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ABSTRACT

This study aimed to determine the aflatoxin B, (AFB,) levelsin feed-stuff
sampl es. For this purpose, 90 animal feed samplesincluding barley, wheat
bran, wheat pulp, canolamed , safflower meal, cottonseed medl and sunflower
meal were randomly obtained from retail stores in Mashhad-Iran and
analyzed by both enzyme linked immunosorbent assay (ELISA) and high
performance liquid chromatography (HPLC) techniques. Results showed
presence of AFB, in 33 (36.67%) and 10 (11.11%) samples analyzed by
HPLC and EL 1 SA techniques, respectively. The averagetSD concentration
of AFB, inthesampleswas2.21+2.25 and 10.76+0.86 pg/kg for HPLC and
EL | SA techniques, respectively. Therange of contamination reported 0.34-
5.81 and 9.5-12.6 pg/kg for the mentioned techniques respectively. ELISA
showed reliability and a high correlation with HPLC of 0.93 indicating its
potential for aflatoxin screening in animal feed samples. However,
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sengitivity and specificity of HPL C was higher than ELISA method.
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INTRODUCTION

Aflatoxins, aclassof mycotoxins, arehighly toxic,
carcinogeni c, mutageni c and teratogeni c compounds
generaly produced by some competent mould strains
of Aspergillus flavus, Aspergillus parasiticus and
Aspergillusnomius. Aflatoxin B, (AFB,) isthe most
predominant of aflatoxinsinfood and feed; and hasbeen
reported to bethe most powerful natural carcinogenin
mammals*3. Typica materialsthat are susceptibleto
afl atoxin contamination includemaizeand other cered's
such aswheat and rice, groundnuts and other nutssuch
as pistachios and Brazil nuts, cottonseed, copraand

spices®, A direct rel ationship has been observed be-
tweentheamount of AflatoxinM, (AFM ) inmilk and
AFB, consurnption viafeedstuffs. Theconversionrate
of ingested AFB, intoAFM, ishighly variable, ranging
from 0.3% to 6.2%>7. Therefore, it is necessary to
monitor amount of AFB, inanimal feed. Different tech-
niquesareusadindetermining aflatoxinsuchasthinlayer
chromatography (TLC), high performanceliquid chro-
matography (HPLC), gas chromatography (GC) and
immunochemical methods such as enzyme linked
immunosorbent assay (ELISA). HPLCisided andmore
useful than the other methodsintermsof specificity and
sensitivity, and ELISA not only require costly instru-
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mentation but alsoisrapid, simple, specific, sengtive
and can be used to analyze alarge number of samples
simultaneously and require no sampleclean-up®. In
thisstudy, anindirect competitive ELISA techniquewas
used and vaidated for aflatoxin screeninginanima feed
samplesand its performance was compared with that
of HPLC.

MATERIALAND METHODS

Materials

Ninety samplesof anima feed werepurchased from
retail storesin Mashhad, Iran. Samplesincluded bar-
ley, wheat bran, wheat pulp, canolameal, safflower
meal, cottonseed med and sunflower med.

Chemicalsand reagents

AFB, standard solutionwas prepared from Sigma
(Germany) with purity of 98%; standard stock solu-
tions were prepared in acetonitrile according to the
AOAC method®. All solventsused for theexperiments
(methanol, acetonitrile and deionized water) were
HPL C gradesupplied by Merck. Aflatest immunoaffinity
columns (IAC) were purchased from VICAM Co.
HPLC column (C,,) was used.

Samplepreparation

All thesamplesweregrinded with miller and col-
lected in aplastic bag. Fifty g of the ground samples
wastakenfor anadysis.

ELISA determination

Fifty gramsof ground sampleswereextracted with
250 ml of 70% methanol by mixing vigorously ona
magnetic stirrer for 3minutes. After filtering the extract
through aWhatman No.1 filter, theextract wasdiluted
1:1 with phosphate-buffered saline (PBS). Aflatoxin
analysis was devel oped using acompetitive ELISA
commercial Kit for AFB [** . According to
EuroproximaAflatoxin B, (Art N0.5121) test kit manud,
50 pl aflatoxin standard solutions and 50 pl prepared
test sampleswereadded into separaewd |sof microtiter
plate, induplicate. Then, 25 ul of the diluted conjugate
(Aflatoxin-HRP) and 25 pl of the antibody solution were
added to eachwell, mixed gently andincubated for 1 h
at 37°Cinthedark. Theliquid wasthen removed com-
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pletely fromthewells, the each well waswashed with
ring ng buffer. Thewashing procedurewasrepeated for
threetimesin ELISA washer (ELX 50, Bio-Tek Inst.,
USA). After thewashing step, 100 pl substrate solution
was added to each well and incubated for 30 min at
room temperature in the dark. Finally, 100 pl of the
stop solution was added to each well and the absor-
bance was measured at 450 nmin ELISA platereader
(ELX 808, Bio-Tek Inst.,USA).

HPL C determination

Inbrief 5 g of homogenized samplewasextracted
with 0.5 g NaCl and 30 ml methanol: water, (2:8) by
high-speed blender (infatty samplesn-Hexanwasadded
in order to remove fat) and then filtered through a
Wathman filter paper No. 4. Fivemillilitersof extract
was diluted with 95 ml of phosphate buffered saline
(PBS, pH 7.4). Theimmunoaffinity column wascondi-
tioned with 10 ml of PBSand 50 ml of thediluted fil-
trateweregpplied to the column at aflow rateof 3ml/
min. After the clean-up step the column waswashed
with 20 ml of water and air was forced through the
column prior toduateaflatoxinsby goplying 1.75 ml of
methanol. Theeduatewasdiluted with 3.25ml of water
togiveatotal volume of 4.50 ml and 100 ul of eluate
was injected onto HPL C system. The mobile phase
consisted of acetonitrile:methanol :water (17:29:54, v/
v/v) with aflow rate of 1 ml/min. AF was quantitated
by reverse-phase HPLC and fluorescence detec-
tort®1920, TheAFB, was detected at the excitation and
emission wave engthsof 365 and 435 nm, respectively.
Theemployed columnwasaC ;150 * 4.6 mm, 5 um.

Satistical analysis

Resultsare presented asmeanstSD. ANOVA was
also used in the general linear model procedurein
SPSS.16. Variable meansfor measurements showing
significant differencesin theANOVA were compared
usingtheleast significant difference procedure. Va ues
werejudged to besignificantly different if P<0.05. All
experimentswere carried out astriplicates.

RESULT AND DISCUSSION

TABLE 1 showsamong atotal of 90 samples, the
incidenceof AFB, by ELISA method, was 11.11% (10
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samples) withintherangeof 9.5-12.6 ug/kg. In com-
parison, thenumber of contaminated samplesby HPLC
techniquewas 33 (36.67%) in extent of 0.34-5.81 ng/
kg. Yet themean contamination level indl sampleswas
much lower than maximum acceptableleve (20 ug/kg)
of AFB, determined by I ranian standard organi zation®?,
and because of low level of AFB, contamination in
feedstuff, theincidence of AFM, contaminationin pas-
teurized milk samplesinnorth east of Iran,wasreported
low by Mohamadi sani et d. (2011). Inanother study
reported by Mohamadi sani et a. (2012), AFT levels
inricesampleswerefound lower than the maximum
tolerablelimit for total AF asstated inthe EU regula-
tionl*9,

TABLE 1: AFB, contaminationin animal feed samplesusing
ELISA and HPL C method

Positive range
samples (%) (pg/kg)
AFB; HPLC 33(36.67%) 0.34-5.81
AFB, ELISA 10(11.11%) 9.5-12.6

aSandard deviation

Thefindingsdemonstratethat thevaluesof AFB,
contamination by ELISA method were higher than
HPL C technigue ones. Rodry’guez-Cervantes et al.
(2012) andyzed 30 samplesof anima feedusngHPLC
and ELISA methodsfor AFB, contamination. Accord-
ingtotheir results, AFB, wasdetected in 63.3% of the
samplesby ELISA technique, but no positive sample
was shown by HPL C method(*®.

However, our findings showed the EL1SA method
could not detect low concentrations of AFB_; onthe
other hand, concentration of 0.51 ng/kg of AFB, on
HPLC assay did not detect by ELISA technique. In
another hand, at higher concentrations of AFB,, the
results of ELISA techniquewere higher than HPLC
results(Figurel). Thisparticular issuehasbeenindis
cussionfairly often andin different studies, reporting
higher values obtained by ELISA kitsthan those ob-
tainedinHPLC anaysig*.

According to Figure 1, AFB, contamination was
detected by HPL C in cottonseed and sunflower meals
but EL1SA method showed the contaminationin only
cottonseed mea samples. Themean AFB, concentra-
tion of cottonseed meal reported by HPLC and ELISA
techniquesat 5.98 and 3.47 pg/kg respectively. Statis-

Mycotoxin Method Mean+SD? (ug/kg)

2.21+£2.25
10.76+ 0.86

tical evaluation ngijﬂlﬁ%ﬁ}diﬁﬁfe ﬁ;@
the mean concentrations 0 L Intottonseed
samplesby ELISA and HPL C method (p<0.05).

Accordingtotheresultsof Pirestani et a. (2011)
AFB, concentrationin different feedstuff including a-
falfa, straw, rapeseed, cottonseed, corn silageand soy-
bean meal detected by HPL C techniqueas: 0.38, 0.39,
1.54, 34.96, 0.45 and 0.65 pg/kg, respectively?. Itis
clear from the datagiven that cottonseed had highest
leve of contamination even higher than maximumtoler-
ated level which confirmsour results.

HPLC (ug/kg)

cottonseed meal
sunflower meal
wheat bran
wheat pulp
barley

safflower meal

canola meal

ELISA (ng/kg)

Figurel: Incidenceof AFB, in different animal feed samples

TABLE 2indicatesthat therangeof contamination
to AFB, in cottonseed meal samples by ELISA and
HPLC methodsis9.5-12.6 and 0.46-5.81 ng/kg,
respectively, and dl the sampleswere contaminated ac-
cordingto HPLC analysis. Yet, ELISA had not been
ableto detect AFB, completely.

Limit of detection (LOD) and limit of quantitation
(LOQ) for both analytical parametersin applied meth-
odswere cal cul ated from the mean value of ten deter-
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minations of ablank feedstuff samples plustwo- and
ten-fold standard deviation, respectivel y*3

Out of 90 feedstuff samples, 26 of sampleswere
reported contaminated to AFB, in the range of 1-20
pg/kg by ELISA and HPLC methods (TABLE3).

The ELISA method recoverieswere determined at

Sdifferentlevels(threereplicatesper concentrationlevel)
by the standard sol utions of concentrationfrom 6.25t0
100 ppt AFB, tofind calibration standard curve. Re-
covery measurementsfor HPLC techniquewereal so
carried out by spiking noncontaminated sampleswith

20 ug/kg of AFB, intriplicate. (TABLE 4).
TABLE 2: Rangeand percentageof AFB, contamination in animal feed samplesusngELISAand HPLC

Number of

Sample category Method Number of sample

Per centage of contaminated Contamination

contaminated sample sample range (ug/kg)
Cottonseed meal ELISA 18 10 55.56% 9.5-12.6
Cottonseed meal HPLC 18 18 100% 0.46-5.81
Sunflower meal  ELISA 28 ND® 0% -
Sunflower meal HPLC 28 13 46.43% 0.34-0.9
Wheat bran ELISA 12 ND 0% -
Wheat bran HPLC 12 ND 0% -
Wheat pulp ELISA 16 ND 0% -
Wheat pulp HPLC 16 ND 0% -
barley ELISA 9 ND 0% -
barley HPLC 9 ND 0% -
Safflower meal ELISA 5 ND 0% -
Safflower meal HPLC 5 ND 0% -
Canola meal ELISA 2 ND 0% -
Canola meal HPLC 2 ND 0% -
®: Not Detected

TABLE 3: Numbersof samplesin different rangeof AFB,

) Number s of samplesin therange mg kg *
Sample matrix

Method ND 01-05 05-10 1.0-20.0

Cottonseed meal ELISA 8 - - 10
Cottonseed meal HPLC - 1 1 16
Sunflower meal ELISA 28

Sunflower meal HPLC 15 4 9

Wheat bran ELISA 12

Wheat bran HPLC 12

Wheat pulp ELISA 16

Wheat pulp HPLC 16

barley ELISA 9

barley HPLC 9

Safflower meal ELISA 5

Safflower meal HPLC 5

Canola meal ELISA 2

Canola meal HPLC 2

Correlation between EL I SA and HPL C assays

Inthisstudy ELISA techniquewas conducted be-
cause of smplicity of installation and performancein

laboratorieswith limited possibilities. Thevalidation of
ELISA techniquefor AFB, content wasdeterminedin
order to compareitsreliability with that of HPLC, a
well-established techniquefor afl atoxin determination.
Overdl correlationsof HPLC versusELISA for AFB,

TABLE4: validation of AFB, determination by HPL C method

Added 0 0
sample (ng/kg) RSD% Recovery%

Cottonseed 20 2.59 86
meal NC° 61.25 -d
Sunflower 20 3.15 78
meal NC 24.63 -
Wheat bran I\zl(g: 1‘_38 8_2
Wheatpulp 0 27 w0

20 1.75 76
barley NG i i
Safflower meal Iﬁg 2;7 7_0
Canolameal Iﬁg 1'_92 8_4

¢ naturally contaminated.; ¢ statistical parameters not
calculated; levels were below limits of detection.

ngogecﬁnofo_qy C—
e Tudian ounadl



BTAIJ, 9(10) 2014

Ali Mohamadi Sani et al.

433

————, FyurrL PAPER

areillustrated in Figure 2. Therewasgood correlation
between two techniques. Thecorre ation coefficient (r)
was 0.93 and r> was 0.86.
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Figure2: Comparison of theanalysisof AFB, from feedstuff

samplesbetween EL1SA and HPL C (n=32)

Park et a. (2002) compared ELISA and HPLC
methodsfor theanaysisof AFB,, fumonisin B and och-
ratoxinA inbarley and corn foodsand reported corre-
lation factorsranging between 0.81-0.8711, Razzazi-
Fazdi et a. (2004) reported better corre aionsbetween
ELISA and HPLC could be obtained at low concen-
tration ranges of AFB.1*. Accordingto Pleadin et al.
(2012) there was ahigh concordance of ELISA and
TLC method for detection of deoxynivalenol (DON)
aswell asELISA and HPLC methodsfor detection of
zearalenone (ZEA) in maize samples™®. Rossi et al.
(2012) revedl ed thestandardized indirect competetive
ELISA method in poultry feed samples showed reli-
ability and ahigh corrdaionwithHPLC of 0.97 (broiler
feed) and 0.98 (laying hen feed) indicating its potential
for afl atoxin screeningin poultry feed samplesd*’.

CONCLUSION

The data obtained from this monitoring showed
AFB, levelsbelow the Iranian standard organization
acceptablelimitsfor livestock consumption. Thisstudy
showed that sengitivity and specificity of HPLC system
ismorethan ELISA method. HPLC system determined
the concentration of AFB, with moresengtivity. Mean-
while, ELISA methodischegper and easier to usethan
HPLC system. Since ELISA method showed agood
correlation with HPLC, and because of smplicity, ra-
pidity, reliability and cost-effectivity of thistechnique, it
can beused inroutine screening of AFB, contamina-

tioninfeed stuff, but theresult of ELISA method should
be confirmed by HPL C technique.
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