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Sorghum grains suffer from severe infection and colonization by several toxigenic fungi and
subsequent production of mycotoxins, posing a threat to human and animal health. Among all the
mycotoxins, aflatoxins represent one of the most important toxicants considered as important
constraint of grain quality and sorghum production. Various physical and chemical methods of
reducing mycotoxins have been recommended, but only few have been accepted for practical use.
Biodegradation of aflatoxins, deploying microbes is an attractive strategy for mycotoxin management.
This study, therefore explored the potential use of certain biocontrol agents for the reduction of growth
of toxigenic Aspergillus flavus and subsequent aflatoxin B1 (AFB1) production in sorghum. Among all
the biocontrol agents tested, culture filtrate of Rhodococcus erythropolis completely inhibited the A.
-1
flavus growth and AFB1 production at 25 mlkg concentration. The other biocontrol agents, Bacillus
subtilis, Pseudomonas fluorescens and Trichoderma viride showed 72, 74 and 65% inhibition of A.
-1
flavus growth whereas 54, 62.6 and 39% reduction of AFB1 at 200 mlkg of sorghum grains,
respectively.
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INTRODUCTION
Mycotoxin contamination and grain mold of sorghum are
considered as the most important constraints of grain
quality and production, globally. Sorghum grains suffer
from infection and colonization by several fungi during
panicle and grain developmental stages (Waliyar et al.,
2008). Several species of Aspergillus, Alternaria, Cladosporium, Diplodia, Fusarium, Curvularia, Phoma and
Penicillium are among the prevalent grain mold pathogens
in sorghum (Bandopadyay et al., 2000). Infection by
grain mold fungi and mold development are highly
influenced by relative humidity and temperature. Further-
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more, humid and warm conditions during flowering and
grain development stages favour infection and mold
development, whereas dry conditions prevent it (Thakur
et al., 2006). Mycotoxin contamination is regarded as
unavoidable. In other words, it is not possible to use
current agronomic and manufacturing practices to entirely
prevent their occurrence during cultivation, harvesting,
storage and processing operations. Regulatory bodies in
several countries carried out this risk assessment in order
to establish regulatory guidelines aimed at protecting
public health (López-García and Park, 1998; FAO, 2004;
van Egmond and Jonker, 2005). Acute and chronic
harmful effects of mycotoxins on human and animal
health are serious problems in developing nations. Among
all the mycotoxins, aflatoxin B1 (AFB1) is considered as
the most dangerous toxic metabolite because of its
hepatotoxic, teratogenic, immunosuppressive and mutagenic nature. The International Agency for Research on
Cancer has classified AFB1 as a probable human carcinogen (IARC, 1993).
The global occurrence of mycotoxins is considered a
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major risk factor, and according to the Food and
Agricultural Organization (FAO), 25% of the world’s
commodities are annually affected by known mycotoxins
(Schatzmayr et al., 2006). Mycotoxin contamination is a
serious concern that occurs in the field before harvest or
during storage, despite efforts of prevention (Lillehoj,
1983). Therefore, it is important to find practical, cost
effective and non-toxic methods. Various methods have
been developed by deploying various microbes to
degrade these mycotoxins. Detoxification of mycotoxincontaminated food and feed by microorganisms has been
amply documented in the literature (Bhatnagar et al.,
1991; Bata and Lásztity, 1999; Galtier, 1999; Karlovsky,
1999; Mishra and Chitrangada, 2003; Dorner, 2004; Shetty
and Jespersen, 2006). This present study assessed the
effects of certain microbes on growth and aflatoxin
production by Aspergillus flavus infecting sorghum grains.
MATERIALS AND METHODS
Preparation of biocontrol agents

The bacterium, Rhodococcus erythropolis (MTCC 1526) was
cultivated in standard 1 broth (Goodfellow, 1986) comprising 1.5%
(w/v) peptone, 0.3% (w/v) yeast extract, 0.6% (w/v) sodium chloride
and 0.1% (w/v) glucose for 48 h at 30°C in a shaker and the culture
was centrifuged at 10,000 g for 10 min to get cell-free filtrate.
Pseudomonas fluorescens culture (OU-593) was grown in King’s B
broth for 4 days at 28°C under shaker and the cultures were
centrifuged at 10,000 g for 10 min to get cell-free filtrate (Reddy et
al., 2007). The bacterium, Bacillus substilis (MTCC 121) was grown
in nutrient broth for 48 h at 28°C in a shaker and the culture was
centrifuged at 10,000 g for 10 min to get cell-free filtrate. The
fungus, Trichoderma viride (MTCC 800) was grown on potato
dextrose broth for seven days at 28°C under shaker and the culture
filtrate was collected aseptically by filtration using Whatman No 41
to get cell-free filtrate (Choudary et al., 2007).
Efficacy of biocontrol agents on the growth of A. flavus

The stored seeds of sorghum line (GM-8 2006) which showed a
natural infection of A. flavus (100%) were used. These naturally
infected sorghum grains were treated with culture filtrates of R.
erythropolis at a concentration of 5, 10 and 25 mlkg-1 of sorghum
seeds. Similarly, the culture filtrates of B. subtilis, P. fluorescens
and T. viride at a concentration of 100, 150 and 200 mlkg-1 of
sorghum grains were treated. Deploying the agar plate technique of
the international seed testing association (1966), 400 sorghum
grains were treated with these culture filtrates and plated on a onehalf strength potato dextrose agar medium containing Rose Bengal
at a concentration of 50 ppm (Cotty, 1994). The plates were then
incubated for 5 days at room temperature, and the incidence of A.
flavus colonies was counted and percent inhibition calculated. For
each treatment of biocontrol agent, 16 replications were maintained;
whereas sterile broth used for the growth of biocontrol agents
served as control.
Preparation of A. flavus spore suspension

Stock culture of aflatoxin B1 producing A. flavus (MTCC 2798) was
maintained on potato dextrose agar slants at 4°C and was harvested
by adding 10 ml of sterile distilled water to get the final concentration

to 1012 spore/ml.
Testing of biocontrol agents on AFB1 produced by A. flavus on
sorghum grains
The healthy sorghum lines (SGMR 12-3-1) were treated with all 4biocontrol agents at the above-mentioned concentrations and
subsequently, these 20 g sorghum grains were inoculated with 1 ml
spore suspension of A. flavus and incubated at 25°C for 5 days.
Furthermore, the extraction of AFB1 from each of these samples
was done with 0.5% KCl (100 ml) in 70% methanol and blended in
a waring blender. This extraction was followed by agitating the
mixture for 30 min using a rotary shaker and then filtered through a
Whatman No. 41 paper. This filtrate was diluted 10-folds with
phosphate-buffered saline containing 0.05% tween-20 and 0.2%
bovine serum albumin (PBST-BSA) prior to subjecting these
samples to enzyme-linked immunosorbent assay (ELISA) (Reddy et
al., 2009).
Materials for ELISA and procedure for the AFB1 detection by
ELISA

AFB1-BSA conjugate, goat anti-rabbit immunoglobulin G -alkaline
phosphatase (IgG-ALP) conjugate, -nitrophenyl phosphate and
bovine serum albumin (BSA) purchased from Sigma (St Louis,
USA) and microtitre plates (Maxi-sorp F96) were from Nunc (Nalge
Nunc International, Denmark). All other chemicals were reagent
grade and/or chemically pure. Highly specific polyclonal antibodies
for AFB1 that did not cross-react with other aflatoxins in indirect
competitive ELISA procedure (Thirumala-Devi et al., 1999) were
purchased from International Crop Research Institute for the SemiArid Tropics, Patancheru, India.
The detection of AFB1 from sorghum grains was estimated by
deploying the method of Reddy et al. (2009). ELISA microtitre wells
were coated with 100 ngml-1 of AFB1-BSA in sodium carbonate
buffer [pH 9.6; 150 l/well] and left overnight at 4°C. These plates
were then washed in PBST, added with 0.2% BSA and allowed to
stand at 37°C for 1 h. ELISA plates were again washed with PBST
and added with 100 l AFB1 standards ranging from 25 ng to 10
pgml-1. Pre-incubation was carried out with 50 l antiserum diluted
in PBST-BSA (1: 6000) and held for 45 min at 37°C. Filtrate
samples extracted from sorghum grains with aqueous methanol-KCl
as described earlier were added to wells at 1: 10 dilution in PBSTBSA. Goat anti-rabbit immunoglobulins conjugated to alkaline
phosphatase were used at a 1: 4000 dilution to detect rabbit
antibodies attached to AFB1-BSA. -Nitrophenyl phosphate was
used as a substrate at 0.5 mg/ml. Absorbance was recorded at 405
nm with an ELISA plate reader (Biorad-680) after incubation at
28°C for 45 - 60 min. Standard curves were obtained by plotting
log10 values of AFB1 dilutions at A405. AFB1 (ngml-1) in samples was
determined from the standard curves as: AFB1 gkg-1 of sorghum
grain = [aflatoxin (ngml-1) in sample x buffer (ml) x extraction solvent
(ml)]/sample weight (g). To recover the AFB1, 20 g of uninfected
and healthy sorghum grains were mixed with pure AFB1 in a
concentration range of 5 to 100 µgkg-1 and these samples were
extracted and assayed as unknown samples (Reddy et al., 2009).

RESULTS AND DISCUSSION
Effect of biocontrol agents on the growth of A. flavus
and AFB1 production
B. subtilis inhibited the growth of A. flavus (72%) leading
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Table 1. Effect of biocontrol agents on growth of A. flavus and AFB1 production.

A.flavus
Culture filtrate and
concentration
-1
(mlkg )

-1

Reduction
over control
(%)

Colonies
after
treatment

Inhibition over
untreated control (%)

AFB1 (µgg
of seed)

100
150
200
P. fluorescens
100
150
200
R. erythropolis

52
41
28

48
59
72

3.21
2.40
1.75

15.5
36.8
54.0

42
31
26

58
69
74

3.02
2.65
1.42

20.5
30.2
62.6

5
10
25
T. viride
100
150
200
Control
CD (P > 0.05)
CV (%)

65
13
0

35
87
100

2.58
1.02
0

32.1
73.1
100

100
49
35
100
3.5
1.9

0
51
65
0
-

3.78
3.52
2.32
3.80
1.06
0.52

0.05
0.07
39.0
0
-

B. subtilis

to the reduction of AFB1 (54%) at a concentration of 200
-1
mlkg of sorghum grains. P. fluorescens culture filtrate
showed a 74% inhibition of A. flavus growth and 62.6%
AFB1 reduction. R. erythropolis showed a percent inhibition
of A. flavus growth and AFB1 reduction. Similarly, T.
viride showed an inhibition of 65% on A. flavus growth
-1
and 39% AFB1 reduction at 200 mlkg of sorghum grain
(Table 1). It has been stated in literature that Bacillus
spp., Pseudomonas spp., Rhodococcus spp. and Trichoderma spp. are able to inhibit mycotoxigenic fungi and
degrade mycotoxins including AFB1 (Etcheverry et al.,
1998; Chaurasia, 1995; Podile and Prakash, 1996;
Munimbazi and Bullerman, 1998; Reddy et al., 2004;
Stander et al., 2000; Reddy et al., 2009; Alberts et al.,
2006; Teniola et al., 2005; Mann and Rehm, 1976; Kumar
and Popat, 2007).
Recovery of AFB1 from sorghum samples
The sensitivity and correctness of the extraction procedure

was confirmed by supplementing pure AFB1 to ground
sorghum grain and extracted in 70% methanol-KCl.
Recoveries from sorghum samples estimated by ELISA
were greater than 95%.

CONCLUSION
In summary, these microbiologicals showed a considerable
inhibition of A. flavus growth and AFB1 reduction. The
inhibitory activity was likely due to the extracellular nature
of the metabolites produced by these microbes in the
growth medium. Therefore, the potential use of these
microbial metabolites to control mycotoxigenic fungi
should be thoroughly investigated since many chemical
fungicides are being taken out from the commercial
market.
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