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ABSTRACT
In this study, solid-phase extraction (SPE) combined with the dispersive liquid–liquid micro-
extraction based on novel hydrophobic deep eutectic solvent (DLLME�DES) has been
developed as an ultra-pre-concentration technique for the extraction of aflatoxin M1 (AFM1)
in milk-based baby food (MBBF) and infant formula milk (IFM) samples followed by HPLC
combined with fluorescence detection (HPLC� FL). In addition, carcinogenic and non-car-
cinogenic risk assessment was performed by health-related risk factors including liver cancer
risk (LCR), margin of exposure (MOE) and target hazard quotient (THQ) were calculated
using the mean of AFM1 in different infant food samples. The results of the study showed
that the mean of AFM1 was statistically significant different between various brands and
types of IFM and MBBF. The results of the study showed that the percentage of positive
samples higher than the allowable limit of AFM1 in 36 samples of domestic infant formula
milk (DIFM), 24 samples of imported infant formula milk (IIFM), 36 samples of domestic
milk-based baby food (DMBBF) and 18 samples of imported milk-based baby food (IMBBF)
were 41.6, 12.5, 66.7 and 33.3%, respectively. In addition, estimated values for health risk-
related factors including LCR, MOE and THQ indicated that for most infants less than one-
year-old were higher than the acceptable levels. Based on the results, it can be concluded
that the quality of IFM and MBBF consumed in Iran in terms of AFM1 is poor. Therefore, it
is necessary to take appropriate measures to reduce the amount of AFM1 in DIFM and
DMBBF, and in addition, the IIFM and IMBBF should be controlled qualitatively before sup-
plying the market.
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Introduction

Aflatoxins are a very important group of myco-
toxins produced by the main fungi of Aspergillus
(Tola and Kebede 2016) and aflatoxin M1

(AFM1) is the most important metabolite among
them (Hooshfar et al. 2020). Today, contamin-
ation of food, especially livestock and agricultural
products with various aflatoxins is one of the
most important problems (Guo et al. 2016).
When animal feed is contaminated with AFB1, it

is metabolised to AFM1 in the liver of the animal
12–24 h later and reaches its maximum after a
few days (Bakirci 2001). To prevent AFM1 from
entering the human food chain through milk,
AFB1 must be prevented from entering animal
feed before doing anything. For example, one
way to reduce aflatoxin levels in milk and dairy
products is to use calcium montmorillonite clay
(Maki, Haney, Wang, Ward, Bailey, 2017; Maki,
Haney, Wang, Ward, Rude, et al. 2017). In some
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cases, proper packaging and storage of animal
feed can be effective in reducing aflatoxins.

In Iran, there are several studies on the
amount of AFM1 in milk in different places
(Ghaffarian Bahraman et al. 2020; Khaneghahi
Abyaneh et al. 2020). Although all people at dif-
ferent ages are affected to varying degrees by the
effects of AFM1, people at younger ages, espe-
cially children and infants, are more sensitive
(Meucci et al. 2010). Consumption of milk and
dairy products is very high in all age groups,
especially in children, and the presence of AFM1
in these products has been proven in different
parts of the world (Tsakiris et al. 2013; Shuib and
Saad 2022). In addition, milk-based baby food
(MBBF) and infant formula milk (IFM), which
are, the important products manufactured from
milk are contaminated with AFM1 (El-Tras et al.
2011; Sharafi et al. 2022). The National Standard
Organisation (NSO) of Iran has established the
maximum limit of AFM1 at 0.25 lg/kg for MBBF
and IFM (ISIRI 2002), while the maximum limit
of AFM1 in these products in the EU and USA
are 0.25 and 0.50 lg/kg, respectively (FDA, CPG
2005; Commission Regulation (EC) 2006). HPLC
equipped with a fluorescence detector has been
widely used to analyse aflatoxins in various
matrices (Scaglioni et al. 2014). However, due to
the matrix complexity of MBBF and IFM and the
very small amounts of analyte in these samples, a
sample pre-treatment and pre-concentration step
is necessary before sample analysis (Pirsaheb
et al. 2017). The best way to clean-up and elimin-
ate interferences is to use a solid phase extraction
(SPE) cartridge. Combination of SPE and disper-
sive liquid–liquid microextraction based on deep
eutectic solvent (DLLME�DES) lead to improve
the selectivity of the sample preparation process,
high enrichment factor and reduce the achieved
LODs for complex matrices. In this research, the
pre-concentration and analysis of AFM1 in
domestic and imported IFM and MBBF was per-
formed by DLLME base on novel hydrophobic
DES after SPE (SPE�DLLME�DES) followed by
HPLC combined with fluorescence detec-
tion (HPLC�FL).

In Iran, many studies have been performed on
the evaluation of AFM1 in raw milk (Pour et al.
2020), pasteurised and sterilised milk (Ghanem

and Orfi 2009; Heshmati and Milani 2010), breast
milk (Fakhri et al. 2019) and other dairy products
such as cheese, yogurt, buttermilk, etc. (Pour
et al. 2020) that in some studies, the AFM1 level
is reported to be higher than the standard allow-
able level. Unlike the above products, there is
limited information about AFM1 in IFM and
MBBF consumed in Iran (Oveisi et al. 2007).
Therefore, continuous monitoring of the quality
of these products in terms of AFM1 in Iran as in
other countries is necessary. So far, various stud-
ies have been conducted on the evaluation of
AFM1 in IFM and MBBF in different countries,
including Turkey (Baydar et al. 2007), Argentina
(Londo~no et al. 2013), Portugal (Alvito et al.
2010), Lebanon (Elaridi et al. 2019), China (Li
et al. 2018), Jordan (Awaisheh et al. 2019), India
(Kanungo & Bhand 2014), Pakistan (Akhtar et al.
2017), Brazil (Ishikawa et al. 2016), Mexico
(Quevedo-Garza et al. 2020) and other countries,
and in some studies, the level of AFM1 in IFM
and MBBF has been reported to be higher than
the standard allowable level. The standard of the
EU, Switzerland, USA, Australia for the max-
imum allowable AFM1 in infant formula food
(IFF) is 25, 10, 50 and 10 ng/kg, respectively
(FDA, CPG 2005; EC 2006). The above standard
in Iran is equal to 25 ng/kg (ISIRI 2020). In Iran,
the standard announced for AFM1 in IFM/MBBF
is adapted from the standard of other countries,
especially the United States, and is not a native
and specific standard of Iran. Therefore, it seems
that performing human health risk assessment
related to AFM1 in IFM/MBBF is a more appro-
priate solution to determine whether IFM/MBBF
is safe or unsafe in Iranian markets (according to
AFM1), because the amount of consumption, fre-
quency and duration of IFM/MBBF consumption,
lifestyle and an average weight of IFM/MBBF
consumers in Iran is different from other coun-
tries (Sharafi et al. 2022). Other innovations of
this study are health risk assessment using vari-
ous health risk indicators, such as liver cancer
risk (LCR), margin of exposure (MOE) and target
hazard quotient (THQ), which has not been done
in most previous similar studies in Iran.

In terms of the analysis of AFM1 it should be
noted, that the selection of DES constituents,
obtaining the appropriate molar ratio between
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them and the temperature conditions are among
the most important parameters that must be con-
sidered in the synthesis of DES. In our previous
research (Rostami-Javanroudi et al. 2021), we
synthesised a new DES and optimised all synthe-
sis conditions and effective parameters. The effi-
ciency of the synthesised DES was investigated in
the extraction and pre-concentration of organic
compounds. In the present research, the same
DES was used as the extraction solvent in
DLLME step and the repetition of the synthesis
method and the study of the parameters affecting
the synthesis were avoided. Only the conditions
of SPE and DLLME together with some notable
parameters in the combination of SPE–DLLME
were investigated.

Materials and methods

Reagents and solutions

Stock solutions of AFM1 were obtained from
Sigma-Aldrich (St. Louis, MO). Working solu-
tions were prepared in methanol: water (50:50%)
at a final concentration of 100 lg L�1 by diluting
intermediate solutions (100mg L�1, 10mg L�1

and 1mg L�1). HPLC-grade methanol and aceto-
nitrile, phosphate salt (analytical grade), NaCl,
ethylene glycol, n-butanol, glycerol, n-heptanol
and n-nonanol were acquired from Merck
(Darmstadt, Germany). Methyl trioctyl ammo-
nium chloride (MTOAC) (>97%) was obtained
from Aladdin Biochemical Co., Ltd. (Shanghai,
China). Water used in experiments and the
mobile phase was ultra-pure water from Shahid
Ghazi Pharmaceutical Co. (Tabriz, Iran).

Instrumentation

Chromatographic analyses of AFM1 were per-
formed by HPLC (Knauer-Azura, Berlin,
Germany) consisting of an online vacuum degas-
ser, a quaternary pump and a fluorescence
detector (RF-20A) coupled to a photochemical
post-column reactor for derivatisation of AFM1
with UV-Light (LC Tech, Clearwater, FL). The
excitation and emission wavelengths of the fluor-
escence detector were set to 360 and 440 nm,
respectively. A C18 column (250� 4.6mm ID,
5 lm particle size) analytical column with a pre-

column (Knauer, Berlin, Germany) was used for
the separation of AFM1 and the column tem-
perature was set at 40 �C. The mobile phase con-
sisted of acetonitrile/water (70:30 v/v) at a flow
rate of 1.0mL min�1.

Sampling and sample preparation

Based on the results of previous studies and using
NCSS software, the minimum number of required
samples was estimated to be 105, of which 114
samples were considered in this study. Thirty-eight
widely consumed brands including DIFM (12
brand), IIFM (8 brand), DMBBF (12 brand) and
IMBBF (6 brand) were purchased from different
drugstores in Kermanshah city, Iran. From each
brand, three samples were selected, so for this
study, 114 samples were analysed.

For sample preparation, exact amount of 1.0 g
of each sample was placed in a 20-mL test tube,
then 10mL of water at a temperature of about
50 �C was added to it to dissolve completely and
obtain a homogeneous solution. After cooling the
solution to room temperature, its volume was
increased to 20mL with distilled water. The result-
ing solution is centrifuged at a speed of
10,000 rpm at 4 �C for 10min to remove cream
and fat. After the fat was removed, the sample was
filtered through a glass microfiber filter (Glass
Microfiber Filter, GF/A, 1.6lm core size,
Whatman, Maidstone, UK). The final solution was
subjected to the SPE�DLLME�DES procedure.

SPE2DLLME2DES procedure

An SPE-100mg of the Bond Elute PPL sorbent
(3mL, syringe barrel, Varian, Harbor City, CA)
cartridge was used for aflatoxin clean-up. The
cartridge was conditioned with 2.0mL of aceto-
nitrile, water and water at pH 2.5, respectively.
The sample was loaded at a flow rate of about
4mL min�1 and the SPE cartridge was rinsed
with 5mL of water to remove any matrix inter-
ferences. After drying the column by applying
gentle vacuum, the AFM1 was eluted slowly from
the column by passing 1.0mL acetonitrile. The
acetonitrile was allowed to be in contact with col-
umn at least 2min. The acetonitrile was collected
into the 10-mL screw cap glass test tubes and
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50 lL of DES were added to the test tube. Then,
5.0mL distilled water was rapidly injected into a
test tube. A cloudy solution, resulting from the
dispersion of the fine DES droplets in the aque-
ous solution, was formed in the test tube. In this
step, the AFM1 was extracted into the fine drop-
lets of DES. The mixture was then centrifuged
for 5min at 4000 rpm, until the dispersed fine
particles of the DES floated to the top of the test
tube. The upper phase was completely transferred
to a conical sample cup and 20 lL of this phase
was injected into the LC�FL.

Human health risk assessment

Estimated daily intake (EDI)
To assess the human health risk of exposure to
AFM1, the daily intake of AFM1 was first calcu-
lated using Equation (1).

EDI ng=kg bw=day
� �¼

CAFM1
ng
kg

� �
� IRIDPM g=day

� �

BW ðkgÞ
(1)

In this equation, EDI is estimated daily intake
(EDI), C is AFM1 concentration and IR is daily
intake of IFM, which for Iranian infants less than
6, 7�8 and 9�12months are equal to
53.3�106.6, 40�80 and 26.7�53.4 g/d, respect-
ively (Garc�ıa-Moraleja et al. 2015). BW is the
average body weight (BW) equal to 5.7 ± 0.81,
6.9 ± 0.51 and 9.5 ± 0.98 kg for the above age
groups for Iranian infants (Table S1) (Garc�ıa-
Moraleja et al. 2015).

Carcinogenic risk assessment
The AFM1-related LCR assessment method is
provided by The Joint FA/WHO Expert
Committee on Food Additives (JECFA) (Joint
2017). The JECFA has reported the potential for
liver cancer exposure at 1 ng AFB1/kg BW/day
per 100,000. According to the report, the upper
boundaries of AFM1’s potential for LCR for peo-
ple with HBsAg� (hepatitis B surface antigen-
negative) and HBsAgþ (positive) are 0.049 and
0.0562 of additional cancer cases per 100,000,
respectively. Since the carcinogenic potency of
AFM1 is 0.1 of AFB1 even in susceptible species
such as rainbow trout and fisher rat, the carcino-
genic potency of AFB1 for HBsAg�and

HBsAgþ has been reported to be 0.0049 and
0.0562, respectively (Joint 2017; Hooshfar et al.
2020). According to the Center for Disease
Control and Prevention of Iran, the prevalence of
HBsAgþ in Iran is equal to 1.5%, so the popula-
tion (Pop) is associated with HBsAgþ and
HBsAg� is equal to 0.015 and 0.985, respectively
(Hooshfar et al. 2020). Based on the above infor-
mation, Equations (2) and (3) were used to calcu-
late the carcinogenic potential (cancer potency
[CP]) and cancer risk (CR) created by AFM1.
Finally, the value of CP was obtained 5.7E-03.

CP ¼ PHBsAgþ �%PopHBsAgþ
� �

þ PHBsAg� �%PopHBsAg�ð Þ (2)

CR ¼ CP� ADI (3)

Margin of exposure
MOE is another way of expressing the health risk
posed by exposure to contaminants (EFSA
Scientific Committee 2005). A Benchmark Dose
(BMD) or a Benchmark Dose Lower Confidence
Limit of 10% (BMDL10) can be used to calculate
the MOE. BMD is the dose that causes the least
but measurable effects, while BMDL10 is the
minimum dose that causes cancer incidence of
no more than 10% with 95% confidence. In this
study, MOE related to AFM1 is calculated by
using IDPM by Equation (4) (Hooshfar et al.
2020).

MOE ¼ 570 ng=kg bw=day

ADI ng=kg bw=day
� � (4)

In Equation (4), the value of 570 ng/kg BW/d
is the reference value equal to the value of
AFM1, a two-year study that causes hepatocellu-
lar carcinoma in male Fischer rats (Udovicki
et al. 2019). If the MOE value is equal to and
more than 10,000, it causes fewer health risks
and therefore has a lower priority for risk man-
agement actions. At the same time, if the MOE is
<10,000, this shows that exposure to that con-
taminant poses potential risks to public health.
As a result, risk management measures should be
prioritised (Udovicki et al. 2019; Hooshfar
et al. 2020).
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Hazard quotient (HQ)
In this study, CR and MOE were calculated first,
but to be surer of IDPM safety in terms of
AFM1, the HQ value was also calculated using
Equation (5) (Ishikawa et al. 2016).

HQ ¼ ADI ng=kg bw=day
� �

RFD ðng=kg bw=dayÞ (5)

In this equation, ADI and RFD are the average
daily intake of AFM1 due to IDPM consumption
and the reference dose, respectively. TD50 of
AFM1 (10.38 mg/kg BW/d) was used (Kuiper-
Goodman 1990). The TD50 is equal to some
AFM1, which causes tumours in half of the
laboratory animals. To obtain the AFM1-related
RFD in humans, the TD50 was then divided by
an uncertainty factor of 50,000 (which poses a
risk of 1:100,000). Finally, based on the above
explanations, at the denominator of Equation (6),
the RFD value was considered equal to 0.2 ng/kg
BW/day (Hooshfar et al. 2020; Ishikawa et al.
2016) If the value of HQ is more than 1, it is
considered an unacceptable risk, and if it is equal
or less than 1, it is considered an acceptable risk
(Kuiper-Goodman 1990; Ishikawa et al. 2016;
Udovicki et al. 2019; Sharafi et al. 2022).

Statistical analyses
IBM SPSS version 23.00 (SPSS Inc., Chicago, IL)
was used for statistical analysis. Due to the nor-
mality of the data (p> 0.05), which was detected
by the Komologorov–Smirnov test, the one-way
analysis of variance (ANOVA) parametric test
was used at a significant level (a¼ 0.05) to com-
pare the mean AFM1 levels between brands and
IFM/MBBF.

Results and discussion

In this study, the combination of SPE and
DLLME based on a novel hydrophobic DES was
designed and employed for the extraction and
pre-concentration of AFM1 in domestic and
imported IFM/MBBF samples. To obtain good
results, the parameters affecting the SPE and
DLLME must be tested and optimised.

Optimisation of SPE parameters

When using SPE cartridges, there are several
parameters that strongly affect the extraction effi-
ciency. These parameters are: flow rate of the
sample solution, breakthrough volume, sample
solution pH, salt effect and elution solvent type
and volume. In this study, all parameters were
examined separately and the optimal conditions
were selected. For this purpose, experiments were
designed in which the desired parameter was
changed and other parameters were kept con-
stant. The results are illustrated in Figure 1.
Based on the results shown in Figure 1, the fol-
lowing conditions were chosen as the optimum
parameters for the SPE procedure: flow rate of
the sample solution, 4mL min�1; breakthrough
volume of 20mL; sample solution pH of 6.5; elu-
tion solvent type and volume of acetonitrile,
1.0mL; no salt addition.

Optimisation of DLLME parameters

Important parameters in the DLLME method are
the type of extraction solvent, the type of disper-
sion solvent, the volume of the extraction solvent
and the volume of the dispersion solvent. In the
combination of SPE and DLLME, the cartridge
elution solvent during the SPE stage should act
as a dispersion solvent at the DLLME stage. Due
to the fact that in the SPE stage, acetonitrile with
a volume of 1.0mL was selected as a cartridge
elution solvent, as a result, acetonitrile and its
volume of 1mL were used as the type and vol-
ume of disperser solvent in the DLLME stage.

As mentioned above, in this study DES was
used as the extractant in the DLLME stage. In
our previous research (Rostami-Javanroudi et al.
2021), we synthesised a new DES and this DES
was used as the extraction solvent for the
DLLME stage. For this purpose, five DESs includ-
ing MTOAC:ethylene glycol, MTOAC:n-butanol,
MTOAC:glycerol, MTOAC:n-heptanol and
MTOAC:n-nonanol were used as possible extrac-
tion solvent. The results for the enrichment fac-
tor of the AFM1 showed that MTOAC:n-butanol
in molar ratio of 1:3 was more effective that
other solvents (Figure 2(A)).
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The DES volume is important factor which
can directly affected the extraction recovery of
AFM1 and subsequently the quantification and
detection limit of the method. To examine the
effect of this parameter, different volumes of DES
including 30, 40, 50, 60, 70 and 80 mL were used.
The results in Figure 2(B) show, by increasing
the DES volume from 30 to 50mL, the extraction
recovery of AFM1 increased and by further
increasing the DES volume, the extraction recov-
ery slightly decreased because of a dilution effect.
At volumes less than 30lL, the volume of the
final extraction phase was less than 20 lL, which
is not sufficient for injection into the LC and
leads to systematic errors. Therefore, 50.0 mL of
DES was selected as a compromise in order to

obtain higher extraction recovery and lower
detection limit.

Analytical figures of merit

Analytical features of the presented method were
examined under the most favourable conditions
and achieved results are summarised in Table 1.
Method validation was done according to the US
Food and Drug Administration (FDA) bioanalyti-
cal validation guidelines (USFDA 2001). The
method was evaluated for accuracy and precision
by analysis of quality control (QC) sample at
four concentration levels (including 0.05, 0.50,
1.0 and 5.0 lg kg�1) within the calibration range
in IFM and MBBF. The prepared samples were

Figure 1. Effect of the sample solution flow rate (A), breakthrough volume (B), sample solution pH (C), NaCl concentration (D), elu-
tion solvent type (E) and elution solvent volume (F) on the enrichment factor of the AFM1. All experiments were repeated 3 times
and the standard deviation of 3 times was shown as an error bar.
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analysed in seven replicates on the same day for
intra-day, and the same samples were analysed
on three consecutive days, for inter-day. For this
purpose, specific quantity of AFM1 was added to
the known amount of baby food samples. Then
the AFM1 was extracted using proposed proced-
ure and the samples were analysed by optimised
LC-FL. The quantity recovered from baby food
was estimated using respective regression equa-
tions. The accuracy was expressed as percent

recovery and precision was depicted as percent
relative standard deviation (RSD). RSDs including
intra-day and inter-day of method based on
seven replicate determinations of AFM1 were 2.7
and 3.8%, respectively. The inter-day and intra-
day accuracy ranged from 93.5 to 105.2% and
90.8 to 108.0%, respectively. The correlation coef-
ficient (r2) of the calibration curve was 0.9988.
The linear dynamic ranges (LDRs) of the method
were evaluated using standard solutions spiked
with various concentrations of AFM1. The LDRs
were achieved in the range of 0.005� 10 lg kg�1.
The limit of detection (LOD) and limit of quanti-
fication (LOQ) were estimated based on S/N¼ 3
and S/N¼ 10, equal with 0.002 and 0.005lg
kg�1, respectively. The LLOQ was defined as the
lowest concentration in the calibration curve that
can be measured with acceptable accuracy and
precision (�20%). The LLOQ for AFM1 was
0.005 lg kg�1 with accuracy 95.3%. In addition,
the EF was calculated at 225 for AFM1 in IFM
and MBBF samples.

Analysis of AFM1 in IFM and MBBF samples

The developed method was applied to determin-
ation of AFM1 in 150 samples of domestic and
imported IFM and MBBF. The results showed
that the lowest and highest AFM1s were 8.5 ± 0.9
and 73.0 ± 5.8 ng/kg for DIFM, 7.6 ± 0.9 and
27.5 ± 2.8 ng/kg for IIFM, 9.5 ± 1.2 and 51.5 ±
3.9 ng/kg for DMBBF, and 11.0 ± 0.9 and 32.6 ±
1.4 ng/kg for IMBBF, respectively (Table 2).
Based on the results of statistical analysis, it was
found that the mean of AFM1 between three dif-
ferent types of infant foods (including DIFM,
IIFM and DMBBF) were significantly different
from each other (p¼ 0.009). In addition, based
on the results, it was found that the average
AFM1 was significantly different between various
brands related to each type of evaluated infant
food (p< 0.001) (Table 2).

According to the results, it was found that the
average rate of AFM1 in 41.6% of DIFM samples,
12.5% of IIFM samples, 66.7% of DMBBF sam-
ples and 33.3% of IMBBF samples was higher
than the EU standard (25 ng/kg) and the national
standard of Iran (25 ng/kg) (Commission
Regulation (EC) 2006; ISIRI 2020). In order to

Figure 2. Effect of the DES type (A) and DES volume (B) on
the enrichment factor of the AFM1. All experiments were
repeated 3 times and the standard deviation of 3 times was
shown as an error bar.

Table 1. Analytical characteristics of SPE�DLLME�DES fol-
lowed by HPLC� FL for determination of AFM1.
Parameter Analytical feature

Linear range (mg kg�1) 0.005�10
RSD% (intra-day, n¼ 7) 2.7
RSD% (inter-day, n¼ 7) 3.8
Accuracy% (intra-day, n¼ 7) 90.4�105.3
Accuracy% (inter-day, n¼ 7) 92.1�106.3
r2 0.9988
Limit of detection (mg kg�1) (S/N¼ 3, n¼ 7) 0.002
Limit of quantification (mg kg�1) (S/N¼ 10, n¼ 7) 0.005
Extraction recovery (%) 89
Enrichment factor 225
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standardise a contaminant, each country must
consider the economic situation, lifestyle, dur-
ation and the amount of consumption, and in
general, the amount of exposure to that pollutant
(Pirsaheb et al. 2021). For example, the consump-
tion of IDPM varies from country to country.
Baker et al. (2016) reported that IFM consump-
tion in low-, middle- and high-income countries
were 2.9, 16.3 and 32 kg per year, respectively,
and this amount for the Turkey, Japan, China,
USA, Russia, France, Brazil, Mexico, Iran, India,
Nigeria, Pakistan, UK, Indonesia and the
Philippines have been reported equal to 4.7, 26.3,

21.7, 45.4, 22.8, 13.6, 7.5, 8.3, 7.0, 0.9, 0.4, 0.1,
65.7, 13.9 and 11.7 kg per year, respectively
(Baker et al. 2016). Higher consumption of IFM
and MBBF places infants to more exposure and
poses a higher potential risk to consuming
infants, therefore, citing a specific international
standard such as the EU standard (Commission
Regulation (EC) 2006) may not provide high reli-
ability and safety for all countries. It seems that
the Iranian national standard for AFM1 in IFM
and MBBF (25 ng/kg) has been adapted directly
from international guidelines without conducting
field research in the Iranian neonatal community.
Therefore, in such circumstances, it is necessary
to conduct a human health risk assessment that
was performed in this study. Various studies
have been conducted on the studied subject both
in Iran and in other countries; the results of this
study are consistent with the results of some of
them and are not consistent with others (Table
3). While in this study, the mean AFM1 in
DIFM, IIFM, DMBBF and IMBBF samples were
29.7 ± 19.5, 14.0 ± 7.3, 29.0 ± 13.7 and 20.4 ± 8.8,
respectively, and 100 studied samples for AFM1
were positive (Table 2). The results of this study
are completely different from the results of other
studies in other countries, the most important
reason being the quality and storage conditions
of feed lactating cows, which directly affect the
production of AFB1 in the milk of these animals
(Rastogi et al. 2004; Ghanem and Orfi 2009;
Noori et al. 2013). Therefore, there is a linear
relationship between AFM1 and AFB1 so that
approximately 0.3�6.2% of AFB1 is converted to
AFM1 through diet (Oveisi et al. 2007; Alvito
et al. 2010; Sharafi et al. 2022).

Health risk assessment of AFM1 in IDPM

Estimated daily intake (EDI) of AFM1
If the mean is considered as one of the independ-
ent parameters affecting the EDI, including afla-
toxin concentration (C-AFM1), BW and IFM/
MBBF (IR) consumption. In that case, the calcu-
lated EDI value will be only as a point estimation
(PE) of EDI. The results of this study showed
that the rate of PE of ADI for age group <6,
7�8 and 9�12months is equal to 0.42, 0.26 and
0.13 ng/kg BW/d for DIFM consumption and

Table 2. The comparison of AFM1 concentration in various
infant formula milk and milk-based baby food brands.

Types Brands
Sample
number

Comparison of brands

Mean ± SD
(ng/kg) p Value

DIFM B1-DIFM 3 13.2 ± 2.4 <0.001
B2-DIFM 3 28.2 ± 1.7
B3-DIFM 3 17.9 ± 1.5
B4-DIFM 3 23.1 ± 3.2
B5-DIFM 3 8.5 ± 0.9
B6-DIFM 3 73.0 ± 5.8
B7-DIFM 3 56.6 ± 3.7
B8-DIFM 3 14.3 ± 1.1
B9-DIFM 3 22.1 ± 3.5
B10-DIFM 3 18.5 ± 1.6
B11-DIFM 3 44.0 ± 3.5
B12-DIFM 3 37.2 ± 2.6
Total 36 29.7 ± 19.5 –

IIFM B1-IIFM 3 11.4 ± 1.5 <0.001
B2-IIFM 3 8.6 ± 0.9
B3-IIFM 3 12.4 ± 1.1
B4-IIFM 3 23.1 ± 2.2
B5-IIFM 3 27.5 ± 2.8
B6-IIFM 3 12.2 ± 1.3
B7-IIFM 3 9.3 ± 1.0
B8-IIFM 3 7.6 ± 0.9
Total 24 14.0 ± 7.3 –

DMBBF B1- DMBBF 3 51.5 ± 3.9 <0.001
B2- DMBBF 3 37.6 ± 1.9
B3- DMBBF 3 41.0 ± 3.3
B4- DMBBF 3 11.3 ± 2.4
B5- DMBBF 3 32.8 ± 2.8
B6- DMBBF 3 18.4 ± 1.9
B7-DMBBF 3 9.5 ± 1.2
B8-DMBBF 3 14.6 ± 1.6
B9-DMBBF 3 19.3 ± 1.7
B10-DMBBF 3 26.7 ± 2.1
B11-DMBBF 3 39.5 ± 1.8
B12-DMBBF 3 46.3 ± 3.4
B12-DMBBF 3 28.5 ± 2.3
Total 36 29.0 ± 13.7 –

IMBBF B1-IMBBF 3 16.4 ± 1.2 <0.001
B2-IMBBF 3 21.0 ± 1.6
B3-IMBBF 3 12.4 ± 1.3
B4-IMBBF 3 32.6 ± 1.4
B5-IMBBF 3 28.9 ± 1.5
B6-IMBBF 3 11.0 ± 0.9
Total 18 20.4 ± 8.8 –

DIFM: domestic infant formula milk; IIFM: imported infant formula milk;
DMBBF: domestic milk-based baby food; IMBBF: imported milk-based
baby food
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0.20, 0.12 and 0.06 ng/kg BW/d for IIFM con-
sumption, 0.41, 0.25 and 0.12 ng/kg BW/d for
DMBBF consumption, and 0.29, 0.18 and
0.09 ng/kg BW/d for IMBBF consumption,
respectively (Table S2). AFM1-related EDI levels
through IFM use in infants less than 6months of
age in Hooshfar et al. (2020) was 0.074 ng/kg
BW/d, which was lower than estimated in this
study. Considering that in the two studies men-
tioned above, the parameters of BW and IR are
considered almost the same, so the main reason
for the difference in EDI reported in the two
studies is related to the difference in the concen-
tration of AFM1. Based on this, the type of brand
and location of sampling are analysed on the dif-
ferent quality of IFM/MBBF, and as a result, the
concentration of AFM1 can be affected.

Risk characterisation
In this study, AFM1 health risk through con-
sumption of domestic and foreign IFM and
MBBF by infants less than one-year-old was eval-
uated by determining three indicators of LCR,
MOE and ADI (EFSA Scientific Committee 2005;
Joint 2017; Udovicki et al. 2019; Quevedo-Garza
et al. 2020). In this study, the first indicator
determined to assess AFM1 health risk due to
IFM and MBBF use in Iranian infants less than
one-year-old was THQ, which this indicator for
infants aged <6, 7�8 and 9�12months related

to DIFM were higher than acceptable in 75, 50
and 16.7% of brands, respectively (THQ ¼ 1).
These values were 37.5, 12.5 and 0% for IIFM,
respectively. Accordingly, DMBBF was 75, 50 and
0%, respectively, and for IMBBF was 66.7, 33.3
and 0%, respectively (Table 4 and Figure 3).

Based on the above results, the THQ for
infants <6months in most brands was higher
than the allowable level (THQ ¼ 1) due to the
low weight of infants <6months, which requires
special attention. In brands of IFM and MBBF
where the THQ level was lower than the allow-
able level, it should be noted that Iranian infants
may be exposed to AFM1 through other sources
(including breast milk, raw milk and pasteurised
milk). Therefore, it is necessary to take actions,
such as continuous monitoring of IFM and
MBBF quality offered in Iranian markets, com-
prehensive studies on AFM1 levels in other infant
food sources, and actions to reduce AFM1 levels
in domestic IFM and MBBF factories.

This study results are consistent with the
results of some similar studies of the past but are
not consistent with others. In Hooshfar et al.
(2020), the THQ related to AFM1 of IFM has
been reported 0.37. In Brazil, Ishikawa et al.
Obtained 1.53, 1.26, 0.64 and 0.42 for 1-week-
old, 1, 6 and 12-month-old female infants,
respectively, while it was obtained 1.48, 1.18, 0.58
and 0.39, respectively, for male infants (Ishikawa

Table 3. AFM1 levels in IFM from similar previous published studies.

Study area
Positive

samples (%)
Number of samples

higher than EC standard
Mean ± SD
(ng/kg) References

Iran 3.4 0 21.7 ± 0 Hooshfar et al. (2020)
Iran 64.6 100 328 ± 209 Noori et al. (2013)
Iran 100 80.7 324 ± 3.21 Kamkar (2008)
Iran 96.6 0 7.31 ± 3.91 Oveisi et al. (2007)
Turkey 36.5 0 0.06 ± 0.03 Baydar et al. (2007)
Argentina 100 100 393 ± 240 Londo~no et al. (2013)
Brazil 100 100 346 ± 296 Londo~no et al. (2013)
Brazil 43 18.8 24 ± 10 Ishikawa et al. (2016)
India 94 94 326 ± 45 Rastogi et al. (2004)
Jordan 100 85 120 ± 33.5 Omar (2016)
Jordan 48.3 48.3 74.2 ± 7.50 Awaisheh et al. (2019)
Lebnan 88.1 31 20.1 ± 1.30 Elaridi et al. (2019)
Turkey 2.9 0 6.10 ± 0 Er et al. (2014)
Mexico 20 20 440 ± 1089 Quevedo-Garza et al. (2020)
Pakistan 53.8 30.8 6.31 ± 10.5 Akhtar et al. (2017)
Portugal 85.7 14.3 12.1 ± 13.4 Alvito et al. (2010)
Syrian 13 0 12 ± 0 Ghanem and Orfi (2009)
Turkey 16.7 0 16 ± 0 Kabak (2012)
Italy 1.1 0 13.5 ± 2.52 Meucci et al. (2010)
Egypt 10 0 5 ± 0 Abd Alla et al. (2000)
Italy 0 0 ND Juan et al. (2014)
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et al. 2016). A study by Awaisheh et al, In Jordan
showed that for 6 and 12-month-old female
infants, the values obtained were estimated to be
7.86 and 7.75, respectively, which were high val-
ues (Awaisheh et al. 2019). In other studies,
including Spain, Argentina and Thailand, it was
estimated in the range of 0.8�18.5 (Cano-Sancho
et al. 2010; Alonso et al. 2010; Ruangwises et al.
2011). Differences in the results of previous stud-
ies with this study are related to the difference in
EDI, which is due to differences in neonatal
weight, AFM1 concentration, quality and daily
consumption of IDPM (Oveisi et al. 2007;

Ishikawa et al. 2016; Awaisheh et al. 2019;
Hooshfar et al. 2020).

The second indicator set to assess AFM1
health risk due to IFM and MBBF use in Iranian
infants less than one-year-old was LCR.
According to the results, the LCR level of AFM1
through consumption of all IFM/MBBF brands
by all three age groups of infants less than one
year is in the range of 1.7E-04 to 5.8E-03 (in
terms of additional cancer cases/year/105 Pop)
(Table 5 and Figure 3). Based on the results, it
can be concluded that LCR due to receiving
AFM1 through IDPM consumption by Iranian

Table 4. The target hazard quotient (THQ) of AFM1 via consumption of various infant formula milk
and milk-based baby food brands.

Types Brands

THQ

Age � 6 months 7�Age � 8 months 9�Age � 12 months

DIFM
75%

B1-DIFM 0.93 0.57 0.28
B2-DIFM 1.98 1.23 0.59
B3-DIFM 1.26 0.78 0.38
B4-DIFM 1.62 1.00 0.49
B5-DIFM 0.60 0.37 0.18
B6-DIFM 5.12 3.17 1.54
B7-DIFM 3.97 2.46 1.19
B8-DIFM 1.00 0.62 0.30
B9-DIFM 1.55 0.96 0.47
B10-DIFM 1.30 0.80 0.39
B11-DIFM 3.09 1.91 0.93
B12-DIFM 2.61 1.62 0.78
Total 2.09 1.29 0.63

IIFM B1-IIFM 1.37 0.85 0.41
B2-IIFM 0.80 0.50 0.24
B3-IIFM 0.60 0.37 0.18
B4-IIFM 0.87 0.54 0.26
B5-IIFM 1.62 1.00 0.49
B6-IIFM 1.93 1.20 0.58
B7-IIFM 0.86 0.53 0.26
B8-IIFM 0.65 0.40 0.20
Total 0.53 0.33 0.16

DMBBF B1-DMBBF 0.98 0.61 0.30
B2-DMBBF 0.51 0.32 0.15
B3-DMBBF 3.61 2.24 1.08
B4-DMBBF 2.64 1.63 0.79
B5-DMBBF 2.88 1.78 0.86
B6-DMBBF 0.79 0.49 0.24
B7-DMBBF 2.30 1.43 0.69
B8-DMBBF 1.29 0.80 0.39
B9-DMBBF 0.67 0.41 0.20
B10-DMBBF 1.02 0.63 0.31
B11-DMBBF 1.35 0.84 0.41
B12-DMBBF 1.87 1.16 0.56
B12-DMBBF 2.77 1.72 0.83
Total 3.25 2.01 0.97

IMBBF B1-IMBBF 2.00 1.24 0.60
B2-IMBBF 2.04 1.26 0.61
B3-IMBBF 0.96 0.60 0.29
B4-IMBBF 1.15 0.71 0.35
B5-IMBBF 1.47 0.91 0.44
B6-IMBBF 0.87 0.54 0.26
Total 2.29 1.42 0.69

DIFM: domestic infant formula milk; IIFM: imported infant formula milk; DMBBF: domestic milk-based baby food; IMBBF:
imported milk-based baby food.
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infants less than one-year-old in some of the
studied brands, especially for infants less than
6 years old is a worrying health risk. However, in
some other cases, it cannot be considered as a
significant risk. Similar to this study, Hooshfar
et al. (2020) estimated LCR for AFM1 obtained
through the use of IDPM by infants less than
6months of age equal to 1.0E-04 additional can-
cer cases/year/105 Pop. In Pardakhti and Maleki
(2019), it was found that the LCR of AFM1
through milk consumption for healthy persons in
Tehran, Mashhad, Babol, Isfahan, Kermanshah,
Miandoab, Hamedan and Urmia were equal to
5.7E-05, 6.3E-05, 1.2E-04, 2.8E-04, 6.9E-04, 3.3E-
03, 6.9E-06, 3.6E-06 and 2.1E-02 (in terms of
additional cancer cases/year/105 Pop), respect-
ively. For HB-infected persons, these values were
obtained 1.7E-03, 1.9E-03, 3.5E-03, 8.5E-03, 2.1E-
03, 9.9E-02, 2.1E-04, 1.1E-03 and 6.3E-03 (in
terms of additional cancer cases/year/105 Pop),
respectively. Based on the results, it can be said
that due to precautions and control actions in
recent years in Iran, the carcinogenicity risk of
AFM1 through consumption of milk and milk
products, especially IFM and MBBF, is low and is
not considered a health concern.

MOE was the third indicator set to assess the
health risk associated with AFM1 of IFM/MBBF
in this study. If the MOE value is equal to and
more than 10,000, it causes fewer health risks
and therefore has a lower priority for risk man-
agement actions, while if the MOE is less than
10,000, it indicates that exposure to that pollutant
has high health risks to society and should be
considered as a higher priority for risk manage-
ment actions (Hooshfar et al. 2020; Sharafi et al.
2022). This indicator was obtained equal to less
than 10,000 for all brands of IFM and MBBF
types in both age groups <6 and 7�8months,
which is considered as a health concern for these
two age groups while for the age group of
9�12months for DIFM, IIFM, DMBBF and
IMBBF, the percentage of brands with MOE less
than 10,000 was 83.3, 25, 75 and 83.3%, respect-
ively (Table 6 and Figure 3), which these cases
are considered as concerns in terms of health
risk, and it is necessary to take risk management
actions in this regard (Table 6 and Figure 3).
Hooshfar et al. (2020) obtained a PE of MOE
associated with AFM1 of less than 10,000 (exactly
7671.6) through the use of DIFM for infants less
than 6months of age. Similarly, in this study, the
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Figure 3. The comparison of THQ, LCR and MOE related to AFM1 in various infant formula milk between different age groups.
DIFM: domestic infant formula milk; IIFM: imported infant formula milk; DMBBF: domestic milk-based baby food; IMBBF: imported
milk-based baby food; THQ: target hazard quotient; LCR: liver cancer risk; MOE: margin of exposure.
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value in most cases was less than 10,000 (exactly
equal to 4419.9).

Conclusions

In this work, the combination of SPE and
DLLME�DES was successfully used for the
extraction and pre-concentration of AFM1 in IFM
and MBBF prior to analysis by LC–FL. As com-
pared with the other conventional sample-prepar-
ation methods, this method offered numerous
advantages, such as environmentally friendly, safe,
simple, ease of operation, high enrichment factor

and low detection limit. Based on the results, it
was found that the average rate of AFM1 in 41.6%
of DIFM samples, 12.5% of IIFM samples, 66.7%
of DMBBF samples and 33.3% of IMBBF samples
was higher than the EU standard (25 ng/kg) and
the national standard of Iran (25 ng/kg). In add-
ition, most infants less than one-year-old are
exposed to higher than allowable values for health
risk-related factors including LCR and MOE.
Based on the results, it can be concluded that the
quality of IFM and MBBF consumed in Iran in
terms of AFM1 is poor. Therefore, exposure to
this contaminant has high health risks for infants,

Table 5. The liver cancer risk (LCR) of AFM1 via consumption of various infant formula milk and milk-
based baby food brands.

Types Brands

LCR

Age � 6 months 7�Age � 8 months 9�Age � 12 months

DIFM B1-DIFM 1.1E-03 6.5E-04 3.2E-04
B2-DIFM 2.2E-03 1.4E-03 6.7E-04
B3-DIFM 1.4E-03 8.8E-04 4.3E-04
B4-DIFM 1.8E-03 1.1E-03 5.5E-04
B5-DIFM 6.8E-04 4.2E-04 2.0E-04
B6-DIFM 5.8E-03 3.6E-03 1.7E-03
B7-DIFM 4.5E-03 2.8E-03 1.4E-03
B8-DIFM 1.1E-03 7.0E-04 3.4E-04
B9-DIFM 1.8E-03 1.1E-03 5.3E-04
B10-DIFM 1.5E-03 9.1E-04 4.4E-04
B11-DIFM 3.5E-03 2.2E-03 1.1E-03
B12-DIFM 3.0E-03 1.8E-03 8.9E-04
Total 2.4E-03 1.5E-03 7.1E-04

IIFM B1-IIFM 1.6E-03 9.6E-04 4.7E-04
B2-IIFM 9.1E-04 5.6E-04 2.7E-04
B3-IIFM 6.8E-04 4.2E-04 2.1E-04
B4-IIFM 9.9E-04 6.1E-04 3.0E-04
B5-IIFM 1.8E-03 1.1E-03 5.5E-04
B6-IIFM 2.2E-03 1.4E-03 6.6E-04
B7-IIFM 9.7E-04 6.0E-04 2.9E-04
B8-IIFM 7.4E-04 4.6E-04 2.2E-04
Total 6.0E-04 3.7E-04 1.8E-04

DMBBF B1-DMBBF 1.1E-03 6.9E-04 3.3E-04
B2-DMBBF 5.8E-04 3.6E-04 1.7E-04
B3-DMBBF 4.1E-03 2.5E-03 1.2E-03
B4-DMBBF 3.0E-03 1.9E-03 9.0E-04
B5-DMBBF 3.3E-03 2.0E-03 9.8E-04
B6-DMBBF 9.0E-04 5.6E-04 2.7E-04
B7-DMBBF 2.6E-03 1.6E-03 7.8E-04
B8-DMBBF 1.5E-03 9.1E-04 4.4E-04
B9-DMBBF 7.6E-04 4.7E-04 2.3E-04
B10-DMBBF 1.2E-03 7.2E-04 3.5E-04
B11-DMBBF 1.5E-03 9.5E-04 4.6E-04
B12-DMBBF 2.1E-03 1.3E-03 6.4E-04
B12-DMBBF 3.1E-03 1.9E-03 9.4E-04
Total 3.7E-03 2.3E-03 1.1E-03

IMBBF B1-IMBBF 2.3E-03 1.4E-03 6.8E-04
B2-IMBBF 2.3E-03 1.4E-03 6.9E-04
B3-IMBBF 1.1E-03 6.8E-04 3.3E-04
B4-IMBBF 1.3E-03 8.1E-04 3.9E-04
B5-IMBBF 1.7E-03 1.0E-03 5.0E-04
B6-IMBBF 9.9E-04 6.1E-04 3.0E-04
Total 2.6E-03 1.6E-03 7.8E-04

DIFM: domestic infant formula milk, IIFM: Imported infant formula milk, DMBBF: Domestic milk-based baby food, IMBBF:
Imported milk-based baby food.
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and this issue should be given special attention for
future risk management actions.
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