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ARTICLE INFO ABSTRACT

ORIGINAL ARTICLE Background: The use of easy, fast, and accurate methods can be an important

help in evaluating milk quality. The purpose of this study was to investigate the
accuracy of diagnostic strip kits and compare it with ELISA and HPLC as a
reference diagnostic method, which as the fastest diagnostic tool can play an
important role in providing results. Methods: According to the catalog provided
by the manufacturer, the samples were analyzed by rapid diagnostic kit and
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ELISA kit. Finally, the positive samples were checked by HPLC. Validation was
done by comparing the results obtained from three methods as well as the values
provided by the manufacturer. The limit of detection (LOD) was set at 100 ppt
(ng/kg) and 50 ppt for Strip Kit and ELISA, respectively, and the limit of
quantification (LOQ) was 5 ppt for confirmatory HPLC. Results: A total of 68
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samples were selected to measure aflatoxin M1 (AFM1). Based on the results,
10 samples (14.7%) were positive by ELISA and 7 samples (10.29%) were
detected to be positive by strip kit, of which only 3 (4.4%) samples were positive
by reference method (HPLC). Moreover, among the strip Kit test results, no
sample was found as false-negative compared to HPLC, and the results of spike

Keywords: solution test with different concentrations also confirmed the results. The

Aflatoxin M1; sensitivity and specificity of strip kit were calculated 70% and 100%,

HPLC; respectively. Conclusion: The strip kit can be used as a cheap, fast, and with

EL_'SA;_ acceptable accuracy method based on HPLC results for on-site detection of

i/‘ltrllli) Kit; AFM1 in milk with saving time and money while guaranteeing high analytical
ilk.

precision and accuracy.

Introduction
mong many factors causing food spoilage,
fungal toxins are very important. Among
these toxins, aflatoxins are an important group of
fungal toxins (mycotoxins) that are found in

agricultural products due to the growth of some
species of Aspergillus, especially Aspergillus
flavus, and Aspergillus parasiticus (Atabati et al.,
2020, Unusan, 2006, Zinedine et al., 2007).
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Aflatoxins are known to be hepatotoxic,
mutagenic, teratogenic, immunosuppressive, and
neoplastic (Farhadi et al., 2022, Mwanza et al.,
2015). The most common and toxic aflatoxins are
B1 and B2 species, which are found in moldy food,
grains, and fodder more than other types of
aflatoxins. After entering the mammalian body,
these mycotoxins are hydroxylated in the liver and
converted to M1 and M2 metabolites, which are
excreted as the predominant aflatoxin through milk
and urine (Nguyen et al., 2020, Salmani et al.,
2016). Milk is the most important food source for
the human body, especially for children and
infants. The relationship between animal feed and
milk health and safety is very close and may be the
main way for aflatoxins to enter the human body
(Khosravi-Darani et al.,, 2019, Nguyen et al.,
2020). Considering that pasteurization,
sterilization, and processing of milk do not have
much effect on the stability and reduction of
aflatoxin M1 (AFM1) toxicity, this toxin
endangers the health of consumers through the
consumption of various dairy products (Fallah,
2010, Sani et al., 2010, Shamloo Aghakhani et al.,
2012); therefore, the European Union has set the
permissible amount of AFM1 in milk at 50 ngl/l,
which in Iran, the maximum permissible M1 in
dairy products is 100 ng/l (Fallah, 2010, Karim et
al., 1998). Preventing the entry of Bl as a
precursor of AFML1 into dairy feed seems to be a
good solution to control it, but this control method
currently seems very difficult and impractical. The
most appropriate and practical solution is the
measurement of the AFM1 values in milk and its
products to prevent the distribution and
consumption of dairy products contaminated with
values higher than the allowable level of this toxin
in the community. For this reason, a wide range of
methods are now available for detecting AFM1 in
milk and dairy products; however, achieving key
analytical functions, such as sensitivity, accuracy,
and reliability, and suitability to apply regulatory
limits in the low range (ng/kg) is still quite
challenging (Karim et al., 1998, Sadighara et al.,
2023). The main method based on the
immunological system is ELISA (Li et al., 2009),

but other methods are also based on
electrochemical and optical principles such as
chromatography (Manabe et al., 1978, Yousefi et
al., 2022) and spectroscopy (Jaiswal et al., 2018).
In the meantime, high-performance liquid
chromatography  (HPLC) using fluorescent
detectors are widely used to measure AFM1 (Liu et
al., 2016, Rezaei et al., 2021, Shamloo et al.,
2015). However, there are significant drawbacks to
this method, such as high cost, complexity of
management, and sample preparation
(Alimohammadi et al., 2014, Mahdavi et al., 2012,
Rezaei et al., 2022). Considering that simpler and
more practical methods are needed to routinely
monitor milk and its products, various enzyme-
linked immunosorbent assays (ELISAS) have been
developed for measuring AFM1. Strong analytical
methods are needed to identify mycotoxins and to
select the most appropriate method, the target
molecule, chemical characteristics, complex
matrix, test timing, and detection limits should be
considered (Bellio et al., 2016).

Recently, competitive direct ELISA (cdELISA)
has become more common compared to
competitive indirect ELISA (CiELISA), which is a
time-consuming diagnostic method. However,
ELISA method in terms of rapid and on-site
detection have significant limitations such as long
incubation time, multiple washing steps, and the
complexity of the tools needed to complete their
process (Anfossi et al., 2008, Magliulo et al.,
2005). Therefore, the use of rapid test has
received a lot of attention in the field of analysis
in recent years. Among rapid methods,
immunochromatographic methods, in which the
basis of analyte detection is the reaction between
antibody and antigen, can be mentioned. This
method has received a lot of attention due to the
lack of laboratory facilities, low costs, and easy
operation; an immunostrip is used in rapid
screening to detect molecular weight toxins. These
diagnostic kits include reddish-gold nanoparticles
that combine with antibodies and provide a visual
detection signal through color change (Zhao et al.,
2016). However, although antibodies are highly
specific and sensitive compounds with chemical
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functional groups similar to mycotoxins, as
interfering factors, they can interfere with the
detection process with antibodies (Salari et al.,
2020, Zheng et al., 2005). This effect likely makes
errors in rapid test results through diagnostic Kits in
measuring AFM1 and show their amount more or
less than its actual value; therefore, it seems
necessary to check the accuracy of the results of
this method. Various studies have been conducted
to measure AFML1 levels using various diagnostic
methods such as HPLC with fluorescence or mass
spectrometer (Solfrizzo et al.,, 2011), ELISAs
(Radoi et al., 2008, Salari et al., 2018), and
colloidal gold immunoassays (Zhang et al., 2013).
According to previous studies and the reports
presented in this field, there is no report on
comparison of HPLC, ELISA, and Strip Kits
methods in measuring the amount of AFM1 in
milk for validating the Strip Kits rapid test. In
2012, Zhang et al. validated the construction of an
immunochromatographic test at the level of
China's PPT 500 limit by ELISA method, and in
27 collected milk samples, there was a 100%
correlation between the results of the rapid test and
the ELISA method (Zhang et al., 2012). In another
study conducted by Alberto Bellio et al. in 2016 in
Italy entitled "Aflatoxin M1 in cow's milk: method
validation for milk samples in northern Italy", a
total of 1668 milk samples were analyzed and 36
milk samples by ELISA method were positive
(2.2%), which was subsequently confirmed by
HPLC (Bellio et al., 2016). The use of ELISA and
HPLC tests in series and consecutively allows the
analysis of a large volume of samples. Therefore, it
saves time and money, and at the same time
guarantees high analytical accuracy. In the present
study, ELISA was validated as a qualitative
(screening) approach and HPLC as a quantitative
(confirmatory) approach. By analyzing a number
of milk samples, it was tried to find whether there
is a difference in the determination of the number
of AFM1-contaminated samples. Validation of the
method was done by comparing the results
obtained from three techniques and the values
declared by the manufacturer. Therefore, the aim
of this study was to compare and evaluate the

efficiency of different analytical methods for
measuring AFM1 in milk and to validate the rapid
test strip method based on the results of HPLC and
ELISA.

Materials and Methods

Materials and equipment

Rapid test kits for measuring AFM1 were
provided by Rojan Azma Production Research
Company, Tehran, Iran. Also, ELISA test kits were
purchased from TECNA, Italy. Methanol,
chloroform, and standard solution with a
concentration of 10 ppb (laboratory grade) were
prepared by Merck, Germany. In all stages of the
experiment, double distilled water was used to dilute
and prepare the required solutions during the process.
In this study, HPLC (model 1260, made by US
company AGILENT) with immunoaffinity column,
ELISA Washer (BioTek® ELx 50), and ELISA
Reader (®BioTek ELx808, USA) were used.

Validation of ELISA

ELISA performance and efficiency were
evaluated. Analysis of specificity showed that the
B error was d’5%, confirming that the test is able to
discriminate the analyte. The different incubation
temperatures had no significant effect on assay
performance, indicating that the test is sufficiently
rugged. Finally, sensitivity was 1.00 (95%
confidence interval Cl 0.91-1.00) (Bellio et al.,
2016).

Validation of HPLC

The HPLC method was in good agreement with
the criteria stated in standard. The method was
linear in the range of 0.75-25 ppb (pg/ul),
corresponding to 0.006-0.2 ppb in matrix,
indicating no interference by the food matrix and
acceptable specificity. The tests to check
repeatability and recovery were considered
satisfactory according to internal requirements and
parameters (Bellio et al., 2016).

Collection and storage of samples

Sixty-eight samples of pasteurized milk were
randomly collected from stores in the city and 20
ml of samples was transferred to test tubes and
stored in a freezer at -20 °C. Then, 24 hours before
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the test, the samples were transferred from the
freezer to the refrigerator to gradually melt at
2-8 °C.

Preparing Spike Samples of AFM1 in Milk

Stock solution of AFM1 with a concentration of
1 pg/ml was prepared from the standard of
aflatoxin powder in which the solvent used was
acetonitrile. In  order to ensure that the
concentration of the prepared solution is 1 ppm, its
concentration was measured by spectrophotometry.
Concentration was obtained according to the
following formula:

C=(MW .1000. Amax) /¢ 1)

Where C represents the concentration, A is the
absorption intensity read by the spectrophotometer,
MW is the molecular weight, and ¢ is the solvent
coefficient used for dilution. Then, the following
stoichiometric equation was used to prepare
different concentrations of spike solution:

C1Vi=C,;V; 2

Where C and V represent the concentration and
volume of stoke and spike solutions, respectively.
For example, to make a concentration of 100 ppt,
0.25 ml of 10 ppb standard solution was taken and
was brought to a volume of 25 ml using milk to
prepare the spike solution of 100 ppt. In the same
way, all concentrations of spike solution were
calculated.

Kit Strip

Two drops of the thoroughly stirred milk sample
were added to the micro-tube, and the lid was then
closed and shaken gently occasionally for 5
minutes. Then, the contents of micro-tube were
added to the kit (well S) and after 5 minutes, the
presence of only one clear colored strip in region
"C" indicates a definite positive result, which
means that the level of AFM1 is more than 100 ppt
in the sample. If a very faint colored strip appears
in the T region, the result will be considered
positive (it may be around 100 ppt). The presence
of two clear colored strips (C and T) indicates a
negative result and shows that the concentration of
AFML1 does not exceed 100 ppt in the sample. If
the strip is not visible in area C, the result will be
considered invalid (Figure 1).

HH

7 |

‘ Negative ‘ ‘ Invalid

< ] [ ]
17 7 |
| |

‘ Positive

Figurel. Interpretation of strip kits results.

Determination of AFM1 in milk by ELISA
method

The amount of 2 cc of milk stored at 2-8 °C was
transferred to a glass tube. The desired sample was
centrifuged for 10 minutes at 3000 rpm, then the
fat phase was separated and 1 cc of the lower phase
was transferred to a new tube, and 1 ml of distilled
water was added to it and stirred. The required
number of micro-plate wells (the number of
standards in this kit is 7) was placed in the well
holder; the wells were coated with AFM1-specific
antibodies. In the next step, 100 pl of each
standard solution and samples were added
separately to the wells and mixed gently, and the
samples were covered to prevent evaporation and
kept at room temperature for 45 minutes. The
material was then emptied and washed 5 times,
100 pl of enzyme conjugated solution was added to
micro-wells and coated, giving 15 minutes to
complete the process. After these steps, the wells
were emptied again and rinsed for 5 times, and 100
ul of chromogen solution was added to each micro-
wells and stirred gently, and the samples were
covered for 15 minutes. In the last step, 50 pl of
stopping solution was added to each of micro-wells
and shaken, and the amount of light absorption at
450 nm was read by ELISA reader and the amount
of aflatoxin was calculated with the help of
software provided by the manufacturer of the kit.

Determination of AFM1 by HPLC

Sixty milliliter of sample was centrifuged and its
fat was separated. The immunoaffinity column was
then brought to room temperature and 10 ml of
Phosphate Buffer Saline solution was poured into
the tank attached to the column and allowed to
pass through the column at a rate of 1 to 2 drops
per second without external pressure. Then, 20 ml
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of skim milk was poured into the graduated
cylinder and then passed through the
immunoaffinity column. The graded cylinder
containing the sample was washed twice with 10
ml of water, and each time, washing water was
passed through the column. In the next step, 2500
ul of acetonitrile was passed through a column at a
rate of 2-3 ml/min and collected in a vial, and then
mixed with vortex. The vial contents were dried in
a laboratory water bath at 40-50 °C and 1 ml of the
mobile phase (70% water: 30% acetonitrile) was
added to the vial and mixed for one minute by the
vortex. The vial contents were mixed again with
the vortex for 1 minute, and then, the column was
washed with 20 ml of PBS. Finally, the standard
AFML calibration solutions were injected into the
injection device. After that, a suitable volume of
sample was injected into the device and the
resulting peaks were compared with standard peaks
in terms of retention time. Contamination was
determined and its amount was calculated using
the calibration curve.

Data analysis

Kolmogorov-Smirnov test was used to test the
normality hypothesis, which indicates abnormality
(P-value<0.001); therefore, non-parametric tests
were used to compare the data. On the other hand,
in order to compare ELISA data with HPLC
(difference in results), Wilcoxon non-parametric test
was used, based on which a significant difference
between the results was obtained (P<0.007).

Results

In this study, 68 samples of pasteurized milk
were analyzed. Considering the limit of detection
(LOD) of 5 ppt and the limit of quantification
(LOQ) of 50 ppt for AFM1, it can be concluded
that the proposed methods are very suitable for low
concentrations of AFM1. Samples were tested for
initial testing by AFM1 rapid test kit in three
repetitions. The results showed 7 positive samples
out of 68 samples in this method. Then, all 68
positive and negative milk samples (samples above
100 ppt and below) tested by the rapid detection kit
were analyzed by ELISA kit in three repetitions,
and finally, samples above the allowable limit in

the ELISA method (100 ppt) for validation of the
results, were injected into the HPLC machine after
extraction steps. In comparison, the ELISA method
showed 10 positive samples and 58 negative
samples. The results are shown in Table 1.

Tablel. Comparison of results and concentrations

higher than AFM1 standard in milk by STRIP test,
ELISA, and HPLC.

sample HPLC ELISA STRIP
(ppt) (ppt) test
1 117 191 +
2 110 202 +
3 13 225 +
4 8 343 +
5 18 134 +
6 61 104 +
7 737 <500 +
8 15 <500 -
9 4 264 -
10 5.5 116 -

As clarified by the results, the contamination
frequency of samples with AFM1, among 68 milk
samples, was 10.29% (7 samples) for strip Kit,
14.7% (10 samples) for ELISA method, and 4.4%
(3 samples) for the HPLC method. Out of 7
positive samples reported by rapid test kits and 10
samples reported by ELISA test, only 3 samples
were confirmed by HPLC analysis. On the other
hand, the results of examining the normality of
ELISA data (Figure 2) showed that due to the lack
of bell-shaped data, the data graphs do not have a
normal distribution
[

Mean = 7176
Std. Dev. = 129.221
N=g8

Frequency

o0 200.00 40000 60000 80000 100000 1200.00

ELISA(ppt)

Figure 2. Investigating the normality of data

obtained from ELISA method.

CCBY-NC3.0



http://dx.doi.org/10.18502/jnfs.v10i1.17762
https://jnfs.ssu.ac.ir/article-1-842-en.html

_ Diagnostic accuracy of rapid test for detecting aflatoxins.

[ Downloaded from jnfs.ssu.ac.ir on 2025-12-09 |

[ DOI: 10.18502/jnfsv10i1.17762]

The validation of strip Kit and ELISA (Figure 3
and Table 2) showed that the area under the curve
is more than 0.8, which indicates the high
predictive accuracy of this test.

ROC Curve
10

Sensitivity

0.0 02 04 06 08 10

1 - Specificity

Figure 3. Determining the STRIP TEST vs. ELISA

Table 2. Information obtained from the ROC curve

Asymptotic 95%

Area  SE Asym_ptotlc confidence interval
Sig Lower Upper

Bound Bound

0.972 .019 <0.001 .934 1.000

According to the results presented in Table 1, if
values obtained from HPLC test are higher than the
standard (100 ppt), the strip kit will show100%
compliance, but at values below the standard, this
compliance will be 43%. Furthermore, if values
obtained from the ELISA test are higher than 100
ppt, the strip kit will show 70% compliance, but at
values less than 100 ppt, 100% compatibility will
be observed between ELISA test and the strip kit.
The sensitivity and specificity of strip kit in this
study, compared to the ELISA method, as shown
in Table 3 were calculated to be 70% and 100%,
respectively

According to the results presented in Table 1, if
values obtained from HPLC test are higher than the
standard (100 ppt), the strip kit will show100%
compliance, but at values below the standard, this
compliance will be 43%. Furthermore, if values

obtained from the ELISA test are higher than 100
ppt, the strip kit will show 70% compliance, but at
values less than 100 ppt, 100% compatibility will
be observed between ELISA test and the strip kit.
The sensitivity and specificity of strip kit in this
study, compared to the ELISA method, as shown
in Table 3 were calculated to be 70% and 100%,
respectively.

Table 3. Determination of sensitivity, specificity,

and false negative of STRIP test based on ELISA test
results.

ELISA
Positive Negative
STRIP test n(%) n(%)
Positive 7 (70) 0(0.0)
Negative 3(30) 58(100)
Total 10 58

The number of false negatives was equal to 3
cases (30%). On the other hand, these values had a
sensitivity of 100% and a specificity of 43%
compared to the HPLC method (Table 4), and the
results indicate that there is no false negative in
this case.

Table 4. Determination of sensitivity, specificity,

and false negative of STRIP test based on HPLC test
results.

HPLC
STRIP test Positive Negative
n(%o) n(%o)
Positive 3 (100) 4(57)
Negative 0 (0.0) 3 (43)
Total 3 7

Although the ELISA method is effective in
detecting positive AFM1 cases, it is more likely to
report false positives than strip kit and HPLC
methods. However, in the evaluation of strip kit by
reference method (comparison with HPLC results),
it was found that strip kit with higher accuracy and
recording less false positives, compared to ELISA
method, can be used as a suitable alternative to
measuring AFM1. Furthermore, after checking the
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accuracy of the strip kit method, which was
performed by HPLC and ELISA diagnostic
methods, in order to ensure more, the measurement
of AFM1 in diluted spike solutions was re-
evaluated. The results are shown in Table 5.
Considering the cut-off point of 100 ppt, the kits
have sufficient accuracy and sensitivity to measure
AFML1.

Discussion

Food safety has always been the concern of
consumers. Today, consumers tend to use healthy
food without contamination, which requires more
and comprehensive monitoring of the amount of
residual toxins and pollutants in food (Abdi-
Moghadam et al., 2023, Marzban et al., 2017). One
of the easy ways to achieve this goal is to use
quick and inexpensive diagnostic methods to
identify the residual toxins in food (Salmani
Nodoushan et al., 2015). The use of various kits
for rapid detection and quantitative measurement
of AFML1 in industries related to milk and its
products has become very widespread. These kits
and diagnostic methods should be validated to
ensure their scientific and practical performance
for monitoring the quality of milk and its
contamination  with AFM1, especially in
developing countries (Pecorelli et al., 2020). This
study is the first study conducted to evaluating the
operational accuracy of strip kits in comparison
with ELISA and HPLC methods and health risk
assessment for milk and dairy consumers
according to AFML1 standards in Iran. Since milk
and dairy products play a very important role in
human diet and health, in parallel with the
increasing consumption of these products, the
assessment of the presence of AFM1 in these
products using high-precision methods and as fast
as possible is increasing (Baskaya et al., 2006). In
a study conducted by Reza Noorian et al. in
Qazvin in 2015 with the title of "determining the
level of AFML1 in raw milk samples produced in
Qazvin province by ELISA and HPLC ", 170 raw
and pasteurized milk samples were collected and
the level of contamination was measured using the
ELISA method. Samples higher than 0.5 ng/ml

were analyzed by high performance liquid
chromatography method for the final confirmation
that reference and confirmation methods are
similar to the present study method. The results of
the study showed that all the samples were
contaminated with AFM1, of which 33.52% of the
samples were contaminated above the permissible
limit of the Iranian standard (Norian et al., 2015).
Asim Mohammad Zakaria et al. in 2018 in Egypt,
conducted a study on rapid detection of AFM1
residues in market milk and the effect of probiotics
on its remaining concentration. They found that
among 90 milk samples, 37 samples (49%) were
positive milk. Thirty seven positive milk samples
were analyzed by HPLC to determine the level of
AFML1. Similar to the present study, positive
samples of rapid method were confirmed by
standard and reference methods (Zakaria et al.,
2019). In a similar study conducted by Jing-Jhih
Wang et al. in Taiwan entitled "Sensitivity of
Direct Competitive ELISA and Gold Nanoparticle
Immunochromatography Strip for Detection of
Aflatoxin M1 in Milk", the detection limit of the
strip was 1 ng/ml for AFM1 in milk samples
(Wang et al., 2011). In addition, the entire analysis
was performed in 10 minutes. Detailed
examination of 15 samples by ELISA method
showed that 6 samples were slightly infected with
AFM1, which was consistent with the present
study. In addition, all samples were negative due to
the level of contamination lower than the detection
limit of the immunochromatographic strip.
According to the results of this study, the
important point is that direct competitive ELISA
and immunochromatographic strip methods have
high sensitivity in the rapid detection of AFML1 in
milk and milk products (Wang et al., 2011). Shim
et al. conducted a similar study entitled “The
development of an immunochromatographic test
strip for rapid detection of aflatoxin Bl in grain
and feed samples™. In this study, a total of 172
grain and feed samples were collected and
analyzed by a rapid test kit and HPLC. The results
of rapid test showed good agreement with HPLC
results. These results showed that rapid test kit has
the potential as a rapid and cost-effective screening
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tool for the determination of AFB1 in real samples
and can be applied in the preliminary screening of
mycotoxins in food and agricultural products
within 15 minutes (Shim et al., 2007). Reybroeck
et al. validated a Lateral Flow Test to detect AFM1
at a concentration of 50 ng/l. This test was
accepted by the Belgian Federal Agency for Food
Safety. The cut-off level of the rapid test was based
on the AFM1 limit regulated in the European
Union; but in the current study, the cut-off level is
specifically equal to Iran's permissible limit (0.1
ppb) (Reybroeck et al., 2014). In most of similar
studies and references, the rapid STRIP test
methods have been confirmed with only one
reference method, which, like the present study,
require confirmation of the samples with a
concentration higher than the standard by the rapid
method. Most rapid screening methods for
detecting mycotoxins rely on antibodies
(immunological assays) and vary depending on
how antibodies are used in the method. In the
present study, we used basic techniques of ELISA
and strip kit and compared their results with HPLC
as a reference method for measuring AFM1 and
evaluated their accuracy. Based on the results, it
was observed that the strip kit method, with no
false-negative results compared to the reference
method (HPLC), can be used as a fast and high-
accuracy method for on-site monitoring of AFM1
in milk. Furthermore, the ELISA test results
showed significant false positives compared to the
reference method, which can be attributed to the
nature of milk. Milk protein and fat may affect
results in a variety of ways (for example, due to the
possibility of non-heterogeneity of milk, sampling
from the upper part of milk storage container,
which has more fat, can lead to higher error rates),
and each component of milk can interact
specifically with the immuno-reagents used,
resulting in this false positive (Anfossi et al.,
2011). Also, the ELISA method may not be
completely reliable due to the interaction of the
reaction, especially at concentrations below 50 ng/I
(Stark, 2009), which results in high prevalence of
contamination in studies using this method, and it
is better to use confirmatory methods such as

HPLC in addition to the ELISA test. The use of
strip kit has many advantages, including saving
time and expert manpower, easy analysis of
results, short time, and no need for advanced
electronic devices and instruments. In addition, the
detector used in strip kit is gold nanoparticles,
while in the case of the ELISA method an enzyme
marker is typically used, which this factor makes
the stability and storage time of strip Kit
significantly longer than ELISA kits (Liu et al.,
2016). Furthermore, strip kit analytical protocols
are very simple and hassle-free, and calibration is
possible automatically by loading the QR code
(Lattanzio et al., 2012, Plotan et al., 2016). The
results of this study are in line with the findings of
other studies that have been previously done,
confirming the accuracy of the current study
results (Wang et al., 2011, Zakaria et al., 2019).
According to the results of the present study and
the positive results of strip kit validation in
comparison with data obtained from ELISA and
HPLC methods, as well as the significant
advantages of this method, this method can be used
in the diagnosis of AFM1 in milk.

The superiority of the present study with similar
studies is that the rapid method has been confirmed
with the reference method (ELISA-HPLC) and the
validity of the study has been increased. Also, by
preparing 12 spike samples with the standard
method, in dilutions higher and lower than Iran's
permitted limit, measurements were made using
STRIP test, and it was used to reconfirm the
diagnosis that 100% of rapid test kits with samples
Spike read together. Among the limitations of the
study, we can point out that parts of the measures
leading to the results were expensive and time-
consuming due to working with the HPLC device.

Conclusion

The results obtained from this research showed
that the STRIP test has high sensitivity and shows
a good agreement with the results of the ELISA
test, and the initial results of the test were well
confirmed by ELISA. The STRIP test is highly
effective in identifying AFM1 in milk
samples. Its cut-off level matches the Iranian
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standard, making it a reliable option.
Additionally, this method offers numerous
advantages over more expensive, time-
consuming, and complex techniques like
ELISA and HPLC. Therefore, using the STRIP
test is strongly recommended for preliminary
sample analysis.

Acknowledgment

Hereby, we would like to express our gratitude
to Mashhad University of Medical Sciences for
providing the project costs (project number:
980129) and Mashhad Veterinary Organization for
the scientific support of the project.

Authors’ contributions

all authors contributed to the design and
implementation of the research, to the analysis of
the data and to the writing of the manuscript.

Conflicts of interest
There is not any conflict of interest.

Funding

This paper is derived from the Master's thesis in
Environmental Health Engineering with code
980129, which was approved by the Vice
Chancellor for Research, Mashhad University of
Medical Sciences.

References

Abdi-Moghadam Z, et al. 2023. Functional
Yogurt, Enriched and Probiotic: A Focus on
Human Health. Clinical nutrition ESPEN. 57:
575-586.

Alimohammadi M, Mehrabbegi M, Nazmara S,
Haghighi Dashtappeh M & Kazemi
Moghaddam V 2014. Quantitative Assessment
of Bisphenol A in Multiple Brands of Bottled
Drinking Water in Iran. lranian journal of
toxicology. 8 (25): 1037-1040.

Anfossi L, et al. 2008. Development and
application of solvent-free extraction for the
detection of aflatoxin M1 in dairy products by
enzyme immunoassay. Journal of agricultural
and food chemistry. 56 (6): 1852-1857.

Anfossi L, et al. 2011. Development of a

quantitative lateral flow immunoassay for the
detection of aflatoxins in maize. Food additives
and contaminants. 28 (2): 226-234.

Atabati H, et al. 2020. The association between
the lack of safe drinking water and sanitation
facilities with intestinal Entamoeba spp infection
risk: A systematic review and meta-analysis.
PloS one. 15 (11): e0237102.

Baskaya R, Aydin A, Yildiz A & Bostan K 2006.
Aflatoxin M1 levels of some cheese varieties in
Turkey. Medycyna Weterynaryjna. 62 (7): 778-
780.

Bellio A, et al. 2016. Aflatoxin M1 in cow’s milk:
Method validation for milk sampled in northern
Italy. Toxins. 8 (3): 57.

Fallah AA 2010. Aflatoxin M1 contamination in
dairy products marketed in Iran during winter
and summer. Food control. 21 (11): 1478-1481.

Farhadi L, et al. 2022. Green synthesis of
chitosan-coated silver nanoparticle,
characterization, antimicrobial activities, and
cytotoxicity analysis in cancerous and normal
cell lines. Journal of inorganic and
organometallic polymers and materials. 32 (5):
1637-1649.

Jaiswal P, Jha SN, Kaur J, Borah A & Ramya
H 2018. Detection of aflatoxin M1 in milk using
spectroscopy and multivariate analyses. Food
chemistry. 238: 209-214.

Karim G, Bekaeei S & Khorasani A 1998.
Contamination of raw milk with aflatoxin M1 in
Tehran using ELISA. Pajoohesh journal. 40 (3):
163-165.

Khosravi-Darani K, Gomes da Cruz A,
Shamloo E, Abdimoghaddam Z & Mozafari
M 2019. Green synthesis of metallic
nanoparticles using algae and microalgae. Letters
in applied nanoBioScience. 8 (3): 666-670.

Lattanzio VM, et al. 2012. Multiplex dipstick
immunoassay for semi-quantitative
determination of Fusarium mycotoxins in
cereals. Analytica chimica acta. 718: 99-108.

Li P, et al. 2009. Development of a class-specific
monoclonal antibody-based ELISA for aflatoxins
in peanut. Food chemistry. 115 (1): 313-317.

Liu B-H, Chu KC & Yu F-Y 2016. Novel

CCBY-NC3.0

121


http://dx.doi.org/10.18502/jnfs.v10i1.17762
https://jnfs.ssu.ac.ir/article-1-842-en.html

; Diagnostic accuracy of rapid test for detecting aflatoxins.

[ Downloaded from jnfs.ssu.ac.ir on 2025-12-09 |

[ DOI: 10.18502/jnfsv10i1.17762]

monoclonal antibody-based sensitive enzyme-
linked immunosorbent assay and rapid
immunochromatographic strip for detecting
aflatoxin M1 in milk. Food control. 66: 1-7.

Magliulo M, et al. 2005. Development and
validation of an ultrasensitive chemiluminescent
enzyme immunoassay for aflatoxin M1 in milk.
Journal of agricultural and food chemistry. 53
(9): 3300-3305.

Mahdavi M, Jalali M, Safaei HG & Shamloo E
2012. Microbial quality and prevalence of
Salmonella and Listeria in eggs. International
journal of environmental health engineering. 1
(2): 48.

Manabe M, Goto T & Matsuura S 1978. High-
performance liquid chromatography of aflatoxins
with fluorescence detection. Agricultural and
biological chemistry. 42 (11): 2003-2007.

Marzban A, Rezaei Z, Karkhane M, Marzban
H & Eslami H 2017. Surveying the knowledge,
attitude and performance of lactating women of
Yazd city about heavy metals transmitted from
breast milk. HOZAN. Scientific journal of
environmental sciences. 2 (2): 1-10.

Mwanza M, Abdel-Hadi A, Ali AM & Egbuta
M 2015. Evaluation of analytical assays
efficiency to detect aflatoxin M1 in milk from
selected areas in Egypt and South Africa.
Journal of dairy science. 98 (10): 6660-6667.

Nguyen T, Flint S & Palmer J 2020. Control of
aflatoxin M1 in milk by novel methods: A
review. Food chemistry. 311: 125984,

Norian R, et al. 2015. Determination of aflatoxin
M1 levels in raw milk samples using ELISA and
high-performance liquid chromatography in
Qazvin, Iran. Journal of mycology research. 2
(1): 41-48.

Pecorelli I, et al. 2020. Critical Comparison of
Analytical Performances of Two Immunoassay
Methods for Rapid Detection of Aflatoxin M1 in
Milk. Toxins. 12 (4): 270.

Plotan M, et al. 2016. The use of biochip array
technology for rapid multimycotoxin screening.
Journal of AOAC international. 99 (4): 878-889.

Radoi A, Targa M, Prieto-Simon B & Marty J-
L 2008. Enzyme-Linked Immunosorbent Assay

(ELISA) based on superparamagnetic
nanoparticles for aflatoxin M1 detection.
Talanta. 77 (1): 138-143.

Reybroeck W, Ooghe S, Saul SJ & Salter RS
2014. Validation of a lateral flow test
(MRLAFMQ) for the detection of aflatoxin M1
at 50 ng 1= 1 in raw commingled milk. Food
additives & contaminants: Part A. 31 (12): 2080-
2089.

Rezaei Z, Khanzadi S & Salari A 2022. A survey
on biofilm formation of Lactobacillus rhamnosus
(PTCC 1637) and Lactobacillus plantarum
(PTCC 1745) as a survival strategy of probiotics
against antibiotic in vitro and yogurt. Journal of
food processing and preservation. 46 (9):
e15991.

Rezaei Z, Salari A & Khanzadi S 2021. Biofilm
Formation and Antibacterial Properties of
Lactobacillus Isolated from Indigenous Dairy
Products. Journal of food quality and hazards
control. 8 (4): 162-168.

Sadighara P, Mohajer A, Shamloo E, Akbari N
& Vakili Saatloo N 2023. The radionuclides
contamination in eggs as an environmental
marker: a systematic review. Reviews on
environmental health. 38 (1): 187-192.

Salari A, Khanzadi S & Rezaei Z 2018. Survey
of Fluoride, Chlorine, Potassium, Sodium, and
Trihalomethane contents in the drinking water of
five major universities in Iran. Journal of
advances in environmental health research. 6
(4): 202-209.

Salari A, Khanzadi S & Rezaei Z 2020. Nitrate
and Nitrite Concentration in the Drinking Water
of Some Universities in Iran. Journal of
nutrition, fasting and health. 8 (3): 141-144.

Salmani MH, Mozaffari-Khosravi H & Rezaei
Z 2016. The nickel concentration in breast milk
during the first month of lactation in Yazd,
Center of Iran. Biological trace element
research. 174: 65-70.

Salmani Nodoushan MH, Rezai Z, Nassiri V,
Servat F & Delikhoon M 2015. Monitoring of
Zinc Level in Milk of Breastfeeding Mothers at
First Month of Delivery. Journal of community
health research. 3 (4): 226-231.

122

CCBY-NC3.0


http://dx.doi.org/10.18502/jnfs.v10i1.17762
https://jnfs.ssu.ac.ir/article-1-842-en.html

[ Downloaded from jnfs.ssu.ac.ir on 2025-12-09 |

[ DOI: 10.18502/jnfsv10i1.17762]

Amiri H, et al.

INFS | Vol (10) | 1ssue (1) | Feb 2025 [ I

Sani AM, Nikpooyan H & Moshiri R 2010.
Aflatoxin M1 contamination and antibiotic
residue in milk in Khorasan province, Iran. Food
and chemical toxicology. 48 (8-9): 2130-2132.

Shamloo Aghakhani E, et al. 2012. Prevalence of
Listeria Species in Raw Milk in Isfahan, Iran.
Journal of Isfahan medical school. 30 (204).

Shamloo E, et al. 2015. Prevalence of Listeria
species in raw milk and traditional dairy products
in Isfahan, Iran. International journal of
environmental health engineering. 4 (1): 1.

Shim W, et al. 2007. Development of
immunochromatography strip-test using
nanocolloidal gold-antibody probe for the rapid
detection of aflatoxin Bl in grain and feed
samples. Journal of microbiology and
biotechnology. 17 (10): 1629.

Solfrizzo M, Gambacorta L, Lattanzio VM,
Powers S & Visconti A 2011. Simultaneous
LC-MS/MS determination of aflatoxin M 1,
ochratoxin A, deoxynivalenol, de-
epoxydeoxynivalenol, a and B-zearalenols and
fumonisin B 1 in urine as a multi-biomarker
method to assess exposure to mycotoxins.
Analytical and bioanalytical chemistry. 401 (9):
2831-2841.

Stark A-A 2009. Molecular mechanism of
detection of aflatoxins and other mycotoxins. In
Mycotoxins in food, feed and bioweapons, pp.
21-37. Springer.

Unusan N 2006. Occurrence of aflatoxin M1 in
UHT milk in Turkey. Food and chemical
toxicology. 44 (11): 1897-1900.

Wang J-J, Liu B-H, Hsu Y-T & Yu F-Y 2011.
Sensitive competitive direct enzyme-linked
immunosorbent assay and gold nanoparticle
immunochromatographic strip for detecting

aflatoxin M1 in milk. Food control. 22 (6): 964-
969.

Yousefi M, et al. 2022. Effect of time and
incubation temperature on ability of probiotics
for removal of polycyclic aromatic hydrocarbon
in  phosphate buffer saline. Journal of
microbiology, biotechnology and food sciences.
12 (1): e1918-21918.

Zakaria AM, Amin YA, Khalil OSF, Abdelhiee
EY & Elkamshishi MM 2019. Rapid detection
of aflatoxin M1 residues in market milk in
Aswan Province, Egypt and effect of probiotics
on its residues concentration. Journal of
advanced veterinary and animal research. 6 (2):
197.

Zhang DH, et al. 2012. Extract-free
immunochromatographic assay for on-site tests
of aflatoxin M1 in milk. Analytical methods. 4
(10): 3307-3313.

Zhang X, et al. 2013. Immunochromatographic
strip development for ultrasensitive analysis of
aflatoxin M1. Analytical methods. 5 (23): 6567-
6571.

Zhao Y, et al. 2016. Development and evaluation
of an up-converting phosphor technology-based
lateral flow assay for rapid and quantitative
detection of aflatoxin B1 in crops. Talanta. 161:
297-303.

Zheng Z, Humphrey CW, King RS & Richard
JL 2005. Validation of an ELISA test kit for the
detection of total aflatoxins in grain and grain
products by comparison with  HPLC.
Mycopathologia. 159 (2): 255-263.

Zinedine A, et al. 2007. Presence of aflatoxin M1
in pasteurized milk from Morocco. International
journal of food microbiology. 114 (1):
25-29.

CCBY-NC3.0

123


http://dx.doi.org/10.18502/jnfs.v10i1.17762
https://jnfs.ssu.ac.ir/article-1-842-en.html
http://www.tcpdf.org

