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Abstract

Mycotoxins are known to be harmful for human and animal health, as well as the economic and trade status. Among mycotoxins, aflatoxins
are the most toxic that have been classified by IARC as group 1 carcinogens. Aflatoxins could contaminate a wide range of food commodities
including corn, oilseeds, spices, and ground and tree nuts as well as milk, meat, and dried fruit. Since these toxins cannot be eliminated from foods
and feeds, risk assessment is performed to estimate the risk and provide the regulators with management options. So far, all risk assessments
emphasize on the point that in addition to regulatory measures, aflatoxins should be decontaminated from foods and feeds. Since physical and
chemical strategies have downsides, probiotics have been suggested as the best strategy to reduce the risk of aflatoxins in foods. In this article,
we review the new developments in reducing the risk of aflatoxins in foods using probiotics.
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Introduction

Background

Mycotoxins endanger human and animal health, hinder inter-
national trade, cause foods and feeds waste, and consume plenty
of resources for conducting research, enforcing regulation, and
finding solutions to reduce the problems they cause [1-3]. More-
over, in the livestock industry, they cause enormous economic
cost as a result of decrease in animal growth, increase of feed con-
sumption, and reduction of meat production [4].

Fungi belonging to the Aspergillus, Alternaria, Claviceps, Fu-
sarium, Penicillium and Stachybotrys genera, primarily produce
mycotoxins. They widely contaminate food and feed supplies, in
the field or during storage [5-7]. Aspergillus and Penicillium spe-
cies known as storage fungi, commonly grow on foods and feeds
under storage conditions. However, Fusarium species often con-
taminate crops in the field and spread in the plant during growth

[8].

Among mycotoxins, aflatoxins (AFs) are the most toxic with
the biggest impact on human and animal health [4], and economic
loss [3]. Therefore, controlling AFs contamination using effective
technologies could potentially reduce such health risks and have
significant benefits [9]. However, it is not always possible to con-
trol AF contamination totally. Therefore, identification of strate

gies or elements that could be integrated into the human diet to
reduce or prevent AFs toxicity would have a great potential in re-
ducing the incidence of AFs-induced diseases [10].

There is a substantial body of scientific evidence regarding the
importance of probiotic organisms for the maintenance of the bal-
ance of human intestinal microbiota, and their positive effect on
host health. Ingestion of probiotics provides a beneficial effect on
host organism in addition to inherent general nutrition [11] and
keeps great promise for inhibition of the production of bacterial
toxins. The latter effect is due to actions that inactivate the toxin
and help with the removal of toxins from the body. This detoxifi-
cation could occur by adsorption (binding toxins to their cell wall
and decreasing the intestinal absorption of toxins), or as a result
of metabolism of mycotoxins (e.g. AFs) by microorganisms [11-
13]. The aim of this article is to review the new developments in
reduction of AFs risk in foods using probiotics.

Importance of Aflatoxins in Health

Contamination of food and feed supplies poses a worldwide
challenge to food security and food safety. Every year, around 25%
of the world’s harvested crops are contaminated by mycotoxins,
causing huge agricultural and industrial losses of billions of dol-
lars [14] as well as seriously impacting human and animal health
[15-18].
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AFs, of all mycotoxins, are considered the most toxic, with
substantial economic burden to agriculture [19, 20]. In the United
States (US) and European Union (EU) countries, AFs are mainly an
economic concern, whereas, in the developing countries of Asia
and Africa, hundreds of hepatocellular carcinoma (HCC) cases
each year result from AFs ingestion [19,21]. According to Williams
et al. [22] 75% of the world population and roughly 4.5 billion
humans in developing countries are chronically exposed to AFs
[22]. Chemical and Toxins Task force (CTTF) in 2010 reported that
AFs are associated with the highest number of death and disabil-
ity adjusted life years (DALYs) [23]. Moreover, the World Health
Organization (WHO) estimated approximately 22000 (95% UI
9000-57000) cases of AFs-related HCC in 2010 based on popula-
tion attribution fraction [23].

[25]AFs induce toxicity and carcinogenicity in human and
animal populations. The outcomes could be as severe as death
in acute aflatoxicosis or triggering of more prolonged patholog-
ic changes, including cancer and immunosuppression, nutrition-
al interference and growth impairment in children in chronic
aflatoxicosis [24]. The primary target organ is the liver, and the
damage has been documented in rodents, poultry, and nonhuman
primates after aflatoxin B, (AFB,) intake. Acute aflatoxicosis has
been shown in humans as acute hepatitis. Diet-related chronic
low-level exposure to AFs is a risk factor for the development of
HCC [15,17]. AFs is classified by the International Agency for Re-
search on Cancer (IARC) in 2012 as group 1 carcinogen [25].

Importance of Aflatoxins in Food

There is a great body of reports regarding the occurrence of
AFs in foods and feeds in many countries. The range of foods is
wide from raw agricultural products including nuts, fruits, vege-
tables, herbs and spices contaminated with AFB1 exceeding the
maximum permissible limit [26-28] to contamination with AFM1
in milk and milk products, including cheese and yogurt [29-31].
Apparently, AFs could affect a wide range of food commodities in-
cluding corn, oilseeds, spices, and ground and tree nuts as well as
milk, meat, and dried fruit [10].

Although it is highly desirable that food is not contaminated,
the reality is that in parts of the world, food contamination with
AFs is unavoidable due to their ubiquitous nature, especially in
warm and humid conditions which is favourable for their growth
and associated-mycotoxin production [32]. Moreover, unusual
weather, insect pest damage, improper breeding and harvesting,
or poor storage conditions could result in high levels of mycotox-
ins in crops and severe disease outbreaks [33].

Occurrence studies conducted during the last few years re-
ported a relatively lower incidence of AFM1 in milk samples and
milk products in European countries. However, in Asian and Afri-
can counties, up to 100% of samples were contaminated by AFs
[34]. The annual report of Rapid Alert System for Food and Feed
(RASFF) of the European Union, showed AFs as the main hazard
cited in EU border rejection [3].

089

AFs presented in foods could be bio-transformed in humans
and excreted in human milk and urine. Once it presents in mother
milk, it could be an exposure source for breastfed infants [35,36].

Considerable information has been gathered concerning the
health hazards of AFs exposure and conditions that lead to mold
growth and AFs contamination during growing, harvesting and
storage of crops [10]. Developing countries located in the tropical
regions are at greatest risk, as most of these commodities are their
staple food sources. Food insufficiency and lack of food diversity
substantially increases the risk of exposure to AFs among individ-
uals who live in these regions [24].

Elimination of AFs from foods is generally not possible. So,
food regulators and scientists estimate the risk and potential
harm that AFs exposure could cause towards human health using
risk assessment. This would provide them with the information
needed to decide on the best risk management options [33,37].

Joint FAO/WHO Expert Committee on Food Additives (JECFA)
have performed risk assessment for some AFs in several sessions
[38], and European Food Safety Authority (EFSA) also assessed
their risk in foods and feeds [39]. Specific risk assessment has also
been carried out in some countries. For example, in 2008, Shep-
hard carried out a study in African countries that used carcinogen-
ic potency and limited data on growth retardation and immune
suppression as the end points. This study quantified the risk of
HCC, immunosuppression, malnutrition and stunting in children
exposed to AFs and emphasized again the importance of AFs risk
management [37]. In 2019, Fooladi Moghaddam et al. [29] using
carcinogenic potency showed that according to the current ML,
the risk from AFM, consumption in Iran is considered low, which
is 10-fold less than the risk range from AFB, consumption set by
the EU. However, the chronic effects of low-level exposure of AFs
from different sources should be considered seriously [29]. In all
these cases, the results showed AFs are among the most potent
mutagenic and carcinogenic substances known and should be
controlled in foods.

Main Strategies for Aflatoxin Reduction

Prevention of food and feed contamination with AFs is the best
solution to eliminate AFs exposure in food. Therefore, pre-harvest
and post-harvest strategies, including good agricultural practices
and storage conditions should be put in place [40,41]. But in most
cases, is not possible to prevent food contamination with AFs. In
order to decontaminate foods and feeds containing AFs, many
physicochemical technologies have been suggested to eliminate,
inactivate or reduce the bioavailability of AFs, including, chemi-
cal, physical and biological methods [42]. Neither chemical nor
physical approaches are cost effective. Moreover, removal of the
toxins is not enough and there might be nutritional losses as well
as unwanted changes in food properties, such as diminishing the
safety and sensory quality, and insufficient applicability and prac-
ticability [43]. Thus, other novel biological methods could be used
to inhibit mold growth and introduce a binding agent to AFs.
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AFs degradation abilities of many bacteria, yeast and fungi
have been shown by scientists in many studies.

In a study conducted by Ciegler et al. [44] a 100% detoxifica-
tion of the toxin by bacteria was reported in contaminated milk,
oil, peanut butter, peanuts and corn; however, contaminated soy-
bean was partially detoxified [44].

The use of probiotic strains, especially lactic acid bacteria
(LAB) has been suggested. Probiotic intake not only has a benefi-
cial effect on the host organism beyond general nutritional prop-
erties, but it also seems promising in reducing the bioavailability
of consumed AFs [45].

Application of Probiotics for Contaminant Reduction

Using bacteria to either block the uptake of AFs in the human
intestinal track or reduce their risk in a comparative way was the
focus of scientists for many years. These bacteria could be the nor-
mal gut flora or present in fermented foods we eat. A large portion
of the normal gut flora contains Bifidobacterium which provides
many probiotic effects that are increasingly used in fermented
dairy products [12].

The competition for nutrients between bacterial cell and fungi
leads to decrease in mold growth and AFs production. Moreover,
environmental settings and the fungi strain influence binding of
AFs [46]. Wacco et al. [47] showed that fermentation could be
used to enrich the food with probiotics and contribute to reduc-
ing the risk of AFs in maize products that are consumed as staple
foods in sub-Saharan Africa. They also reported the positive con-
sumer acceptability regarding flavour profile, and sensorial prop-
erties of the product [47].

These findings support strategies that certain novel probiotic
bacteria with high AFs binding capacity could be used for detoxi-
fication of foods [48].

Factors affecting the binding of AFs to bacterial cell
Heat and acid treatment of probiotic bacteria

Pierides et al. [49] reported that heat inactivation remarkably
improved the AFM, removal capability of all strains (L. rhamno-
sus GG, L. rhamnosus LC-705, L. rhamnosus 1/3, L. gasseri ATCC
33323 and L. acidophilus LA1) except for L. lactis ssp. cremoris
ARH 74 which showed no significant difference between the bind-
ing ability of viable and boiled non-viable cells from phosphate
buffer saline (PBS) after 15-16h [49]. In a similar study, the heat-
killed bacteria (L. rhamnosus GG and L. rhamnosus LC-705) ef-
fectively removed AFB, from liquid media after 4h (19 and 18%
residue left, respectively). This was statistically significant when
compared with removal percentages of precultured (23 and 25%
residue left, respectively) and freeze-dried bacteria (35 and 50%
residue left, respectively) [50]. In a study conducted by Kabak
and Var, six probiotic strains (L. acidophilus NCC12, L. acidophilus
NCC36, L. acidophilus NCC 68, B. bifidum Bb 13, B. bifidum NCC
381 and L. rhamnosus) were inoculated in PBS and reconstituted

milk containing 5, 10 and 20 ppb AFM, and were incubated for 0, 4
and 24h at 37 °C. The binding abilities of AFM, by viable and heat-
killed bacteria in PBS ranged from 10.22 to 26.65%, and 14.04 to
28.97%, respectively. Similarly, the range of AFM, reduction in re-
constituted milk was 7.85-25.94% for viable and 12.85-27.31%
for heat-killed bacteria after 4h [51]. Furthermore, Sarlak et al.
[52] showed that treatment of doogh (Iranian fermented milk
drink) with heat-killed L. acidophilus LA-5 had a higher aflatoxin
M, (AFM,) removal ability compared to viable bacteria on the first
day of storage [52].

It has been suggested that in decontamination of AFs by LAB,
physical adhesion to the bacterial cell-wall components such as
polysaccharides and peptidoglycans is more efficient than cova-
lent binding or degradation by bacteria metabolism [53].

Polysaccharides and peptidoglycans are supposed to be con-
siderably affected by heat treatment, which could cause denatur-
ation of proteins, in turn increasing the hydrophobic nature of
the surface or forming products of a Maillard reaction between
polysaccharides and peptides and proteins. These disturbances
allow AFs to bind to the bacterial cell wall and plasmatic mem-
brane components, which are unavailable when the cell wall is
intact [54].

However, in the study conducted by Sarlak etal. [52] free AFM,
reduction was significantly enhanced in treatment with viable L.
acidophilus at days 14 and 28. Viable inoculated probiotic bacte-
ria have reproduction activity during fermentation and refriger-
ated storage. This could be responsible for increases in both live
and dead cell populations. Finally, viable L. acidophilus bacteria
exhibited higher AFM, removal compared to heat-killed bacteria
in doogh after 4 weeks. Meanwhile, the use of viable probiotics
exploits health benefit and therapeutic effects of probiotics [52].

Haskard et al. [54] reported that acid and heat treatment have
a significant impact on both the amount of AFB, bound and its
retention after washing for all strains (L. rhamnosus GG, L. rham-
nosus LC-705, L. acidophilus LC1, L. lactis subsp. lactis, L. acidoph-
ilus ATCC 4356, L. plantarum, L. casei Shirota, L. delbrueckii subsp.
bulgaricus, L. helveticus, P. freudenreichii subsp. shermanii S, Lac-
tococcus lactis subsp. cremoris and Streptococcus thermophilus).
Also, they found out the higher effectiveness of acid treatment
compared to heat treatment [54]. These results are in agreement
with Azab et al. [55] who observed that AFB, removal capacity
by L. acidophilus, L. casei, L. helveticus and L. bulgaricus became
higher when using acid treatment (43.10-87%) and thermal treat-
ment (28.5-71.9%) compared with buffer solution (16.3-56.6%)
[55]. Binding of AFB, is expected to be greatly extracellular by
both viable and heat-treated bacteria. Probably, acid treatment
causes more intracellular binding [56]. Acid may break the gly-
cosidic links of polysaccharides and amide linkages of proteins.
Hence, acid treatment breaks down the peptidoglycan structure
of the bacterial cell wall. In spite of the fact that the peptidoglycan
layer is quite thick in these microorganisms, acid may decrease
thickness and cross-links and result in larger pore sizes and more
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pores. This perturbation of the bacterial cell may allow AFB, to
bind to the cell wall and plasma membrane constituents that are
not available when the bacterial cell wall is not damaged [54].

Hydrophobic groups (polysaccharide especially -D-glucan,
peptidoglycan and teichoic) take part in binding to AFs. Acid
treatment, as well as heat treatment, lead to exposure of more hy-
drophobic agents on the surface of bacteria. Therefore, all these
results confirm that bacterial viability is not a prerequisite in the
detoxification of AFs.

Presence of salts

Metal ions slightly decrease binding capacity due to the effect
of these molecules on the bacterial surface charge as well as elec-
trostatic interactions, which have been suggested to have a minor
effect on the detoxification of AFs. Therefore, binding diminishes
in the presence of salts depending on their concentration. In the
study carried out by Lahtinen, when bacteria were incubated with
chelating agents such as EDTA and EGTA to remove metal ions
bound to the bacterial surface, the similarity in binding properties
of the samples with and without chelating agents, indicates lack
of involvement of Ca*% or Mg*ﬂ in AFs binding. Furthermore, bind-
ing of AFs by probiotic bacteria was predominantly lower in the
presence of divalent ions (Ca*?) than in the presence of monova-
lent ions (Na*) [57]. In other words, chelating of metal ions by the
-dicarbonyl moiety of AFs may influence their binding by LAB
[56,58].

Effect of bile on aflatoxins binding

Previous data showed that bile salts are able to improve bind-
ing ability of bacteria with three mechanisms:

a) altering the expression of lactobacilli gens, which results
in encoding of more new proteins on the cell envelope [59,60],

b) altering the architecture of bacterial cell surface as well
as the conformation of cell wall components (e.g. proteins, glyco-
lipids and phospholipids) that cause the new sites for AFs binding
[61-64] and

c¢) increasing relative solubility of AFs and allowing for fur-
ther interactions with macromolecules such as cell wall compo-
nents of bacteria in solution [65].

Treatment with enzymes

The role of cell wall proteins and glycoproteins was further in-
vestigated by treatment of LAB with specific and non-specific pro-
teolytic enzymes. Site-specific proteolytic enzymes such as tryp-
sin and a-chymotrypsin were used to cleave proteins at different
sites. Results demonstrated that binding properties of untreated
bacteria are similar to trypsin or a-chymotrypsin-treated bacteria
and proposed that these enzymes do not remarkably affect bind-
ing sites. Hence, the binding site is unlikely to contain the peptide
fragments cleaved at positively charged amino acids or hydropho-
bic amino acids, which are the preferred substrates for trypsin
and a-chymotrypsin, respectively [57]. While non-specific proteo-

lytic enzymes such as pronase E produced greater fragmentation
of protein and presumed to be responsible for the significant ef-
fect on the capability of removing AFs [58].

The possible role of N-linked glycans was also investigated.
N-linked glycans are often found on the bacterial surface and are
well known to play a role in bacterial adhesion and in intercel-
lular interactions [66]. N-glycosidase F cleaves asparagine bound
N-linked glycans, hydrolysing the glycosylamine linkage of most
N-linked glycoproteins and releasing a 1-amino oligosaccharide.
Exposure of probiotic bacteria with N-glycosidase F did not affect
AFB, binding. Therefore, AFs are unlikely to bind to the 1-amino
oligosaccharide part of an asparagine bound N-linked glycopro-
tein [57]. Additionally, treatment with lipase did not cause a nota-
ble decrease in AFs binding, suggesting that collaboration of lipids
(such as lipoteichoic acid) could be unexpected [58].

Effect of exopolysaccharide (EPS)

Exopolysaccharides, teichoic or lipoteichoic acids and pepti-
doglycans are major types of carbohydrates in the bacterial cell
wall [64]. It is known that some LABs such as L. rhamnosus GG,
L. reuteri and L. casei shirota produce EPS [67], which is liber-
ated into the surrounding media but also loosely adheres to the
bacteria and forms an amorphous layer outside of the cell wall
peptidoglycan. The EPS isolated from L. rhamnosus GG showed
no AFB, binding ability and the bacteria which EPS had been re-
moved from maintained their potential for binding to AFB, [57].
Similarly, Hernandez-Mendoza demonstrated that cell-bound EPS
extracted from L. reuteri and L. casei shirota had a rather limited
capacity for binding to AFB, [68]. These results strongly exhibit
the low binding activity by EPS [57,68].

Treatment with anti-hydrophobic and carbohydrate oxida-
tion agents

It was investigated that after adding anti-hydrophobic agents
such as urea, binding capacity diminished, especially for non-vi-
able bacteria due to the exposure of more hydrophobic sites in
them by acid or heat treatment [57,58]. Meanwhile, treatment
with carbohydrate oxidation agents such as periodate causes
oxidation of cis OH groups to aldehydes and carbon acid groups
and significantly decreases the binding capacity of AFs by LAB.
Although periodate affects mainly carbohydrates, C-C bounds of
some polar amino acids are also susceptible of oxidation cleavage
[58]. Generally, the bacterial cell wall polysaccharides (polysac-
charide, peptidoglycan and teichoic) are considered to be hydro-
phobic agents and take part in the detoxification of AFs [54,58].

Fermentation

Generally, fermentation could reduce the amount of free AFs
in three ways:

a) Structural decomposition of AFs due to low pH and
the biological activity of starter microorganisms

Govaris et al. [69] reported that reduction of AFM, was high-
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er in yoghurts with a pH of 4.0 than in yoghurts with a pH of 4.6
during fermentation and refrigerated storage [69]. This phenome-
non attributed to further metabolic activity of LAB and production
of larger amounts of lactic acid and other fermentation by-prod-
ucts along with the lower pH. Some studies have showed variable
transformation of AFB, and AFM, into their hydroxy derivative
AFB, and AFM, in fermented dairy products. This transforma-
tion after fermentation is variable, and acidity was responsible
for these conversions. These new compounds (AFB,a, AFM,a and
aflatoxicols) are not toxic or less toxic [70,71,56]. On the contrary,
in a study performed by Sarlak et al. [52] the samples of probiot-
ic doogh with a final fermentation pH of 4.5 detoxified more free
AFM, during fermentation and storage than those with a pH of 4.2,
due to the higher viability of yoghurt cultures and/or probiotics
[52].

b) Increasing binding capacity of AFs to milk proteins
due to changes in their structure made by pH reduction and
acid formation

Fermentation with a decrease in pH denatures the structure
of milk proteins such as caseins, leading to formation of a network
yoghurt (or doogh) coagulum that holds the AFs inside the precip-
itate [72,73]. Moreover, the complex casein fractions with dena-
tured whey proteins lead to the exposure of further hydrophobic
sites [74] that could bind to greater AFs. However, researchers
have reported controversial results on the fate of AFs in yoghurts.
Blanco et al. [75] and Wiseman & Marth [76] reported that afla-
toxins did not change in yoghurt after fermentation [75,76]. In
contrast, Munksgaard et al. [77] and Van Egmond et al. [78] re-
ported a slight increase in the concentration of AFM, in yoghurt
after fermentation [77,78]. Such different results in the stability
of AFs during manufacture and storage of yoghurts might be due
to several factors, including different final fermentation pHs of yo-
ghurts, various initial concentrations of starter bacteria and AFs
in the milk, different fermentation conditions, changes in physi-
cochemical properties of caseins and/or application of unreliable
analytical methods.

c) Binding of AFs to the bacteria cell

Several studies have investigated the effect of different types
of Lactobacillus spp. on AFs levels in fermented products such as
yogurt, kefir or milk and have determined the reduction rate of
AFs during fermentation and storage of such products alone and
in the presence of certain LAB strains. The effect of traditional
starter cultures was alone investigated on AFs by Sarimehmetoglu
& Kiipliilii [79]; and Khoury et al. [80] Sarimehmetoglu & Kiipliili
showed that Streptococcus thermophilus ST-36 has a higher bind-
ing ability in comparison to Lactobacillus delbrueckii subsp. bul-
garicus CH-2 in reconstituted milk. However, the binding abilities
may decrease because of synergetic properties of two microor-
ganisms in yoghurt [79]. In another study performed by Khoury et
al. [80] AFM, binding of Lactobacillus bulgaricus in yogurt after 2
and 6h was 40% and 58.5%), respectively. Whereas, Streptococcus
thermophilus showed lower binding ability (22.6% removal after

2h and 37.7% at 6h) during yogurt processing. Moreover, a com-
bined culture of Lactobacillus bulgaricus and Streptococcus ther-
mophilus bind 29.3% and 46.7% within 2h and 6h of incubation,
respectively [80]. Some studies compared reduction of free AFs
by only starter cultures and by both starter cultures and probiotic
bacteria. Elsanhoty et al. [81] investigated the reduction rate of
AFM, level during the processing and storage of yogurt (alone),
yogurt with L. plantarum, and yogurt with L. acidophilus. The deg-
radation levels of AFM, in these products were 61.4%, 89.9%, and
84.8% respectively [81]. In the study conducted by Sarlak et al.
[52] free AFM, reduction levels were approximately 39% in doogh
(alone) and approximately 95% in the presence of L. acidophilus.
Barukcic et al. reported the same result about yogurt and kefir cul-
tures. They observed that in all treatments, the probiotic cultures
were more effective. In their study, the kefir starter alone was the
least efficient in all tested cultures and L. casei was recognized as
the most efficient strain, achieving a reduction level of approxi-
mately 58% [52]. It seems that starter culture alone has less im-
pact on AFs level compared to Lactobacillus strains or it may not
even have a significant reduction effect on their level. However,
Sani et al. [82] reported a different result for kefir culture. They
observed that the reduction rate of AFM, in kefir with kefir culture
alone (85%) was more than the fermented milk by combination
of kefir culture and L. casei (81.76%) and also fermented milk by
L.casei (69.19%) [82].

Initial AFs concentration

Several studies have investigated the correlation between the
initial concentration levels of AF and its reduction rate. Howev-
er, they have reported different and even contradictory results. In
a study carried out by Kabak & Var [51], they found no signifi-
cant correlation between the initial concentration and reduction
of AFM, levels in contaminated PBS. The most efficient binder, B.
bifidum Bb13 removed 23.48, 26.62, and 24.77% of AFM, at 5, 10
and 20ppb, respectively within Oh [51]. This finding is similar to
that of EI-Nezami et al. who reported that the removal of AFB, did
not increase significantly by the increasing concentration of AFB,
[51]. Abbes et al. evaluated AFM, binding ability of two strains
of L. rhamnosus and L. plantarum in three levels of initial AFM,
and three incubation times (Oh, 6h, 24h). They reported binding
abilities of 85.8%, 90.7% and, 95.1% for L. rhamnosus and 72.3%,
72.9%, and 76.9% for L. plantarum in AFM, concentrations of
0.05, 0.1, and 2pg/l, respectively [83]. Adibpour et al. [84] also
observed that the binding ability of LAB strains increased by in-
creasing initial AFM, concentration [84]. However, Ismail et al.
found that AFM, binding potential of LAB strains in lower initial
concentration levels was more than their AFM, binding ability in
higher concentration levels of AFM, [85]. These contradictions
may be described by the differences in experimental conditions
and procedures.

Amount of inoculation

Some studies show that bacteria population is one of the im-
portant factors in the removal of AFs by lactobacilli and bifidobac-
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teria. E1-Nezami et al. [86] reported that minimally 2 x 10°cfu/
ml cells were required for significant AFB, removal [51]. Similarly,
Line and Brackett demonstrated that approximate viable cell pop-
ulations of 1 x 10°cfu/ml or greater were required for significant
removal of AFB, [86].

Kabak & Var [51] reported that removal of AFM, by the viable
probiotic bacteria with 8log cfu/ml ranged from 10.22 to 26.65%
depending on the contamination level and incubation time, while
the binding ability dropped to 0-5.02% when the level of inocu-
lated probiotic cells was 7log cfu/ml [51]. Ismail et al. [85] found
that the population of bacteria is also very important in the poten-
tial of the heat treated-bacteria. They observed that the reduction
rate from about 30% in 10%cfu/ml depending on the bacteria type
enhanced to about 80% or even 100% (for L. helveticus) in the
concentration of 10'°%fu/ml [85]. Sarlak et al. [52] reported the
ability of viable L. acidophilus for binding to AFM, in doogh with
the population of 107cfu/ml and 10°cfu/ml as 95.2% and 99%,
respectively after 28 days. According to this research, doogh treat-
ment with the amount of inoculation 100 times more than treat-
ment with 7log cfu/ml L. acidophilus only reduced 3.8% more
AFM,, which appears not to be cost-effective [52].

Combination of time and temperature

According to some studies, removal of AFs is a rapid pro-
cess with no significant difference between different incuba-
tion periods at all levels of AFs. For example, Kabak & Var [51]
indicated that viable L. acidophilus NCC36 (10%cfu/ml) removed
22.23, 23.47 and 22.24% of AFM, from buffer solution contain-
ing 5ppb, within 0, 4 and 24h, respectively [51]. This study agrees
with El-Nezami et al. [50] who reported that no remarkable dif-
ference was observed between different incubation periods in
the reduction of AFB, from PBS by LAB and bifidobacteria [50].
On the contrary, Peltonen et al. [87] demonstrated that the AFB,
binding of L. amylovorus CSCC 5160 was enhanced significantly
during incubation from 52.6% (0h) to 73.2% (72h) [87]. Also, Ab-
bes et al. [83] compared the effect of different incubation times
(Oh, 6h, and 24h) on the removal of AFM,. They revealed a direct
correlation between incubation time and eliminating AFs as they
observed an increase of about 60-70% from Oh to 24h depend-
ing on the bacteria type and initial AFs concentrations [83]. Some
papers evaluated the effect of different storage time and revealed
similar results. These studies found that binding percentages of
different strains of Lactobacillus spp. increased during the storage
period as the most extensive reduction was observed at the end
of the storage period. Elsanhoty et al. [81] found an increase of
AFM, reduction of about 45% and 56% for L. acidophilus and L.
plantarum, respectively after 7 days storage of yogurt [81]. Sarlak
et al. [52] compared the binding potential of heat-killed bacteria
and viable bacteria during the storage time in doogh. The results
showed that the increase of storage time was more effective on
the binding potential of viable bacteria than heat-killed bacteria.
They found that the reduction rate significantly increased at days
14 and 28 compared to the first day in both groups [52] Howev-

er, Adibpour et al. [84] investigated the AFM, binding ability of L.
acidophilus strain in the presence and absence of yogurt starter
culture and yogurt starter culture alone during the storage period
of 21 days in the refrigerator. They observed a degradation per-
centage of over 90% in AFM, level in all groups on the first day
of storage and no significant increase in degradation levels was
observed during the storage time [84].

Washing and stability of binding

The stability of the bound between probiotics and AFs was
assessed through washing with buffer solutions. In most stud-
ies, binding between cells and AFs were assumed to be unstable
based on the results of washing tests. For example, all strains in
the study of Haskard et al. [54]. showed reversible binding of AFB,
when washed with water. There was significant difference in the
percentage of AFB, bound both initially and after up to five wash-
es. Of all the strains, L. rhamnosus GG and L.rhamnosus LC-705
were most effective in initially binding and also retaining AFB,
suggesting that the complexes of AFs with these strains were the
most stable [54]. The results agree with Peltonen et al. [87] who
observed that AFB, was not bound strongly by the lactobacilli
strains, and that bound AFB, was released in the range of 27.8-
94.4% into the solution [87].

Similarly, in the study performed by Ismail et al. [85] most
strains of LAB resulted in the release of AFM,, while only a few
strains released AFs in the 3rd washing. Lactobacillus lactis-afla-
toxin complex formed in 0.05 and 0.1ppb spiked AFM, milk sam-
ples was found most stable among all the tested microbes and
released only 19.5% and 34.8% AFM , respectively [85]. However,
Kabak & Var [51] observed that binding was approximately irre-
versible and AFM, were slightly released back into the buffered
solution. After washing of the bacteria-aflatoxin complexes, 5.62-
8.54% AFM, were released back into the solution [51]. Serra-
no-Nino etal. [65] concluded that the aflatoxin was released easily
due to the weak nature of non-covalent bonds between the toxin
and bacteria and binding differences between strains and bound
stability are due to the differences in their cell walls [65].

Conclusion

There is no doubt about the intensity of the risk of AFs re-
garding human health, food safety, and economic losses. As a risk
reduction strategy, probiotics could be used due to their ability to
alleviate AFs in food and in the human gut, as well as deliver other
health benefits to consumers.

The results of this review indicated that different probiotic
starters uniquely affect flavor profile, sensorial properties and ul-
timately, acceptability. Most of the strains of LAB are able to bind
to AFs molecules. Different factors such as fermentation condi-
tions, storage period, bacteria population, type of culture and via-
bility of bacteria could remove free AFs - from both contaminated
dairy products and PBS. The influence of these factors exerts due
to binding of AFs to food components (such as starter bacterial
cells as well as milk proteins) or their structural modifications.
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Some studies indicated that absorption of probiotic-aflatoxin
and/or probiotic- protein complexes in the gastrointestinal tract
decreases.

There are varieties of responses between different probiotics
against AFs.

All in all, till now, evidence-based studies suggested no single
strategy as the final solution for AFs decontamination and risk
reduction in foods. However, there are so many studies supporting
the microbial decontamination as the most suitable solution. Thus,
application of microorganisms as the best solution to the current
problem of AFs contamination needs to be seriously evaluated
from a food safety and nutritional point of view.
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