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Abstract:

BACKGROUND: Aflatoxin B1 (AFB1) is a toxic metabolite
produced by Aspergillus species that contaminates a wide range of
agricultural products. OBJECTIVES: This study was designed to
develop
a rapid and highly sensitive immunoassay method in
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ed assay, AFB1 was determined from 15 pg/g to 3.04 ng/g working
range with detection limit (LOD) of 1 pg/g. To evaluate assay
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performance in real food matrices, the authors spiked wheat
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samples with different concentration of AFB1. After extraction,
working ranges of 0.11-4.15 ng/g with detection limit of 30pg/g was
determined. Good recoveries (94±9%) were obtained, demonstrating accurate detection of AFB1 concentrations in wheat samples.
Assay procedure completed in 3 hours. CONCLUSIONS: The results
indicated that the proposed developed assay in microarray format
could be used for rapid and sensitive detection of AFB1in wheat
samples.
a maximum level of 2 μg/kg (2ppb) of AFB1 in
Introduction
foodstuffs (Anklam et al., 2002); Levels above that
result in toxic manifestations, which in turn leads to
Aflatoxin B1 (AFB1) is a toxic metabolite
liver cancer (hepatocellular carcinoma), which is the
produced mainly by Aspergillus flavus and A.
fifth most commonly occurring cancer throughout
parasiticus. AFB1 was listed as a Group I carcinogen
the world and the third greatest cause of cancer
by the International Agency for Research on Cancer
mortality (Parkin et al., 2001).
(IARC) (IARC, 2002). It is a potent carcinogen,
Aflatoxin production occurs in a wide range of
teratogen, and mutagen (Speijers and Speijers, 2004).
foods and because of its harmful effects on humans
Aflatoxins can affect a wide range of vegetable
and animals, several methods and techniques have
commodities such as cereals, nuts, peanuts, fruits,
been developed for Aflatoxin determination over the
oilseeds, and dried fruits both in the field and during
last few years. There are well-established methodostorage (Doradimos et al., 2000). The most common
logies for analyzing aflatoxins in many different
aflatoxin exposure is consumption of grains confoodstuffs; e.g., thin-layer chromatography (TLC),
taminated by aflatoxin-producing fungal strains
high-performance liquid chromatography (HPLC),
during growth, harvest, or storage (Bakirci, 2001;
overpressure-layer chromatography (OPLC), immune
Lopez et al., 2001).
affinity chromatography (IAC), and near infrared
European Community legislation has established
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spectroscopy (NIR) (Li et al., 2009).
These methods typically require skilled operators,
extensive sample pretreatment, and expensive equipments (Stroka and Anklam, 2002; Papp et al., 2002).
The goal of more recent studies has been to
simplify and expedite the method of detection while
attempting to maintain or improve sensitivity.
Immunological techniques have been used for a
long time for the detection and identification of
Aflatoxin in different assays. Antibody based detection methods for AFB1 include standard immunoassays coupled to colorimetric (Garden and Strachan,
2001; Delmulle et al., 2005; Xiulan et al., 2005),
electrochemical (Ammida et al., 2004) or surface
plasmon resonance (Daly et al., 2000; Dunne et al.,
2005) detection, as well as enhanced immunoassays
such as the enzyme-linked immunosorbent assay
(ELISA) (Bhattacharya et al., 1999; Pal and Dhar,
2004; Lee et al., 2004). Dot blot is a simple technique
to detect proteins. It is a quick assay in which sample
proteins are spotted on a membrane and hybridized
with an antibody that acts as a probe. Dot blot results
give semi-quantitative measurements of the spotted
proteins. Therefore, in this study, a dot blot technique
has been used for initial optimization towards
development of sensitive microarray format for
detection of AFB1. To achieve microarray optimization, an immunoassay was applied on the spotted
polyvinylidene difluoride (PVDF) membrane. A
simple dot blot technique offers significant savings in
time and can be used for designing the layout of
microarray. Thus, using these findings, a toxin
microarray has been developed for rapid and sensitive detection of AFB1. The efficacy of this microarray assay was evaluated in food samples using spiked
wheat flour as a model of real matrices.

Materials and Methods
16-pad nitrocellulose coated slides and incubation chambers were purchased from Whatman Int.
Ltd. AFB1 standard solution (2µg/mL) in acetonitrile
was purchased from Sigma. AFB1-bovine serum
albumin (AFB1-BSA), monoclonal anti- AFB1
antibody (Mab), sheep anti mouse IgG -Cy3 (Ab2Cy3), and goat anti mouse IgG- Alkaline phosphatase
(Ab2-AP) were obtained from Sigma-Aldrich. Alexa
Fluor® 647 Goat Anti-Mouse IgG was purchased
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from Invitrogen. All other chemicals were of
analytical grade (A.R.) and purchased from SigmaAldrich.
Assay optimization using dot blot: One volume
of AFB1-BSA (400-10 µg/mL), phosphate buffered
saline (PBS) (as the negative control), monoclonal,
and secondary antibodies (as internal control) were
spotted on pre- activated PVDF membrane to
optimize microarray layout according to the schemes
in the Figure 1, 2 and 3. The spotted membranes were
stored at 4ºC overnight for further application.
A simple indirect immunoassay procedure was
performed on the spotted membranes. After blocking
for 1h in 5% (w/v) low-fat milk prepared in trisbuffered saline -T (150mM NaCl, 10 mM Tris-HCL
pH 7.5, 0.05% v/v Tween 20), membranes were
washed three times with TBS-T for 5 min. Then, Mab
was applied in different dilutions; 1:10 000, 1:20 000,
and 1:30 000 (from 33 mg/mL concentration) and
incubated for 1 h. Following 3 washes, two different
detection methods were applied by using two
secondary antibodies. Ab2-AP was tested in dilution
series of 1:1000, 1:5000, and 1:10 000 (1mg/mL).
Ab2-Cy3 was tested in dilution series of 1:500,
1:5000, and 1:10 000 (1mg/mL). The secondary
antibodies were incubated for 45 min. Additional
steps were applied for those Ab2-APs that were used
in the detection method. The membrane was
equilibrated in AttoPhos® buffer (100mM Tris-HCL
pH 9.5, 1mM MgCl2) for 10 mins, then transferred to
a 1:40 dilution of AttoPhos® substrate in its buffer and
incubated in the dark for 5 mins. In the detection step,
all the membranes were scanned using LAS3000 Fuji
imager (Figure 1 and 2) or G: BOX (SYNGENE)
(Figure 3).
Contact printing and immobilization of toxin
microarray: Q-Array System (Genetix) was used to
generate microarrays. 16-pad nitrocellulose coated
FAST slides were used as reacting chips (Figure 4).
An image of each identical subarray is shown in
Figure 1A. The identical layout of sub-arrays is
shown in Figure 1B. The printing design of each sub
array consisted of 32 replicates of AFB1-BSA, 8
replicates of mouse Ab2-Cy3 (printing control), 4
replicates of monoclonal anti- AFB1 antibody
(internal control), and 4 replicates of BSA2% in PBS
(negative control). After printing, the microarray
slides were stored in a slide box at 4°C for at least 24
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h before use.
Microarray assay: The spotting chambers were
fixed on each slide and an indirect competitive
immunoassay was performed on each sub array. First,
the chips were blocked with BSA 2% in PBS (100µL
per sub array) to minimize the nonspecific binding of
the AFB1 to the chips. They were then incubated at
room temperature for 1 h. Subsequently, the chips
were washed thoroughly (100µL per sub array) two
times with PBST. Standard solutions of AFB1 at
different concentrations were prepared in BSA 1%
PBS 0.01% (v/v) Tween 20, mixed with monoclonal
anti-AFB1 (0.19µg/mL, diluted in BSA 1% PBS
0.01% (v/v) Tween 20) and then pre-incubated at
37oC for 20 min, before application to each sub array
(50 µL per sub array). The chips were incubated at
37oC for 30 min. After incubation, the chips were
washed (100µL per sub array) three times with PBST
(each wash for 3 min).
The secondary antibody, Alexa Fluor® 647 antimouse IgG (I mg/mL) was diluted 1:5000 (v/v) in
BSA 1%- PBS- 0.01 % (v/v) Tween and added to the
subarrays (50 µL per sub array). The chips were
incubated at 37oC for 45. After three washes, the chips
were centrifuged at 3000rpm for 3 min at 4oC and
scanned using confocal microarray reader (Genepix
4000B) at a wavelength of 635 nm. The total assay
procedure was completed in 3 hours.
Food Sample preparation: Wheat flour samples
were artificially contaminated by adding 100 µL of
AFB1 standard solutions (0, 0.1, 1 and 10 µg/mL) to
5 g of sample. The extraction method used was a
modification of the method used by Strachan and
Garden (Garden and Strachan, 2001). To this end, 15
ml methanol-water (80: 20) was added to 5 g of
sample. The suspension was vortexed for 1 min and
then centrifuged at 4000g for 15 min. The aqueous
layer was diluted 1 in 10 for the assays. The
concentration of AFB1 in diluted sample extracts was
measured by reference to a calibration curve and was
used to estimate the concentration in the original
sample.
Data extraction and analysis: Quantitative data
was extracted using Genepix Pro 5.1 software (Axon
Instruments), generating the value "mean foreground
minus mean background" intensity for each spot,
applied for analysis. Finally, calibration graphs were
handled with Origin 6.0. Standard curves generated
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from one chip in parallel and were repeated two times.

Results
Dot blot optimization: Each microarray has a
layout that should be set up and designed properly.
Therefore, AFB1-BSA, PBS (as negative control),
and a primary and two secondary antibodies (as
internal controls) were spotted to establish the
optimum design for future use on a microarray
platform. The concentration of 100µg/mLwas selected as the optimal concentration for AFB1-BSA, as it
was the lowest concentration that was detectable
using the dilution of both primary and secondary abs.
(Figure 1, 2 and 3). The dilution of 1: 5000 of Mab was
the only dilution that could be detected by Ab2-AP
and nothing was detected by Ab2-Cy3 (Figure 1).
Although all dilutions of spotted secondary antibodies have been detected with imager, using Ab2AP as the detection method the signals were stronger.
With regard to the final result of spotting dilutions, a
1:100 dilution of both Mab (330µg/mL) and
secondary antibodies (10µg/mL) was chosen for the
positive controls (Figure 1).
Antibodies titrations: Antibody detection always
plays an important role in an indirect immunoassay
system; therefore, the conditions for using two
different secondary Abs, Ab2-AP, and Ab2-Cy3 were
optimized (Figure 2). As It was expected, Ab2-AP
was more sensitive than Ab2-Cy3, as the dilution of
1:10 000 (v/v) for Cy3 has made a weak signal but was
strong enough for Ab2-AP. Thus, the dilution of
1:5000 (0.2 µg /mL) was established as the optimal
detection dilution for use in final format of
microarray design.
Different dilutions of Mab were applied on the
final figure of designed chip. Although the Ab2-AP
was more sensitive, further optimization was carried
out using Ab2-Cy3 as detection method because the
final microarrays format adapts to the florescent
detection. The images showed that the dilution of
1:30 000 (1.1 µg/mL) can still detect AFB1 and can be
used as a starting point for further optimization on
expensive microarray surfaces (Figure 3).
Utilizing the dot blot technique, the concentrations of 100 µg/mL of AFB1-BSA, 330µg/mL of
Mab and 10µg/mL of secondary antibodies (as
positive controls) were chosen for designing the final
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Table 1. Estimation of LOD for AFB1 detection using antibody-based microarray assay.
Matrix
Buffer
Wheat

Standard curve
y=2.1386+ 1.2023/(1+(x/0.3708^2.1386))-1.2023,R2=0.98
y=4.0836+ 0.3898/(1+(x/1.0089^0.7033))-0.3898,R2=1

LOD (ng/g)
0.001
0.03

Working range (ng/g )
0.015 - 3.04
0.11- 4.15

Table 2. Measurements of AFB1 in wheat samples by antibody-based microarray assay . Each extraction value was represented the average
value of 16 measurements on each sub-array. Each sub-array measurement was repeated two times.
Sample(ng/g)

AFB1 spiked

Wheat

2
20
200

AFB1 measured after extraction (ng/g)
First extraction Second extraction
2.01
1.79
16.02
17.99
206.28
199.8

feature of microarrays on suitable surface. For
developing the immunoassay, the dilution of 1:30
000(v/v) of Mab can be used as a starting point for
further optimization. The dilution of 1:5000(v/v) of
secondary antibodies was established as the
optimum.
Optimization on microarray: To establish the
working range in the microarrays format, further
titration starting from 1.1 µg/mL concentration of
Mab antibody was performed. The four final
optimized concentrations of monoclonal antibody on
the sub arrays performance were evaluated by
generating standard competition curves for AFB1
(Figure 3). All the experimental data were fitted using
non-linear four-parameter logistic calibration plot.
The four-parameter logistic (Fare et al., 1996) is
given by the equation:
f (x)= a-d/1+(x/c)b+d
in which and are the asymptotic maximum and
minimum values, the value of at the inflection point
(IC50), and the slope. Comparison of the calibration
curves generated using the toxin microarray indicated that the dilution of 1: 170 000 (v/v) (0.19 µg/mL)
is optimal for quantitative detection of AFB1. Several
microarrays were screened without competitors in
order to evaluate the experimental variation in spot
intensities among each array. Relative standard
deviation no higher than 10 % was observed. The
variation across the slide was affected by the distance
of the slide from microtitre plate and the exact
location on the slide. Therefore, a non-contact form
of printing the variation should be overcome.
Calibration curves: In Table 1, the result of
calibration curves, the equations for estimation of
limit of detection (LOD) values (equivalent to IC10)
and working ranges are shown. Each concentration of
AFB1 had 32 replicates in a sub array and each sub
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(Mean ± SD)

R.S.D. (%)

Recovery (%)

1.9±0.15
17.01±1.39
203.04±4.58

7.87
8.19
2.25

95.3
85.06
101.52

array value representing two time measurements.
The logistic correlation coefficient (R2), which was
above 0.98, indicated the excellent analytical performance of this optimized toxin microarray assay
method. The results reveal that this microarray assay
can detect the pure toxin at a level of 1 pg/mL. It
should be pointed out that the sensitivity of assay in
wheat samples was 30 pg/mL, i.e. near 30 fold higher.
The reduction of sensitivity for AFB1 detection in
real samples is explainable due to food matrix effect;
nonetheless, this assay achieves adequate sensitivity
for applications in food samples.
Recovery in food samples: The recovery
analysis of artificially contaminated wheat flour
samples has been shown in Table 2. Good recoveries
(94±9%), demonstrating the suitability of the proposed assay for accurate determination of AFB1 concentration in wheat samples was obtained. Each extraction
value indicated the average of 16 measurements. The
recovery values were represented the mean value of
two extraction procedure repeated on two different
days. The precision was estimated by calculating the
relative standard deviation (% R.S.D) for replicate
measurements.

Discussion
In recent years, the development of array-based
biosensors and microarray technology has offered
using them in various applications, including the
study of disease, drug discovery, genetic screening,
clinical diagnostic, and food screening. Antibodybased microarrays provide a powerful tool that can be
used to generate rapid and detailed expression
profiles of a defined set of analytes in complex
samples, and they are potentially useful for generating rapid immunological assays of food contamin-
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Figure 1. Optimization of microarray feature using dot blot.
(A)The illustration of the spotted elements and related
concentrations; AFB1-BSA, BSA2% in PBS, Mab and Ab2 on
each blot has been shown in cartoons. (B) Corresponding image
of spotted blots. A 1:10 000 (v/v) dilution of Mab and Ab2-AP
or Ab2-Cy3 has been applied for immunoassay detection.

Figure 3. Primary antibody titration using dot blot. (A) The
illustration of the spotted feature on each blot has been shown
in cartoons. (B) Corresponding image of spotted blots. Three
different dilutions of Mab were applied on each blot for
immunoassay detection.

ants.
There are different issues that should be addressed
for optimal microarray performance, e.g., the type of
antibody molecules, solid supports and binding
chemistries, detection system, blocking reagents,
stability of printed antibodies, sensitivity and
labeling strategies, specificity and cross-reactivity,
immunoassay format, analysis of microarray data,
and normalization (Parro, 2010). Considering all
these factors looks challengeable and has made this
technology complicated. Most of the microarray
reagents and equipments (e.g., buffers, solid Support-
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Figure 2. Secondary antibodies titration using dot blot. (A) The
illustration of the spotted elements on each blot in cartoons. (B)
Corresponding image of spotted blots. From left to the right,
Ab2-AP and Ab2-Cy3 were applied in three different dilutions
on each blot for immunoassay detection.

s, etc.) are expensive; therefore, the need to use an
inexpensive method for initial optimizations prior to
the actual microarray platform seems to be crucial.
Dot blot is a simple technique to detect proteins. Thus,
in an attempt to develop an antibody-based assay for
detection of AFB1 in microarray format, dot blot
technique was applied for primary optimization.
Different concentrations of AFB1-BSA, monoclonal
and secondary antibodies, sheep anti-mouse IgGCy3 conjugated (Ab2-Cy3), or goat anti mouse IgGAlkaline phosphatase conjugate (Ab2-AP) (as
internal control) were spotted in series of dilution to
establish the optimum conditions for microarray
layout. The concentration of 100µg/mL was selected
as the optimal concentration for AFB1-BSA, as it was
the lowest concentration that was detectable using the
optimized immunoassay. For positive internal
controls, a 1:100 dilution of Mab (330µg/mL) and
secondary antibodies (10µg/mL), was determined as
optimal (Figure 1 and 3).
The type of antibody molecules (polyclonalmonoclonal, phage-display, Fab, affybodies, etc.)
and detection systems, label-dependent (e.g. fluorescence, chemoluminiscence, enzymatic, etc.) or label
free, always plays an important role for optimal
antibody microarrays function. (Parro, 2010).
Minimum antibody titers of 1:30 000 (1.1 µg/mL) of
Mab and 1:5000 (0.2 µg/mL) for secondary
antibodies were established as suitable dilutions for
immunoassay. Ab2-APwas more sensitive than Ab2Cy3 as 1:10 000 (0.1 µg /mL) of Ab2-Cy3 has made a
139
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Figure 4. Image of a microarray chip. (A) An image of a Nitrocellulose coated slide containing 16 physically isolated subarrays assembled
with reaction chamber has been shown. (B) A representing order of the layout of each subarray has been shown in table. Every subarray
was consisted of two replicates of this printing layout.

weak signal but was strong enough for Ab2-AP.
(Figure 2). For the final titration of monoclonal
antibody, only Ab2-Cy3 was used because of the
advantage of one step detection.
In all of the studies designed to detect mycotoxins,
the LOD, which reflects sensitivity, is an important
parameter e.g., the LOD of AFB1 was 3.00 ng/ml
using surface plasmon resonance (Daly et al., 2000),
12.5 ng/g by ELISA in food stuffs (Saha et al., 2007),
0.16 ng/mL by HPLC (Ghali et al., 2009) and 1.00
ng/mL using LC/APPI-MS/MS (Capriotti et al.,
2010); 1 ng/mLby novel selective immunochromatographic assay (Zhang et al, 2011); and 1 mg/kg by
lateral flow immunoassay (Anfossi et al., 2011).
In comparison with the current published methods
for aflatoxin detection, the LOD of our developed
method was 1 pg/mL, indicating the high sensitivity
of developed assay, which is more sensitive than the
currently available commercial methods. Total assay
time was 3h, which indicates the rapid detection
ability of the proposed method. The performance of
the microarray assay in commodities was evaluated
using spiked wheat flour samples. The sensitivity of
this method was determined as 30 pg/g. The reduction
of sensitivity in actual food samples is explainable by
the effect of food matrices. Therefore, further
investigation needs to be carried out to address this
issue. A good recovery (98±11%) indicates the accuracy of the proposed assay for AFB1 detection in
real food samples. In conclusion, microarray technology has the potential to be used as a screening tool for
monitoring food samples on a large scale. Using this
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method, small quantities of reagents and samples are
required. In addition, parallel assays can be performed for multiple analyses. Dot blot is a simple and
inexpensive technique which confirms the presence
or absence of a biomolecule. A successful dot blot
optimization can be considered as a significant cost
benefit step toward designing an effective microarray. Future work can focus on larger scale application
of this method in commercial foodstuffs. In addition,
this method could be extended to detect other
foodborne hazards (such as food borne pathogens,
bacterial toxins, chemicals, antibiotics residues, etc.)
on a single chip format.

Acknowledgments
This study was supported by the Ministry of
Science, Research, and Technology of Iran, the
Research Council of University of Tehran and the
facilities of Conway Institute of Biomedical and
Bimolecular Research, University College Dublin,
Dublin, Ireland.

References
1. Ammida, N.H.S., Micheli, L., Palleschi, G. (2004)
Electrochemical immunosensor for determination of
aflatoxin B1 in barley. Anal Chim Acta. 520: 159164.
2. Anfossi, L., D'Arco, G., Calderara, M., Baggiani, C.,
Giovannoli, C., Giraudi, G. (2011) Development of a
quantitative lateral flow immunoassay for the

IJVM (2014), 8(2):135-142

Kamkar, A.
detection of aflatoxins in maize. Food Addit Contam.
28: 226-234.
3. Anklam E., Saroka J., Boenke A. (2002) Acceptance
of analytical methods for implementation of EU
legislation with a focus on mycotoxins. Food
Control. 13: 173-183.
4. Bakirci, I. (2001) A study on the occurrence of
aflatoxin M1 in milk and milk products produced in
van province of Turkey. Food Control. 12: 47-51.
5. Bhattacharya, D., Bhattacharya, R., Dhar, T.K.
(1999) A novel signal amplification technology for
ELISA based on catalyzed reporter deposition.
Demonstration of its applicability for measuring
aflatoxin B1. J Immunol Methods. 230: 71-86.
6. Capriotti, A.L., Foglia, P., Gubbiotti, R., Roccia, C.,
Samperi, R., Lagana, A. (2010) Development and
validation of a liquid chromatography/atmospheric
pressure photoionization-tandem mass spectrometric
method for the analysis of mycotoxins subjected to
commission regulation (EC) No. 1881/2006 in
cereals. J Chromatogr A. 1217: 6044-6051.
7. Daly, S.J., Keating, G.J., Dillon, P.P., Manning, B.M.,
O'Kennedy, R., Lee, H.A., Morgan, M.R.A. (2000)
Development of surface Plasmon resonance-based
immunoassay for aflatoxin B1. J Agric Food Chem.
48: 5097-5104.
8. Daradimos, E., Marcaki, P., Koupparis, M. (2000)
Evaluation and validation of two fluorometric HPLC
methods for the determination of aflatoxin B1 in
olive oil. Food Addit Contam. 17: 65-73.
9. Delmulle, B.S., De Saeger, S.M.D.G., Sibanda, L.,
Barna-Vetro, I., Van Peteghem, C.H. (2005)
Development of an immunoassay-based lateral flow
dipstick for the rapid detection of aflatoxin B1 in pig
feed. J Agric Food Chem. 53: 3364-3368.
10. Dunne, L., Daly, S., Baxter, A., Haughey, S.,
O'Kennedy, R. (2005) Surface plasmon resonancebased immunoassay for the detection of aflatoxin B1
using single-chain antibody fragments. Spectrosc
Lett. 38: 229- 245.
11. Fare, T.L., Sandberg, R.G., Herzoge, D.P. (1996)
Environmental Immunochemical Methods. Perspectives and Applications, American Chemical Society.
Vanehmon, J.H., Gerlach, G.L. (eds.). Washington
DC, USA.
12. Feldstein, M.J., Golden, J.P., Rowe, C.A. MacCraith,
B.D., Ligler, F.S. (1999) Array biosensor: optical and
fluidics systems. J Biomed Microdev. 1: 139-153.

IJVM (2014), 8(2):135-142

Iranian Journal of Veterinary Medicine
13. Ghali, R., Belouaer, I., Hdiri, S., Ghorbel, H.,
Maaroufi, K., Hedilli, A. (2009) Simultaneous HPLC
determination of aflatoxins B1, B2, G1 and G2 in
Tunisian sorghum and pistachios. J Food Compos
Anal. 22: 751-755.
14. Garden, S.R., Strachan, N.J.C. (2001) Novel
colorimetric immunoassay for the detection of
aflatoxin B1. Anal Chim Acta. 444: 187-191.
15. International Agency for Research on Cancer
(IARC). (2002) Aflatoxins in some naturally occurring substances: Food items and constituents,
heterocyclic aromatic amines and mycotoxins.
Mono-graphs on the evaluation of carcinogenic risk
to humans, IARC, Lyon, France. p. 245-395.
16. Lamberti, I., Tanzarella, C., Solinas, I., Padula, C.,
Mosiello, L. (2009) An antibody-based microarray
assay for simultaneous detection of aflatoxin B1 and
Fumonisin B1. J Mycotox Res. 25: 193-200.
17. Lee, N.A., Wang, S., Allan, R.D., Kennedy, I.R.
(2004) A rapid aflatoxin B1 ELISA: development and
validation with reduced matrix effects for peanuts,
corn, pistachio and soybeans. J Agric Food Chem.
52: 2746-2755.
18. Li, P., Zhang, Q., Zhang, W., Zhang, J., Chen, X.,
Jiang, J., Xie, L., Zhang D. (2009) Development of a
class-specific monoclonal antibody-based ELISA for
aflatoxins in peanut. J Food Chem. 115: 313- 317.
19. Lopez, C., Ramos, L., Ramadan, S., Bulacio, L.,
Perez, J. (2001) Distribution of aflatoxin M1 in
cheese obtained from milk artificially contaminated.
Int J Food Microbiol. 64: 211-215.
20. Ngundi, M.M., Shriver-Lake, L.C., Moore, M.H.,
Lassman, M.E., Ligler, F.S., Taitt, C.R. (2005) Array
biosensor for detection of ochratoxin A in cereals and
beverages. Anal Chem. 77: 148-154.
21. Pal, A., Dhar, T.K. (2004) An analytical device for
on-site immunoassay. Demonstration of its applicability in semiquantitative detection of aflatoxin B1
in a batch of samples with ultrahigh sensitivity. J
Anal Chem. 76: 98-104.
22. Papp, E., H-Otta, K., Z´aray, G., Mincsovics, E.
(2002) Liquid chromatographic determination of
aflatoxins. Microchem J. 73: 39-46.
23. Parro, V. (2010) Antibody microarrays for environmental monitoring. In: Handbook of Hydracarbon
and Lipid Microbiology. Timmis K.N. (ed). SpringerVerlag Berlin Heidelberg, Germany. p. 2700-2705.
24. Parkin, D.M., Bray, F., Ferlay, J., Pisani, P. (2001)

141

Development of antibody-based microarray assay for...

Kamkar, A.

Estimating the world cancer burden: Globocan 2000.
Int J Cancer. 94: 153-156.
25. Saha, D., Acharya, D., Roy, D., Dhar, T.K. (2007)
Filtration-based tyramide amplification technique-a
new simple approach for rapid detection of aflatoxin
B1. Anal Bioanal Chem. 387: 1121-1130.
26. Sapsford, K.E., Taitt, C.R., Loo, N., Ligler, F.S.
(2005) Biosensor detection of Botulinum A toxoid
and staphylococcal enterotoxin B in food. Appl
Environ Microbiol. 71: 5590-5592.
27. Shriver-Lake, L.C., Shubin, Y.S., Ligler, F.S. (2003)
Detection of staphylococcal enterotoxin B in spiked
food samples. J Food Prot. 66: 1851-1856.
28. Shriver-Lake, L.C., Taitt, C.R., Ligler, F.S. (2004)
Applications of array biosensor for detection of food
allergens. JAOAC Int. 87: 1498-1502.
29. Speijers, G., Speijers, M. (2004) Combined toxic
effects of mycotoxins. J Toxicol Lett. 153: 91-98.
30. Stroka, J., Anklam, E. (2002) New strategies for the
screening and determination of aflatoxins and the
detection of aflatoxin-producing moulds in foods and
feed. Trends Anal Chem. 21: 90-95.
31. Sweeney, M.J., Dobson, A.D.W. (1998) Mycotoxin
production by Aspergillus, Fusarium and Penicillium
species. Int J Food Microbiol. 43: 141-158.
32. Taitt, C.R., Shubin, Y.S., Angel, R., Ligler, F.S.
(2004a) Detection of Salmonella enterica serovar
Typhimurium by using a rapid, array-based immunosensor. Appl Environ Microbiol. 70: 152-158.
33. Taitt, C.R., Golden, J.P., Shubin, Y.S., Shriver-Lake,
L.C., Sapsford, K.E., Rasooly, A., Ligler, F.S.
(2004b) A portable array biosensor for detecting
multiple analytes in complex samples. Microbiol
Ecol. 47: 175- 185.
34. Xiulan, S., Xiaolian, Z., Jian, T., Zhou, J., Chu, F.S.
(2005) Preparation of gold-labeled antibody probe
and its use in mmunochromatography assay for
detection of aflatoxin B1. Int J Food Microbiol. 99:
185- 194.
35. Zhang, D., Li, P., Yang, Y., Zhang, Q., Zhang, W.,
Xiao, Z., Ding, X. (2011a) High selective immunochromatographic assay for rapid detection of
aflatoxin B1. Talanta. 85: 736-742.

142

IJVM (2014), 8(2):135-142

Abstracts in Persian Language

135-142 ,2 ûoBíy,8 ûoôk ,1393 ,óApüA þìAk IÆ| úéXì

B1òývÞõOçÖ@ þíÞÀýhzO ÿApG ÿkBG þPð@ÿA|úüAo@rüo {Xñu úÏuõO
þÚBTýì þéÎ *oBßìBÞ êÃ×èAõGA þüBÃýG ûkAq@
óApüA ,óApùO ,óApùO ûBãzðAk þßyrLìAk ûlßzðAk ,þüAnÒ kAõì þ×ýÞ ëpPñÞô QyAlùG ûôpâ
)1392 ûBì òíùG 28 :þüBùð }pünK ,1392 ûBì óBG@ 21 :úèBÛì QÖBüok|(|

ûlýß^|
Ræõ¿dì qA þÏýuô ØýÆ ô ûlükpâlýèõO xõéüspLu@ÿBø úðõâÈuõO úÞQuA þíuoBývG QýèõGBPì àü |B1| òývÞõOçÖ@ :úÏèBÇì úñýìq
ÿpýâûqAlðA oõËñì úG ÿA úüAo@rüo QìpÖ o k xBvc ô ÐüpuþuA õðõíüA }ôo àü úÏuõO úèBÇì òüA qA Ùlø :Ùlø .lñÞþì ûkõè@Ao ÿqoôBzÞ
þüAnÒ kAõì ÐüBñ¾o k ûkB×PuA ÿApG æBG þüAoBÞBG ÿpãèBGpÒ ÿBø|}ôo úÏuõOoõËñì úG }ôo òüA þüAoBÞþGBüqoA QùWo k , |B1| òývÞõOçÖ@þíÞ
,îýÛPvìpýÒ þPGBÚo þuAõðõíüA }ôo ô RçG RAk àýñßO qA ûkB×PuA BG {Xñu ÿqBu úñýùG ëBHðk úG :oBÞ }ôo .QuA ûkõG þìAk ô þðBvðA
QñüpK qõèõéuôpPýð BG ûly ûlýyõK ÿBø|ûlüçuA ÿôo pG ÿoA JBu16 ÿôo pG ÿôBâ ïpu òýìõHè@úG ûly ê¿Pì òývÞõOçÖ@qA úñýùG QËéÒ
BO 15|pg/g pGApG ÿoBÞØýÆ o k òývÞõOçÖ@{Xñu ,}ôo òüA qA ûkB×PuA BG :YüBPð .lükpâ ëBíÎA þPGBÚo þuAõƒðõƒíüA {ƒXñuô ûlƒükpƒâ
þÎõñ¿ì Roõ¾ úG ï lñâko@,þüAnÒ kAõìo k ûlylýèõO ÿoAôpßýì òüA þüAoBÞþGBüqoAoõËñì úG .lükpâòýýÏO 1pg/g ÀýhzO lc BG 3/04ng/g
ê¾Bc ï lñâko@o k 30pg/gpGApG þ¿ýhzO lc BG 4/15-0/11ng/gpGApG ÿoBÞØýÆ ,ZAphPuA qA wKô lükpâûkõè@òývÞõO ØéPhìpükBÛì BG
Rlì o k {Xñu òüA .lyBG|þì }ôo òüA qA ûkB×PuA BG {Xñu Qd¾ ûlñøk óBzð úÞlükpâ òýýÏO94±%9 QÖBüqBG òýíhO òýãðBýì .lükpâ
ÿpýâ|ûqAlðA }ôo óAõñÎ úG lðAõO|þì ÿA|úüAo@rüo QìpÖ o k ûly f pÇì {Xñu }ôo òüA :þüBùð ÿpýâúXýPð .lükpâ êýíßO QÎBu 3óBìq
.kôooBÞúG ï lñâÿBø|úðõíðo k |B1| òývÞõOçÖ@ÜýÚk {XñuÿApG æBG QýuBvc BG Ðüpu
úýèôA ÿqBuúñýùG ,o@rüo ,þuAõðõíüA ,RçG RAk ,B| 1| òývÞõOçÖ@ |:ÿlýéÞÿBø ûsAô
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