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Aflatoxin M, reduction by microorganisms isolated from kefir grains
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Abstract

Aflatoxin M, (AFM,) is a mycotoxin that often contaminates milk. Like other mycotoxins, it
is thermostable and potentially carcinogenic. The present work was carried out to evaluate the
ability of microorganisms isolated from Indonesian kefir grains to reduce AFM, in
contaminated phosphate buffer saline (PBS). Fourteen isolates of lactic acid bacteria, both
aerobic (LAE) and anaerobic (LAN), and nine isolates of yeast (YEA) were used. The
significantly highest AFM, reduction percentage was shown by the isolate LAE7 (29.3 +
0.6%) after 4 h incubation. DNA sequencing of LAE7 and YEA?2 isolates showed that these
isolates had homology (level of similarity) with species of Lactobacillus kefiri strain A/K and
Saccharomyces cerevisiae NRRL Y-12632, respectively. The present work proved that
isolates from Indonesian kefir grains could reduce AFM, and have the potential for practical

use.
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Introduction

Aflatoxins are secondary metabolites
produced mainly by Aspergillus flavus and A.
parasiticus that usually contaminate foods and feeds.
These aflatoxigenic fungi are widespread in warm
and humid climates especially in tropical countries
(Viegas et al., 2012; Patel et al, 2015) including
Indonesia. Contaminated maize and maize products
by A. flavus have been reported in several cities in
Indonesia (Kusumaningrum et al., 2010). Aflatoxin
B, (AFB,)) in contaminated products can be
biotransformed  into  AFM,  (4-hydroxylated
metabolite of AFB,) in the liver, and excreted in milk
(Gurbay et al., 2010). Although the toxicity of AFM,
is only one-tenth of that of AFB, it is still considered
a potential hazard since AFM, has similar chemical
properties and activities as AFB, (Fallah, 2010;
MdQuadri ef al, 2013). TARC has changed the
classification of AFM, from group 2B to group 1
(carcinogenic to humans) (IARC, 2002; CAST,
2003). Exposure to AFB, in raw materials has been
linked to the occurrence of liver cancer in
Yogyakarta, Indonesia (Rahayu et al., 2020). Like
other mycotoxins, AFM, is thermostable, thus can
resist thermal treatment/processing and remain in
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several milk products such as pasteurised, powdered,
and infant milk (Galvano et al., 2010).

The permissible limits of AFM, are 0.05
pg/L as prescribed by European Union (EU, 2006),
and 0.5 pg/L as prescribed by Food and Drugs
Administration of United States (FDA, 2005) and
Indonesia regulation (BPOM, 2018). Research on the
occurrence of AFM, in milk has been done
previously by Widiastuti et al. (2006) who found that
of 17 milk samples from Bogor, Indonesia, 12 were
positive AFM, in the range of 0.001 - 0.343 ug/L.
The result did not exceed the Indonesian regulatory
limit, but exceeded the European Union regulatory
limit. Measures to reduce mycotoxin to improve the
quality of dairy products in Indonesia should be
undertaken.

Mycotoxin  decontamination/detoxification
through physical, chemical, and biological methods
has been investigated. AFM, reduction by lactic acid
bacteria (LAB) and yeasts has also been reported.
The decontamination/detoxification mechanism of
aflatoxins by microorganisms has not been fully
clarified yet, but it seems that aflatoxins bind to the
polysaccharides and peptidoglycans of microbial cell
wall. This can be achieved by hydrogen bond and
Van der Waals interactions (Shetty and Jespersen,
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2006; Yiannikouris et al., 2006).

LAB and yeasts can be found in milk
fermentation products such as kefir and yogurt. Kefir
is a traditional fermented milk beverage with
health-promoting properties, and produced by a
mixture of microbial species naturally occurring in
the kefir grains which originate from the Caucasus
region (Kabak and Dobson, 2011). Kefir grains
contain complex LAB that has symbiotic
interactions with each other. Microorganisms that
can be found in kefir grains are LAB such as
Lactobacillus kefiri, Lactobacillus kefiranofaciens,
Lactobacillus acidophilus, Levilactobacillus brevis
(formerly Lactobacillus brevis; Zheng et al., 2020),
Lacticaseibacillus casei (formerly Lactobacillus
casei; Zheng et al., 2020), and Lactiplantibacillus
plantarum  (formerly Lactobacillus  plantarum;
Zheng et al., 2020); yeasts such as Kluyveromyces
marxianus, Kluyveromyces lactis, Saccharomyces
cerevisiae, Candida kefir, and Kazachstania
unispora; and acetic acid bacteria that cohabitate in a
matrix composed of proteins and polysaccharides
(Garofalo et al., 2015).

Several studies regarding the reduction of
aflatoxins by kefir grains have been reported. Ansari
et al. (2015) reported that kefir grains could reduce
96.8% AFG, in pistachio nuts with 6 h contact time.
Kefir grains also reduced 91.9% AFM, in milk with
a concentration of 0.5 pg/L (Isakhani ef al., 2014).
Microorganisms isolated from kefir grains can also
bind AFB,, zearalenone, and ochratoxin up to 82 -
100% in milk. The main strains that contributed to
mycotoxin binding are Lactobacillus  kefiri,
Kazachstania servazzii, and Acetobacter syzgii, with
Lactobacillus kefiri being the most active (Taheur et
al., 2017). Studies regarding the reduction of AFM,
by microorganisms isolated from kefir grains are still
limited. Therefore, the present work aimed to
evaluate AFM -reducing ability of microorganisms
isolated from kefir grains with different incubation
times, and to identify the strains of LAB and yeast
with the highest AFM -reducing ability.

Materials and methods

Isolation of microorganisms from kefir grains
Indonesian home industry kefir grains were
used in the present work. The activated kefir grains
(10 g) were suspended in NaCl solution (0.85%
w/v), and homogenised with stomacher for 30 s.
Sequential decimal dilutions were prepared in the
same dilutant, and 0.1 mL were inoculated on
specific solid growth media by spread-plate
technique in triplicate. LAB were isolated on de

Man, Rogosa, and Sharpe (MRS) agar (Difco™,
Sparks, USA), and incubated at 30°C under aerobic
and anaerobic conditions for 7 d. Anaerobic
condition was achieved using an anaerobic chamber
with a gas generator (AnaeroPack, Mitsubishi,
Japan). Yeasts were isolated on yeast extract peptone
dextrose (YPD) agar (Sigma-Aldrich, Darmstadt,
Germany) at 25°C for 5 d. Isolates of LAB, both
anaerobic (LAN) and aerobic (LAE), and yeasts
(YEA) were isolated, streak-plate purified, and
microscopically examined. LAB isolates were
further subjected to biochemical tests such as
Gram-staining, catalase test, and oxidase test
(Taheur et al., 2017).

Reduction of AFM, by microorganisms isolated from
kefir grains

Isolates of LAB and yeasts on growth media
were inoculated in MRS and YPD broth, respective-
ly, then incubated at 30°C (LAB) and 25°C (yeast)
until the cells reached approximately 1.0 x 10%
CFU/mL. The incubated culture was then
centrifuged at 7,500 rpm for 15 min. The separated
cells were re-suspended with 1 mL Dulbecco’s PBS,
and this was heated at 90°C for 1 h to become
non-viable cells. The cells were centrifuged again at
the same condition as previously, followed by
washing the cells with 1 mL sterile Milli Q twice.
The cells were added with 1 mL PBS artificially
contaminated with 10 ng/mL AFM, (FUJIFILM
Wako Pure Chemical Corporation, Japan), followed
by incubation at 4°C for 4 and 24 h. After
incubation, the cells were centrifuged at 7,500 rpm
for 15 min, and AFM, residue was immediately
passed through the immunoaffinity column (IAC)
(Soontornjanagit and Kawamura, 2015).

The TAC was conditioned by passing
through 10 mL of PBS before it was used. IAC
clean-up was done by adding 5 mL of PBS, followed
by 5 mL of Milli Q. AFM, was eluted with 1 mL
CH,CN:CH,OH (1:1), and the elution process was
done twice. The collected eluate was added with 2
mL of Milli Q, then the mixture was centrifuged at
12,000 rpm for 10 min.

The HPLC analysis was done with 100 uL
of eluate in the HPLC analysis vials. The analysis
was done by Shimadzu HPLC equipped with
autosampler (Shimadzu, Japan) and fluorescence
detector (Shimadzu RF-20A, Japan). The condition
was: column, Shim-pack XR-ODS 100 x 3.0 mm
(0.3 pm); temperature, 40°C; mobile phase,
H,0:CH,CN:CH,OH (7:1.5:1.5); injection volume,
50 pL; fluorescence detector, excitation 360 nm and
emission 430 nm; running time, 15 min; and flow
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rate, 0.4 mL/min (Abdelmotilib et al., 2018). The
calibration curve was constructed with several
concentrations of AFM, standard diluted with
acetonitrile. The reduced AFM, by the samples after
4 and 24 h incubations was calculated using Eq. 1:

AFMI concentration
with sample

AFMI concentration _
0 hour

AFMI concentration 0 hour

% AFM; _
reduced

x 100%
— Negative control

(Eq. 1)

The limit of detection (LOD) and the limit of
quantification (LOQ) were calculated based on the
standard deviation of the response and slope. The
LOD and LOQ of AFM, were 0.84 and 2.54 ng/mL,
respectively. The mean recovery rate of AFM, was
89.6 + 0.57%.

Identification of LAB and yeast strains from kefir
grains

Selected LAB strains isolated from
Indonesian kefir grains were prepared as DNA
templates for polymerase chain reaction (PCR). The
DNA template of isolated strains was identified
using the molecular method by Sanger with an
automated DNA sequencer (ABI3730, Applied
Biosystems™, United States). The amplification of
16S rDNA from the bacterial strains by PCR was
performed with the primers 27F: 5'-AGA GTT TGA
TCC TGG CTC AG-3', and 1492R: 5'-GGT TAC
CTT GTT ACG ACT T-3'.

Selected yeast strains isolated from
Indonesian kefir grains were prepared as DNA
templates for PCR. The amplification of the D1/D2
domain of the 26S rDNA by PCR was performed
with the primers NL1 5°-GCA TAT CAA TAA
GCG GAG GAA AAG-3’, and NL4 5-GGT CCG
TGT TTC AAG ACG G-3'. The PCR products of
16S rDNA and D1/D2 26S rDNA were sequenced,
then the obtained sequences were trimmed and
assembled with the Bio-edit program. The
assembled sequences were processed with BLAST
to determine species with the closest molecular
homology (Evvyernie et al., 2000; Srinivasan et al.,
2015).

Statistical analysis

The test results were processed statistically
using analysis of variance (ANOVA) with a
significance level of 0.05; and if there was a
significant factor, then the data were processed by
Duncan's test. The statistical software used was
SPSS Statistics 22.

Results

Reduction of AFM, by microorganisms isolated from
kefir grains

Generally, the AFM -reducing ability of
microorganisms isolated from Indonesian kefir
grains ranged from 1.6% (by LAN) to 29.3% (by
LAE). LAN isolates yielded the lowest AFM,
reduction ability of 1.6 to 12.8% (Table 1). All LAN
isolates after 4 h incubation, except for LANS,
showed significant results on AFM, reduction, with
LAN2, LAN3, and LAN4 showed a non-significant
difference. Meanwhile, afetr 24 h incubation, LAN3
and LANS had a significant result on AFM,
reduction, although AFM, reduction percentage by
LAN3 and LANS at 24 h did not have a significant
difference. An increase in incubation time affected
AFM, reduction on LAN isolates significantly,
meaning that longer incubation of LAN yielded a
significant result of AFM, reduction. The means of
AFM, reduction by LAN isolates were very low, and
generally showed no significant difference of AFM,
reduction ability between isolates.

Table 1. AFM, reduction percentage by LAN
isolates.

AFM; reduction percentage (%)

Sample
4h 24 h
LAN2 36+14° 41+1.7°
LAN3 -4.6+1.8 10.0 £ 2.6?
LAN4 1.6 £0.3? -0.9 £0.4¢
LANS 1.7+1.5° 12.8 £2.12
Average 0.9 £3.44 6.2 +5.68

Means in each column followed by different lower-
case superscripts differ significantly. Means in each
row followed by different uppercase superscripts
differ significantly.

Based on Table 2, LAE isolates after 4 h
incubation yielded a significant result, with the
highest reduction percentage was given by isolate
LAE7 (29.3 £ 0.6 %), although the result was not
significantly different than LAEl, LAE9, and
LAEI10. Meanwhile, after 24 h incubation, isolates
LAEl showed a considerable difference on AFM,
reduction than the other isolates. This result showed
that 4 h incubation yielded a significant result on
AFM, reduction by LAE isolates percentage than 24
h incubation. Generally, AFM, reduction by LAE
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isolates decreased after 24 h incubation. Isolate
LAE7 with the highest reduction percentage and
significant result after 4 h incubation was selected
for further strain molecular identification.

Table 3. AFM, reduction percentage by YEA isolates.

AFM; reduction percentage (%)

Table 2. AFM, reduction percentage by LAE

Sample
4 h 24 h

YEALI 9.8+3.9° 150+3.8
YEA2 16.0 +£4.92 20.6 +0.8°
YEA3 14.0+£1.92 172 £2.5°
YEA4 12.6 £4.6* 17.2+2.52
YEAS 15.0+4.72 15.7+3.32
YEA7 13.6+1.7° 172 +£1.32
YEAS 12.4+2.3¢2 12.2+0.32
YEA9 8.5+4.1°8 13.0 +4.6°
YEAIO 8.2+1.28 139+1.8

Average 12.1 £3.98 15.7+3.3A

isolates.
AFM; reduction percentage (%)
Sample
4h 24 h
LAEl 249 + 2.8 24.4 + 3.0
LAE2 24.0+1.3° 16.0 £5.0°
LAE3 23.0+3.0° 154+0.9°
LAE4 159 +0.4° 9.1 +3.0¢
LAES 21.0+3.5° 17.9 £4.5°
LAE6 23.8+1.7° 152+1.7°
LAE7 29.3+0.6° 159 +£3.2°
LAES 21.6 £0.5° 16.1 £1.2°
LAE9 25.1 £3.2% 184 +3.1°
LAE10 24.6+1.1% 15.6 £4.0
Average 233+£3.54 16.7 +4.48

Means in each column followed by different lower-
case superscripts differ significantly. Means in each
row followed by different uppercase superscripts
differ significantly.

The results of AFM, reduction percentage
by YEA isolates are shown in Table 3. Incubations
for 4 and 24 h showed non-significant results on all
isolates. Isolate YEA2 yielded the highest reduction
percentage after 4 and 24 h incubations despite
having a non-significant difference with other
isolates. However, reduction percentage of AFM, by
almost all YEA isolates after 24 h incubation
significantly increased. AFM, reduction by all YEA
isolates did not differ from each other after 4 and 24
h incubations. Isolate YEA2 with the highest
reduction percentage was selected for further strain
molecular identification.

Based on Figure 1, it can be seen that there
were interactions between the types of microorgan-
isms and the incubation time factor. It is also clear
that the mean reduction in LAE decreased after 24 h,
while the average AFM, reduction of LAN and yeast
increased after 24 h. LAE isolates yielded a higher
mean of AFM, reduction percentage than yeast and
LAN isolates. It can be seen that LAE

Means in each column followed by different lower-
case superscripts differ significantly. Means in each
row followed by different uppercase superscripts
differ significantly.

LAE

LAN YEAST

= — ] M2
=1 o = o

n

i

Estimated means of reduction {%)

(=1

4h m24h

Figure 1. Estimated marginal means of AFM, reduc-
tion.

showed different behaviour from LAN and yeast. It
can be concluded that LAE is a bacterium that has
the most influence on AFM, reduction among all
microorganisms isolated from kefir grains.

Identification of LAB and yeast strains from kefir
grains

The isolates with the highest AFM,
reduction percentage were LAE7 (29.3 + 0.6%) after
4 h incubation, followed by YEA2 (20.6 + 0.8%)
after 24 h incubation. Isolates LAE7 and YEA2 were
identified by molecular method (PCR), and the result
is shown in Table 4. DNA analysis using BLAST
revealed that LAE7 had homology (level of
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Table 4. Identification of isolate LAE7 and YEA2 from kefir grains.

Sample code

Description LAE7 YEA2
Identified strain Lact(s)tl;:iclilz;v Kkeﬁrz Saccharomy;e:vlgzgezwszae NRRL
Homology (%) 99.79 99.49
Max score (bits) 2606 1077
Total score 2606 1077
Query coverage (%) 100 98
E-value 0.0 0.0
Max Identities 1418/142 (99%) 590/593 (99%)
Accession number NR 042230.1 NG _042623.1

similarity) of 99.79% with Lactobacillus kefiri strain
A/K, while YEA2 had homology of 99.49% with
Saccharomyces cerevisiae NRRL Y-12632.

Discussion

Non-viable cells were used in the present
work since past studies have reported that they could
reduce AFM, with a higher percentage in a short
contact time (Bovo et al, 2013). LAE isolates
yielded the highest reduction ability among all
isolates in the range of 9.1 to 29.3% (Table 3). LAE
yielded higher AFM, reduction than LAN. This
could be that acrobic LAB had higher cell yield than
anaerobic LAB, as observed by Smetankova et al.
(2012) who observed that L. plantarum had higher
cell yield in aerobic condition than in anaerobic
condition. The AFM, reduction ability varied among
the isolates assessed in the present work. Despite
similar genetic structure, ability of LAB can vary as
observed by Pierides et al. (2000) who also found
that  Lacticaseibacillus ~ rhamnosus  (formerly
Lactobacillus rhamnosus GG, Zheng et al., 2020)
strain had less reduction ability than L. rhamnosus
strain GG. This could be due to the difference in
biological activities of the strains.

In the present work, LAB isolates yielded
higher AFM, reduction percentage than yeast
isolates. Contrarily, another study found that yeast
isolates reduced AFM, more than LAB (Abdelmo-
tilib et al., 2018). They observed that non-viable L.
plantarum and L. acidophilus reduced 32.92 and
58.98% of AFM, in PBS after 72 h incubation, while
S. cerevisiae reduced 64.52% of AFM, in the same
condition. Mix isolates of LAB and yeast showed a
maximum reduction of 100% after 60 min

incubation. Another study suggested that yeast
incubated longer than 24 h had high AFM, reduction
percentage. Abdelmotilib et al. (2018) found that
AFM, decreased gradually from 0 to 72 h by
non-viable S. cerevisiae in PBS.

A higher concentration of yeast at 1.0 x 10?
CFU/mL could also contribute to a higher
percentage of AFM, reduction (Corassin et al., 2013;
Abdelmotilib et al., 2018). Higher reduction
percentage was also observed in incubation on
different media with short incubation time. Corassin
et al. (2013) found that LAB could reduce 11.5% of
AFM, while S. cerevisiae could reduce 90.3% of
AFM, in UHT skim milk after 30 min incubation.

In the present work, an increase in
incubation time affected the reduction of AFM, by
LAN and yeast isolates significantly. This finding
agree with Elgerbi et al. (2006) who observed a
significant difference in reduction ability of tested
LAB strains after 24 and 96 h incubations in the
range of 0 to 14.6% and 4.5 to 73.1%, respectively.
Contrary to the previous study, Bovo et al. (2013)
observed that AFM, reduction ability of all tested
strains; L.  plantarum,  Enterococcus — avium,
Pediococcus pentosaceus, Bifidobacterium lactis,
and Lactobacillus gasseri after 15 min and 24 h
incubations had no significant difference.
Meanwhile, in the present work, LAE isolates
yielded a significant result on AFM, reduction after
4 h incubation. Attachment of AFM, to microbial
cell walls is a rapid procedure, and the optimum
attachment occurs within the first minutes of
exposure (El-Nezami et al., 1998; Bovo et al., 2013).

The mean of AFM, reduction by LAE
decreased after 24 h incubation, while the mean
AFM, reduction by LAN and yeast increased after
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24 h incubation. There is a possible symbiosis
relation between AFM, reduction by LAE and yeast.
The released AFM, by LAE cell wall after 24 h
incubation can be absorbed by yeast, as shown by
the increase in AFM, reduction percentage by YEA
isolates. This showed the potential of the microbial
isolates from kefir grains to reduce AFM, in milk
due to kefir grains having complex microbial
diversity.

The decrease in AFM, reduction percentage
by LAE isolates after 24 h incubation was also
observed by Elsanhoty et al. (2014) where
non-viable L. acidophilus, L. rhamnosus, L.
plantarum, and L. bulgaricus decreased gradually
from 4 to 24 h incubation in PBS. Kuharic et al.
(2018) also observed a decrease in AFM, reduction
by L. plantarum isolates in milk. The AFM,
reduction percentage of non-viable L. plantarum
isolates incubated for 4 and 24 h were 79.2 and
26.1%, respectively.

A decrease in AFM, reduction after 24 h
incubation might be due to the release of AFM, from
the AFM -microorganism complex. Previous study
found that aflatoxin could be removed from the
AFM -microorganism  complex by  washing.
Released AFM, by bacteria range from 40.57 to
87.37% (Bovo et al., 2013). The amount of AFM,
released by microorganisms is dependent on their
species and strain. Bovo et al. (2013) found that
viable L. rhamnosus released AFM, within 15 min
after contact. Meanwhile, Kabak and Var (2008)
found that AFM, released from bacterial cells ranged
from 5.62 to 8.54%. The evidence that the
LAB-AFM, complex could release aflatoxins after
washing suggests that the binding is a weak bond
i.e., non-covalent binding between AFM, and the
hydrophobic part of the bacterial cell wall (Haskard
et al., 2000). Therefore, the study on AFM, release
from AFM -microorganism complex isolated from
kefir grains must be conducted in the future to
confirm the efficiency of the isolates; this was not
done in the present work.

Aflatoxin release from the LAB-AFM,
complex can also be explained by different binding
sites or similar binding sites with slight differences
between different strains. The lower amount of
aflatoxin released from the complex can be
explained by the interaction between aflatoxin
molecules retained in the bacterial cell, thus forming
a cross-linked matrix with aflatoxin molecules in the
nearby bacterial cell, which in turn prevents
aflatoxins from being released (Hernandez-Mendoza
et al., 2009).

The mechanism of aflatoxin reduction has

not been clarified yet. Some researchers suggested
that AFM, attaches to polysaccharides and
peptidoglycans, parts of bacterial cell wall, instead
of creating covalent bonds or getting metabolised by
the bacteria (Lahtinen et al, 2004; Shetty and
Jespersen, 2006). Heat treatment on bacterial cell
walls will cause denaturation, which will increase
the hydrophobic nature of the cell surface or form
products of the Maillard reaction. The disruption
will allow aflatoxins to bind to bacterial cell wall and
plasma membrane components which are
inaccessible when the cell wall is not disrupted
(Haskard et al, 2001). The absence of AFM,
metabolite peaks in HPLC chromatograms reported
by Pierides et al. (2000) also further explains the
possible AFM, reduction mechanism, which implies
the involvement of physical interaction with
microbial cell wall instead of a metabolic
degradation reaction. Pierides et al. (2000) also
stated that there was no metabolic degradation of
AFB, because the toxin bound to the Bacillus can be
extracted. It was also assumed that AFB  might be
attached to the proteins in the Bacillus megaterium
cell walls.

Studies on AFM, reduction ability of L.
kefiri are yet to be done. L. kefiri has been shown to
reduce other mycotoxins in previous study. Taheur
et al. (2017) found that L. kefiri could reduce 80%
AFB,, 81% ochratoxin A, and 100% zearalenone
when cultivated on milk. S. cerevisiae has been used
for reducing aflatoxins in previous studies of
Abdelmotilib et al. (2018) where S. cerevisiae could
reduce 64.52% AFM, in PBS. S. cerevisiae also had
a higher reduction ability on UHT milk medium with
a 90.3% reduction (Corassin et al., 2013). These data
suggest that L. kefiri and S. cerevisiae isolated from
Indonesian kefir grains have the potential to reduce
mycotoxins in milk for further applications.

Conclusion

The highest AFM, reduction percentage
among the tested microorganisms was shown by
isolate LAE7 (29.3 + 0.6%) in 4 h incubation time
with significant result. In general, longer incubation
of 24 h gave a significant result on LAN and YEA
isolates, while longer incubation did not give LAE
isolates significant results. The present work
suggested that LAE showed different behaviours
from LAN and yeast. This was indicated by the
higher AFM, reduction mean value than the other
two types of microorganism. It can thus be
concluded that LAE had the most influence on
AFM reduction among all microorganisms isolated
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from kefir grains.

The DNA sequencing of LAE7 and YEA2
isolates using BLAST revealed that these isolates
had homology (level of similarity) with L. kefiri
strain A/K and S. cerevisiae NRRL Y-12632,
respectively. The present work proved that isolates
from kefir grains could reduce AFM, and have the
potential for practical use.
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