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Abstract

Acrylamide is a chemical compound formed in starch-containing food products during high-temperature cooking processes. It
poses significant health concerns, including carcinogenesis, mutagenesis, and reproductive toxicity in humans. Biscuits has been

known as a favored food product among children and teenagers and are particularly susceptible to acrylamide formation.

This study aims to determine acrylamide in 45 biscuit samples collected from the market in 2022. Furthermore, the carcinogenic
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and non-carcinogenic risks as well as the Margin of Exposure posed by acrylamide to different age groups of the population have
been assessed. The calculations of the Chronic Daily Intake (CDI) demonstrated higher acrylamide intake among children than
adults. The THQ values for adults and children fell within safe ranges, although children exhibited higher levels. The greatest IL-
CR was observed among children aged 3-4 years, while the lowest was found in men aged 25-64 years consuming biscuits con-
taminated with acrylamide. This sensitive and accurate technique could be used for a comprehensive survey of acrylamide in bis-
cuit samples. This study underscores biscuits as a significant source of acrylamide exposure for the consumer, regardless of age,

at an elevated risk of carcinogenesis. Children are at higher risk due to their lower age.
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1 Introduction

Food safety has been known as a paramount con-
cern in recent years [50], with a growing focus on identify-
ing and mitigating the presence of toxic substances in vari-
ous foods. Different thermal processes such as frying, bak-
ing and roasting contribute to the formation of compounds
like acrylamide, aromatic heterocyclic amines, furans, poly-
cyclic aromatic hydrocarbons, nitrosamines, and acrolein,
particularly in carbohydrate- and protein-rich foods [1-4].
Among these, acrylamide has a high capability to form in
carbohydrate-rich foods exposed to high temperatures.
Bread, biscuits, chips, potatoes, rice, and corn can be consid-
ered as these foods [5-8]. The primary mechanism involves
the Maillard reaction, wherein the amino acid asparagine re-
acts with reducing sugars to yield acrylamide [6]. This com-
pound poses health risks as it can be absorbed through vari-
ous sources, leading to its distribution and metabolism in or-

gans such as the liver, brain, heart, and kidneys [9].

In recent years, there has been a significant inter-
est in developing analytical methods for the quantification
of acrylamide at trace levels. Numerous efforts have been
made to establish analytical methods for acrylamide deter-
mination [10]. The extraction phase, which aims to separate
and pre-concentrate compounds from complex sample ma-
trices, is a critical step that can be particularly challenging
when dealing with trace amounts [11]. This phase consti-
tutes one of the fundamental steps in sample preparation.
Extraction methods can be broadly categorized into two sig-
nificant classes: classical and microextraction. Classical ex-
traction methods use large volumes of organic solvents,
which can be costly and lead to low selectivity. Additionally,

concerns about environmental contamination from these
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methods have been raised as significant ecological issues by
environmental enthusiasts [12]. Extensive studies and ef-
forts have been undertaken to explore alternatives with high-
er sensitivity and improved safety profiles, aiming to replace
traditional techniques while reducing the consumption of
organic solvents. In pursuit of greener alternatives, innova-
tive extraction methods such as solid-phase extraction
(SPE), ultrasound-assisted extraction (UAE), and mi-
crowave-assisted extraction (MAE) have emerged [12]. Mi-
croextraction techniques have gained significant attention
in recent years, offering a distinct advantage with their
much-reduced extraction phase volume compared to the
sample volume. Microextraction encompasses various tech-
niques, including liquid-phase microextraction (LPME) and
solid-phase microextraction (SPME) [12]. These techniques
have been characterized by their high recovery, simplicity,

minimal solvent consumption, and ease of use [13].

Numerous analytical methods are available for the
identification and quantification of acrylamide in food prod-
ucts. Gas Chromatography-Mass Spectrometry (GC-MS)
and Liquid Chromatography-Mass Spectrometry (LC-MS)
are preferred techniques due to their high sensitivity for
acrylamide detection [14]. Today, GC-MS techniques,
known for their high sensitivity, are widely employed for
acrylamide quantification in food products [15]. Risk assess-
ment is a fundamental step and a crucial tool for managing
risk in food safety [16]. Given the carcinogenic and genotox-
ic effects of acrylamide on one hand and the widespread
consumption of biscuits in Iran on the other, the determina-
tion of this contaminant in the samples of interest and the
assessment of its risk to human health become imperative.
Risk assessment is a multifaceted process, involving several

stages: hazard identification, risk assessment, exposure as-
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sessment, and risk characterization [17]. Therefore, the ob-
jective of this study is to determine the level of acrylamide
in biscuit samples using Gas Chromatography-Mass Spec-
trometry (GC-MS) along with a simple, cost-effective, and
safe microextraction method. The study aims to determine
the acrylamide intake through biscuit consumption in both
children and adults in Iran, assess the non-carcinogenic and
carcinogenic risks, and also the Margin of Exposure (MOE)
associated with acrylamide exposure through biscuit con-

sumption by both children and adults.

2 Materials and Methods
2.1 Chemicals and reagents

Acrylamide, Acetamide, Ethanol, Methanol, Ace-
tone, Tetrachloroethylene, Dipotassium Phosphate, Hy-
drochloric Acid, Potassium Hydroxide, and Zinc Acetate
were all procured from Merck, Germany. Additionally, Po-
tassium Hexacyanoferrate was obtained from Panreac,
Spain, and Xanthydrol from Sigma Aldrich, USA. Acetic

Acid was sourced from Duksan, South Korea.
2.2 Standard and reagents

A standard solution of acrylamide was prepared at
a concentration of 10 pg/mL in methanol. For the Prepara-
tion of 2 mol/L Potassium Hydroxide (KOH) Solution,
11.22 grams of KOH were accurately weighed and dissolved
in a 100-milliliter volumetric flask. This high concentration
of KOH solution plays a crucial role in sample preparation,
particularly in pH adjustments and saponification process-
es. For preparing KOH/Ethanol (80:20) Solution, 5.61
grams of KOH were weighed and dissolved in a 100-
milliliter volumetric flask. From this solution, 20 milliliters
were taken and replaced with 20 milliliters of ethanol to
achieve an 80:20 ratio of KOH to ethanol. This solution is
pivotal for sample extraction and purification processes, of-
fering a balanced environment for analyte stability. For the
preparation of 2 mol/L Potassium Hydrogen Phosphate
(K,HPO,) Solution, 34.836 grams of K,HPO, were weighed
and dissolved in a 100-milliliter volumetric flask. Potassium
hydrogen phosphate is commonly used in buffer solutions
to adjust pH during analytical procedures. For preparation
of 1 mol/L Hydrochloric Acid (HCI) Solution, 9.86
milliliters of 37% hydrochloric acid were added to a 100-
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milliliter volumetric flask and diluted to volume. This solu-
tion has been used for pH adjustment and ensuring optimal
conditions for subsequent analytical steps. For the prepara-
tion of Xanthydrol Solution, 0.05 grams of xanthydrol were
added to 6 milliliters of ethanol. The solution was then re-
frigerated for storage. Xanthydrol has been applied as a deri-
vatization reagent in analytical chemistry, particularly for
enhancing the detection of specific analytes. For the prepara-
tion of Carrez I solution, 10.6 grams of potassium hexa-
cyanoferrate were dissolved in 100 milliliters of distilled wa-
ter. For the preparation of Carrez II solution, 21.9 grams of
zinc acetate were mixed with 3 milliliters of acetic acid in a
100-milliliter volumetric flask and diluted with distilled wa-
ter. Carrez solutions are essential for sample clarification, ef-
fectively precipitating and removing interfering substances

such as carbohydrates and soluble proteins.
2.3 Sample collection

Forty-five biscuit samples were gathered from all
distinct of supermarkets and retail stores in Tehran, Iran,
randomly in the year 2021. The samples were one of the
most popular Persian Biscuits, with varying batch numbers
or production and expiration dates spanning over a year.
The ingredients of the samples were wheat flour, sugar, pas-
try fat, wheat germ, salt, pasteurized eggs, skim milk pow-
der, ammonium bicarbonate, sodium bicarbonate, inverted
syrup, malt extract, identical vanilla flavor, and water. The
samples were thoroughly blended and homogenized in the
laboratory at 22 ©C and were stored in glass bottles (amber)

with Teflon caps at - 20 °C.
2.4 Sample preparation

Homogenized biscuit samples were prepared us-
ing the microextraction method and the presence of acry-
lamide was determined with gas chromatography-mass spec-
trometry (GC-MS). Initially, 70 g of biscuit was carefully
ground and homogenized. From the ground biscuit sample,
1 gram was taken and placed in a 50-milliliter Falcon tube.
Deionized water was added to the sample until it trans-
formed into a watery consistency. The mixture was shaken
for 1 minute, and then a 10-milliliter solution of potassium
hydroxide in ethanol (80/20) was added. It was shaken
again for 1 minute. The sample was subjected to centrifuga-

tion at 9000 rpm for 5 minutes. The upper layer was separat-

J Food Nutr 2026 | Vol 12: 202



ed and transferred to another Falcon tube. A 1 M Hy-
drochloric acid (HCI) solution was added to the upper layer
to adjust the pH to 3. Carrez solutions 1 and 2 were added
to the solution, followed by another minute of shaking. Zan-
thoxylol and HCI (1 mol/L) were introduced and shaken for
1 minute. The solution was then left in the dark for 30 min-
utes. After 30 minutes, potassium hydrogen phosphate
(K,HPO,) 2 mol/L and potassium hydroxide (KOH) 2
mol/L were added to the solution to achieve a pH of 6.5.
The solution underwent centrifugation at 9000 rpm for 5
minutes, and the upper phase was transferred to a 15-
milliliter Falcon tube. 400 pL Ethanol (EtOH) and 80 pL te-
trachloroethylene (C,Cl,) were added to the upper phase. Af-
ter another round of centrifugation, the upper phase was ex-

tracted using a sampler.

2.5 Instrumentation

GC-MS Analysis: One pL of the extraction phase
was injected into the GC-MS. To quantify the levels of acry-
lamide, a gas chromatography-mass spectrometry (GC-MS)
system, specifically the Agilent Technologies 780A GC sys-
tem/5975 inert MSD, was employed. The system was
equipped with an HP-5 Phenylmethylsiloxane capillary col-
umn (5%) and a methylpolysiloxane stationary phase (95%)
with dimensions of 30 meters in length, 0.25 millimeters in
inner diameter, and a 0.25-micrometer film thickness. Heli-
um gas with a purity of 99.999% was used as the carrier gas.
The temperature program for the oven was initiated at
100°C for 1 minute, followed by an increase of 15°C/min un-
til reaching 290°C, with a 5-minute hold at this tempera-
ture. A split-less injection with a split ratio of 1:50 and a car-
rier gas flow rate of 0.8 milliliters per minute was main-
tained throughout the experiments. The injector tempera-
ture was set to 290 °C, and the auxiliary temperature was set
to 280 °C. Acrylamide identification was carried out using
mass spectrometry (MS) in the selected ion monitoring
(SIM) mode. Monitoring ions at mass-to-charge ratios
(M/Z) 207 and 234 were used for acrylamide identification.
A volume of 1 pL of the final extraction solution was inject-
ed into the GC-MS system. The retention time for acry-
lamide was determined to be 12.3 minutes. This analytical
approach allowed for precise quantification and identifica-
tion of acrylamide levels in the samples, enabling accurate

assessment of its presence in the biscuit samples.
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4

Optimization of Mass Spectrometry Conditions for
Acrylamide Identification and Quantification: Using the
Full Scan Method: In this phase, following the identification
of all ions generated from acrylamide, the ion with the high-
est abundance for each compound was selected as the par-

ent ion.

Selected Ion Monitoring (SIM): After identifying
the parent ions, these ions were monitored using the SIM
mode. Since only the parent ion was monitored in this
mode, the sensitivity and selectivity of the method were en-
hanced. The mass-to-charge (M/Z) ratio for the determined

ion is 207, and the confirmation ion is 234.
2.6 Validation and statistical analysis

To establish the linearity of the method, standard
acrylamide solutions at concentrations of 0.001, 0.02, 0.1, 2,
5, 50, and 250 ng/mL were prepared. The DLLME process
was optimized using these standard solutions with te-
trachloroethylene (extraction solvent) and ethanol (disper-
sive solvent). The calibration curve was constructed by in-
jecting these solutions into the GC-MS instrument, and the
area under the acrylamide peak was calculated. Subsequent-
ly, the coefficient of determination (R*) was determined us-
ing the calibration curve. To assess the precision of the
method, six consecutive injections were performed under
optimal conditions. To calculate the recovery percentage,
two consecutive injections were carried out using spiked
samples containing 1 and 50 pg/g of standard acrylamide.
The method's precision was expressed as relative standard
deviation (% RSD). The limit of detection (LOD) is defined
as the concentration at which an analyte can be detected but
not necessarily quantified. In this study, the LOD was deter-
mined using the equation LOD = 3.33 X (S / m), where S
represents the standard deviation for each peak in chroma-
tography, and m is equivalent to one-fifth of the difference
between the upper and lower limits of the noise around the
peak of interest. Additionally, the limit of quantification
(LOQ), which is the lowest concentration of the analyte that
can be accurately and precisely quantified by the analytical

method, was calculated.
2.7 Health risk assessment

2.7.1 Non-carcinogenic risk assessment
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Two determinants of chronic daily intake (CDI)
are the acrylamide concentration in food and daily food con-
sumption. Additionally, body weight was taken into ac-
count in CDI calculations. CDI was calculated separately
for adults and children using the following formula (Faraji
et al. 2024):

CDI=CxIRix EDi x EFi/ (BW x AT)
Where:

CDI: Chronic daily intake (mg/kg/day)

C: Acrylamide concentration in biscuits (mg/g)

IRi: Consumption rate. Since there is no available
data for biscuit consumption by each category in Iran, we as-
sumed biscuit consumption of 2 grams/person/day in all cat-
egories according to the national report of the National Nu-
trition and Food Technology Research Institute of Iran
[18].

EDi: Duration of exposure (70 years for adults and
6 years for children) [19], and for each category: 3.5 years
for boys and girls aged 3-4 years, 6 years for boys and girls
aged 5-9 years, 7 years for men and women 10-14 and 15-19
years, 16 years for women 20-24 and >25 years [20].

EFi: Number of exposure days (365 days/year)

BW: Body weight of consumers (considered 70 kg
for adults and 15 kg for children); for each of the seven age
and gender groups in the Iranian population, the body
weight of consumers was determined based on data provid-

ed by Azizi and coworkers [21].

Target Hazard Quotient (THQ) was used for as-
sessing the potential of non-carcinogenic risk. THQ less
than 1 indicates that potential non-carcinogenic risk is un-
likely to be significant, while THQ greater than 1 suggests a
notable risk to the population [22].

2.7.2 Estimating carcinogenic risk

Carcinogenic risk to consumers exposed to acry-
lamide through biscuit consumption was assessed using the
Incremental Lifetime Cancer Risk (ILCR). ILCR was calcu-
lated using the following equation [23]:
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ILCR = CDI x CSF

Where:

ILCR: Incremental Lifetime Cancer Risk
CDI: Chronic daily intake (mg/kg/day)

CSF: Cancer slope factor (0.5 mg/kg/day for acry-
lamide [23]

ILCR less than 1 x 107 indicates that the cancer
risk is unlikely to be significant over the individual's lifetime
[23].

2.7.3 Margin of exposure (MOE)

Based on EFSA guidelines, the risk assessment of
genotoxic carcinogens in food, such as acrylamide, is de-
scribed under the MOE approach [24]. Chronic exposure to

acrylamide was assessed using the MOE equation [25]:
MOE = BMDL10/ DI
Where:
MOE: Margin of Exposure

BMDL,;: Benchmark Dose Lower Confidence Lim-

it for a 10% response
DI: Daily intake of acrylamide (mg/kg/day)

The BMDL,,, which is typically set 5 - 10% above
the no observed adverse effect level (NOAEL), was deter-
mined for acrylamide. In this case, the BMDL10 was 0.43
mg/kg BW/day and 0.17 mg/kg BW/day based on evidence
of axonal degeneration in the peripheral nerves of male rats
and adenocarcinomas in the harderian glands. An MOE
greater than 10,000 indicates that the risk is unlikely to be

significant over the individual's lifetime [24].

3 Results
3.1 Method validation
3.1.1 Validation of sample preparation method

The limit of quantification (LOQ) was 2.33
ng/mL, and the limit of detection (LOD) was 0.7 ng/mL.
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The recovery of the extraction (RR) was calculated by com-
paring the amount of added analyte to the sample with an
acrylamide concentration. The recovery rate was 97.06%. Re-
producibility of the method (RSD) was determined by ana-
lyzing sample No. 24, and the obtained value was 9.8%. The
extraction efficiency (EF), calculated by comparing the final
analyte concentration in the extraction phase with the sam-

ple concentration, was found to be 112.

3.1.2 Assessment of linearity in the aqueous matrix

The results demonstrated the linearity of the cali-
bration curve drawn with acrylamide standards at concen-
trations of 10, 100, 500, 1000, and 10000 ng/mL. The equa-
tion of the linear curve was Y = 895.68X + 7426.50, with a

coefficient of determination R? = 0.9999.

After designing the analytical method and achiev-
ing an appropriate chromatography and mass spectrometry,
method validation was performed, focusing on specificity,

linearity, limit of detection, and limit of quantification.

3.1.3 Determination of limit of detection (LOD) and
limit of quantification (LOQ)

Usually, a concentration of a sample that generates
three times the standard deviation of the blank sample is
defined as the limit of detection (LOD). In other words, it's
the lowest concentration that the instrument can detect.
The LOD and LOQ for acrylamide analysis in biscuit sam-
ples were determined to be 0.70 ppb and 2.33 ppb, respec-
tively.

3.1.4 Calculation of accuracy and recovery percen-

tage

To calculate the accuracy and recovery percentage,
biscuit samples spiked with acrylamide at levels of 1 and 50
ug/g were prepared and injected into the instrument. The
method's precision was evaluated using the relative stan-
dard deviation (RSD%), which was 87.9. Furthermore, the

calculated recovery percentage was 97.06%.

3.2 Identification and quantification of acrylamide

in biscuit samples

In all experimental runs, a control sample was in-
cluded, which involved the analysis of a biscuit sample
spiked with acrylamide alongside the actual biscuit samples.
The value of 0.35 pg/kg was selected as the limit of detection
(LOD/2). The Global Environmental Monitoring System re-
commended using LOD/2 as an alternative for statistical im-
putation when the ratio of non-quantifiable or unidentified

results was less than 60% [26].

These results provide insights into the acrylamide
content in the biscuit samples collected in Tehran in 2022
and serve as a basis for assessing potential risks associated
with acrylamide intake through biscuit consumption. The
average contamination level among the 45 tested biscuit
samples was 1264 ug/kg with a standard deviation of 1469
pg/kg. Furthermore, the 90th percentile (percentile 90th)
and the 97.5th percentile (percentile 97.5th) were deter-
mined to be 3728 pg/kg and 4315 pg/kg, respectively (Table
1). The results indicate that 60% of the samples exceeded
the benchmark level for acrylamide contamination in bis-

cuits.

Table 1: Concentration of acrylamide in biscuit samples from Tehran city

Location Type of sample Acrylamide level (ng g-1)
Range Mean | Median | 90th percentile 97.5th percentile
Tehran Biscuits 0.7-4135.83 | 1264.63 | 742.45 3728.74 4315.19

The investigation of contaminated samples with
acrylamide was carried out. As shown in Table 2, 12 out of
45 samples, acrylamide residues were detected in levels high-
er than 2.33 pg/kg (LOQ). Also, the results indicate that

acrylamide levels in 73.33% of the samples were above the

JScholar Publishers

LOD. The examination of the number of acrylamide-con-
taminated samples revealed that out of the 45 tested sam-
ples, 27 of them had benchmark levels higher than 150
pg/kg, and the remaining 18 samples had benchmark levels
lower than 150 pg/kg.

J Food Nutr 2026 | Vol 12: 202



Table 2: Frequency of contaminated biscuits with acrylamide based on LOQ, LOD, and benchmark levels

Measurement method Number of contaminated samples with acrylamide
Limit of Quantification (LOQ=2.33 pg/kg) | > 2.33 12
<233 33
Limit of Detection (LOD=0.7 ug/kg) >0.7 33
<0.7 12
Benchmark Level of 150 pug/kg > 150 27
<150 18

3.3 Risk assessment
3.3.1 Non-carcinogenic risk

The calculated CDI and THQ for acrylamide
through the consumption of tested biscuits for the Tehran
population are presented in Table 3. The calculated CDI for
acrylamide in the tested biscuits for adults was lower than
that for children, indicating lower risks for adults. The calcu-
lated CDI for acrylamide in the tested biscuits decreases as
follows for different ages and gender groups: Men 25-64
years > Men 20-24 years > Men over 64 years > Women
25-64 years > Women over 64 years > Men 15-19 years >
Women 20-24 years > Women 15-19 years > Women 10-14
years > Men 10-14 years > Girls 5-9 years > Boys 5-9 years >
Boys 3-4 years > Girls 3-4 years.

THQ is a valuable parameter for assessing the
risks associated with the consumption of contaminated
products with acrylamide. The THQ assessment for acry-
lamide risk in the Tehran population through the consump-
tion of biscuits is presented in Table 3. The THQ levels of
both adults and children fall within the acceptable range,
even though adults' THQ levels are lower than children's.
The THQ level varies based on gender and age as follows:
Girls 3-4 years > Boys 3-4 years > Boys 5-9 years > Girls 5-9
years > Men 10-14 years > Women 10-14 years > Women
15-19 years > Women 20-24 years > Men 15-19 years > Wo-
men over 64 years > Women 25-64 years > Men over 64
years > Men 20-24 years > Men 25-64 years. THQ is consid-

ered safe in all tested cases.

Table 3: Daily intake of acrylamide (mg/kg bw/day) in children and adults with different age groups through biscuit consump-

tion
Gender and
Age group | Adults | Children 3-4 5-9 10-14 15-19 20-24 25-64 >64
(Year)
Male | Female | Male | Female | Male | Female | Male | Female | Male | Female | Male | Female | Male | Female
CDI 3.61 16.90 16.70 | 16.80 |11.10| 10.99 | 6.06 5.99 3.99 4.55 3.57 4.28 3.36 3.66 3.58 3.92
(mg/kg/day) X X X X X X X X X X X X X X X X
My 1 10° | 10° | 10° | 10° | 10° | 10°| 10° | 10°| 10° | 10°| 10° | 10°| 10° | 10°| 10°
THQ 0.02 0.08 0.08 0.08 0.06 0.05 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

3.3.2 Cancer risk estimation

The acceptable lifetime risk established by USEPA
is1x10°, meaning a cancer risk of 1 in 100,000 for exposed
populations [49]. Table 4 displays the acrylamide ILCR as-
sessment for adults and children in Tehran based on biscuit

consumption. As shown in Table 4, the ILCR for adults is
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1.81 x 107, and for children, it is 8.43 x 10”. The ILCR in
children is 8 times higher than in adults. The ILCR decreas-
es based on age and gender as follows: Girls 3-4 years >
Boys 3-4 years > Boys 5-9 years > Girls 5-9 years > Men
10-14 years > Women 10-14 years > Women 15-19 years >
Women 20-24 years > Men 15-19 years > Women over 64

years > Women 25-64 years > Men over 64 years > Men

J Food Nutr 2026 | Vol 12: 202



20-24 years > Men 25-64 years. Additionally, the highest IL-

CR and cancer risk were observed in children, and the low-

est ILCR and cancer risk were seen in men aged 25-64 years

consuming acrylamide-contaminated biscuits.

Table 4: Acrylamide’s Incremental Lifetime Cancer Risk (ILCR) and Margin of Exposure (MOE) resulting from biscuit con-

sumption in Tehran

Gender
and
Age Adults | Children 3-4 5-9 10-14 15-19 20-24 25-64 >64
group
(Year)
Male | Female | Male | Female | Male | Female | Male Female | Male Female Male Female Male Female
1.8 8.43 8.37 8.41 5.53 5.49 3.03 2.99 1.99 2.28 1.78 2.14 1.68 1.83 1.79 1.96
ILCR X X X X X X X X x X X X X X X X
10 10 10 10 10 0 | 10 | 10 10 10 10 10 10 10 10 10
é\(/)ICl)7E) 4704.92 | 1008.20 |1015.59|1010.89 | 1536.49 | 1547.25 | 2804.13 | 2833.71 | 4254.59 | 3733.02 | 4767.07 | 3971.63 | 5059.81 | 4642.41 | 4752.64 | 4331.89
é\(/)lfl); 11900.68 | 2550.15 | 2568.85 | 2556.95 | 3886.42 | 3913.62 | 7092.80 | 7167.61 | 10761.62 | 9442.34 | 12050.29 | 10957.13 | 12798.33 | 11742.57 | 12021.39 | 10957.13

3.3.3 MOE estimation

Evaluating the increased risk of carcinogenic or
neurotoxic effects caused by acrylamide can be done by as-
sessing the MOE [27]. Table 4 shows the calculated MOE
for non-neoplastic and neoplastic effects of acrylamide.
Based on BMDL10 from animal studies and taking into ac-
count complete uncertainty in the interpretation of both
genotoxic and carcinogenic effects, the EFSA scientific com-
mittee states that an MOE of 10,000 or higher is not con-
cerning from the perspective of public health. It means that
MOE exceeding 10,000 is considered safe and non-neoplas-
tic [28]. As shown in Table 4, the calculated MOE (0.17) for
non-neoplastic effects of acrylamide in adults and children
in Tehran due to biscuit consumption is less than 10,000, in-
dicating a high risk of exposure to acrylamide through bis-
cuit consumption in population of Tehran. Furthermore,
the calculated MOE (0.43) for non-neoplastic effects of acry-
lamide in adults and children in the Tehran population
through biscuit consumption is both higher and lower than
10,000, that indicating a high risk in children exposed to
acrylamide through biscuit consumption. Calculated MOE
(0.43) for non-neoplastic effects of acrylamide in boys and
girls aged 3-4 years, boys and girls 5-9 years, men and wom-
en 10-14 years, and women 15-19 years through biscuit con-
sumption is also less than 10,000, showing a high risk in th-
ese groups due to exposure to acrylamide through biscuit
consumption. Calculated MOE (0.43) for non-neoplastic ef-

fects of acrylamide in men 15-19 years old, men and women
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24-20 years old, men and women 25-64 years old, and men
and women over 64 years old through biscuit consumption
is higher than 10,000, indicating no risk in terms of non--

neoplastic effects.

4 Discussion

4.1 Method validation

Analysis of acrylamide in food matrices has sever-
al challenges due to its low molecular weight, high reactivi-
ty, and the absence of chromophores [29]. Therefore, the
use of suitable extraction and purification methods is cru-
cial for the accurate and precise determination of acry-
lamide in various food matrices. Different instrumental
methods based on chromatography and mass spectrometry
principles, including liquid chromatography (LC), gas chro-
matography (GC), and liquid chromatography-tandem
mass spectrometry (LC-MS/MS) have been employed for
acrylamide analysis in food products. However, gas chroma-
tography-mass spectrometry (GC-MS) remains the primary

method for determining acrylamide levels in food [30].

For acrylamide analysis, GC-MS is a dependable
option due to its high accuracy, sensitivity, stability, and ex-
cellent repeatability [31]. Accurate results and the ability to
determine the amount of acrylamide in these food products
were made possible by the use of GC-MS in this study to se-

parate and identify the acrylamide in biscuit samples.
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In addition to enhancing the sensitivity and effi-
ciency of analysis, the extraction process for the acrylamide
removal from carbohydrate-rich samples is essential. In this
research, tetrachloroethylene was used as the extraction sol-
vent, and ethanol was employed as the dispersant solvent
for microextraction. The extraction solvent containing the
target analyte was collected at the bottom of the Falcon
tube. In the final step, 1 pL of the lower phase was injected
into the GC-MS.

Elahi et al. demonstrated that among the tested dis-
persant solvents, ethanol provided the best performance for
microextraction, exhibiting a higher response and better ex-
traction efficiency compared to other solvents, with an ex-

traction efficiency of 92% [12]. Therefore, ethanol was se-

lected as the dispersant solvent. Additionally, te-
trachloroethylene was chosen as the extraction solvent due
to its high response for target analyte extraction compared

to other solvents.

To increase sensitivity, enhance recovery, and im-
prove method repeatability, an initial cleanup and subse-
quent alkaline cleanup were implemented. Moreover, for
concentration and increased sensitivity, the analyte was
transferred from the solid phase to the aqueous phase using
microextraction. These steps illustrate the benefits of the em-
ployed method. Table 5 shows a comparison of various ana-
lytical methods used for the determination of acrylamide in
biscuits, potato products, bakery products, coffee, bread,
Chinese doughnuts, breakfast cereals, and milk-based baby
foods.

Table 5: Comparison of the analytical method of acrylamide in biscuits of this study with other methods

LOQ/ | Retention Recover Spiked Recove
Row | Sample type | LOD time (%) Y| calibration | R2 (%) ry RSD | Analytical method | Ref.
(ng/kg) (min) ? curve ?
. This
1 Biscuits 2.33/0.70 12.3 97 Yes 0.97 97 9.87 GC-MS
study
Bab Bagaran
2 . Y 10/3 5.45 95.3-98.2 Yes 0.99 95.3-98.2 >7 LC-MS/MS etal
Biscuits
(2022)
83.7- Arabi et
3 Biscuits 40.1/16.1 | About 8 : Yes 0.99 | 83.7-99.6 | 1.72-6.72 | MSPD-HPLC/UV al
99.6
(2016)
Potato
products, Kafouris
4 bakery 32/10 Nrl 93-99 Yes <0.99 93-99 >5 UPLC- MS/MS etal
products,and (2018)
coffee
L Passos
5 sﬁ‘;c“lf:s 9217'54/ Nr Nr No | <0.99 : >9 | HS-SPME/GC-MS | etal
p : (2021)
Biscuits,
bread,
Chinese
doughnuts, | 20.90/ 88.84- Shietal
6 breakfast 6.90 6.20 96.70 Yes <0.99 | 87.72-96.70 | 0.78-3.35 HPLC-DAD (2019)
cereals, and
milk-based
baby foods

Not reported

According to the official European Union Journal
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No. 317 in 2019, the acceptable limit of quantification (LO-
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Q) for food items with acrylamide benchmark levels exceed-
ing 125 pg/kg is less than or equal to 50 pg/kg [32]. As
shown in Table 5, LOD and LOQ of this method were the
lowest compared with other methods, which indicates the
sensitivity of the technique. The majority of studies agree
with other parameters like R’, Recovery, RSD, and the use

of a spiked calibration curve to overcome matrix effects.

3.2 Identification and quantification of acrylamide

in biscuit samples

The presence of acrylamide in heat-treated foods
has been considered a significant concern related to food
items by international experts since 2002. This concern aris-
es from the classification of acrylamide as a probable hu-
man carcinogen (Group 2A) by the International Agency
for Research on Cancer (IARC) in 1994. To aid in monitor-
ing and regulating its levels in food matrices by manufactur-
ers and specialists, having a simple, accessible, and reliable
method for monitoring acrylamide concentrations in heat-

processed foods is crucial.

Biscuits, as a primary food source, are often con-
sumed by infants and young children, making them a signifi-
cant product that requires precise control. The recommend-
ed benchmark levels for acrylamide in biscuits, according to
the European Food Safety Authority (EFSA), are 350 ug/kg
for general consumption and 150 pg/kg for infants and

young children [33].

The results of the study conducted by Esposito
and colleagues indicate that the acrylamide concentration
in children's food (30-1560 pg/kg) exceeds the benchmark
levels set by Regulation (EU) 2017/2158, which are 40 and
150 pg/kg for children's food and biscuits, respectively [34].

In Turkey, various researchers have determined
acrylamide levels in infant biscuits ranging from 149 to
1075 pg/kg, while the European Commission (EC
2017/2158) has set a benchmark value of 150 ug/kg for in-
fant biscuits consumed by infants and young children [35].
It has been shown that acrylamide naturally forms during
the baking process in buckwheat biscuits, reaching levels of
approximately 3,2142 pg/kg. This amount of acrylamide in
quinoa biscuits is nearly twice as high as reported. Acry-

lamide levels in bakery products (1044 pg/kg) have also
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been reported to be several times higher than the bench-
mark levels recommended by European Commission regula-
tions for biscuits (350 pg/kg) [36]. In another research
study conducted by Mousavi Khaneghah and colleagues,
the results showed that the acrylamide content in biscuits
was 111.42 pg/kg, which is below the permissible limit [37].
Additionally, Ne'matollahi and colleagues reported that the
acrylamide level in 19 biscuit samples collected from
Tehran was 200.67 ng/g [38]. In the present study, the aver-
age exposure to acrylamide in 45 biscuit samples collected
from the city of Tehran was 1264.63 pg/kg. In studies con-
ducted by Kafouris in 2018 using UPLC-MS/MS, the deter-
mined acrylamide content in biscuits was approximately 32
ug/kg, with a detection limit of 10 pg/kg and a recovery rate
of 93-99% [39]. In a study by Basaran in 2022 using LC-M-
S/IMS, the reported recovery rate and accuracy were
2.98-3.95% and less than 7%, respectively. Passos conducted
a study in 2021 using HS-SPME/GC-MS, reporting an acry-
lamide determination limit of 32 ug/kg and a detection limit
of 10 pg/kg, with an accuracy of less than 9% and a recovery

rate of 93-99%.

In a study by Arabi in 2016, acrylamide was deter-
mined in biscuits and the level of acrylamide was reported
as 40 pg/kg. The detection limit was reported 16 ug/kg, and
the recovery rate ranged from 83.7% to 99.6%. Cleanup was
performed using MSPD [40].

Fernandes conducted a study in 2019, reporting
an acrylamide determination in biscuits was 11.8 ug/kg. A
detection limit of 3.55 pg/kg, and a retention time of 6.22
were achieved. Cleanup was performed using HLB SPE car-
tridges [41]. In a study by Giindiiz in 2017, the acrylamide
determination in biscuits was reported as 24.88 pg/kg and
following the detection limit as 7.46 pg/kg and the recovery
rate as 83% [42]. Mihai conducted a study in 2020, report-
ing an acrylamide determination limit in biscuits of 3.70
ug/kg, a detection limit of 1.23 pg/kg, and a retention time
of 10.51. Cleanup was done using a florisil column, and the
recovery rate was reported as 97-105% [43]. In a study con-
ducted by Haouet in 2016, the acrylamide determination
limit in biscuits was reported as 60 pg/kg, the detection lim-
it as 20 pg/kg, and the retention time as 12.3, with a recov-
ery rate of 96-97% [44]. Figure 1 shows a comparison of the

levels of acrylamide in different types of biscuits with some

J Food Nutr 2026 | Vol 12: 202



previous studies.
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Figure 1: A comparison of the amounts of acrylamide found in various biscuit varieties worldwide

4.3 Risk assessment

The results of our study indicate that the Incre-
mental Lifetime Cancer Risk (ILCR) for acrylamide in both
adults and children, across all age groups and genders, from
biscuit consumption, exceeds the threshold of 1 x 107>,
Thus, both adults and children from all age groups are at
high risk of exposure. Also, the highest ILCR values were ob-
served in children, exceeding the threshold of 1 x 1077,
while the lowest ILCR values were found in males 25-64
years old. Consequently, children face the highest cancer
risk, and men aged 25-64 years old have the lowest cancer
risk among the tested samples. Given that acrylamide is a
genotoxic compound, the Margin of Exposure (MOE) has
been used to assess its risk. MOE is defined as the bench-
mark dose divided by the exposure dose. In all cases, the
MOE for dietary acrylamide in different elderly populations
across various regions worldwide is below 10,000, and in
some cases, it drops to less than 200, indicating that dietary
acrylamide exposure may be considered a public health con-
cern. The lowest MOE value (0.17) was reported in children
(1008.2), and the highest MOE value (5059.80) was found
in males 25-64 years old, both of which were below the
10,000 thresholds, indicating high risk in these groups.
Based on this relatively low MOE, several studies have estab-

lished a link between acrylamide exposure and human can-
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cer. However, the majority of studies do not show a clear as-
sociation between dietary acrylamide intake and an in-

creased risk of cancer in humans [45].

Esposito et al.'s study, using MOE-based risk as-
sessment, showed that five out of six consumer groups had
high acrylamide exposure levels linked to an increased risk
of cancer [46]. Most studies did not report statistically signif-
icant correlations between dietary acrylamide intake and
various cancers, although some studies have suggested a po-
tential increase in the risk of kidney, endometrial, and

ovarian cancers [47].

Nematollahi et al.'s study, which assessed the risk
of acrylamide in food products collected from the Tehran
market, indicated that the ILCR for all age groups exceeded
107*, signifying a serious risk for the population. Further-
more, MOE values based on carcinogenicity raised health
concerns for all age groups, with values greater than 10,000.
For non-carcinogenic risk, the Target Hazard Quotient
(THQ) was below 1, and the MOE based on neurotoxicity
was higher than 125 (the safety threshold), indicating mini-
mal risk across all age groups except for a small subset of
children and adolescents. Despite the low acrylamide con-
tent (157 pg/kg), their study demonstrated the highest con-
tribution to acrylamide exposure in all age groups due to

high consumption levels [38].
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Eslamizad et al.'s study, which assessed the health
risks of acrylamide in bread in Iran using LC-MS/MS,
showed that the calculated ILCR for acrylamide in bread for
both adults and children exceeded the acceptable lifetime
cancer risk established by the USEPA (1 x 107°). According
to this study, bread is the primary source of acrylamide in-
take for the Iranian population, and all consumers, regard-

less of age, could be at a high cancer risk [17].

Seilani et al. analyzed and assessed the potential
health risks of acrylamide levels in commercial nugget sam-
ples available in Iran. Monte Carlo simulations (MCS)
showed that the trend of non-carcinogenic risk, based on
THQ, for children followed the pattern of chicken nuggets
< meat nuggets < shrimp nuggets, while for adults, the same
pattern was observed. The health risk of acrylamide for
adults and children was significantly lower than the safe risk
threshold (HQ>1 and CR > 1E-4) for the Iranian popula-
tion [48].

The assessment of risk for carcinogenic effects in
this study highlighted health concerns across most age
groups, with an ILCR value greater than 1 x 10°.

Conclusion

In this study, a sensitive method was developed for
acrylamide determination in biscuit samples. The results in-
dicated that the collected biscuit samples contain acry-
lamide, and biscuits can serve as a potential source of acry-
lamide exposure among the population in Tehran. Al-
though all calculated THQ values are greater than 1, indicat-
ing controlled risk, exposure to acrylamide through biscuit
consumption and other food sources susceptible to contami-
nation may result in values exceeding 1, potentially posing
adverse health effects. The calculated results showed that
the ILCR of acrylamide for adults and children through bis-

cuit consumption exceeds the permissible cancer risk level
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determined by USEPA (1 x 107°), and individuals of all age
groups are exposed to elevated cancer risk due to acry-
lamide intake from contaminated biscuits. Additionally, the
MOE values indicate health concerns in most age groups,
with values below 10,000. All things considered, these find-
ings demonstrated that, given the health issues associated
with acrylamide exposure through biscuit consumption, fur-
ther research on this food and different types of food is ne-
cessary to reduce the impact of acrylamide on human
health.
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