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Abstract

Aflatoxins are a group of carcinogenic mycotoxins produced by Aspergillus flavus, A. parasiticus, and
A. nomius. Due to the ubiquitous occurrence of aflatoxins, preventive and remediative measures are neces-
sary including detoxification techniques. Physical and chemical decontamination strategies are inconven-
ient. In this study a biological detoxification strategy was tested using bacteria of the Lactobacillus species
collected from the biotechnology laboratory at University of Ibadan, Nigeria. Maize grains with moisture
content of 17% were artificially inoculated with toxigenic A. flavus (LA 32G_28) and atoxigenic A. flavus
(LA32_79) at ambient temperature and four samples of bulk maize grains were prepared at aflatoxin B1
concentrations of 50, 100, 200, and 500 ng/g. To evaluate the detoxifying potential of lactic acid bacteria
five different cultures consisting of Lactobacillus acidophilus, L. brevis, L. casei, L. delbruekii, and L. plantarum
were used to inoculate the aflatoxin B1-contaminated maize samples at 37°C. After 5 days, the residual
aflatoxin B1 on maize was determined. All treatments showed significant reductions (P<0.05) in aflatoxin
B1. Lactic acid bacteria decreased the pH of the medium from 5.0 to 4.0. Pronounced aflatoxin B1 reduction
was observed in maize contaminated at 50ng/g (44.5%), while maize contaminated at 500ng/g was the
least reduced (29.9%). L. plantarum was the most efficient organism in degrading aflatoxin B1. Use of lactic
acid bacteria, which already has Generally Regarded As Safe (GRAS) status, should be encouraged for use

as a bio-detoxification agent for aflatoxins.
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Introduction

Aflatoxin B, (AFB1) is a mycotoxin known to fre-
quently contaminate poorly stored food products
destined for human consumption (Mokoena et al.,
2006), is produced by some strains of Aspergillus
flavus, A. nomius, and A. parasiticus (Var & Kabalk,
2004). It has been estimated by the Food and
Agriculture Organization that 25% of the world’s
crops are affected by mycotoxins. They are one
of the most potent naturally occurring mutagens
and carcinogens. Global review of aflatoxin-
contaminated food items revealed that virtually all
foods are vulnerable.

In Nigeria, maize and cassava products are dietary
staples and aflatoxin contamination in higher or lower
levels in these and other staple products has been
reported. The aflatoxin-producing mold A. flavusis one
of the predominant fungi on stored maize (Owolade
et al., 2001); it has also been observed on freshly har-
vested maize (Bankole, 1994). An analysis of several
food items from Nigerian markets by Emerole et al.
(1982) showed mean levels of aflatoxins in yam flour
(0.40 ppm), red pepper (0.70 ppm), millet (1.4 ppm),
corn (1.20ppm), black-eyed bean (0.5ppm), rice
(0.4ppm), and groundnut (1.7 ppm). Oyelami et al.
(1996) found that 12 of the 48 maize-based gruels used
as weaning foods were contaminated with aflatoxin
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at levels of up to 19 ppb. Aflatoxin B, B,, G,, and G,
were detected in 64.2%, 26.4%, 11.3%, and 2.8% of the
106 samples of dry roasted groundnuts from retail
outlets in Nigeria with mean levels of 25.5, 10.7, 7.2,
and 8 pg/kg, respectively (Bankole et al., 2005). In sam-
ples of dried yam chips from various parts of western
Nigeria, 54.2% were contaminated with aflatoxin B,
(4-186 pg/kg; mean=23 pg/kg), 32.3% with aflatoxin
B, (2-55 pg/kg), and 5.2% were positive for aflatoxin G,
(4-18 pg/kg); two samples tested positive for aflatoxin
G, (Bankole and Adebanjo, 2003). Aflatoxin B, was
detected in 32.2% of melon seed samples (egusi) col-
lected from Nigerian markets, with the mean levels of
14.1 pg/kg in the forest and 13.0 pg/kg in the savanna,
but only 3.5% of the were above the 20 pg/kg Nigerian
tolerance level in food (Bankole et al., 2004).

The accumulation of mycotoxins in foods and
feeds represents a major threat to human and animal
health as these toxins are responsible for many differ-
ent chronic health conditions, including cancer, and
digestive, blood, and nerve defects.

Aflatoxin has also been detected in human blood
sera. Onyemelukwe and Ogbadu (1981) analyzed the
sera of 20 farmers that were first-time blood donors
at Ahmadu Bello University Teaching Hospital, Zaria,
Nigeria, and 15 patients with varied levels of afla-
toxin B, B,, G, and G, were found. Aflatoxin B, was
detected in the sera of 25%, at concentrations above
0.2 ug/mL. Denning et al. (1988) examined the sera of
78 healthy men donating blood in Enugu for aflatoxin
by ELISA and found that levels varied from less than
20 pg/mL to 3.1 ng/mL. Oluwafemi (2000) conducted
a study of 55 men resident in Benin-City and found
blood and semen aflatoxin levels of respondents to
range from 700 to 1392 ng/mL and 60 to 1480 ng/mL,
respectively.

Mycotoxins negatively impact agriculture and
associated industries, in different ways, in all parts
of the globe (Visconti, 2006). The contamination may
also result in severe economic problems worldwide.
In the United States, the estimated annual cost of fun-
gal and mycotoxin contamination of food and feed is
between $418 million and $1.6 billion. A World Bank
report estimated that African nations lose about $670
million in foreign exchange to trade-related effects
of aflatoxins (Otsuki et al, 2001). There are three
possible ways to avert mycotoxin contamination of
food and feed: (1) prevention of contamination along
the production to consumption chain, (2) decon-
tamination of mycotoxins that have developed on
food and feed, and (3) inhibition of the absorption
of mycotoxin in consumed food within humans or
animals. A wide range of chemical, physical, and
biological routes have been proposed in the attempt
to reduce the toxicity of mycotoxins. Although some

chemical detoxification methods (i.e., ammonia,
sodium bisulfite, and calcium hydroxide treatments)
are effective, they do not fulfill food safety require-
ments, especially regarding the safety of reaction
products and safeguarding nutritional properties
of the treated foods and feeds (Piva et al., 1995).
Microbiologically, the incorporation of probiotic
mixtures of Lactobacillus spp and Propionibacterium
spp could reduce the bioavailability of dietary afla-
toxin in feeds (El-Nezamin et al., 1998). Some of
the biological methods have some limitations, such
as long degradation time (lasting more than 72h),
incomplete degradation, non-adaptation to typical
food systems, culture pigmentation, or odor produc-
tion. These reduce their potential for use in the food
industry (Pierides et al., 2000). Fermentation of maize
into ogi, a traditional fermented maize product, was
found to reduce aflatoxin levels in the product by 50%
(Oluwafemi and Tkeowa, 2005). The organisms iso-
lated after 72 hours of fermentation, which were pre-
dominantly lactic acid bacteria (LAB), were thought
to be responsible for this degradation. Agati (1998)
isolated and characterized a Lactobacillus fermentum
strain from ogi.

Since LAB occur naturally in many food systems
and have been a part of the human diet for centuries,
they have been considered a safe organism to con-
sume. It has been documented that LAB specifically
inhibit the production of microorganisms (Gourama &
Bullermann, 1997), or immobilize mycotoxins by bind-
ing to their surface (El-Nezami et al., 2004; Peltonen
et al., 2000). L. rhamnosus was able to remove 80%
of aflatoxin B, within the first 60 min of treatment, as
opposed to other strains.

This study investigates whether LAB isolated from
ogi can reduce aflatoxins and thereby contribute to
improved safety of foods and ensure food security.
The specific objectives of this study are to evaluate the
ability of some species of LAB to reduce the levels of
aflatoxin B, in maize grains at different AFB, contami-
nation levels.

Materials and methods
Inoculation with A. flavus and toxin production

About 15kg of maize grains (ACR.97 TZL comp.1) were
collected, sterilized at 121°C for 15 min, and moisture
content adjusted to 17% using Rapid Tester (Harvest
Hand Moisture tester, Dickey-John). The toxigenic LA
32G-28 and atoxigenic LA 32G-79 isolate collected
by Atehnkeng et al. (2008) were cultured on Czapek-
Dextrose agar for 72h at 28°C and an A. flavus spore
suspension made with 1 mL producing 10° spores.
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The toxigenic and atoxigenic lots (100 g) were asep-
tically inoculated with 1 mL of the spore suspension,
thoroughly shaken to evenly distribute spores, and
incubated for 6 days at ambient (28°C) temperature
in aroom. The development of the A. flavus strains was
stopped by sterilizing the cultured grains for 15min at
121°C. The grains were washed three times with a total
volume of 200 mL sterile water, by vortexing to dispose
of spores and mycelia. After washing, grains were dried
at 55°C for 72 h, moisture content adjusted to 13%, and
stored in the cold room (4°C) prior to fermentation.

Fifty grams of toxigenic and atoxigenic grains,
respectively, were analyzed for bulk toxin produc-
tion. Maize grains inoculated with atoxigenic A. fla-
vus strains were diluted with grains contaminated by
toxigenic strains and four treatment levels created
(50, 100, 200, and 500 ng/g), with each treatment level
and each treatment (atoxigenic/toxigenic) having five
replicates for each Lactobacillus species (five species
and one mixture of species).

Source and inoculation with lactic acid bacteria

LAB for this study were isolated from traditional ogi
fermentation and characterized with complementary
fermentation test on API 20 AUX kit (API System,
Montalieu Vercieu, France). The LAB were identified
as L. brevis, L. acidophilus, L. casei, L. delbruckii, and
L. plantarum.

The five lactic acid bacteria strains were reactivated
by culturing on MRS agar and broth media (Oxoid,
UK) at 37°C for 48h. A loop of 48h old LAB cultured
on MRS agar was serially diluted in MRS broth and
well homogenized using sonicator to produce approxi-
mately 4.0 x 106 cfu/mL. Maize grains were soaked with
sterile de-ionized water (2:1 v/w) and 1 mL of the 5 LAB
strains and a combination of L. acidophilus, L. brevis,
and L. plantarum was used to aseptically inoculate the
maize grains with control grains only inoculated with
A. flavus without LAB. The so-treated maize was left to
ferment at 37°C for 72 h. The pH values of MRS broth
before and after inoculation were determined using
pH meter (Kent EIL 7020). Fermentation was termi-
nated by decanting the water and storing the grains at
4°C in a cold room prior to aflatoxin analysis.

Aflatoxin extraction and determination

Maize grains (50 g) were wet-milled with 70% metha-
nol (1:5 v/w) using an electric blender (Waring
Commercial, Model-HGBTWTG4, Torrington,
Connecticut) for 3min at high speed. The blended
maize was filtered using Whatman No. 1 filter paper

(Whatman International Ltd, Maidstone, UK). To each
volume of extract were added 100 mL of distilled water
and 25 mL of dichloromethane in a separating funnel.
The mixture was mixed and shaken vigorously for
about 2min in the fume chamber. The lower layer of
the dichloromethane was withdrawn and allowed to
pass through a funnel with a bed of anhydrous sodium
sulphate. Again 100mL of distilled water and 25 mL
of dichloromethane was added and the procedure
repeated. The extract was allowed to evaporate to dry-
ness in the fume hood.

The filtrate was diluted as appropriate, spotted
alongside standards of aflatoxin B,, B,, G,, and G,
(Supelco, Bellefonte, Pennsylvania), and separated
on thin layer chromatography plates (silica gel 60,
20mm) with the development solvent diethyl ether-
methanol-water (96:3:1) (Garber and Cotty, 1997).
Aflatoxin was quantified directly on TLC plates with
a scanning densitometer (Camag TLC Scanner 3 with
winCATS 1.4.2 software) and the quantity of residual
aflatoxins (ng) present in the sample and percentage
reduction in AFB1 was calculated.

Statistical analysis

Data were analyzed with SAS (version 9.1.3, SAS
Institute Inc., Cary, North Carolina). Analysis of vari-
ance was performed on all data with the general linear
model for unbalanced data.

Results

This study investigated the ability of LAB to reduce
AFB1 contamination in maize grains inoculated with
an aflatoxigenic strain of A. flavus. At moisture content
of 17%, ambient temperature (28°C) and for 6 days, the
AFB1 produced under these conditions by A. flavus LA
32G_28 was reduced by the different Lactobacillus spp
to varying degrees. The LAB used for this detoxification
were confirmed to have acidic pH values in MRS broth
after 48 h of incubation at 37°C. Initial levels of AFB1
production by A. flavus LA 32G_28 at 17% moisture
content and at 28°C were high with 1395ng/100g, with
climatic and product conditions being quite similar to
common conditions in Africa (Table 1).

Aflatoxin removal by Lactobacillus species isolated
from traditionally fermented maize-ogi

When AFBI in infected maize grains was as low as
53.0ng/g (value in control), all Lactobacillus spp sig-
nificantly reduced AFB1, except L. plantarum, which
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Table 1. Preliminary aflatoxin production by A. flavus LA 32G_28 and the aflatoxin treatment levels created from it.

Aflatoxin B, in 100g of maize Required/expected aflatoxin

Toxigenic grains sample required

Atoxigenic grains sample

grains (ng/100g) B, for various levels (ng) for 100g grainsin g required for 100gin g

1395.0 50.0 3.6 96.4
100.0 7.2 92.8
200.0 14.3 85.7
500.0 35.8 64.2

produced the least percentage reduction though still

S . . . 70

significant (Figure 1). The best species at this level

were L. casei and L. acidophilus, reducing more than 60 1

50% of the AFB1. Lactobacillus acidophilus, L. brevis, |

. .. R . . 50

L. casei, L. delbrueckii, and mixture of L. acidophilus, 6

L. brevis, and L. plantarum performed better than = 407

L. plantarum. The combined synergistic effect of % 30 A

L. acidophilus plus L. brevis plus L. plantarum was Z

not significantly different from that of other LAB at 20 7

this lowest concentration level. The absence of any 10 -

significant difference among the replicates indicated

that the experiment was thoroughly carried out and 0 -

Control E F D B A C

the equipment very efficient.

The performance of Lactobacillus spp in reducing
AFB1 when aflatoxin concentration was increased to
140 ng/g in maize grains showed that all LAB strains in
this case significantly reduced the AFB1 as compared
with the control (Figure 2). The performances of LAB
were alike as there were no significant differences
among the LAB species as indicated by the Duncan
multiple range test. The implication of this result is
that L. acidophilus, L. brevis, L. casei, L. delbrueckii,
L. plantarum, and a combination of L. acidophilus, L.
brevis and L. plantarum will at any time remove about
31% to 46% of AFB1 from any concentration level
around 140ng/g. AFB1 was reduced significantly by
L. plantarum, the mixture (L. acidophilus, L. brevis,
and L. plantarum), L. brevis, L. acidophilus, and L.
delbrueckii at 245ng/g concentration while L. casei
performed best in the lowest concentration (53 ng/g)
and at 140ng/g was the poorest among the LAB at
245ng/g level (Figure 3). It can be said that L. casei
performed better at lower concentrations of AFB1
when compared with other LAB used in this work.
L. plantarum and L. acidophilus plus L. brevis plus
L. plantarum performed better at higher concentra-
tions of AFB1. The performance of L. delbrueckii was
intermediate with respect to other LAB in this work. It
may be that L. casei reduction potential is inhibited by
high AFBI1 level. L. plantarum still retained its position
as the best detoxifying Lactobacillus spp among the
species investigated (Figure 4). The replicates of LAB
showed consistency in their degradative ability. Only L.
plantarum and L. delbrueckii were able to significantly
reduce AFB1 at the highest treatment (588 ng/g). The
mixture (L. acidophilus, L. brevis, and L. plantarum),
L. casei, L. acidophilus, and L. brevis did not reduce

Bacteria spp.

Figure 1. Residual aflatoxin concentration remaining in maize
to which aflatoxin was added at 50ng/g after the contaminated
maize was fermented with the following LAB: control, none;
E, Lactobacillus plantarum; F, L. acidophilus plus L. brevis plus
L. plantarum; D, L. delbrueckii; B, L. brevis; A, L. acidophilus; and
C, L. casei.

160 A
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100 A
80 A

Aflatoxin (ug)
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40
20 -

Control E F D A C B

Bacteria spp.

Figure 2. Residual aflatoxin concentration remaining in maize
to which aflatoxin was added at 100 ng/g after the contaminated
maize was fermented with the following LAB: Control, none;
E, Lactobacillus plantarum; F, L. acidophilus plus L. brevis plus
L. plantarum; D, L. delbrueckii; B, L. brevis; A, L. acidophilus; and
C, L. casei.

AFBI significantly when compared with the control
at the highest level of AFB1. L. casei performed very
well at lower AFB1 concentration levels, but could not
degrade AFBI significantly when the toxin concentra-
tion was increased.
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Figure 3. Residual aflatoxin concentration remaining in maize
to which aflatoxin was added at 200 ng/g after the contaminated
maize was fermented with the following LAB: control, none;
E, Lactobacillus plantarum; F, L. acidophilus plus L. brevis plus
L. plantarum; D, L. delbrueckii; B, L. brevis; A, L. acidophilus; and
C, L. casei.
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Figure 4. Residual aflatoxin concentration remaining in maize
to which aflatoxin was added at 500 ng/g after the contaminated
maize was fermented with the following LAB: control, none;
E, Lactobacillus plantarum; ¥, L. acidophilus plus L. brevis plus
L. plantarum; D, L. delbrueckii; B, L. brevis; A, L. acidophilus; and
C, L. casei.

pH values during fermentation

The pH values obtained from different LAB fer-
mentation media range from 4.0 to 5.5. There was
no correlation between acid production and AFB1
degradation. This implies that acid production is not
the sole factor responsible for degradation. The litera-
ture contains conflicting reports on the role of acids
in AFB1 degradation (El-Nezami et al., 1998; Tabata
et al., 1994). Other workers are of the opinion that
degradation might be due to non-specific interaction
or absorption of aflatoxin to solid particles removed
by filtration process (Chu et al., 1975; Lemke et al.,
2001). Smiley and Draughon (2000) demonstrated

that degradation of AFB1 by E aurantiacum is
enzymatic.

Discussion

Several strategies for the elimination or inactivation
of mycotoxins have been reported in the literature
(Chitrangada & Mishra, 2000; Galvano et al., 2001;
Hwang & Draughon, 1994). Nonetheless, only a few
of these inactivation methods have been accepted for
practical use (i.e., ammonia treatment), and none are
entirely effective. Some specialists are of the opinion
that the best approach for decontamination of myco-
toxins should be degradation by selected microorgan-
isms (Bata & Lastzztity, 1999).

This work has investigated the ability of LAB in
removing AFB1 from maize grains infected with afla-
toxigenic strain of A. flavus. At moisture content of
17%, ambient temperature (28°C), and for 6 days, the
AFB1 produced under these conditions by A. flavus LA
32G_28 was reduced by Lactobacillus spp to varying
degrees. A condition necessary for proliferation and
production of AFB1 is moisture content of 15% and
above (Arrus et al., 2005; Ghosh et al., 1996). This is in
agreement with this present work because A. flavus
LA 32G_28 was able to produce AFB1 at 17% m. c. at
28°C (Table 1).

When AFB1 in infected maize grains was as low
as 53.19ng/g (value in control), all Lactobacillus spp
significantly reduced AFB1, except L. plantarum,
which produced the least percentage reduction
though still significant (Figure 1). The best spe-
cies at this level were L. casei and L. acidophilus,
reducing more than 50% of the AFB1. L. acidophilus,
L. brevis, L. casei, L. delbrueckii, and mixture of
L. acidophilus, L. brevis and L. plantarum performed
better than L. plantarum at this level. The combined
synergistic effect of L. acidophilus plus L. brevis
plus L. plantarum was not significantly different
from that of other LAB at this lowest concentration
level. There was no significant difference among the
replicates, indicating the high degree of precision
in the trial.

The potential of Lactobacillus spp in reducing
AFB1 when aflatoxin concentration was increased
to 140.41ng/g in maize grains showed that all LAB
in this case significantly reduced the AFB1 as com-
pared with the control (Figure 2). The performance
of LAB was alike, as there was no significant differ-
ence among the LAB species as seen in the Duncan
multiple range test. The implication of this result
is that all isolates used, L. acidophilus, L. brevis, L.
casei, L. delbrueckii, L. plantarum, and combination
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of L. acidophilus, L. brevis, and L. plantarum will
at any time remove about 31% to 46% AFBI1 from
any concentration level around 140 ng/g. AFB1 was
reduced significantly by L. plantarum, the mix-
ture (L. acidophilus, L. brevis, and L. plantarum),
L. brevis, L. acidophilus, and L. delbrueckii at 245ng/g
concentration. L. casei showed pronounced reduc-
tion only in the lowest concentrations (53.19ng/g)
and 140.41ng/g, and it was the poorest among the
LAB strains at 245ng/g level (Figure 3). From this
result, it can be said that L. casei performed better at
lower concentration of AFB1 when compared with
other LAB strains used in this work. L. plantarum
and L. acidophilus plus L. brevis plus L. plantarum
performed better at higher concentrations of AFB1.
The performance of L. delbrueckii has been moderate
with respect to other LAB in this work. It may be that
L. caseireduction potential is inhibited by high AFB1
level. L. plantarum still retained its position as the
best detoxifying Lactobacillus species among those
investigated (Figure 4). The replicates of LAB showed
consistency in their detoxification ability.

Only L. plantarum and L. delbrueckii were able
to significantly reduce AFB1 at this highest level.
While the mixture (L. acidophilus, L. brevis, and
L. plantarum), L. casei, L. acidophilus, and L. brevis
did not reduce significantly when compared with the
control at the highest level of AFBI. L. casei, which
performed very well at lower AFB1 concentration
levels, could not degrade significantly when the
toxin concentration was increased. Most LAB could
not exert much of their degradative activity on the
maize grains at the highest AFB1 concentration of
588.8ng/g.

The best organism that could be recommended
based on the total AFB1 reduced in this study was
L. plantarum, followed by L. delbrueckii, the combina-
tion of L. acidophilus plus L. brevis plus L. plantarum
and L. brevis. Ogunbanwo et al. (2005) reported that
L. plantarum was able to produce more lactic acid,
hydrogen peroxide, diacetyl, and bacteriocin than
Pediococcus halophilus, Leuconostoc mesenteroides,
and Lactobacillus lactis. Abdella et al. (2005) reported
that Lactobacillus strains could remove more AFB1
than Pediococcus and Leuconostoc strains. Zhang
et al. (1990) also affirmed the detoxifying ability of
LAB due to the presence of metabolites that degraded
the mold toxin to less toxic or nontoxic forms. They
were of the opinion that LAB binds to the surface
of AFB1 and this binding is strain specific. The high
yields of metabolites of L. plantarum may account for
its performance as the best amongst the organisms
screened (Figure 4). Rhee and Park (2001) reported
anti-mutagenic activity of L. plantarum KLAB21 iso-
lated from Korean kimchi.

Haskard et al. (2001) reported that viable cells of
L. lactis sub sp lactis and L. casei shirota (YIT 901)
removed 59.0 and 21.8% AFBI, respectively. Var and
Kabak (2004) reported the ability of LAB to bind to
AFM1 irrespective of being viable or heat-killed.
However, they were of the view that heat-killed LAB
bind more AFM1 than viable LAB in both skimmed
milk and phosphate buffered saline. It can be deduced
from this work that the lower the initial AFB1 concen-
tration in food sample, the higher the chance of easy
degradation or decontamination by LAB. Significant
reduction in the percent decontamination at various
AFB1 concentration levels studied in this work is an
indication that AFB1 degradation/reduction may be
toxin level-dependent, as well as strain-specific, and
bacterial concentration-dependent.

The pH values obtained from different LAB fer-
mentation media range from 4.0 to 5.5. There was
no correlation between acid production and AFB1
degradation. This means that acid production is not
the sole factor responsible for degradation. The litera-
ture contains conflicting reports on the role of acids
in AFB1 degradation (El-Nezami et al., 1998; Tabata
et al.,, 1994). Other workers are of the opinion that
degradation might be due to non-specific interaction
of absorption of aflatoxin by solid particles removed by
filtration process (Chu et al., 1975; Lemke et al., 2001).
Smiley and Draughon (2000) demonstrated degrada-
tion of AFB1 by E aurantiacum.

From the current study, it can be concluded that
antifungal attributes of LAB do exist and have the
potential for being effective food-grade biopreserva-
tives for combating the problem of aflatoxin contami-
nation. LAB have been part of human diet since long
ago. Beneficial effects of LAB have been established
for some probiotic strains (Salminen et al., 2004). No
doubt consideration of preventive measures aimed at
reducing infestation of agricultural commodities by
aflatoxigenic molds is the best approach. However,
complete eradication of aflatoxin contamination is
unattainable because the causative moulds are ubiq-
uitous. This study shows that natural fermentation may
potentially reduce exposure to natural toxins occur-
ring in foods. Therefore detoxification using LAB,
hitherto given GRAS (Generally Regarded As Safe)
status, should be encouraged because of its potential
for reducing levels of aflatoxin to less toxic doses, in
addition to its being non-toxic, non-allergic, and hav-
ing other health benefits. LAB have a great potential
for extended use as bio-preservatives of both food and
feed products. Due to increased consumer awareness
regarding food safety, collaboration among research-
ers, industry, consumers, and regulatory authorities
concerning novel application of LAB is very much
warranted.
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