination of the crops with 
aflatoxin from the growth of A. flavus and/or Aspergillus nominus is one of the most serious problems [3]. Afla-
toxins are the most dangerous mycotoxin and are extremely carcinogenic [4]. The toxicity of aflatoxin is due to 
“Bisfuronococematin” compound which may causes liver cancer in human beings, chicken and cattles. Pulmo-
nary aspergillosis, mycotic endocarditis and mycotic meningitis are common human health problems caused by 
Aspergillus sp. [5]-[7]. The growth of aflatoxin producing Aspergillus species depends on a substrate and envi-
ronmental factors, such as water activity, temperature, pH and microbial competition. A. flavus and A. paraciti-
cus are considered as xerophilic since they can grow at low water activities (aw 0.75 - 0.8) [8]. The common 
toxigenic species of Aspergillus are A. flavus, A. ochraceous, A. parasiticus, A. coctatus, A. pseudotumarin, A. 
bombycis and A. nominus, [9] and [10]. Aflatoxin from chili may be threat to the health of population and a con-
straint on development in India. The Aflatoxin B1 is very much harmful to the humans; it is highly carcinogenic 
in nature [10]. In India, it is also a great problem and creates economic loss. Among all storage fungi contamina-
tion of A. flavus lacks host specialization is much deadly and cause many acute and chronic effects on human 
being [11], animals and plant [12] because aflatoxin production is more stable in nature than in culture. The EU 
has a stipulated maximum residual level (MRL) of aflatoxin for species at 5 µg/kg for AFB1 and 10 µg/kg for 
total aflatoxins (B1 + B2 + G1 + G2) (Commission regulation 2002). However India has statutory standards or 
regulation for this commodity [13].  

The aim of the present study was to characterize twenty seven different isolates of A. flavus at molecular level 
and also study the concentrations of aflatoxin in various chilies samples which highlighting the aflatoxin B1 
along with identification of toxigenic strains among different isolates of A. flavus under the fluorescent UV light. 
Limited research on various aspects of Aflatoxin and Aspergillus on chilies fruit encouraged us to investigate 
into this problem. 

2. Materials and Methods 
The analytical grade chemicals were used in all experiments of this manuscript. 

A. flavus cultures isolated and purified from infected dry chilies samples collected from different agro-cli- 
matic zones of India and purified by the hyphal tip method. A. flavus isolates were also confirmed by the mor-
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phological study. They were stored at 4˚C on PDA slants ( Peeled potato slices 200 g, dextrose 20 g, agar-agar 
20 g, distilled water 1000 ml) for further study. 

2.1. Molecular Characterization 
All isolates are being maintained at the Indian Institute of Vegetable Research, Varanasi (U.P.) India. 

2.2. Fungal DNA Extraction 
Fungi were grown in 50 ml of potato dextrose broth medium for 10 days at 25˚C ± 1˚C temperature in BOD. 
DNA was extracted by pure mycelial culture of A. flavus according to CTAB protocol [14].  

2.3. PCR Amplification 
PCR was carried out in a final volume of 25 µl, containing 10 mM of oligonucletide primer (1 µl) 20 mM of 
each of the four deoxynucleotide triphosphates (0.75 µl) 25 mM MgCl2 (1.0 µl), 0.35 µl of Taq DNA polyme-
rase (Genei) 10× Assay buffer (2.5 µl ) and 1.0 µl templet DNA (30 mg/µl). Primers 5’-AAGGCTCGTC-3’, 
5’-CACGGCGAGT-3’, 5’-TTCGAGCCAG-3’, 5’-CAGGCGCACA-3’ and 5’-AAAGCTGCGG-3’ were cho-
sen after preliminary screening of sixty primers. The reaction mixture was overlaid with 10 µl of mineral oil and 
the tube was microfuged at 13,000 g for 10 s. Amplification was carried out in a gradient thermal cycler (Ep-
pendorf) with initial denaturation of 94˚C for 4.0 min and 40 cycles of 94˚C for 1.0 min, 34˚C for 1.0 min and 
72˚C for 5 min. 

2.4. Electrophoresis 
Twenty µl of PCR product were mixed with 6 µl of gel loading buffer (0.25% bromophenol blue, 0.25% xylene 
cynol and 30% glycerol were dissolved in 1× TAE buffer) and subjected to electrophoresis at 65 V for 3 h in 
1.2% agarose gel, prepared in 1× TAE buffer (40 mM Tris acetate 1 mM EDTA, pH 8.0). Ethidium bromide 
was added to the agarose gel at 6 µl/100ml for staining. A ladder (Lambda DNA/Eco RI + Hind III) was used as 
a size standard. DNA was visualized by trans-illuminator with u.v. light and photographed. For each fungal iso-
lates, individual RAPD markers were scored for their presence (value = 1) or absence (value = 0). RAPD scores 
were used for similarity analysis using Jaccord coeffiecient and clustering using UPGMA (Unweighted Pair 
Group Method of Arithmetic average). It was constructed using numerical taxonomy and multivariate analysis 
system software [15]. 

3. Chemical and Regents for Indirect Competitive ELISA 
Twenty chilies samples (Figure 3 from S1 to S20) including powder and intact samples were collected randomly 
from market, shops and chilies growing area between May and June from different agro-climatic zones of India. 
Samples were stored at −4˚C in sealed polythene bags until analysis and it was tested for aflatoxin B1 by indirect 
competitive ELISA. All the material was obtained from Fluka, Sigma (USA) for the preparation of reagents. 

3.1. Reagents  
The following reagents were used to perform indirect competitive ELISA: 

AFB1-BSA conjugates (supplied from ICRISAT, Hyderabad), Phosphate buffer saline (PBS) contains, 
Na2HPO4 (2.38 g), KH2PO4 (0.4 g), KCl (0.4 g), NaCl (16.0 g), Carbonate buffer (coating buffer) contains, 
Na2CO3 (1.59 g), NaHCO3 (2.93 g), Phosphate buffered saline with Tween-20 (PBS-T) contains 0.5 ml of 
Tween-20, Albumin bovine serum (BSA) contains 200 mg BSA dissolved in 100 ml PBS-T and Antiserum 
contains 1.5 µl of antiserum. 

3.2. Preparation of Healthy Chilies Extract for Standard Solution of ELISA 
Red healthy chilies pods were harvested from field and dried at 80˚C for three days in hot air oven. After that, 
few chilies samples were again dried in sun light and were incubated in BOD at 28˚C by maintaining humidity 
and covered with transparent plastic sheet in a plastic tray to confirm A. flavus free chili. After 48 hours the ob-
servations were taken. Those chilies samples which found to be free from A. flavus or any other contaminants 
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that was selected for methanol extraction and used as healthy chilies extract for aflatoxin negative control. 

3.3. Positive Control 
10% healthy chilies extract were prepared in BSA, now 2.5 µl AFB1 added in 1 ml of healthy chilies extract. 
Therefore this solution would be 25 ng/100µl toxin concentration for standard. It was used as positive control. 

3.4. Dilution of Enzyme Labeled IgG 
Added 5 µl original anti-rabbit IgG in 20 ml of BSA in a tube and vortex it for proper mixing. 

3.5. Substrate Preparation 
One of tablet (20 mg) of p-nitro phenyl phosphatase dissolved in 40 ml of 10% diethanolamine. 

3.6. Methanol Extraction from Chilies Samples 
Twenty chilies samples were collected from different states of the country (Figure 3) and these chilies samples 
were previously dried in oven and ground to fine powder with the help of mixer. 20 g of each chilies powder 
was ground in 100 ml of 70% ethanol with help of pestle and mortar. This ethanol was already supplemented 
with 0.5% KCl. It was filtered with Whatman filter paper No. 1 and the filtrate collected in plastic bottles sepa-
rately and stored at −20˚C for further analysis of aflatoxin through ELISA.  

3.7. Standard Protocol for Indirect Competitive ELISA 
1) Step 1. 2.5 µl AFB1 BSA were taken in 25 ml of carbonate buffer (coating buffer) in a dry sterilized oak 

ridge tube to make a final concentration i.e.100 ng/ml. 
2) Step 2. Coating: above mixture was mixed properly by vortex and dispensed 150 µl in each well of ELISA 

plate with the help of multichannel pipette and was incubated at 37˚C for 2 hours.  
3) Step 3. After incubation, it was washed three times with PBS-T upto three minutes for each washing with 

help of wash bottles. 
4) Step 4. Blocking—After washing, 150 µl of 0.2% BSA (prepared in PBS-Tween) added in each well of 

ELISA plate and incubated at 37˚C for 1 hr.  
5) Step 5. Washed these ELISA plate, three times with PBS-T as in Step 3. After washing positive and nega-

tive control samples of Aflatoxin along with test samples were loaded and antiserum dilution was done in dif-
ferent wells of ELISA plate.  

6) First two rows of ELISA plate were chosen for standard preparation with two replications and 10 test sam-
ples were loaded from third row of ELISA plate starting from well No. 2 to 11, Well No. 2 contains 100 ng/µl 
aflatoxin concentration and serial dilution was done from well No. 2 - 10 and Well No. 11 is completely free of 
toxin. 

7) Step 6. Now total volume in all wells was adjusted 100 µl including all positive and negative control sam-
ples. Now 50 µl antiserum were loaded in each well of test sample and incubated at 37˚C for one hour.  

8) Step 7. After incubation, this ELISA plate was washed three times with PBS-T and loaded 150 µl of pre-
pared IgG in each wells and again incubated at 37˚C for 1 hour. After that, this plate was again washed with 
PBS-T. 

9) Step 8. Now 150 µl of freshly prepared substrate solution loaded in each wells and kept it for 30 - 45 
minute at room temperature in dark condition for the color development. 

10) Step 9. Finally O.D. was taken at 405 nm with ELISA reader. A standard graph was plotted for log con-
centrations of standard solution and O.D. to obtain the concentration of test sample and then calculated the 
reading for concentration of AFB1 µg/kg in test sample by following formula: 

( ) ( )1AFB g kg A B E Gµ = × ×  

where, A = AFB1 concentration in diluted or concentrated sample extract (ng/ml); 
B = Time dilution with buffer; 
E = Extraction solvent volume used in ml; 
G = Sample weight in g. 
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3.8. Isolation and Purification of A. flavus from Dry Red Chilies Samples 
In another set of experiments the toxigenicity identification of different isolates of A. flavus carried out. For 
these purpose twenty seven chilies samples were screened, using blotter paper technique for fungal flora (partic-
ularly A. flavus). Chilies fruits were selected and surface sterilized by serially dipping in antibiotic solution 
(Streptocyclin @ 200 - 300 ppm) for 1 minutes, then 1% solution of sodium hypochloride (NaOCl) for 1 - 2 
minutes and finally washed with distilled water for three times to remove residue of NaOCl from chilies fruits. 
These sterilized fruits were kept in moist chamber, using sterilized Petri plates, filter paper disc and sterile dis-
tilled water and incubated at 25˚C. It was observed after five days of incubation, the particularly for the emer-
gence of A. flavus. The hyphal tip of suspected to A. flavus on incubated chilies fruits were taken by sterilized 
needle and also inoculated on PDA Petri plates and incubated in BOD for 5 days at 28˚C. After 5 days of incu-
bation the spores from the margin of apparently distinct colonies was sub cultured on fresh PDA Petri plates. 
The pure culture of the A. flavus taken from hyphal tip (periphery of the colony) was transferred into new fresh 
slants. In this way the culture of different isolates were purified and maintained for sub-culturing in-subsequent 
experiment. These isolates are designated as Af-1, Af-2, Af-4, Af-5, Af-7, Af-9, Af-11, Af-12, Af-13, Af-15, Af-25, 
Af-28, Af-31, Af-33, Af-34, Af-35, Af-36, Af-37, Af-39, Af-40, Af-46, Af-47, Af-54, Af-55, Af-58, Af-59 and Af-60. 
For this toxigenicity identification experiment was laid out. The following specific medium was prepared to find 
out the toxigenic strain of A. flavus reported by [16] i.e. known as aflatoxin producing agar medium (APA me-
dium). This specific medium contains (NH4)H2PO4—10 g, K2HPO4 —1 g, MgSO4∙7H2O—0.5 g, KCl—0.5 g, 
FeSO4∙7H2O—0.01 g, Sucrose—30 g, HgCl2 (135.5 mg/l)—5 × 10−4 mole, ZnSO4—0.25 g, Sodium extract— 
0.01 g, Agar—20 g, Chilies extract—200 ml and Distilled water maintained up to 1000 ml. 

3.9. Preparation of Chilies Extract 
100 g dry intact chilies were soaked in 200 ml of distilled water and boiled for 20 minute at 100˚C then filter 
with blotter paper and the filtrate were used as chilies extract for APA medium preparation as mentioned above. 
This medium was autoclaved at 121˚C for 15 minutes and poured in 100 mm of Petri plates, 5 mm culture disc 
of A. flavus were inoculated on these medium and incubated at 28˚C ± 1˚C temperature in BOD for 8 days. 
Plates were examined under UV light (365 nm) illumination on 8th days of incubation for the presence and ab-
sence of greenish yellow fluorescence in the agar surrounding the colony.  

4. Results and Discussion 
Molecular studies were carried out to find variability in isolates of A. flavus by RAPD-PCR. Five random pri-
mers (5’-AAGGCTCGTC-3’, 5’-CACGGCGAGT-3’, 5’-TTCGAGCCAG-3’, 5’-CAGGCGCACA-3’ and 5’- 
AAAGCTGCGG-3’) were selected for preliminary screening of 60 random primers because of their reproduci-
ble results of polymorphism between individuals. These primers were used to survey the genetic diversity within 
a collection of 27 isolates of A. flavus. Of twenty seven isolates (i.e. Af-1, Af-2, Af-4, Af-5, Af-7, Af-9, Af-11, 
Af-12, Af-13, Af-15, Af-25, Af-28, Af-31, Af-33, Af-34, Af-35, Af-36, Af-37, Af-39, Af-40, Af-46, Af-47, Af-54, 
Af-55, Af-58, Af-59, and Af-60) collected from different agro climatic region were screened with sixty random 
primers. The best annealing temperature, PCR conditions and best primer sequence for A. flavus standardized. 
The ideal PCR condition was 42 cycles of denaturation at 95˚C for 3.0 minute, annealing at 34˚C for 40 second 
was recorded as optimum annealing temperature (Figure 1) and used for further and extension for 1.20 second 
at 70˚C. The most efficient amplification and polymorphism of DNA were found by 5’-CAGGCGCACA-3’. 
The primer clearly amplified DNA of Af-5, Af-7, Af-9, Af-13, Af-47, Af-54, Af-58, and Af-59 with prominent 
DNA band of same size. Sclerotia were also observed in isolates of Af-5, Af-7, Af-9 and Af-13 and maximum 
polymorphism observed in these isolates. The close relation among Af-54, Af-58 and Af-59 isolate with 80% si-
milarity coefficient was recorded. The isolates Af-5, Af-7 and Af-9 may be having the least variability at mole-
cular level. The primer sequence may be helpful in identifying the typical A. flavus isolates producing sclerotia 
in culture media and further study of RAPD. The isolates, Af-33, Af-34, Af-35, Af-36, Af-37, Af-39, Af-40, and 
Af-46 are unable to produce any bands. So these isolates are clearly confirmed the non-toxigenic isolates of A. 
flavus (Table 2). In present finding, RAPD analysis shows a close relation among Af-7 and Af-9 isolates with 
80% similarity coefficient. It is clear that even similarity of isolates is observed at molecular level. RAPD anal-
ysis of A. flavus isolates indicated that chilies isolates from India are hyper variable with distinct variation 
Figure 2 & Figure 3. 
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Figure 1. DNA profile of 13 isolates of A. flavus by Primer 5’-CAGGCGCACA-3’, isolates Af-1, 
Af-2, Af-4, Af-5, Af-7, Af-9, Af-11, Af-12, Af-13, Af-15, Af-25, Af-28 and Af-31. M = molecular 
marker (Lambda DNA/Eco RI + Hind III).                                               

 

 
Figure 2. DNA profile of 14 isolates of A. flavus by Primer 5’-CAGGCGCACA-3’, isolates 
Af-33, Af-34, Af-35, Af-36, Af-37, Af-39, Af-40, Af-46, Af-47, Af-54, Af-55, Af-58, Af-59 and 
Af-60. M = molecular marker (Lambda DNA/Eco RI + Hind III).                             

 

 
Where S = Chili Sample. S1 = Junagarh (Gujrat) A, S2 = Chunar (Mirzapur, U.P.), S3 = Sangroor (Panjab), S4 = Ko-
vilpatti, (T.N.) (B), S5 = Warangal, (A.P.) (A), S6 = Warangal, (A.P.) (B), S7 = USA Dharwad (Karnataka) (B), S8 = 
Bakonam, (T.N.), S9 = Junagarh, (Gujrat) (B), S10 = Kanpur, (U.P.), S11 = Sundarpur, Varanasi (U.P.), S12 = Guntur, 
(A.P), S13 = Lawad, (U.P.), S14 = Faridabad (Haryana), S15 = Goladeenanath, Varanasi (U.P.), S16 = Kovilpatti, (T.N.) 
(A), S17 = Varanasi, (U.P.), S18 = BCA Sabour, (Bihar), S19 = Dharwad (Karnataka), S20 = Adalpura, (Mirzapur) 

Figure 3. Aflatoxin concentration of twenty chilies samples detected through indirect competi-
tive ELISA.                                                                       
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[17] studied the molecular variability among seventeen isolates of A. flavus by using PCR-RFLP of its region 
or rDNA. They were found that the amplification of a product of approximately 600 bp. Digestion of PCR 
products with the restriction enzymes ECO R I, Hae III and Taq I produced fragments of different sizes. Cluster 
analysis using the unweighted pair group method with arithmetic average (UPGMA). Clearly separate the iso-
lates into five groups confirming the genetic diversity among the A. flavus isolates from maize. The amount of 
AFB1 produced by the isolates of A. flavus ranged from 1.9 to 206.6 ng/ml. one isolates produced the highest 
amount of AFB1 i.e. 206.6 ng/ml. While [18] observed the genetic variability in A. flavus isolates from two Bra-
zilian agro-ecosystems. He found 36 isolates as aflatoxigenic among 48 isolates. One hundred forty one DNA 
bands were generated with 11 random amplified polymorphic DNA (RAPD) and analysed via UPGMA. 

4.1. Isolation and Purification of Organisms from Chilies Samples 
Total twenty seven isolates of A. flavus were selected from 100 chili samples from blotter paper technique. The 
twenty seven isolates were maintained in PDA slant and stored at low temperature (4˚C) for further study 
(Table 1). 
 
Table 1. List of A. flavus isolates obtained from different chilli samples of the country. 

S. No. Designation Location/District State 

1 Af-1 Junagarh (A) Gujrat 

2 Af-2  Junagrah (B) Gujrat 

3 Af-4 Gola Dinanath, Varanasi U.P. 

4 Af-5 Sundarpur, Varanasi U.P. 

5 Af-7 Chunar, Mirzapur U.P. 

6 Af-9 Adalapura, Mirzapur U.P. 

7 Af-11 Dharwad Karnataka 

8 Af-12 Kovilpatti (A) Tamilnadu 

9 Af-13 Kovilpatti (B) Tamilnadu 

10 Af-15 Bakonam Tamilanadu 

11 Af-25 UAS Dharwad  Karnataka 

12 Af-28 Faridabad Haryana 

13 Af-31 Kanpur U.P. 

14 Af-33 Lawad Meerut 

15 Af-34 IIVR-Varanasi U.P. 

16 Af-35 Warangal  A.P. 

17 Af-36 Khamam A.P. 

18 Af-37 Guntur A.P. 

19 Af-39 Varanasi U.P. 

20 Af-40 UAS Dharwad (A) Karnataka 

21 Af-46 Sangroor Punjab 

22 Af-47 Rohatak Haryana 

23 Af-54 BCA Sabour Bihar 

24 Af-55 Chandigarh Haryana 

25 Af-58 Panchkula Haryana 

26 Af-59 Warangal (B) A.P. 

27 Af-60 Rajapur Haryana 
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4.2. Estimation of Aflatoxin through Indirect Competitive ELISA from Various Chilies 
Samples 

The concentrations of Aflatoxin B1 in various chilies samples are presented in Figure 3. The maximum toxin 
were recorded in UAS Dharwad sample followed by Warangal, A.P. (B), Warangal, A.P. (A), i.e. 782.3 µg/kg, 
657.05 µg/kg and 551.3 µg/kg respectively while minimum toxin (15.3 µg/kg) were recorded in 3 districts of 
our country i.e. Junagarh, Varanasi (Sundarpur), Varanasi (Gola Deenanath) and Mirzapur (Adalpura). 305.7 
µg/kg toxin was recorded in Kovilpatti (Tamilnadu), Bakonam (Tamil Nadu), Junagarh, (Gujarat), BCA Sa-
baour, (Bihar).  

4.3. Identification of Toxigenic A. flavus Isolates  
Among 27 isolates of A. flavus, seven isolates were observed as toxigenic and rests of the isolates were found to 
be non-toxigenic. In toxigenic isolate Af-25, produced much fluorescent light after exposing of UV-rays (365 nm) 
followed by Af-2, Af-15, Af-35, Af-54 and Af-59 and the isolate Af-7 and Af-13 produced least toxin. Beside this 
eighteen isolates of A. flavus Af-1, Af-4, Af-5, Af-9, Af-11, Af-12, Af-28, Af-31, Af-33, Af-34, Af-36, Af-37, Af-40, 
Af-46, Af-47, Af-55, Af-58 and Af-60, observed as non-toxigenic isolates (Table 2). 
 
Table 2. List of toxigenic and non toxigenic isolates of A. flavus. 

S. No. Organisms No. Location/District State Intensity of yellow fluorescence in APA 
medium on UV exposure (365 nm) 

1 Af-1 Junagarh (A) Gujrat − 

2 Af-2 (IT) Junagrah (B) Gujrat ++ 

3 Af-4 Gola Dinanath, Varanasi U.P. −  

4 Af-5 Sundarpur, Varanasi U.P. −  

5 Af-7 Chunar, Mirzapur U.P. + 

6 Af-9 Adalapura, Mirzapur U.P. −  

7 Af-11 Dharwad Karnataka −  

8 Af-12 Kovilpatti (A) Tamilnadu −  

9 Af-13 Kovilpatti (B) Tamilnadu + 

10 Af-15 Bakonam Tamilanadu ++ 

11 Af-25 UAS Dharwad (B) Karnataka +++++ 

12 Af-28 Faridabad Haryana −  
13 Af-31 Kanpur U.P. −  
14 Af-33 Lawad Meerut −  

15 Af-34 IIVR-Varanasi U.P. −  

16 Af-35 Warangal (A) A.P. −  

17 Af-36 Khamam A.P. −  

18 Af-37 Guntur A.P. −  
19 Af-39 Varanasi U.P. −  

20 Af-40 UAS Dharwad (A) Karnataka −  

21 Af-46 Sangroor Punjab − 

22 Af-47 Rohatak Haryana −  

23 Af-54 BCA Sabour Bihar ++  
24 Af-55 Chandigarh Haryana −  

25 Af-58 Panchkula Haryana −  

26 Af-59 Warangal (B) A.P. ++  

27 Af-60 Rajapur Haryana −  

+++++ = Maximum yellow fluorescent light recorded. ++ = Medium yellow fluorescent light recorded. + = Low yellow fluorescent light recorded. − 
= No yellow fluorescent light recorded. 
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Regarding estimation of aflatoxin, few workers [19] and [20] did some work on Aflatoxin detection. [19] re-
ported that aflatoxin concentration in toxigenic strain of A. flavus ranges from 10.47 - 482.58 µg/kg obtained in 
peanut sample, while in chilies sample, it is slightly higher than the peanut. Although [21] reported natural oc-
currence of aflatoxin B1 in chilies pods through HPLC. They had reported maximum aflatoxin B1 in chilies pods 
as 5.5 µg/kg. In our chilies samples, the toxin concentration was ranging from 15.3 - 782.3 µg/kg. [19] found that 
88% of A. flavus were toxigenic and aflatoxin producing strain produced maximum 1652.2 µg/kg and minimum 
6.6 - 10.2 µg/kg in chili fruit samples, our findings of toxin concentration are in the range as reported by [19]. 

[22] tested aflatoxin B1 in vitro by indirect competitive enzymes-linked immunosorbant assay in different 
agricultural commodities like maize, groudnut, chiles cotton and tree nuts. The amount of AFB1 produced by 
toxigenic isolates of A. flavus ranged from 6.6 to 108.1 ng/ml. The genetic variability among various isolates 
was RAPD analysis. DNA fragments of between 0.15 and 3.0 kb were obtained using 13 random primers. Theses 
group was indicating that no relationship exist between RAPD profile and the production of aflatoxin by a A. 
flavus [23]. Examined that the genetic relationship between toxigenic and non-toxigenic isolates using RAPD. 
Twenty four RAPD amplifications using a combination of 17 primers discriminated between 20 isolates of A. 
flavus. No association was seen between RAPD genotype and the ability to produce toxin and multiple losses of 
toxigenicity in A. flavus have occurred. While [24] studied the mycological profile of the retail wheat flour, the 
most common genera were Aspergillus. The twenty nine strains of A. flavus were screened for their ability to 
produce aflatoxins. The flour strains produced AFB1 and aflatoxin B2. RAPD technique could not differentiate 
between toxigenic and nontoxigenic strains of A. flavus AF regulatory gene was detected in three flour samples 
and in seven A. flavus isolates. [25] were analysed to by using amplified fragment length polymorphic (AFLPs) 
to compare 82 isolates of Aspergillus section Flavi. AFLP analysis indicates that no genotypical differences can 
be established between aflatoxin and nonaflatoxigenic producers. [26] determined the aflatoxin B1 by using 
HPLC the main concentration in powdered chiles, 32.20 µg/kg was recorded. The concentrations ranged from 
0.00 to 89.56 µg/kg for powdered chilies. The limit of detection and quantification were 0.05 µg/kg and 0.53 
µg/kg, respectively. The concentrations were recorded high in general and greater than the statuary limit set by 
the European Union. 

Many of the workers such as [27]-[35] have done a lot of work for the identification of toxigenic and non 
toxigenic strain of A. flavus. [33] reported that the strain of A. flvaus which produced small sclerotia is less tox-
igenic while those A. flavus isolates which produce large sclerotia are highly toxigenic. Different Aflatoxin pro-
ducing strain of A. flavus determined by fluorescence, in aflatoxin producing agar (APA) medium under U.V. 
(365 nm) light. Total 27 isolates of A. flavus from chili of different provinces of the country, these isolates of A. 
flavus were grown on APA medium. Slight modification was done in these composition of medium as suggested 
by [35] in our experiments and data were taken after 8 days of inoculation by exposing directly UV light (365 
nm) on these A. flavus grown Petri plates. The toxigenic strain of A. flavus plates was giving light yellow fluo-
rescent color on the medium & non toxigenic strain have no effect on exposure of UV light because they were 
not reflecting fluorescent from the APA medium, the result are summarized in Table 2.  

In our experiment one isolate i.e. Af-9 from Uttar Pradesh which produced small sclerotia that was found to be 
lesser toxigenic under the UV light treatment. This isolate is also have much polymorphic bands as compared to 
RAPD analysis so it is completely different from other isolates at molecular level because it is single isolates 
which produce small sclerotia in our experiment. Therefore this is the conformation of results as reported by 
[33]. Besides, these [30] suggested that the microflora and the toxigenicity varied with sample and geographical 
location, similar findings had been observed in our experiment (Table 2) developed one new culture media for 
rapid identification of aflatoxin producing Aspergillus strain. He had found that Aflatoxin producing strain of A. 
flavus flourise blue green fluorescent area surrounding the colony when observed under long wave length (365 
nm) UV light after 3 day of incubation at 20˚C. But in our experiment, greenish yellow fluorescent area was ob-
served in Af-2, Af-7, Af-13, Af-15, Af-25, Af-35, Af-39, Af-54 and Af-59 on exposing UV light (365 nm) after 8 
days of incubation at 28˚C. This variation may be due to the different media composition because the media 
which were taken in our experiment was reported by [35] i.e. APA medium. 

Aflatoxocoses in human was reported in many countries like India, China, Thailand and several African 
countries. Apart from that, due to capacity of aflatoxin to cross the placentation barrier can cause genetic defects 
at fetal stage itself [35], studies relating to aflatoxin exposures of human in India are not much studied. However, 
the problem is present and may break loose at any time in near future, as incidence of aflatoxin contamination in 
food and feeds is very common. Therefore, prevention and management of aflatoxin in different agricultural 
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commodities are very necessary. 
The present study provides new data on molecular characterization of A. flavus in India. The identified primer 

sequence may be helpful in identifying the typical A. flavus isolates producing sclerotia in culture media. The 
contamination with aflatoxin B1 of Indian chilies was found to be higher than that recommended by the EU in 
some cases. This is unacceptable, if the country is to compete in modern open market place, and moreover has 
negative health implications for the population. More careful production of chilies products in India is required. 
Chili production in India may be heavily constrained by aflatoxin contamination simply removing A. flavus may 
be insufficient for control. This technique has been used in the determination of aflatoxins in food will continue 
to be developed and improved. 
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