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ABSTRACT KEYWORDS
Kefir isfermented milk only made from kefir grainsand kefir culturesand AflatoxinM ;
nowadays consumed widely around theworld. It may become contaminated Kefir sarter;
with aflatoxin M, (AFM ) which even in small quantities, have hazardous Lb. acidophilus;
effects for human beings. Therefore, a practical and effective method is ELISA.

needed to be devel oped for the detoxification of AFM, contaminated milk
or decreased itstoxicity. It hasbeen reported that specificlactic acid bacteria
areabletoremoveor degrade AFM, fromliquid mediaby physical binding.
The objective of this study was to detect the effect of kefir starter and
Lactobacillus acidophilus to bind AFM, in kefir made from milk spiked
with 500 pg AFM, mL . Accordingly, five levelsof kefir starter (2, 4, 6%, 8
and 10%) asgroup 1 and five levels of Lb. acidophilus (0.1, 0.3, 0.5, 0.7
and 0.9%) with constant amount of kefir starter (4%) asgroup 2 were used.
After 48h, the AFM  content of kefir samples was measured by competitive
ELISA technique. Statistical analyses, in group 1, showed that the sample
containing 6% kefir starter had the most reductionin AFM, concentration
(88.17%) which was significant (p<0.05). In group 2 the sample containing
0.9% Lb. acidophilus and 4% kefir starter had the maximum amount of
AFM binding (89.04%) and there were no significant differences (p<0.05)
between 0.3, 0.5 and 0.7% levels in AFM, reduction. Generally, the effect
of kefir starter (alone) was more than Lb. acidophilusin AFM, binding and
the combination of these strains had synergistic effect in AFM, reduction.
These findings affirmed that particular bacteria and yeast used in this
study can offer decontaminating AFM_ kefir.

© 2014 Trade ScienceInc. - INDIA

INTRODUCTION lusnomiusasther secondary metabolic productg?152,
Thesefilamentousfungi easily occur onagriculturd prod-

Aflatoxins (AFs), agroup of potent mycotoxins, uctsduring growth, harvest, storage or transportation

are produced by some competent mould strainsof As-  and contaminated feeds and foods by producing tox-

pergillusflavus, Aspergillus parasiticusand Aspergil-  ing*319:32,
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Aflatoxin M, (AFM,) is the monohydroxylated
derivateof aflatoxin B, (AFB, ) whichexcretedinto milk
whenlactaing animasarefeed withAFB, contaminated
feedd??, It isestimated that approximately 0.3-6.2%
of AFB, inanimd feedistransformedtoAFM_ inmilk,
but thiscarryover rate hasbeen shownto vary from ani-
mal toanimd, day to day and aso from onemilking pro-
cesstoanother. 12 hafter ingestion of AFB, it could be
revealed inmilk and following thewithdrawa of con-
taminated source, AFM, disappeared within 72 hi3431,

Although, AFM , islesscarcinogenic, hepatogenic
and mutagenicthan AFB, it caninhibit several meta-
bolic systemsand causing liver, kidney and heart dam-
age!®*%, So, occurrence of AFM . in milk and subse-
quently inother dairy products such as cheese, yogurt,
butter, ice cream, kefir and etc. is a global concern
sncemilk isamain nutrient for human diet particularly
infantsand children'™834, Dueto serious hedlth con-
cerns, many countrieshave set maximum imitsfor afla-
toxins, which vary from country to country®>¢. The
European Commission (EC) hasset alimit of 50 ng/L
for AFM, in milki*®whilethe USfood and drug admin-
istration’® and ingtitute of standardsand industrid re-
search of Iran? prescribed the maximum level for
AFM1500ng/L.

Thebest way to control the presenceof aflatoxins
infoodsand feedsisto prevent their formation. Various
physical and chemical methods have been used to
detoxify aflatoxinsfrom food and feed materids. But
theuseof many of themiscurrently limited dueto prob-
lems concerning safetyt>1%2, Thishasled to search for
dternative strategies such asbiological agents. Studies
undertaken inthelast two decades suggested that | ac-
tic acid bacteria(LAB) and fermented dairy products
possess anti carcinogenic activity. Recently, strainsof
LAB and yeasts were also reported to remove AFB,
and AFM_ from contaminated liquid media and
mi| k11.17:20.22:2327.28 Thjs study focuseson the ability
of kefir starter and Lactobacillusacidophilusfor bind-
ingAFM, fromkefir.

MATERIALSAND METHODS

Materials
Bacterial and yeast strains
Kefir starter (cominox company, Spain) and Lac-
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tobacillus acidophilus (CHR Hansen Company, Den-
mark) were usedinthisresearch.

Preparation of AFM standar d solution

AFM powder (Sigma Chemical Co., St Louis,
MO) wasdissolved in amixture of HPLC grade ben-
zenelacetonitrile (97:3 viv) toaconcentration of 0.1ug/
mL. Subsequently, the standard solution was prepared
by diluting themixturein PBS (0.5M, pH 7.2). The
benzene/acetonitrile was evaporated by heating (80 p
C, 10 min) in a water bath!*>?, Thefinad concentration
of thestandard solution (0.05 pg/mL) was calculated
using the Lambert-Beer equation (A= ¢. c.|) usingthe
absorbance a 450 nm. Theresulting solutionwastrans-
ferred to aglass bottle and stored in the dark at 4°C
until used®#,

Contamination of low-fat sterilized milk and kefir
production

FvemL AFM, standard solution (0.05 ug/mL) was
re-sugpended in495 mL of low-fat serilized milk (1.5%
fat), which was randomly purchased from a local su-
permarket in Shiraz-Iran, to a concentration of 500 pg
of AFM, mL™. Kefir samples made from milk with
AFM, (500 pgAFM./ml), as previously explained. In
order to evaluatetheability of kefir starter and Lb. aci-
dophilus, ten tubes were considered which divided into
two groups. Moreover, two tubes were considered as
control samples. First group including fivetubeseach
containing 10 mL of contaminated milk were consid-
ered. Different dosesof kefir starter: 0.2, 0.4, 0.6, 0.8
and 19 (2, 4, 6, 8 and 10%) were added to the tubes
respectively and mixed properly so that kefir starter
wasuniformly distributed. Second group including five
tubes each containing 10 mL of contaminated milk and
constant amount of kefir starter (0.4 gr which equasto
4%). Lb. acidophiluswas added directly to al tubes
indifferent concentrations. 0.01, 0.03, 0.05, 0.07 and
0.099r(0.1,0.3, 0.5, 0.7 and 0.9%) and mixed prop-
erly. Afterwards, all the ten tubes were placed in incu-
bator at 24°C for 24 h. Then coagulum was separated
fromthemilk by filtering with afilter pgper andthelig-
uid wasdistributed in capsthen placed inincubator at
14°C for 24 h. Finally, kefir samples were stored at
4°Cinrefrigerator for 48 h, then ELISA test procedure
was performed. In order to prepare control samples
two tubes (C, and C,) were considered. C, sample
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wasfor evauating theinitial contamination of low-fat
sterilized milk which containing 10 mL of milk. It was
stored at 4°Cinrefrigerator for 48 h, and finally ELISA
test procedure was performed. C, sample containing
10 mL of contaminated milk plus0.1% (0.01 g) Lb.
acidophiluswhichwasadded directly and mixed prop-
erly. Then placed inincubator at 38°C for 8 h and fi-
nally stored at 4°C inrefrigerator for 48 h. Afterwards,
ELISA test procedurewas performed.

AFM_ analysis

AFM, analysiswas performed by ELISA proce-
dureaccording to EuroProximaB.V. recommendations.
All sampleswerecentrifuged (at 2000for10min at 4°C)
andthesupernatant fluidswereandyzed for AFM, resi-
dues using direct competitive Enzyme-Linked
Immunosorbent Assay (dc-ELISA) method. TheELISA
system (BioTek, USA) consisted of ELISA reader
(model ELx808), ELISA washer (model ELx50) and
the ELISA kit (Euro Proxima). Inthe direct competi-
tive ELISA (dc-ELISA) assay, the 96- wellSELISA
plate coated with anti-AFM ., antibodies (clones G11,
6G4, and ATX2) was used. One hundred pL of the
supernatant fluid wasdirectly used per well. Onehun-
dred pL of the AFM, standard sol utionsand test samples
(100 pL/well) in duplicate were added to the wells of
microtiter plate and incubated for 60 min a room tem-
peratureinthedark. Theliquid waspoured off thewells
and the micro well holder was tapped upside down
vigoroudly (threetimesin arow) against absorbent pa-
per toensurecompleteremovad of liquid fromthewdls.
All thewdlswerefilled with 250 uL of washing buffer
and emptied as described earlier. Thewashing proce-
durewasrepeated twice. One hundred pL of theen-
zyme conjugate wasadded and incubated for 60 min at
room temperaturein thedark. Thewashing sequence
was repeated three times. 50 pL of substrate and 50
uL of chromogen were added to each well and mixed
thoroughly and incubated for 30 min a room tempera-
tureindark. Then 100 pL of thestop reagent wasadded
toeachwell, mixed, and measured at wavelong of 450
nmin ELISA reader.

Satistical analysis

Statistical andysesof AFM, removal assayswere
carried out by using the Student’s t-test for significant

differences between binding amounts of AFM, by the
twomicroorganismsat different levels (kefir starter and
Lb. acidophilus). All treatmentswere donein dupli-
cate.

RESULTSAND DISCUSSION

Theoptical density (OD) vaues of the standards
and samplesweredivided by themean OD vaueof the
zero standard and multiplied by 100. The zero stan-
dard wasthus made equal to 100% (maximal absor-
bance) and the other OD valueswere quoted in per-
centages of the maximal absorbance. Theamount of
AFM inthesampleswasexpressed asAFM, equivar
lents. TheAFM, equivaentsin the samples (pg/mL)
corresponding to the maximal absorbance percentage
of each extract can beread fromthecalibration curve
(Figure1). TABLE 1 showsthe concentration of un-
bound AFM . in each sampl e according to amount of
absorbance OD ., - based on standard curve.

Effect of kefir starter in detoxification of AFM N

Theresultsfor ability of different levelsof kefir sarter
tobind AFM, are presented in Figure 2. AFM levels
in kefir samplestreated with different doses of kefir
starter ranged from 81.83 to 88.17%. Although all
samples had morethan 80%AFM, reduction after 48
h, the highest reduction of AFM, was related to the
sampl e containing 6% kefir starter (88.17%) and then
the samples containing 8, 10, 4 and 2% kefir starter
had lower amountsof reduction, respectively. The per-
centages of AFM, bindinginthesefour ssmpleswere
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Figurel: Calibration/standard curve
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TABLE 1: Theconcentration of unbound AFM ., in each sampleaccor dingto amount of absorbanceOD,_ based on standard

curve
sample AF_M 1 added_lto Ini_tial AFM l_iln Uanund AFI\/I_ll in AFM,
milk (pgmL ™) milk (pg mL™) kefir (pg mL™) absor bance (%)
o 188 188 27.16
C 500 688 147 30.63
T, 500 688 125 33.28
_ T, 500 688 107 35.79
;ﬂ;lia’ta T 500 683 814 37.49
T, 500 688 102 33.87
Ts 500 688 107 33.21
Ts 500 688 102 36.61
S T, 500 688 86.9 40.07
';;’r'ngfg"ph”us Te 500 688 83.9 40.96
To 500 688 81.3 41.62
Tao 500 688 75.4 43.47
sl caused significant increase (p<0.05) in the percentage
£ CEE of AFM, bindingwhichwasequal t085.17%. AFM1
= < levelsin kefir samplestreated with different doses of
Z 0 Lb. acidophilus and constant amount of kefir starter
~ (. (4%) ranged from 85.17 to 89.04%.
E 200 5 , . . The sample containing 0.9% Lb. acidophilusand
£ 100 . || 2 . . 4% kefir starter had the maximum amount of AFM
0 s ) Ny o ) binding (89.09%) and then the samplescontaining 0.7,

Amount of kefir starter (gr)

Figure2: Effect of kefir starter inreduction of AFM in kefir

equal t085.17, 84.45, 84.45 and 81.83%. No signifi-
cant differences (p<0.05) were found between AFM
bindingintreatmentswith 4, 8 and 10% of kefir starter.
Consequently, it is suggested to use 6% kefir starter to
achievethe maximumreductionof AFM inindustria
production of kefir. Thereisno previousreport on us-
ing kefir starter to decontaminate kefir for AFM,
(TABLE 2). Themechanisminvolved in kefir starter
ability tobind aflatoxinsremainsunclear. It iscurrently
accepted that yeast cell wall hastheability to absorb
the tOXi n[ll,12,26,27,33] .

Effect of Lb. acidophilusin detoxification of AFM |

Figure 3 showstheeffect of Lb. acidophilusaone
andinpresenceof kefir Sarter & different levelsinAFM
reduction. After 48 h, the results of our study revealed
that 0.1% Lb. acidophilus (without kefir starter) re-
moved 78.63% of AFM content. Using 0.1% Lb. aci-
dophiluswith aconstant amount of kefir starter (4%)

0.5, 0.3 and 0.1% starter had lower amounts of reduc-
tion, respectively. Thepercentagesof AFM bindingin
thesefour sampleswereequal t088.18, 87.81, 87.37
and 85.17% respectively. Statistical analyses showed
no significant differences (p<0.05) between 0.3, 0.5
and 0.7 levelsinAFM reduction.

Our resultsshowsthat by increasing Lb. acidophi-
lusamount, AFM, binding increased and the sample
containing 0.9% Lb. acidophilusand 4% kefir starter
showed the maximumAFM , reduction. Generdly, the
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Figure3: Effect of L. acidophilusin reduction of AFM in
kefir
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effect of kefir starter (alone) wasmorethan Lb. acido-  starter and Lb. acidophilus had synergistic effect in
philusinAFM binding and the combination of kefir - AFM, reduction.

TABLE 2: Sudieson LAB and yeast potential for AFM , detoxification

Strain Prt())/(;ZCt ,\Q(Sttehc(:?ozf AFM; concentration DetoxificgtFi('\)Anlr ate (%) Reference
S cerevisiae Milk HPLC 0.5 ng/mL 92.7+0.7 Corrassin et al. (2013)
LAB pool * Milk HPLC 0.5 ng/mL 11.7+44 Corrassin et al. (2013)
S cerevisiae + LAB Milk HPLC 0.5 ng/mL Nearly 100 Corrassin et al. (2013)
L. acidophilus Lf10 Y ogurt HPLC 5pug/L 184+0.5 Motawee et a. (2011)
Streptococcus thermophilus K45 Y ogurt HPLC 5pug/L 28.2+4.3 Motawee et a. (2011)
L. bulgaricus R21 Y ogurt HPLC 5pug/L 314+26 Motawee et a. (2011)
L. helveticus A34 Y ogurt HPLC 5pug/L 294+1.5 Motawee et a. (2011)
L. rhamnosus GG Y ogurt HPLC 5pug/L 484+2.8 Motawee et a. (2011)
L. rhamnosus LC705 Y ogurt HPLC 5pug/L 496+24 Motawee et a. (2011)
L. bulgaricus Y ogurt ELISA 0.05 pg/L 87.6 El khoury et a. (2011)
Streptococcus thermophilus Y ogurt ELISA 0.05 pg/L 70 El khoury et a. (2011)
L. delbrueckii subsp. Bulgaricus CH-2 Y ogurt ELISA 10 ng/mL 18.7+0.5 Sarimehmetoglu et a. (2004)
Streptococcus thermophilus ST-36 Y ogurt ELISA 10 ng/mL 29.42+0.6 Sarimehmetoglu et al. (2004)
L. rhamnosus GG Milk HPLC 0.15 pg/L 50.7+2.1 Pierides et al. (2000)
L. rhamnosus LC705 Milk HPLC 0.15 pg/L 46.3+£2.6 Pierides et al. (2000)
L. gasseri Milk HPLC 0.15 pg/L 30.8+5.8 Pierides et al. (2000)
L. acidophilus LA1 Milk HPLC 0.15 pg/L 18.3+4.0 Pierides et al. (2000)
L. rhamnosus strain 1/3 Milk HPLC 0.15 pg/L 181+1.2 Pierides et al. (2000)
C. kefir Kefir ELISA 0.5 ng/mL 85 Current study
L. acidophilus Kefir ELISA 0.5 ng/mL 78.63 Current study
L. acidophilus + C. kefir Kefir ELISA 0.5 ng/mL 87.51 Current study

81 (2002).
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