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ABSTRACT

Biological decontamination of mycotoxins using microorganismsis one
of the well known strategies for the management of mycotoxinsin foods
and feeds. Inthisstudy, theinteraction of aflatoxin B, (AFB.) in cottonseed
with Lactobacillus rhamnosus strain GG was investigated for the first
time. AFB, at concentrations (5, 10 and 20 pg/l) was added to the
cottonseed meal in buffer phosphate solution and then bacterial culture
(10° CFU/ml) in MRS broth medium was added to the solution and

incubated at 25°C for 4, 12 and 24 hrs. The aflatoxin binding capacity of
the strain was quantified by the amount of unbound AFB, using ELISA
technique. Results showed the binding capacity of viable, heat killed and
acidkilled bacteriarespectively 44, 47 and 49%. Remova of AFB, by this
strain was a slow process with approximately 41% AFB, removal at both
12 and also 24 hrs. The primary concentration of AFB1 did not influence
the efficacy of detoxification (p>0.05). These findingsfurther support the
ability of specific strains of lactic acid bacteriato bind feed contaminants.
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INTRODUCTION

Mould growthinagricultural products may cause
animportant hazard to human hedlth by theformation
of toxic metabolitescalled “mycotoxin”. Aflatoxins
(AFs) belong tothegroup of mycotoxing®l. AFsarea
group of highly toxic secondary metabolite products of
Aspergillusflavus, A.parasiticus and A.nomius and
have carcinogenic and teratogeni c effectsto livestock
and humant?®, A flavusand A.parasiticus are ubiqui-

tousfungi, showing particular affinity for oily seedsasa
growth source. Main sources of aflatoxinsinfeedsare
peanut, maizeand cottonseed meal $%1. Thefour major
dlatoxinsareB,, B,, G, and G, based on their fluores-
cenceunder UV light (blueor green) and rdativechro-
meatographic mobility duringthinlayer chromatography
(TLC). Chronic exposuretolow levelsof AFB ; the
most potent aflatoxin, poses aserious health and eco-
nomic hazard®. Production of mycotoxinsby toxigenic
mol d speci escontaminating food and feed dependson
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severd environmentd factors, for exampletemperature,
humidity and other storage conditiong?”. Contamina-
tion of agricultural cropswithAFsisaworldwide prob-
lem not limited to devel oping countries, whereboth cli-
matic and technol ogical conditionsstimulate aflatoxin
formation@. When animal s eat foodstuffs containing
AFB,, thesetoxinswill be metabolize and excrete as
aflatoxinM (AFM ) inmilk. Thereisageneral con-
sensusthat approximately 1-3% of theAFB, initially
present in the animal feedstuff appearsasAFM in
milk™s, AFM_ iscytotoxic, asdemonstrated in human
hepatocytesin vitro. Thismycotoxin can a so cause
DNA damage, genemutation, chromosoma anomalies
and cdll transformation in mammalianscellsin vitro.
However, AFM, isless mutagenic and genotoxic than
AFB %1 Since milk hasthe greatest demonstrated
potentia for introducing AFsresiduesfrom foods of
animal originintothehuman diet and isalso themain
nutrient forinfantsand children, theoccurrenceof AFM,
in milk and dairy products is a concern®”, Various
physical and chemical methods have been used to
detoxify AFsfrom feed materials. The use of many of
theavailablephysica and chemica methodsfor detoxi-
fication of agricultura products contaminated with my-
cotoxinsisrestricted dueto problemsconcerning safety
issues, possiblelossesin nutritional quality of treated
commodities, coupled withlimited efficacy and cost
implications. Thishasledto searchfor dternative strat-
egiessuch ashiological agentd®7151829, Bacterialike
lactobacillus strains have been tested on their ability
toinactivateAFS'?. Theaim of thisstudy wastoinves-
tigate the possibility of removing AFB, by Lb.
rhamnosus GG from contaminated cottonseed medl.

MATERIALAND METHOD

Bacterial strain, cultureconditionsand estimation
of bacterial concentration

Lactobacillusrhamnosus strain GG was used for
AFB, detoxification. Thestrain wasobtainedinlyo-
philized form from Iranian Research Organi zation for
Scienceand Technology (IROST), Tehran (Iran). Lb.
rhamnosus was activated and propogated in MRS
broth (Merck, Germany) at 37°C for 24 hrs. After in-
cubation, cellswerecollected by centrifugation (3400g,
10 min, 4°C) and washed twice with phosphate buff-
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ered saline(PBS, pH 7.2). To obtain suspensionswith
concentrationsof 10° CFU/ml, M c-Farland solutionwas
used™. Estimation of bacterid concentrationswas per-
formed using a spectrophotometer and adjusting the
optical density at 600 nm[**%1, Bacterial suspensions
(10° CFU/mI) wereeither used asviabl e, heat treated
(autoclaved at 121UC in PBS for 15 min) and acid
treated (incubated at 37°C in 10 ml 2 M HCI for 1
hr)ty,

Preparation of AFB, working solution

SolidAFB, (sigma) wassuspended in benzene/ac-
etonitrile (93:7 v/v) to obtain aconcentration of ap-
proximately 100 pg/ml. To prepare an aqueous solu-
tion, benzene/ acetonitrilewasevaporated by heating
inwater bath (80°C for 10 min) and AFB, was sus-
pended againin methanol to makeafina concentration
of 1ug/ml.

Contamination of cottonseed Samplesby AFB,

Theuncontaminated cottonseed samplewasmilled
and 5 grams sampl es suspended in 20 ml PBS. The
sampleswerecontaminatedwith 5, 10and20 ug/l AFB,
and 10 ml of bacterid suspension (10° CFU/ml) was
added to them and incubation wasdoneat 25°Cfor 4,
12 and 24 hrs. Findly, sampleswere centrifuged (7500g,
10min, 25°C) and supernatant wasquantified for AFB1
detection by ELISA technique. Control assays (cot-
tonseed contaminated by AFB 1 but not inocul ated by
bacterid suspension) wereandyzed inthesame condi-
tiong*d,

Quantification of AFB, by EL 1 SA technique

According to EuroproximaAFB, (Art No.5121)
test kit manual, 50 pul aflatoxin standard solutions and
50 ul samples were added into wells in duplicate. Then,
25 pl of the diluted conjugate (Aflatoxin-HRP) and 25
ul of the antibody solution were added to each wells,
exceptwellsA, andA.,. The platewasincubated for 1
hour at 37°C. Theliquid wasthen removed completely
fromthewdls, and each well waswashed withrinsing
buffer. Thewashing procedure was repeated for three
timesin ELISA washer (ELX 50, Bio-Tek Inst.). After
thewashing step, 100 ul of substrate solution was added
to each well and incubated for 30 min. at room tem-
peraureinthedark. Thereactionwasstopped by adding
100 pl of the stop solution to each well and the absor-
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bance was measured at 450 nmin ELISA platereader
(ELX 808, Bio-Tek Inst.).

Satistical analysis

Datawere analysed asacompletely randomized
factorid design. Themean andlysiswasdonefor deter-
mining binding amount of AFB, in cottonseed in SPSS
16. Significant differencesin themean valueswerere-
ported at p < 0.05.

RESULT AND DISCUSSION

Severd potentidly feasiblestrategiesfor thereduc-
tion oninactivation of aflatoxinshavebeenreportedin
thescientificliterature. Somemethodsareclearly more
effectiveand practica than others, most reducethelevels
of parent aflatoxins or modify thetoxicity associated
with these poisonsto some degree. Aflatoxin may be
degraded by physical, chemica or biological methods.
AFB, wasselected because of itswide occurrence and
detrimenta effectsonhumanand animd hedthevenin
minor quantities. During thelast two decades, severa
studieshavesuggested that | actic acid bacteriaand fer-
mented dairy products possess anti-carcinogenic ac-
tivity. Lactic acid bacteriaare noted for their ability to
bind mutageng®*4. Our attention has been focused on
thebinding ability of Lactobacillusrhamnosusstrain
GGtoAFB, inanartificialy contaminated feed. The
ability of thisstrainto bind AFB, in PBSasviableand
non-viable preparationsand at different AFB, concen-
trationsand different incubation timesaresummarized
inTABLE 1,2and 3.

TABLE 1: Percentage AFB, bound on exposureto viable

bacteriain different concentration of AFB, at different incu-
bation time.

Viable bacteria
Oh? 4h 12h 24h
5ug/l® 29.8+0.56° 64+2.12 71.4+1.7  72.8+0.56
10 pg/l 29.8+1.27 64+1.06 72+0.71  71.3+0.56
20 ug/l 29.8+0.92 64+0.71 71.15+0.81 70.95+0.32

Incubation time; b. Concentrations of AFB,; c. Results are the
mean + SD for duplicate samples.

Effect of heat and acid treatmentson AFB, bind-
ing ability
Resultsin Figure 1 show significant differencesin

remotion of thetoxin by viableand non-viable (acid-
and heat-treated) cells. Acid-treated bacteriaremoved
the highest amount of AFB, (p<0.05).

TABLE 2: Percentage AFB, bound on exposureto viable

bacteriain different concentration of AFB, at different incu-
bation time.

Heat treated bacteria

oh® 4h 12h 24h
S5ug/l® 33.7+1.91° 72+1.41 744+1.7  75+1.41
10 ug/l  33.7+0.92  72+1.06 74.4+0.99 73.8+1.27
20pg/l  33.7+1.55  72+0.35 73.6+0.78 73.45+1.02

Incubation time; b. Concentrations of AFB,; c. Results are the
mean + SD for duplicate samples.

TABLE 3: PercentageAFB, bound on exposureto viable
bacteriain different concentration of AFB, at different incu-
bation time.

Acid treated bacteria
Oh? 4h
37.6+£1.89° 74.4£099 71+0.71 76.6+1.84
10 pg/l  37.6+1.48 74.440.99 76+1.06 75.4+1.34
20 ug/l  37.6+0.42 74.4+1.17 75.25+1.24 73.5£0.35

Incubation time; b. Concentrations of AFB,; c. Results are the
mean + SD for duplicate samples.

12h 24h
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Figurel: Effect of bacterial heat and acid treatment onthe
removal of AFB..

Heat treated LAB have previoudy been shownto
effectively bind aflatoxing*?d, Peltonen et d .1 showed
that heat and acid treatments markedly increased the
becteria AFB, binding ability. Haskard et al.™ revedled
that heat and acid trestmentsd so Significantly enhanced
theability of Lb. rhamnosus strain GG (A53103) and
Lb. rhamnosus strain LC-705 (DSM 7061) to remove
AFB, from contaminated defined medium, with acid
treatment being more effective than heat treatment in
most cases. El-Nezami et al . reported that the bind-
ing ability increased by acid treatment. In another study
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El-Nezami et a. indicated that heat-treated dairy
strains of lactic acid bacteria hasthe same ability to
removeAFB, asviablebacteria

Effect of AFB, concentration on therateof detoxi-
fication

Effect of differentA FB, concentrationsontoxinre-
moval by viable and non-viable bacteriaisshownin

Figure2. Thepercentageof AFB, removedindifferent
concentration wasnot significantly different (p<0.05).
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Figure2: Effect of AFB, concentration on theremoval of
AFB.,.

According to El-Nezami et d 1 theamount of AFB,
removal increased with increasing concentration of
AFB, butthe percentage removed wasnot significantly
different. It contrasted with findingsby Lineand Brackett
wherethe percentage removal of AFB, decreased as
toxinlevelsincreased. Also Pizzalitto et d 1% showed
that Lb. rhamnosusl, Lb. acidophilus24 and Lb. casel
subsp. rhamnosus were the best binders at 50, 100
and 500 ng.mI*AFB,, respectively. Leeet al ' refer
toAFB, binding asaprocess of very high-affinity, lin-
ear relationwith thetoxin concentration used, and there-
fore, theamount of AFB, bound should belimitless; in
other wordsthey concluded that the bacterial surface
doesnot have adefined number of binding Sites.

Alsotheresultsshowed that theinitial AFB, con-
centration had no significant effect (p<0.05) ontherate
of detoxification by viableand non-vigblebacteria(Fig-
ure 3). Acid-treated bacteriabound AFB, significantly
compared with heat-treated and viable bacteria. How-
ever Haskard et a . showed that therel ative amounts
of AFB, removed by viable and nonviable bacteriade-
pended oninitia AFB, concentration.
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Figure3: Interaction effect of bacterial heat and acid treat-
ment in different AFB, concentration ontheremoval of AFB,.

Effect of incubation timeon thereduction of AFB,

According to Figure 4 by varying theincubation
timefromOhr to 12 hrs, sgnificant difference (p<0.05)
in the amount of AFB, removed was observed. The
differenceinthebinding ability of bacteriawasnot Sg-
nificant between 12 and 24 hrs.

50 +

45 - A
40 - .
35
30 -
25 -
20 - .
15 4
10 -+
5 -
0 - T T ;
0 2 24

4 Time(hour) 2
Figure4: Effect of incubation timeon theremoval of AFB,.

Peltonen et a .1# reported that theAFB, binding of
Lb. amylovorus CSCC 5160 was increased signifi-
cantly (p<0.05) with extended incubation timefrom
52.6% (24hrs) to 73.2% (72hrs), whereasthe binding
ability of Lb. rhamnosus strain LcY® remained con-
stant after 24 hrs. EI-Nezami et a . showed that the
removal of AFB, wasarapid processwith no signifi-
cant differences observed between different incubation
periods.

AccordingtoFigure5thereisno sgnificant differ-
ence between removal rateof AFB, at 12 and 24 hrs
for viableand heat-treated bacteria. In caseof lowAFB,
concentration (Sug/l), the AFB, bindingincreased sig-
nificantly (p<0.05) with extended incubation time, but
in higher concentrations (10 and 20 pg/1), the binding

removal%
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rateincreased after O hr and remained constant after  support of the Food Science and Technology Institute,
12 hrs(Figure6). ACECR to project no.304.
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