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Abstract: Experiments were emphasized on critical mycological investigations, followed by evaluation of
mycotoxin contamination and assessment of aflatoxigenic potential of isolates of Aspergillus flavus in different
samples of wheat flours available for consumption in the markets of Jammu. Malls, shops and flour mills of
several areas of Jammu mainly: Jammu East, Jammu West, Gandhi Nagar, Akhnoor, Vijay pur, Samba, RS Pura
and Nagrota were surveyed for the collection of wheat flour samples during November 2013. A total of 15
different non-branded and branded wheat flour samples were collected for this study. During the survey it was
observed that only four commercially branded (packed) wheat flours viz. Shakti Bhog, Double Trishul, Reliance
Select and Balaji are available in the market. Eleven locally milled non-branded (loose) wheat flours (chakki atta)
include Narmada, Lokman and Sujata are commonly consumed on a large scale and retailed in the market as well
as on small scale flour mills (atta chakkis). The percentage of occurrence of Rhizopus spp. and Aspergillus niger
was found to be 70% and 56.66% respectively and was recorded in both types of samples. Therefore,
monitoring of mycotoxins by application of principles of Hazard Analysis Critical Control Point in commodities
along the production chain needs to be emphasised by more sensitive and precise methods.
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INTRODUCTION The naturally occurring aflatoxins are designated as

There are about 5 billion people in developing referred as they emit blue or green fluorescence upon
countries of world are at risk of chronic exposure to exposure to ultraviolet light [5]. 
aflatoxins, through contaminated food [1, 2]. Compared to Warm and humid climatic conditions along with
developed nations, there have been very few enquiries for unscientific storage practices prevalent in Jammu region
mycotoxin checks in wheat flour and wheat flour based provide favourable conditions for the growth of storage
products in India though being consumed as the topmost fungi and their mycotoxin secretion in agricultural
staple food by general public. Wheat (Triticum aestivum commodities. Recently, post harvest association of
L.), belongs to family Gramineae. The main wheat types, moulds  and  aflatoxigenic  strains  of Aspergillus flavus
representing all possible combinations of hard and soft, (A. Flavus) has been reported in different varieties of
red and white, spring and winter categories belong to the wheat grains in Bihar [6], but the specific screening of
genus Triticum aestivum and subspecies vulgare. In wheat flour for the life threatening aflatoxins and their
addition, three other species are cultivated and traded in producers has been thrown upon a very little or no light.
Jammu region viz., Triticum durum, Triticum compactum Hence, we designed the following objectives for our
and Triticum spelta [3]. Toxic syndromes resulting from experimental  studies  on  the  wheat  flour of Jammu
the intake of mycotoxins are known as mycotoxicosis and region.  The  objective  of  the   current   study   was
the symptoms of mycotoxicosis are skin irritation, immune mainly  to  isolate  and  enumerate  the  mycoflora  from
suppression, birth defects, deleterious effects on central wheat flour samples and detection of mycotoxins along
nervous system, cardiovascular system, pulmonary with  aflatoxin  producing  potential of isolated strains of
system, the alimentary tract and can also cause death [4]. A. flavus.

aflatoxin B , B , G , G , M and M  where B and G forms are1 2 1 2 1 2



Distance traveled by solute Rf =
 Distance traveled by solvent
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MATERIALS AND METHODS RESULTS AND DISCUSSIONS

Identification and Enumeration of Fungi: Identification of This study revealed that local and commercial wheat
fungi was performed using different lab manuals [7] and flour, consumed by general public in Jammu is
by observing various morphological and cultural contaminated  by  species  of  Aspergillus,  Penicillium
characteristics. Colony Forming Unit (CFU/g), percent and Rhizopus. These filamentous fungi, belonging to
frequency (Fr %) were recorded. All the samples were Ascomycotina and Zygomycotina groups have been
analyzed for the detection of fungal toxins as described categorised as common contaminants of wheat flour and
by Singh [8]. their infestation in our collected samples are in agreement

Determination  of  Mycotoxins  by  TLC:   TLC  was developed nations [12]. A. flavus and A. terreus occurred
carried  out  with pre coated glass (20×20×0.25cm most frequently, with a percentage frequency of 95.65%
thickness of silica gel D.G.60 Merck, Dramshadt). and 67.33%. This high occurrence of A. flavus as
Aflatoxin  standards  were  prepared in Benzene- observed in our samples agrees with a recent report in
acetonitrile  (98:2,  v/v)  solvent.  50ìL  of  Chloroform Bihar by Kumar et al. [7] and other countries [13]. The
extract was spotted on TLC plates along with the infestation of A. flavus has been often reported from the
standards of aflatoxin B , B , G  and G . Plates were wheat flour and wheat flour based packed food items1 2 1 2

developed  in  Benzene-methanol-acetic  acid  (BMA, available in markets. This problem is further aggravated
24:2:1) solvent. Solvent was allowed to run up to 3/4  part by their ability to secrete life threatening mycotoxins,th

of the plate. After the run is complete, plates were during extended periods of storage in high humidity (70%)
observed under long UV light [9]. All the spots were and favourable temperature ranges (25-35 °C).
marked with pencil and their respective Rf value was The percentage of occurrence of Rhizopus spp. and
calculated as follows. A. niger was found to be 70% and 56.66% respectively

wheat flours by this fungal spp. is therefore, of major

mycotoxins, secreted at different post harvest stages
Aflatoxin  producing   potential   of  Aspergillus which may be cytotoxic, carcinogenic, immuno-

flavus  isolates  was  tested  in  SMKY  liquid  medium suppressant or estrogenic, causing severe disorders in
[10]. humans and animals [9].

with previous studies on wheat in India [11] and other

and was recorded in both types of samples. Infestation of

concern, considering their pathogenic effects and their

Table 1: Fungal colonies and their identification in wheat flour samples.

Wheat flour samples Non-branded/ Branded No of fungal colonies Fungal species Mean value

1 NB 9 AGH 37.911

2 NB 4 AF2

3 NB 5 AEFI3

4 NB 32 AFI4

5 NB 47 AFI5

6 NB 8 ABJ6

7 NB 7 EIJ7

8 NB 54 ADF8

9 NB 161* AEF9

10 NB 20 ABEJ10

11 NB 43 ABCEFGI11

12 B1 65 ABFI#

13 B2 145 ABFHI 92.00$

14 B3 65 ABEFI

15 B4 66 ABEFI

Where, NB – Not branded wheat flour sample. A - Aspergillus flavus, B – A. fumigatus, C - A. luchensis, D - A. nidulans, E - A. niger,  F - A.  terreus,

G - A. ochraceous, H - Penicillium citrinum, I - Rhizopus spp., J – Unidentified (*, $ and # indicate three most heavily fungal infested samples respectively.)
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Table 2: The predominance of Aspergillus species was observed in all the 15 samples.

S. No Fungal species % Frequency CFU/g

1 Aspergillus flavus 95.65 9.0×103

2 Aspergillus fumigatus 56.76 7.5×103

3 Aspergillus luchensis 8.36 0.1×103

4 Aspergillus nidulans 9.66 0.9×103

5 Aspergillus niger 56.66 2.5×103

6 Aspergillus ochraceous 13.33 0.2×103

7 Aspergillus terreus 67.33 32.6×103

8 Penicillium citrinum 23.33 0.7×103

9 Rhizopus spp 70 3.6×103

10 Unidentified 30 -

Table 3: Aflatoxigenic potential of isolates of Aspergillus flavus.

S. No. Sample No. AB AB AG AG Rf value1 2 1 2

1 10 - I + - - - 0.290

2 10 - II - - - - -

3 10 - III + - - - 0.338

4 10 - IV - - - - -

5 11 - I + + - - 0.504

6 11- II - - - - -

7 11- III + - - - 0.496

8 11 - IV - - - - -

9 11 - V + - + - 0.324

10 12 - I + - - - 0.416

11 12 - II - - - - -

12 12 - III + - - - 0.348

13 12 - IV - - - - -

Figs. a-d: Microscopic morphology of mycoflora isolated from wheat flour samples.
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Our study  revealed  that out of all tested branded 2. Phillips, T.D., 2004. Human aflatoxicosis in
and unbranded wheat flour samples, only 20% developing countries: a review of toxicology,
(unbranded)  samples  were  contaminated  with  aflatoxin exposure. Potential health consequences and
B , whereas, other toxins (B , G  and G ) were not interventions. Amr. J. Clin. Nutr., 80(5): 1106-22.1 2 1 2

detected. Previously, Anand et al. [11] have reported the 3. Prikhodo, D. and R. Rybchynsky, 2009. Wheat flour-
presence of only aflatoxin G  in wheat. Workers have Agribusiness handbook, FAO-Food and Agriculture1

repeatedly reported huge deoxynivalenol (DON) Organization, 1-53.
contamination  in  food  substrates,  including  wheat 4. Charoenpornsook, K. and P. Kavisarasai, 2006.
flours (12) [12] of temperate regions, against the large Mycotoxins in animal feedstuffs of Thailand. KMITL
aflatoxins (AFLA) in tropical regions of the world. The Sci. Tech. J., 6(1): 25-28.
aflatoxigenic potential of 13 isolates of A. flavus was high 5. Murphy,  P.A.,   S.   Hendrich,  C.  Landgren  and
and are capable of producing aflatoxins (AB ) as against C.M. Bryant, 2006. Food mycotoxins: an update. J.1

24.13% strains reported by Gashgari et al. [12] in wheat Food Sci., 71(5): 51-65.
flours of Jeddah and 51.35% isolates reported by Kumar 6. Gilman, J.C., 1980. A manual of soil fungi. Oxford and
et al. [12] in wheat grains of Bihar. Some strains of A. IBH pub. Co., 2  edition.
flavus were observed to be non producer of aflatoxins. 7. Kumar, A., N.M. Mandal, S. Roy and A.K. Roy, 2012.
However, it has been established that, the growth of A. Post harvest association of moulds and aflatoxigenic
flavus and subsequent aflatoxin production depend upon strains of Aspergillus flavus in different varieties of
the colonization and biological properties of co-invading wheat grains. J. Mycol. Plant Pathol., 42(1): 132-135.
fungal partners [13]. 8. Singh, P.L., 1988. Studies on deleterious effects of

A. flavus isolates clearly revealed their higher mycotoxin contaminated pulses and its control. P.G.
potential of secretion of aflatoxins in wheat flours of department of Botany, Bhagalpur.
Jammu and thus aflatoxins detected in these contaminated 9. ICMR. 1993. Aflatoxin Training programme,
samples are clearly justified. So, wherever favourable Organized by Central food laboratory, Calcutta. On
climatic conditions are met, toxigenic isolates have high 6 -16  December. 
potency to secrete aflatoxins during various post harvest 10. Diener, U.L. and N. Davis, 1996. Aflatoxin production
processing and storage stages. Therefore, monitoring of by Aspergillus flavus. Phytopathol, 12: 1390-1393. 
mycotoxins by application of principles of Hazard 11. Anand,  R.,   P.S.   Senthil,   C.  Sundaramoorthi  and
Analysis Critical Control Point in commodities along the K. Bhuvaneshwori, 2009. Charecterization of fungal
production chain needs to be emphasised by more contaminants from wheat and the speculation of
sensitive and precise methods. mycotoxin  with reference  to  aflatoxin.  Ad.  Biotech,

Kumar, A., N.M. Mandal, S. Roy and A.K. Roy, 2012. 1: 13-16.
Post harvest association of moulds and aflatoxigenic 12. Gashgari, R.M., Y.M. Shebany and Y. A. Gherbawy,
strains of Aspergillus flavus in different varieties of wheat 2010.  Molecular   characterization   of  mycobiota
grains. J. Mycol. Plant Pathol., 42(1): 132-135. and aflatoxin contamination of retail wheat flours
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