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Sorghum is a food and feed crop grown commonly in Asian and African countries.
Aflatoxin contamination of sorghum is a common problem in all tropical countries.
Since even low doses of aflatoxin intake, over a period of time, can prove to be carcinogenic,
removal of aflatoxin from sorghum is necessary. Biodecontamination of food grains is
now gaining popularity since it is considered to be a safer alternative to chemical methods.
Probiotic organisms such as lactic acid bacteria (LAB), have been commonly used in
fermentation of various food products. Studies have been done to prove the ability of the
probiotic organisms to bind and remove aflatoxin from food. Here the ability of four
strains of lactic acid bacteria (Lactobacillus plantarum, Lactobacillus rhamnosus,
Lactobacillus brevis, and Lactobacillus delbrueckii subsp. lactis) to reduce aflatoxin
levels in sorghum during fermentation has been studied. The initial and final aflatoxin
content in sorghum was analyzed using HPLC and UV spectrophotometer. It was concluded
that L. delbrueckii had the maximum antiaflatoxigenic ability. It showed 74.38% reduction
of aflatoxin in Sorghum bicolor. The research outcome concluded that L. delbrueckii may
be used as potential probiotic for reducing the aflatoxin content in sorghum.
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The tropical climate, post harvest storage
conditions and agricultural practices of countries
such as India, Brazil, Nigeria, etc. creates an ideal
condition for fungal growth. When these fungi
infect the crops, they secrete a toxic secondary
metabolite making the crop unsafe for animal and
human consumption1-4. These secondary
metabolites or mycotoxins lead to loss in yield,
nutritive losses and detoriation of health in human
beings and animals. Though there are a large
number of mycotoxins, the ones that cause major
economic loss in food crops are aflatoxins,
ochratoxin, fumonisins and patulin. These are

produced by mould belonging to the genus
Aspergillus, Penicillium and Fusarium
respectively5, 6, 7.

The aflatoxins are classified into four main
types based on the colour they fluoresce under
ultraviolet (UV) light. They are aflatoxin B1 (AFB1),
aflatoxin B2 AFB2), aflatoxin G1 (AFG1) and
aflatoxin G2 (AFG2)8. Out of these, AFB1 is
considered to be the most potent mycotoxin since
it causes mycotoxicosis and hepatic cancer in
humans and animals with even low levels of intake9,

10. Though good agricultural and storage practices
are the best way to prevent fungal contamination
of food crops, farmers in developing countries such
as India are not always able to keep up the required
standards of cultivation and storage that prevents
fungal infestation of the crops. This leads to fungal
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growth and toxin production over the crops making
them unfit for human consumption.

Sorghum bicolor is a crop widely grown
in the African and Asian countries. Initially it was
used only as animal feed, but now it is gaining
popularity as a food crop for human use owing to
its drought resistant nature hence, helping in
eradicating food shortage. The annual growth in
sorghum production in Asian and African countries
has been remarkable. It has become the staple
cereal for over 750 million individuals in these
continents11-13. It is majorly cultivated in the Africa,
Asia and the Americas14. It is commonly used to
make porridge and other baked products such as
bread, cakes and cookies15.

Though sorghum has intrinsic defence
systems to prevent pest and microbe infestations,
the innate systems are unable to prevent
contamination by fungi which in turn secrete
mycotoxin hence making the food crop unsafe for
human consumption12, 16. The annual economic loss
due to fungal and mycotoxin contamination of
sorghum has been estimated to be over 130 million
USD. Aflatoxin has been found to be the major
source of contamination in Sorghum bicolor
causing birth defects and stunted growth in
children apart from being the foremost causative
agent of hepatic tumours in African and Asian
countries13. The rising importance of sorghum as a
staple food makes it necessary to come up with
effective ways to decontaminate it. Though
physical and chemical methods of aflatoxin
decontamination are available, biological methods
are usually preferred since they bring about least
damage to the crops’ nutritive value17.

Fermentation of sorghum has been a
common age old practice in African and Asian
countries. It has been found that fermentation
improves the nutritional and digestive properties
of sorghum.  Also in recent times, with the growing
awareness about food allergies, the need for
healthy gluten free products is growing.
Fermentation of sorghum yields flour that can be
used to improve the texture and nutritional content
of gluten free foods such as rice pasta18, 19, 20.

Probiotic bacteria such as lactic acid
bacteria (LAB), Bifidobacteria,
Propionibacterium spp. have been found to reduce
toxin concentration in solution21. The bacteria
noncovalently bind the toxin to their cell wall and

hence remove it from liquid media. Since LAB have
been declared as Generally Regarded As Safe
(GRAS) organisms by Food and Agriculture
Organisation (FAO), they are ideally suited to be
used as starter cultures during sorghum
fermentation21,22. Apart from in improving its texture
and nutritional content, it also helps in reducing
the aflatoxin content of sorghum hence making it
safe for consumption.

In this study, we have screened the ability
of four lactic acid bacteria in reducing the aflatoxin
content of sorghum. The aim of the study is to
identify the LAB strain with maximal
antiaflatoxigenic ability.

MATERIALS AND METHODS

Culture revival
The starter cultures to be used for

fermentation were obtained from MTCC. All four
cultures (Lactobacillus plantarum (MTCC no.
4464), Lactobacillus rhamnosus (MTCC no. 1423),
Lactobacillus brevis (MTCC no. 4463), and
Lactobacillus delbrueckii subsp. lactis (MTCC
no. 911) were received as lyophilized powder. They
were revived by incubating in de Mann Rogosa
Sharpe (MRS) broth at 34ºC for 24 hours after which
the culture was streaked onto MRS agar plates
and incubated at 34ºC for 48 hours. The colonies
that grew in the plates were further subcultured
and used for fermentation of sorghum.
Fermentation of Sorghum

Sorghum grains used were obtained from
the local super market. Bacterial culture
suspensions to be used as starter cultures for
fermentation was prepared by addition of the
bacterial colonies, from overnight culture agar
plates , to a sodium chloride suspension (0.9% w/
v). Sorghum samples were prepared for
fermentation by mixing the grains with distilled
water (1:10, w/v) and sterilizing it prior to
inoculation with the starter culture suspensions
(5%, w/v). All samples were inoculated in triplicates
and incubated at 35º for 5 days in a shaker
incubator to enable constant agitation23.
Extraction of Aflatoxin

Once fermentation was complete, the
grains were separated from the water to perform
aflatoxin analysis. To 5g of the fermented sample,
20ml of 80% methanol containing 1g sodium
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chloride was added. This was allowed to mix well
by placing in a magnetic stirrer. The sample was
defatted by adding 20ml hexane and the hexane
fraction was eliminated in a separating funnel. The
final methanolic extract was filtered using
Whatmann no. 1filter paper and the solvent
evaporated in a water bath. The residue present
was redissolved in 2ml of 50% methanol24.
Analysis of aflatoxin content by thin layer
chromatograghy and UV spectrophotometer

The methanolic extract was quantitatively
analyzed using TLC and UV spectrophotometer to
determine the amount of aflatoxin present in
sorghum before and after fermentation. In a pre-
coated silica gel TLC plate, the extracts were
spotted and the plate was developed in the TLC
tank containing the solvent system chloroform:
acetone (6:4, v/v). Aflatoxin standards obtained
from Sigma-Aldrich was spotted alongside the
samples for comparison. The aflatoxin presence
was detected by viewing the plates under UV light
of 365nm wavelength. The spots that fluoresced
blue under UV light were scrapped of and dissolved
in 5ml ice cold methanol by centrifuging at 5000rpm
for 5 minutes. To quantify the amount of aflatoxin
present, absorbance of the supernatant obtained
was found by means of a UV spectrophotometer
(Jasco V-730) at 365nm25 and substituting the value
in the equation:
AFB1 content (ìg /ml) = (D × 312)/(21800 × l) × 1000
Where,
D is the absorbance
l is the path length (1cm cuvette was used)
312 is the molecular weight (M) of AFB1 and 21800
is the extinction coefficient (∑)
Analysis of Aflatoxin Content by High
Performance Liquid Chromatography (HPLC)

The methanolic extract was analyzed
using HPLC to accurately quantify the aflatoxin
content. 25µl of the sample was injected into an
Agilent 1260 Infinity HPLC instrument with Zorba
eclipse plus C18 5µm column and detected using a
fluorescence detector at 365nm excitation and
460nm emission. The mobile phase was a mixture
of acetonitrile, methanol and water in the ratio of
25:25:50 (v/v/v). The aflatoxin peak was identified
by comparing with standard peaks and quantified
using the peak area obtained17.
Statistical analysis

The data obtained was analyzed by

ANNOVA using SPSS/12.0 software at p<0.05 to
conclude if there was a significant difference
between the values obtained.

RESULTS AND DISCUSSION

In this study we compared the abilities of
four strains of LAB in reducing aflatoxin content
of Sorghum bicolour during fermentation. The
property of LAB that makes them bind and remove
aflatoxin B1 from solution has already been
established in a number of studies. Through this
work we identified the LAB strain with maximal
antiaflatoxigenic activity, during fermentation of
sorghum, out of four different strains-
Lactobacillus plantarum, Lactobacillus
delbrueckii subsp. lactis, Lactobacillus brevis
and Lactobacillus plantarum. Preliminary
reduction was studied through TLC and UV
spectrophotometer and later the results were
confirmed using HPLC. Though TLC-UV
spectrophotometric method of quantitatively
analysing the AFB1 content is still in use today,
other methods such as HPLC are being preferred
since the former method has lower sensitivity,
accuracy and sample recovery values26,27. The
reduction potentials of the LAB were analysed
using   HPLC in order to compare the precision of
HPLC and TLC.

To compare the efficacy of these two
methods of analysis, the values obtained were
statistically analysed. It was found that the values
of percentage reduction obtained through each of
the methods were not significantly different. This
shows that the recovery potentials of both the
chromatographic methods are equally good. This
is in agreement with the results reported by Chang
et al., and Haghighi et al.,28, 29.

The initial concentration of aflatoxin,
inherently present in the sorghum sample, was
found to be 0.32µg/ml.
Analysis of AFB1 Content in Sorghum (Post
Fermentation) by Thin Layer Chromatography
(TLC) and UV Spectrophotometer

The results of the preliminary analysis,
performed by TLC followed by UV
spectrophotometer are presented in table I. The
aflatoxin was extracted after fermentation, spotted
onto TLC plates alongside AFB1 standards. L.
delbrueckii subsp. lactis was found to have
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maximal reduction potential at 74.38%. This value
was significantly (p<0.05) higher than the reduction
potential of the other three strains that were used
in the study.
Analysis of AFB1 content in sorghum (post
fermentation) by HPLC

Results of the quantitative estimation of
AFB1 content in sorghum using HPLC is
represented in table II.  L. delbrueckii is found to
be having the maximum reduction potential, hence
confirming the results obtained through the TLC-
UV analysis.

Due to lack of popularity as a human feed,
in vivo studies of sorghum detoxification using
probiotic bacteria are very less. Recently a study
conducted in Pakistan concluded that almost 50%
of the sorghum in the market contained higher than
the permissible amount of AFB124. The increasing
demand for sorghum necessitates the need to come
up with detoxification procedures to make it safe
for consumption.

Even though a number of physical and
chemical methods are available to remove aflatoxin
from sorghum, they are either too expensive or

create yet another health hazard or nutrition
depletion and so are not suitable to be
commercially used to reduce AFB1 concentration
in food crops30. Biological methods such as
fermentation using probiotic bacteria having
antiaflatoxigenic activity are preferred since they
are easily available, affordable, do not cause
undesirable changes in the crop and in fact increase
the nutritional composition by contributing to gut
health of the consumer.

In this study we found that L. delbrueckii
had the highest antiaflatoxigenic activity followed
by L. rhamnosus and L. plantarum. L. brevis was
found to have the least antiaflatoxgenic activity
out of the four LAB that were screened. The
antiaflatoxigenic activity exhibited by the bacterial
species is due to the presence of techoic acid in
their cell walls that bind to the aflatoxin and remove
it from the medium hence making the food safe for
consumption31,32. The variation in level of
antiaflatoxigenic ability of the strains is due to the
difference in the components of cell walls of
different strains32.

Table 1. Percentage reduction of AFB1 in Sorghum bicolor (TLC-UV)

S. No. Organism Percentage aflatoxin reduction (%)

1 L. brevis 22.08±0.98a

2 L. plantarum 26.98±5.38a

3 L. rhamnosus 73.89±5.70b

4 L. delbrueckii subsp. lactis 74.38±2.96b

Values are representatives of mean ± S.D. (n = 3). Values followed by
different superscripts in a column are significantly different (P < 0.05)

Table 2. Percentage reduction
of AFB1 in Sorghum bicolor (HPLC)

S. Organism Percentage
No Reduction (%)

1 L. delbrueckii subsp. lactis 79.50±1.47a

2 L. rhamnosus 69.80±2.28b

3 L. plantarum 53.02±5.89c

4 L. brevis 48.94±0.64c

Values are representatives of mean ± S.D. (n = 3). Values
followed by different superscripts in a column are
significantly different (P < 0.05).

CONCLUSION

Out of the four LAB strains were screened
for their ability to detoxify sorghum during
fermentation, L. delbrueckii was found to have
the highest detoxifying ability. Hence this is a good
candidate to be used as starter culture for
fermentation of Sorghum bicolor since it is found
to effectively ferment sorghum as well as reduce
the aflatoxin content hence increasing its
nutritional quality, texture and also making it safe
for consumption. This study must be used as a
basis to produce these starter culture strains with
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anti-aflatoxigenic activity on a large scale to
facilitate its use on a commercial basis to produce
detoxified, safe and healthy fermented products of
sorghum. Further work must be carried out to
evaluate ways to make the cultures more sturdy
and viable to enable easy usage from grassroot
levels.
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