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ABSTRACT
This study aimed to determine the aflatoxin B1 (AFB1) levels in feed-stuff
samples. For this purpose, 90 animal feed samples including barley, wheat
bran, wheat pulp, canola meal, safflower meal, cottonseed meal 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 AFB1 in 33 (36.67%) and 10 (11.11%) samples analyzed by
HPLC and ELISA techniques, respectively. The average±SD concentration
of AFB1 in the samples was 2.21±2.25 and 10.76±0.86 µg/kg for HPLC and
ELISA techniques, respectively. The range of contamination reported 0.345.81 and 9.5-12.6 µg/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,
sensitivity and specificity of HPLC was higher than ELISA method.
 2014 Trade Science Inc. - INDIA

INTRODUCTION
Aflatoxins, a class of mycotoxins, are highly toxic,
carcinogenic, mutagenic and teratogenic compounds
generally produced by some competent mould strains
of Aspergillus flavus, Aspergillus parasiticus and
Aspergillus nomius. Aflatoxin B1 (AFB1) is the most
predominant of aflatoxins in food and feed; and has been
reported to be the most powerful natural carcinogen in
mammals[1,3]. Typical materials that are susceptible to
aflatoxin contamination include maize and other cereals
such as wheat and rice, groundnuts and other nuts such
as pistachios and Brazil nuts, cottonseed, copra and
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spices[18]. A direct relationship has been observed between the amount of Aflatoxin M1 (AFM1) in milk and
AFB1 consurnption via feedstuffs. The conversion rate
of ingested AFBI into AFMI is highly variable, ranging
from 0.3% to 6.2%[2,7]. Therefore, it is necessary to
monitor amount of AFB1 in animal feed. Different techniques are used in determining aflatoxin such as thin layer
chromatography (TLC), high performance liquid chromatography (HPLC), gas chromatography (GC) and
immunochemical methods such as enzyme linked
immunosorbent assay (ELISA). HPLC is ideal and more
useful than the other methods in terms of specificity and
sensitivity, and ELISA not only require costly instru-
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mentation but also is rapid, simple, specific, sensitive
and can be used to analyze a large number of samples
simultaneously and require no sample clean-up[8.21]. In
this study, an indirect competitive ELISA technique was
used and validated for aflatoxin screening in animal feed
samples and its performance was compared with that
of HPLC.
MATERIAL AND METHODS
Materials

pletely from the wells, the each well was washed with
rinsing buffer. The washing procedure was repeated for
three times in ELISA washer (ELX 50, Bio-Tek Inst.,
USA). After the washing step, 100 µl substrate solution
was added to each well and incubated for 30 min at
room temperature in the dark. Finally, 100 µl of the
stop solution was added to each well and the absorbance was measured at 450 nm in ELISA plate reader
(ELX 808, Bio-Tek Inst.,USA).
HPLC determination

In brief 5 g of homogenized sample was extracted
with 0.5 g NaCl and 30 ml methanol: water, (2:8) by
high-speed blender (in fatty samples n-Hexan was added
in order to remove fat) and then filtered through a
Wathman filter paper No. 4. Five milliliters of extract
Chemicals and reagents
was diluted with 95 ml of phosphate buffered saline
AFB1 standard solution was prepared from Sigma (PBS, pH 7.4). The immunoaffinity column was condi(Germany) with purity of 98%; standard stock solu- tioned with 10 ml of PBS and 50 ml of the diluted filtions were prepared in acetonitrile according to the trate were applied to the column at a flow rate of 3 ml/
AOAC method[5]. All solvents used for the experiments min. After the clean-up step the column was washed
(methanol, acetonitrile and deionized water) were with 20 ml of water and air was forced through the
HPLC grade supplied by Merck. Aflatest immunoaffinity column prior to eluate aflatoxins by applying 1.75 ml of
columns (IAC) were purchased from VICAM Co. methanol. The eluate was diluted with 3.25 ml of water
to give a total volume of 4.50 ml and 100 µl of eluate
HPLC column (C18) was used.
was injected onto HPLC system. The mobile phase
Sample preparation
consisted of acetonitrile:methanol:water (17:29:54, v/
All the samples were grinded with miller and col- v/v) with a flow rate of 1 ml/min. AF was quantitated
lected in a plastic bag. Fifty g of the ground samples by reverse-phase HPLC and fluorescence detector[6,19,20]. The AFB1 was detected at the excitation and
was taken for analysis.
emission wavelengths of 365 and 435 nm, respectively.
ELISA determination
The employed column was a C18 150  4.6 mm, 5 µm.
Fifty grams of ground samples were extracted with
250 ml of 70% methanol by mixing vigorously on a Statistical analysis
Results are presented as means±SD. ANOVA was
magnetic stirrer for 3 minutes. After filtering the extract
through a Whatman No.1 filter, the extract was diluted also used in the general linear model procedure in
1:1 with phosphate-buffered saline (PBS). Aflatoxin SPSS.16. Variable means for measurements showing
analysis was developed using a competitive ELISA significant differences in the ANOVA were compared
commercial Kit for AFB 1 [15] . According to using the least significant difference procedure. Values
Europroxima Aflatoxin B1 (Art No.5121) test kit manual, were judged to be significantly different if P < 0.05. All
50 µl aflatoxin standard solutions and 50 µl prepared experiments were carried out as triplicates.
test samples were added into separate wells of microtiter
RESULT AND DISCUSSION
plate, in duplicate. Then, 25 µl of the diluted conjugate
(Aflatoxin-HRP) and 25 µl of the antibody solution were
TABLE 1 shows among a total of 90 samples, the
added to each well, mixed gently and incubated for 1 h
o
at 37 C in the dark. The liquid was then removed com- incidence of AFB1 by ELISA method, was 11.11% (10
Ninety samples of animal feed were purchased from
retail stores in Mashhad, Iran. Samples included barley, wheat bran, wheat pulp, canola meal, safflower
meal, cottonseed meal and sunflower meal.
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samples) within the range of 9.5-12.6 µg/kg. In comparison, the number of contaminated samples by HPLC
technique was 33 (36.67%) in extent of 0.34-5.81 µg/
kg. Yet the mean contamination level in all samples was
much lower than maximum acceptable level (20 µg/kg)
of AFB1 determined by Iranian standard organization[5],
and because of low level of AFB1 contamination in
feedstuff, the incidence of AFM1 contamination in pasteurized milk samples in north east of Iran,was reported
low by Mohamadi sani et al. (2011)[9]. In another study
reported by Mohamadi sani et al. (2012), AFT levels
in rice samples were found lower than the maximum
tolerable limit for total AF as stated in the EU regulation[10].
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the mean concentrations of AFB1 in cottonseed meal
samples by ELISA and HPLC method (p<0.05).
According to the results of Pirestani et al. (2011)
AFB1 concentration in different feedstuff including alfalfa, straw, rapeseed, cottonseed, corn silage and soybean meal detected by HPLC technique as: 0.38, 0.39,
1.54, 34.96, 0.45 and 0.65 µg/kg, respectively[12]. It is
clear from the data given that cottonseed had highest
level of contamination even higher than maximum tolerated level which confirms our results.

TABLE 1 : AFB1 contamination in animal feed samples using
ELISA and HPLC method

AFB1

HPLC

Positive
range
Mean±SDa (µg/kg)
samples (%) (µg/kg)
33(36.67%) 0.34-5.81
2.21±2.25

AFB1

ELISA

10(11.11%) 9.5-12.6

Mycotoxin Method

a

10.76± 0.86

:Standard deviation

The findings demonstrate that the values of AFB1
contamination by ELISA method were higher than
HPLC technique ones. Rodrý´guez-Cervantes et al.
(2012) analyzed 30 samples of animal feed using HPLC
and ELISA methods for AFB1 contamination. According to their results, AFB1 was detected in 63.3% of the
samples by ELISA technique, but no positive sample
was shown by HPLC method[15].
However, our findings showed the ELISA method
could not detect low concentrations of AFB1; on the
other hand, concentration of 0.51 µg/kg of AFB1 on
HPLC assay did not detect by ELISA technique. In
another hand, at higher concentrations of AFB1, the
results of ELISA technique were higher than HPLC
results (Figure 1). This particular issue has been in discussion fairly often and in different studies, reporting
higher values obtained by ELISA kits than those obtained in HPLC analysis[16].
According to Figure 1, AFB1 contamination was
detected by HPLC in cottonseed and sunflower meals
but ELISA method showed the contamination in only
cottonseed meal samples. The mean AFB1 concentration of cottonseed meal reported by HPLC and ELISA
techniques at 5.98 and 3.47 µg/kg respectively. Statis-

Figure 1 : Incidence of AFB1 in different animal feed samples

TABLE 2 indicates that the range of contamination
to AFB1 in cottonseed meal samples by ELISA and
HPLC methods is 9.5-12.6 and 0.46-5.81 µg/kg,
respectively, and all the samples were contaminated according to HPLC analysis. Yet, ELISA had not been
able to detect AFB1 completely.
Limit of detection (LOD) and limit of quantitation
(LOQ) for both analytical parameters in applied methods were calculated from the mean value of ten deter-
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minations of a blank feedstuff samples plus two- and
ten-fold standard deviation, respectively[13].
Out of 90 feedstuff samples, 26 of samples were
reported contaminated to AFB1 in the range of 1-20
µg/kg by ELISA and HPLC methods (TABLE3).
The ELISA method recoveries were determined at

5 different levels (three replicates per concentration level)
by the standard solutions of concentration from 6.25 to
100 ppt AFB1 to find calibration standard curve. Recovery measurements for HPLC technique were also
carried out by spiking noncontaminated samples with
20 µg/kg of AFB1 in triplicate. (TABLE 4).

TABLE 2 : Range and percentage of AFB1 contamination in animal feed samples using ELISA and HPLC
Sample category Method Number of sample
Cottonseed meal
Cottonseed meal
Sunflower meal
Sunflower meal
Wheat bran
Wheat bran
Wheat pulp
Wheat pulp
barley
barley
Safflower meal
Safflower meal
Canola meal
Canola meal
b

ELISA
HPLC
ELISA
HPLC
ELISA
HPLC
ELISA
HPLC
ELISA
HPLC
ELISA
HPLC
ELISA
HPLC

18
18
28
28
12
12
16
16
9
9
5
5
2
2

Number of
Percentage of contaminated Contamination
contaminated sample
sample
range (µg/kg)
10
55.56%
9.5-12.6
18
100%
0.46-5.81
b
ND
0%
13
46.43%
0.34-0.9
ND
0%
ND
0%
ND
0%
ND
0%
ND
0%
ND
0%
ND
0%
ND
0%
ND
0%
ND
0%
-

: Not Detected

TABLE 3 : Numbers of samples in different range of AFB1
Sample matrix

Numbers of samples in the range mg kg

-1

Method

ND

0.1 - 0.5

0.5 - 1.0

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

-

-

-

laboratories with limited possibilities. The validation of
ELISA technique for AFB1 content was determined in
order to compare its reliability with that of HPLC, a
well-established technique for aflatoxin determination.
Overall correlations of HPLC versus ELISA for AFB1
TABLE 4 : validation of AFB1 determination by HPLC method

sample
Cottonseed
meal
Sunflower
meal
Wheat bran
Wheat pulp
barley
Safflower meal

Correlation between ELISA and HPLC assays
In this study ELISA technique was conducted because of simplicity of installation and performance in
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Canola meal
c

Added
(µg/kg)
20
NCc
20
NC
20
NC
20
NC
20
NC
20
NC
20
NC

RSD%

Recovery%

2.59
61.25
3.15
24.63
1.38
2.76
1.75
2.7
1.92
-

86
-d
78
82
80
76
70
84
-

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

BTAIJ, 9(10) 2014

Ali Mohamadi Sani et al.

433

FULL PAPER
are illustrated in Figure 2. There was good correlation
between two techniques. The correlation coefficient (r)
was 0.93 and r2 was 0.86.

tion in feed stuff, but the result of ELISA method should
be confirmed by HPLC technique.
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