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Abstract: Acrylamide is a potential health hazardous compound occurring in baked and fried 
food as a result of excessive dry heating during the preparation and/or processing of foods. Expo-
sure to a high level of acrylamide may cause cancer, neurotoxicity, and mutagenicity. In this 
study, an isocratic reversed-phase high-performance liquid chromatographic (HPLC) method us-
ing a C18 column was used for the determination of acrylamide in selected food. The mobile 
phase consisted of 0.1% formic acid in water: acetonitrile (98:02), and the flow rate was 1.0 mL 
min-1, elution was monitored at 200 nm. Validation in selected conditions showed that the chosen 
method is sensitive, selective, precise, and reproducible with a linear detector response for the de-
termination of acrylamide. The limit of detection (LOD), and the limit of quantification (LOQ), 
were achieved at 0.41μg mL-1 and 1.25 μg mL-1respectively. The proposed method was also ap-
plied after validation to the most popular six brands of chips and French fries available in the Lib-
yan market. Acrylamide was extracted by a simplified extraction method avoiding cleanup by sol-
id-phase extraction (SPE), then analyzed by HPLC-UV. The highest level of acrylamide was 
found in one brand of chips with a concentration of 16.33 μg mL-1, whereas only one of the 
French fries products analyzed exhibited an acrylamide concentration of 10.26 μg mL-1. 
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INTRODUCTION 

Acrylamide is a vinyl monomer widely used 
in industrial applications and drinking water 
purification (Pedersen & Olsson, 2003). It has 
long been known as a neurotoxic agent 
(Stadler & Scholz, 2004). It is rapidly ab-
sorbed following oral administration in all 
species. Moreover, orally ingested acrylamide 
is able to reach most human tissues. It can 

cross the blood/placenta barrier in a human 
placenta in an in vitro model, as well as the 
blood/breast milk barrier in vivo of lactating 
mothers (Sorgel et al., 2002). Also, it is a nat-
ural by-product of carbohydrate-rich foods at 
high temperatures above 120°C, and it is 
formed by a reaction between amino acid as-
paragine and reducing sugars such as potatoes 
when exposed to high temperature during the 
process of frying, roasting, or baking (Stadler 
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& Scholz, 2004).  On the other hand, fried 
products with a low level of acrylamide were 
not a serious concern with regards to the po-
tential health issue associated with ingested 
acrylamide as it is readily absorbed, metabo-
lized, and excreted via urine. It was only con-
sidered as a contaminant in water sources 
(Rommens et al., 2008). 

Acrylamide is considered one of the most 
common toxins in food containing high con-
centrations of hydrocarbons that have been 
subjected to high temperatures (Mottram et 
al., 2002). It is present in the daily food of 
most people’s diet. It may be found in food 
products such as potato chips, fried potatoes, 
cornflakes, or bread. Some of these products 
are attractive to children and young people 
which makes matters worse (Altunay et al., 
2016). 

Many studies have shown that the average 
daily intake of acrylamide for adults was es-
timated to be in the range of 0.2 to 1.04 µg/kg 
of body weight per day (Hartmann et al., 
2008; Konings et al., 2003; Mojska et al., 
2010; Svensson et al., 2003). However, higher 
exposure is assumed in children and adoles-
cents, reaching up to 3.4 µg/kg body weight 
daily (Vainio, 2003). The European Union 
has set a limit of 0.1 µg/L residual acrylamide 
in drinking water (Binet et al., 2015). Where-
as FAO/WHO have agreed that the "no ob-
served adverse effect level" (NOAEL) for 
acrylamide neuropathy is 0.5 mg/kg body 
weight/day, while that for fertility changes is 
four times higher than for peripheral neuropa-
thy. The estimated average chronic human di-
etary intake is in the order of 1 μg/kg body 
weight/day (Kapp, 2002). Acrylamide is me-
tabolized to form the epoxy derivative glycid-
amide which is conjugated with glutathione 
and converted into mercapturic acid as by-
products in urine, which is the primary route 
of acrylamide elimination in humans (Fuhr et 
al., 2006). Both acrylamide and glycidamide 
could bind covalently to nucleophilic sites of 
biological macromolecules. The major targets 

of these compounds seem to be the SH and 
NH2 groups of proteins and nucleic acid ni-
trogen (Fuhr et al., 2006), and its metabolites 
react with nucleophilic sites of blood protein 
haemoglobin (Hb) and form stable reaction 
products (adducts). Hb Adducts from acryla-
mide and glycidamide can be quantified to 
measure the level of human exposure to 
acrylamide (Wenzl et al., 2003).() 

Epidemiological evidence on the relation be-
tween dietary acrylamide and the risk of sev-
eral cancers has continued to accumulate dur-
ing the last years (Khan et al., 2017). Many 
studies have confirmed that human exposure 
to acrylamide may lead to neurological effects 
in humans (Calleman et al., 1994). Also, ex-
perimental animals that were administered 
acrylamide orally experienced carcinogenic 
effects such as tumours of mammary glands 
in female rats, testicular tumours in male rats, 
and increased rates of tumours of the thyroid 
gland, central nervous system, uterus, clitoral 
gland, and oral tissues (Fuhr et al., 2006). 

Acrylamide is classified as a Group 2A car-
cinogen by the International Agency for Re-
search on Cancer (IARC). It has been demon-
strated to have carcinogenic properties in an-
imals and humans (Stadler & Scholz, 2004; 
Virk-Baker et al., 2014), and it has been rec-
ognized as a carcinogen in rodents and classi-
fied as probably carcinogenic in humans (Bull 
et al., 1984). The mutagenicity of acrylamide 
was also confirmed at low concentrations in 
different mammalian cell lines (Robinson et 
al., 1984). Two separate independent studies 
have confirmed that acrylamide induced lung 
and skin tumours in mice at a dose of 2mg/kg 
per day, administered in drinking water (Liu 
et al., 2019). 

Consequently, many researchers investigating 
acrylamide content have mainly utilized gas 
chromatography-mass spectrometry (GC-MS) 
and liquid chromatography-mass spectrome-
try/mass spectrometry (LC-MS) for the de-
termination and quantification of acrylamide 
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in various foods (Elbashir et al., 2014; Galuch 
et al., 2019). Although, during the routine 
analysis of acrylamide by GC–MS, the deri-
vatization step may usually be carried out be-
fore the clean-up step, which was found to be 
expensive and time-consuming (Gertz & 
Klostermann, 2002; Nemoto et al., 2002). 
Calbiani et al. (2019) developed and validated 
a rapid method for the determination of 
acrylamide in cooked food samples by re-
versed-phase LC-MS coupled with elec-
trospray ionization. A simplified extraction 
step with acidified water and without cleanup 
was developed in this method  (Calbiani et al., 
2019).  

At present, several analytical methods are 
available for determining acrylamide content 
in snack food based on high-performance liq-
uid chromatography (HPLC). These methods 
involve the extraction of acrylamide and uti-
lized solid-phase extraction SPE cartridges 
for clean-up. The main advantage to use 
HPLC is that the removal of water after aque-
ous extraction is not necessary (Can & Arli, 
2014; Gokmen et al., 2005; Muthaiah et al., 
2018; Oroian et al., 2015). 

The objective of this study is to quantify and 
determine the level of acrylamide in chips and 
French fries collected from the Libyan market 
by assessing dietary acrylamide exposure and 
its effects on health in humans. 

MATERIALS AND METHODS 
Chemicals, reagents and solutions: All 
chemicals, analytical standards, reagents, and 
solvents used throughout this study were ana-
lytical grade and highly pure. Acrylamide 
(Purity 99.0%) was purchased from (No-
vachim-Tunisia). Also, other chemicals and 
solvents were used, including acetonitrile 
(Carlo Erba Reagents S.A.S., France) with 
purity 99.9 % (for HPLC) as a solvent; hex-
ane 95% was purchased from (Sigma-Aldrich, 
Germany). Formic aid (Riedel-Dehaen AG 
Seelze Hannover) with purity 98-100 %, 
Magnesium sulfate Anhydrous was purchased 

from FLUKA, Germany. Primary secondary 
amine (PSA) was purchased from VARIAN 
(USA), and Acetic Acid (96%) was purchased 
from PANREAC QUIMICA (Spain). Water 
was obtained in-house by Water Distillation 
Unit. 

A stock solution of acrylamide (100 µg mL-1) 
was prepared by dissolving 0.01 g in 100 mL 
of distilled water (0.10 mg mL-1). Working 
standard solutions were prepared by appropri-
ate dilution of the stock solution with distilled 
water (2.5, 5.0, 10, 15, and 20µg mL-1). 

Sample Extraction: The extraction proce-
dure of the potato chips sample entailed the 
following steps: weigh 7.5 g of thoroughly 
homogenized sample into a 50 mL centrifuge 
tube, then add 7.5 ml acetonitrile, 0.75 ml 
acetic acid, and 5ml hexane. Vortex the tube 
thoroughly for one min to solubilize/disperse 
the sample in hexane. Centrifuge the tube for 
5 min at 3700 rpm using an RT6000B centri-
fuge from Sorvall. Subsequently, discard the 
hexane layer. The supernatant was transferred 
into a clean centrifuge tube and add 375 mg 
of anhydrous Mg SO4 and 125 mg of PSA. 
Immediately, seal the tube and shake vigor-
ously for 30 seconds, and centrifuge at 3700 
rpm for 5 min. The supernatant was evapo-
rated by a vacuum rotary evaporator. The dry 
residue was reconstituted in 2 mL acetonitrile 
for HPLC analysis (Anastassiades et al., 
2003).  

The recovery experiment was performed by 
spiked 5 mg of acrylamide standard to 7.5 mg 
of thoroughly homogenized potato chips 
samples and extracted then dried. Then 10 mL 
of acetonitrile was added to reach a concen-
tration of 100 µg mL-1. The percentage recov-
eries were calculated using the following 
equation: percentage of recovery = [CE/CM× 
100], where CE is the practical concentration 
obtained from a standard solution of 100 µg 
mL-1 of each compound in acetonitrile and 
CM is the spiked concentration after extrac-
tion (Chowdhury et al., 2012). 
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Instrumentation (HPLC): The HPLC sys-
tem consisted of Thermo Series P2000 Ana-
lytical Pump, The Series 200 Autosampler, 
Series 200 UV/Vis Detector (from 190 to 
1000 nm), and 20 μL loop injector. The sta-
tionary phase represents the analytical column 
which was a Brownlee Bio C18 column of 
250x4.6 mm and 5 µm particle size. 

HPLC operating conditions used Mobile 
Phase consisted of water containing 0.1% 
Formic acid (A) and acetonitrile (B), the flow 
rate was 1.0 mL min-1, the injection volume 
20 μL, and it was detected at UV wavelengths 
of 200 nm. 

Statistical analysis: Data were analyzed us-
ing SPSS version 25 software. Statistical dif-
ferences were tested using one-way ANOVA. 
Differences were considered significant at p 
values ≤ 0.05 and then Tukey HSD analysis 
(Honest Significant Difference) was per-
formed to determine whether there were sta-
tistically significant differences at p values ≤ 
0.05 between the concentrations of the differ-
ent samples. 

RESULTS AND DISCUSSION 

Validation method: To determine the linear-
ity of the HPLC response, a standard solu-
tion of acrylamide was prepared as de-
scribed. Good linear correlations were ob-
tained between peak areas and concentration 
in the selected range of 2.5– 20 µg mL-1. 
Characteristic parameters for regression 
equations and correlation coefficients are 
given in (Table 1). The linearity of the cali-
bration curve was validated by the high val-
ue of correlation coefficients of the regres-
sion graph. 

A peak tailing (As ~1.01) was being ob-
served in chromatograms of acrylamide at all 
concentrations analyzed. Calibration stand-
ards were prepared and then demonstrated a 
linear response (R2 =0.999) over a 2.5 -20μg 
mL-1. The limits of detection and quantifica-
tion were determined to be 0.41 and 1.25μg 

mL-1for acrylamide respectively, which is 
considered quite sensitive in comparison 
with most of the previous methods. 

Intra-day precisions were determined using 
five concentration levels. The data showed 
that the method provided high levels of pre-
cision when used by the same analyst on the 
same day. Thus, the precision of the pro-
posed method was determined by running 
calibration series solutions at 2.5– 20 µgml-1 

and then was evaluated in terms of repeata-
bility and expressed as the relative standard 
deviation (RSD, %). The result of precision 
was ranged between 0.45 and 1.79 %, indi-
cating good repeatability. All validation pa-
rameters for acrylamide are summarized in 
Table 1. 
 
Table: (1). Summary of validation data for the quan-
tification of acrylamide. 

Parameter Acrylamide 
tR (min) (t0 = 1.95 mina) 3.85 

Capacity factor (k') 0.17 
Symmetry factor (As) 1.01 

LOD (μg mL-1) 0.41 
LOQ (μg mL-1) 1.25 

N (plates) 
246.94(987.76) N ex-

pressed in plates per me-
ter 

Coefficient of regression 
(R2) 

0.999 (y = 209459x-
93643) 

Precision (%RSD) N=3 
20 μgmL-1 
15 μg mL-1 
10 μg mL-1 
5.0μg mL-1 
2.5 μg mL-1 

0.45 
0.96 
1.79 
0.34 
1.42 

Accuracy of the proposed method was also 
determined, the results indicated that the ac-
curacy of the method performed in triplicate 
using 20μg mL-1 concentration level, showed 
that in most cases, the recoveries of acryla-
mide ranged from 89.05% to 92.13%, with 
RSDs less than 2.50% for the sample extrac-
tion procedure. Chromatogram of overlapped 
six concentration series obtained at the de-
sired retention time is shown in Figure: 1. 
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Figure: (1). HPLC chromatograms of acrylamide 
standards at wavelengths of 200 nm were 2.5;5.0; 
10;15;20 μg mL-1  

 
Quantification of Acrylamide in selected 
potato chips and French fries: The validat-
ed method of acrylamide was applied to ana-
lyze six food items include potato chips and 
French fries (Table 2). qualitative analysis of 
acrylamide content with HPLC was done by 
comparing the retention time of acrylamide 
standard at 20ug/mL with samples, using the 
simplified sample treatment procedure, 
without the SPE step, it was possible to iden-
tify and determine acrylamide without over-
lapping between acrylamide peak and the 
overlapping compounds and produced mini-
mum interfering peaks at the UV wavelength 
(200 nm) detection. 

The regression equation of linearity was used 
to calculate the concentration of extracted 
samples, and five standards were prepared to 
build the calibration curve that was varied ac-
cording to the expected level of acrylamide in 
food samples. All the analyzed samples have 
returned a positive level of acrylamide con-
tent. The Tiger brand was found to have the 
highest concentration of acrylamide when 
compared with the other potato chips products 
selected from the Libyan market with a statis-
tically significant difference (p < 0.001) in 
comparison with other brands, whereas the 
Doritos brand showed the lowest concentra-
tion.The qualitative analysis of acrylamide 
content with HPLC was done by comparing 
the retention time of acrylamide standard at 
20μgmL-1 with sample retention times.  The 

qualitative analysis of acrylamide was ana-
lyzed by HPLC-UV. After validation and 
standard calibration series were carried out, 
the analysis of six products collected from the 
Libyan local market was performed. Results 
of acrylamide analysis showed the presence of 
a significant amount of acrylamide in all sam-
ples analyzed with different ranges (Table2). 
There was a statistically significant difference 
at the p≤.05 level within the levels of acryla-
mide for the samples. This strongly shows the 
presence of acrylamide in the samples. The re-
sults indicate that acrylamide was detected in 
all samples, but its concentration varied signif-
icantly from (2.85 –16.33 ppm). The statistical 
analysis indicated that the concentration of 
acrylamide in selected samples was positive 
and significant (p < 0.001). Data have shown 
that the acrylamide levels significantly dif-
fered among the brands. All the samples had 
acrylamide concentrations high acrylamide 
content above the permissible limits. 

 
Table: 2. Acrylamide content in foods selected from 
Libyan market using HPLC-UV 

Product Name Acrylamide 
Contents 

Pringles sour cream and onion 
(Poland) 4.65 ppm       

Doritos sweet chili pepper 
(Egypt) 2.85 ppm 

Tiger 
(Egypt) 16.33ppm 

Lay's with chili and lemon 
flavor 

(Egypt) 
6.91 ppm 

Mr. Crunch ketchup 
(Libya) 3.25 ppm 

French fries 10.26 ppm 

In the present study, the acrylamide quantity 
of the potato chips of different brands and 
French fries ingested in humans was deter-
mined. The data shows that the tested brands 
contain a relatively high level of acrylamide. 
The highest level was about 1104 µg/66g de-
tected in the Tiger brand, followed by French 
fries 627 µg /60g, then Lays 301 µg/43g, Mr 
crunch 210 µg/65g, Pringles 185/40g, and the 
lowest was Doritos with 89 µg/32g (Figure 2). 
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The most recent toxicological data and expo-
sure levels estimated the average human expo-
sure at 1 µg/ kg of body weight /day, with 
high-intake consumers at 4 µg/kg of body 
weight/ day (Fuhr et al., 2006). In light of this 
data, there is a clear hazard of acrylamide 
from long-time exposure, particularly with 
young age people, who are more attracted to 
chips and fries and ingest a high amount on a 
daily basis. Moreover, acrylamide can be 
found in most daily diet products such as 
baked food, cornflakes, and coffee, which in-
creases the chance of more exposure and also, 
toxicity. With acrylamide, there is no doubt 
about the existence of a hazard. The Interna-
tional Agency for Research on Cancer of the 
WHO has evaluated acrylamide as possibly 
carcinogenic to humans (Stadler and Scholz, 
2004). In view of these results, the consump-
tion of acrylamide in the diet should be con-
trolled to limit its hazards to human health. 

 

 

Figure: (2). Concentration of acrylamide per small 
package unit of selected brands that are marketed in the 
local Libyan market. 

CONCLUSION 

A quantitative HPLC–UV method has been 
developed which is rapid, sensitive, and re-
producible. HPLC-UV is a method for the 
analysis of acrylamide in potato chips and 
French fries from the Libyan market using a 
simple sample preparation procedure. The 
LOQ and LOD were 1.25µgmL-1 and 0.41 
µgmL-1 respectively. The present HPLC 

method was successfully applied for the de-
termination of acrylamide content of six pota-
to chips and French fries products. Moreover, 
sample preparation comprising simplified ex-
traction provides an effective and simple 
method to extract acrylamide and remove 
most oily substances in samples before HPLC 
analysis. Validation results reveal that this 
method is suitable for routine analysis of 
acrylamide residues in food products at low 
levels because detection and quantitation lim-
its in the low concentrations and excellent re-
peatability were shown. 

More measures should be made to lower and 
control the level of acrylamide in food items, 
especially in those consumed by susceptible 
groups such as children, young adults, and 
pregnant women. 
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 الكشف والتقدیر الكمي لمستوى مادة الأكریلامید السامة في رقائق البطاطس، والبطاطس المقلیة المختارة   
  HPLC-UV من السوق اللیبي باستخدام طریقة

3حمد عبد الجلیل أم كلثوم أ،  1، عبدالرحمن الجالى²، عبدالسلام فضیل الفویرس*¹دریس خریط إسامة أ

  لیبیا البیضاء، المختار عمر جامعة ،البیطريكلیة الطب  ،والسموم دویةالأ قسم 1 
 لیبیا البیضاء، ،الصیدلة جامعة عمر المختار والسموم، كلیةدویة قسم الأ 2 

 لیبیا البیضاء، ،جامعة عمر المختار ،وقایة النبات قسم 3 

 2021أبریل  15/ تاریخ القبول:  2020دیسمبر  18تاریخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v36i2.39

والمقلیة نتیجة التسخین الجاف المفرط  ،ضار بالصحة ، یحدث في الأطعمة المخبوزةمادة الأكریلامید هي مركب  المستخلص :
والتسمم  ،أثناء تحضیر أو معالجة الأطعمة. قد یؤدي التعرض لمستوى عالٍ من مادة الأكریلامید إلى الإصابة بالسرطان

ذات الطور ) HPLC( ا السائلة عالیة الأداءماتوغرافی، تم استخدام طریقة الكرو في هذه الدراسة والطفرات الجینیة. ،العصبي
٪ حمض 0.1لتقدیر مادة الأكریلامید في الأطعمة المختارة. یتكون الطور المتحرك من  C18المعكوس باستخدام عمود 

 عند الكشف عن طریق الكاشف فوق البنفسجى دقیقة، تم /مل 1.0ومعدل التدفق  ،)98:02الفورمیك في الماء: أسیتونیتریل (
 ،وانتقائیة ،في الظروف المختارة أن الطریقة المختارة حساسة من صحة الطریقة نانومتر. أظهر التحقق 200 طول موجى

 0.41 عند )LODتم تحقیق حد الكشف (و وقابلة للتكرار مع استجابة خطیة للكاشف لتحدید مادة الأكریلامید.  ،ودقیقة
مل على التوالي. تم تطبیق الطریقة المقترحة أیضًا بعد التحقق من /رام میكروغ LOQ( 1.25حد التقدیر( و ،مل/میكروغرام 

تم استخلاص مادة و والبطاطس المقلیة في السوق اللیبي.  ،البطاطس  لرقائقت التجاریة الستة الأكثر شیوعًا العلاما تها علىصح
ثم تم تحلیلها بواسطة ومن )، SPEالأكریلامید بطریقة استخلاص مبسطة تتجنب التنظیف باستخلاص الطور الصلب (

HPLC-UV . بتركیز  البطاطس تم العثور على أعلى مستوى من مادة الأكریلامید في علامة تجاریة واحدة من رقائقحیث
 10.26، بینما أظهر منتج واحد فقط من منتجات البطاطس المقلیة التي تم تحلیلها تركیز أكریلامید قدره مل /میكروغرام 16.33

 مل./ میكروغرام

 .جهاز الكروماتوجرافي السائل عالي الأداء، ، بطاطس مقلیةالبطاطس رقائق، سرطان، أكریلامید: الكلمات المفتاحیة
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