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Abstract
A simple, environmentally benign, sustainable, accurate and cost effective green
approach has been developed for the determination of Acrylamide (2-propenamide) in
different samples of potato chips collected from the Iraqi market during the year 2012 and a
traditional Iraqi meal called Harissa.
The method entails a straightforward de-fatting practice with n-hexane, extraction with
lukewarm water, and cleanup with solid-phase extraction (SPE) cartridges containing the
sorbent bed of the mixed mode ion exchangers (SiliaPrep C8/SCX-2/SAX). The final extracts
are directly determined by liquid chromatography-Ultra violet (LC-UV) at a wavelength of
205nm for quantification.
The acrylamide content in the examined potato chips were in the range 339–1024 μg/kg,
while for Harissa sample it was 235 μg/kg. The recoveries were in the range of 97.4 and
101.2% with relative standard deviations (RSD%) of about 4.1%. The limit of detection
(LOD) and the limit of quantification (LOQ) were 20 μg/kg and 50 μg/kg in the basis of
signal to noise ratios of 3:1 and 9:1, respectively.
The green goal of the proposed method was accomplished by developing a procedure
that uses minimal amounts of benign reagents and the avoidance of producing toxic residues.
This method can be used for routine analysis of Acrylamide in any fatty food matrices.

Key words: Acrylamide, Solid Phase Extraction, High Performance Liquid
Chromatography, Harissa, Potato Chips, Iraq
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Introduction
Prior to the determination of any environmental analyte, a sample preparation process
must be carried out to effectively separate the analyte from its matrix quantitatively. This step
is considered as the most polluting one [1]. Sample preparation typically implies a solvent
extraction such as the Soxhlet technique which is slow, costly, labor intensive, and requires
the use of large quantities of hazardous solvents. Extreme reduction in the use of solvents is
an alternative to develop cleaner analytical procedures when the use of toxic reagents cannot
be avoided [2]. Conversely the use of Solid-phase extraction (SPE) technique for sample pretreatment complies with the general principles of green chemistry as it saves time, solvents,
cost and waste with minimal labor [3].
Acrylamide, as a carcinogenic and mutagenic hazardous compound on animals and
humans public health [4] [5], is consequently formed as a byproduct of certain cooking
processes, such as frying of carbohydrate rich food. So it is expected to be found in potato
chips [6]. The formation of acrylamide in heat-processed foods occurs via the Maillard
reaction [7] [8].
The ability of acrylamide to induce chromosomal damage was observed in bone marrow
cells in vivo. Frequent doses of 10-50 mg/kg body weight per day, by any route, in most
laboratory animal species, causes a neuropathy affecting primarily the peripheral axons (both
motor and sensory) and the visual system. While single doses exposure of 100-200 mg
acrylamide/kg body weight was fatal in most animals [9].
Gas chromatography with different detectors was used for the determination of
Acrylamide in foodstuff. However such methods require derivation of Acrylamide which is a
time consuming step, costly, and produce waste as well as GC technique may outcome with
over estimation results due to additional formation of analyte in hot GC injector [10] [11].
Similarly HPLC with different detectors is employed for the determination of Acrylamide in
foodstuff [12] [13]. However, HPLC analysis does not require a tedious derivation and is a
less expensive alternative to GC.
Acrylamide is a polar molecule which can be extracted efficiently by water [14].
This study has developed a green approach which is rapid, accurate, cost effective and
easy to operate with minimal solvent consumption for the determination of Acrylamide in
different brands of potato chips and a traditional Iraqi meal called “Harrisa” which is
consisting mainly from wheat and lamb.

Experimental
Reagents and Equipment
All reagents were HPLC grade; Methanol, water, n-hexane and acrylamide were from
Biosolve Chimie SARL (France). The mobile phase was filtered through a Whatman
membrane 0.2µm pore size.
Chromatographic analyses were performed on a Shimadzu Prominence UFLC (Japan)
high-performance liquid chromatograph HPLC, equipped with a quaternary pump LC-20 AD,
degasser DGU-20A5, Column EC 250/4.6 Nucleodur 100-5 C18 ec, and a UV/Vis detector
SPD-20A. Data collection and the performance of all components in the system were
controlled by LC-Solution chromatography software of Shimadzu.
Extraction and clean-up were accomplished with (SiliaPrep C8/SCX-2/SAX,
3mL/500mg, Particle Size 40-63 µm, Pore Size 60 Å) SPE tubes from (SiliCycle inc,
Canada).
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Standard Solutions
Working standard solutions of acrylamide were prepared by serial dilution of a
1000mg/L stock standard solution which has been prepared by dissolving 10mg of acrylamide
in 10mL of hplc grade water.
Sample preparation
Different samples of Potato Chips are locally purchased from grocery stores in Iraq in
the period of May – Sep 2012. A 5 g of each sample has finely grinded with a coffee grinder
(BRAUN KSM2, Germany).
Harissa sample was made in the same Iraqi traditional way. Wheat is soaked overnight
in water. Then a 1 Kg of the presoaked wheat is mixed with a 200 g of lamb and boiled for 4
hr at a constant stirring. About 5 g of table salt is added during the cooking process.
Samples were de-fatted, where a 1 g mass of the homogenized and finely grinded
sample is placed into a 50mL centrifuge tube, and a 20mL of n-hexane was added. The tube
was shaken by vortex for 5min. Then each tube was centrifuged at 9000 rpm for 15 min,
followed by filtration under vacuum and the n-hexane layer was discarded.
The de-fatted sediment is dried in the oven at 90 ºC for 15min then extracted by the
addition of 5mL lukewarm water and vortex for 5min. The homogenized mixture was filtered
under vacuum and the aqueous phase is collected and further cleaned-up by applying each
sample to a preconditioned SPE tube. The SPE dispersive conditions removed most of the
remaining fats and other interferences remaining in the aqueous aliquot.
SPE cartridges were conditioned with 3mL methanol then equilibrated with 6mL of
water; the methanol and the water portions used to prepare the cartridge were discarded. A
2mL of the aqueous filtrate is directly loaded on the top of an SPE cartridge at a flow rate of
2mL/min. The extract was allowed to pass through the SPE sorbent bed followed by 0.5 mL
of water. The first 0.5 mL eluted from the SPE tube is discarded while the next 1mL is
collected and filtered by a 0.2µm syringe filter then introduced directly to hplc-UV analysis.
Samples are spiked appropriately with acrylamide to work out recoveries and
reproducibility.
HPLC condition
Sets of experiments were conducted to adjust the best proportion of gradient mixture
and to determine the optimum flow rate of the eluent capable of separating acrylamide from
other interferences in the sample and the best detection. The optimum conditions of HPLC
separation and detection for the acrylamide from its matrix are listed below in (Figure 1).

Results and Discussion
To average effect of Acrylamide distribution in the samples of potato chips, an exactly
1g portion of each sample was taken out of a finely grinded 5g portion. Because it is
necessary to take food specimens to be analyzed from a large homogenized food sample to
average effect of analyte distribution on the results [15].
In addition to time and energy consumption, enrichment of contaminants and the
formation of emulsions; One serious drawback for the conventional procedures in the
extraction and determination of Acrylamide in fatty food matrices is the use of relatively large
amounts of organic solvents. However to comply with the principles of green chemistry and
sustainability; acetonitrile, which is a common mobile phase modifier in such traditional
chromatographic applications, was avoided for its expensiveness and hazardousness.
The exceptionally high water-solubility of acrylamide provides an efficient extraction of
it from food samples with water effectively at room temperature. The extract is not pH
adjusted since the buffer capacity of distilled and de-ionized water is extremely low. While
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due to the remarkably low solubility of Acrylamide in n-hexane[16] enabled an easy defatting process by washing the aqueous extracts with few milliliters of n-hexane.
Clean-up has been accomplished by SPE of the sorbent bed SiliaPrep C8/SCX-2/SAX
from SiliCycle. The mixed mode of this sorbent can work as a Strong Anion Exchanger
(TMA Chloride, SAX) or a Strong Cation Exchanger (propyl sulfonic acid, SCX-2) (Figure
1).
During the conditioning step and the sample application, SPE cartridges never left to
run dry. Dryness of the sorbent bed of the SPE cartridge may irreversibly coagulate the active
sites of the SPE sorbent bed which reduces the cartridge capacity and efficiency. Elution of
the conditioning solvents and the sample from the SPE tube is left to gravity and vacuum
never used to speed up the elution process. SPE clean-up step removes a number of early
eluting co-extractives which improved signal to noise ratios and resulting in a better precision
in measurements (Figure 2).
Analytical standards were prepared freshly prior to each analysis because, especially the
highly concentrated standards (> 1 mg/L) have showed a tendency for inaccurate readings
after storage at room temperature [17]. A number of standard concentrations of acrylamide in
water of hplc-grade are prepared and used to produce the calibration curve (Figure 3).
Each sample has been fortified with 1mg/L acrylamide standard solution to accurately
identify the retention time of acrylamide in each sample and to compensate for any recovery
losses during the extraction and the cleanup steps as well to ensure that results are reliable
(Fig. 4).
Real samples of potato chips and one sample of Harissa were prepared, de-fatted, SPE
cleaned up then LC-UV determined for acrylamide content following the pre-described
conditions listed in Table 1. Extraction procedures give almost a full recovery. The samples of
potato chips showed a high level of acrylamide content in the range of 339–1024 μg/kg,
which is considered as a risky dosage for human health while Harissa sample exhibited less
acrylamide content which is 235 μg/kg. Acrylamide content and other analytical data for
samples of potato chips and Harissa are listed in (Table 2).

Conclusion
An efficient, simple and green procedure is developed for the quantification of
acrylamide in potato chips and Harissa using solid phase extraction technique for sample
cleanup and high-performance liquid chromatography with ultra-violet detection for
quantification. It complies with the principles of green chemistry since it reduces the
environmental impact in terms of reducing solvent usage, disposal, energy consumption and
the avoidance of employing hazardous chemicals and reagents. This procedure can be applied
for routine analysis of any other oily food stuff.
As well, this research has validated the presence of acrylamide in all brands of potato
chips collected from Iraqi grocery stores for the period of May – Sep 2012 as well as in
Harissa meal. All the samples exhibited acrylamide content exceeding the recommended
average dosage to maintain public health.
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Table (1): HPLC conditions used for separation and determination of acrylamide
EC 250/4.6 Nucleodur 100-5 C18 ec
Column
0.7 mL/min
Flow rate
25 ºC
Column temperature
100 µL
Injection volume
Isocratic elution: Methanol absolute (solvent
A) and Water (solvent B) in the ratio 30% v/v
Mobile phase
A
10 min
Run time
2 min
Post time
UV at 205nm
Detection wavelength
Table (2): Acrylamide content in some samples of potato chips collected from Iraq
markets in the period May – Sep 2012 and an Iraqi traditional meal “Harissa “
Acrylamide
Sample
content
(µg/Kg)
1
Lay’s/ French Cheese
437
2
Lay’s/ Salt & Vinegar
398
3
Lay’s/ Yogurt & herbs
342
4
Baz/ potato snacks
779
5
Pringles
1024
6
Lucky Chips
594
7
Mr Chips/ Cheese
516
8
Taycon/ Salt & Vinegar
339
9
“Harissa” meal
235

Figure (1) :Structure of the sorbents (SAX and SCX-2) used for ionic compounds
characteristics
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Figure (2):Comparison of two overlaid chromatograms showing the enhancement
obtained after the use of SPE clean-up for Potato Chips samples; (A) before SPE cleanup (B) after SPE clean-up step.

Peak area X106

y = 7.5127x
R² = 0.9813

Standard concentrations of Acrylamide (mg/L)

Figure (3) :Calibration curve of acrylamide in water
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Figure(4) :Comparison of two overlaid graphs showing the resulting hplc
chromatograms for a sample: (A) neat; (B) spiked with acrylamide. Spiking is
accomplished for samples before SPE clean-up. Peak 1 is for acrylamide.
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ﺗﻌﯿﯿﻦ ﻣﺤﺘﻮى اﻷﻛﺮﯾﻞ أﻣﯿﺪ ﻓﻲ رﻗﺎﺋﻖ اﻟﺒﻄﺎطﺎ واﻟﮭﺮﯾﺴﺔ اﻟﻌﺮاﻗﯿﺔ
ﺧﺎﻟﺪ وﻟﯿﺪ ﺻﺎﻟﺢ اﻟﺠﻨﺎﺑﻲ
ﻗﺴﻢ اﻟﻜﯿﻤﯿﺎء /ﻛﻠﯿﺔ اﻟﺘﺮﺑﯿﺔ ﻟﻠﻌﻠﻮم اﻟﺼﺮﻓﺔ)إﺑﻦ اﻟﮭﯿﺜﻢ( /ﺟﺎﻣﻌﺔ ﺑﻐﺪاد
اﺳﺘﻠﻢ اﻟﺒﺤﺚ ﻓﻲ  26 :ﺷﺒﺎط  ، 2013ﻗﺒﻞ اﻟﺒﺤﺚ ﻓﻲ  24:ﺗﻤﻮز 2013

اﻟﺨﻼﺻﺔ

طُﻮرت طﺮﯾﻘﺔ ﺧﻀﺮاء ﺑﺴﯿﻄﺔ ،آﻣﻨﺔ ﺑﯿﺌﯿﺎً ،ﻣﺴﺘﺪاﻣﺔ ،دﻗﯿﻘﺔ وذات ﺗﻜﻠﻔﺔ ﻣﻨﺎﺳﺒﺔ ﻟﺘﻌﯿﯿﻦ ﻣﻘﺪار اﻷﻛﺮﯾﻞ اﻣﯿﺪ )-2ﺑﺮوﺑﯿﻦ
أﻣﯿﺪ( ﻓﻲ ﻧﻤﺎذج ﻣﺨﺘﻠﻔﺔ ﻣﻦ رﻗﺎﺋﻖ ﺑﻄﺎطﺎ ﺟﻤﻌﺖ ﻣﻦ اﻟﺴﻮق اﻟﻌﺮاﻗﻲ ﻟﻠﻌﺎم  2012وﻓﻲ إﻧﻤﻮذج وﺟﺒﺔ ﻋﺮاﻗﯿﺔ ﺗﻘﻠﯿﺪﯾﺔ ﺗﺴﻤﻰ
"ھﺮﯾﺴﺔ".
ﺗﻀﻤﻨﺖ اﻟﻄﺮﯾﻘﺔ اﻟﺘﺨﻠﺺ اﻟﻤﺒﺎﺷﺮ ﻣﻦ اﻟﺪﺳﻢ ﻓﻲ اﻟﻨﻤﺎذج ﺑﺎﺳﺘﺨﺪام اﻟﮭﻜﺴﺎن اﻟﻌﺎدي ﺛﻢ اﻻﺳﺘﺨﻼص ﺑﺎﻟﻤﺎء اﻟﻔﺎﺗﺮ ﯾﺘﺒﻌﮫ
اﻟﺘﻨﻈﯿﻒ ﺑﺘﻘﻨﯿﺔ اﻻﺳﺘﺨﻼص ﺑﺎﻟﻄﻮر اﻟﺼﻠﺐ ﺑﻮﺳﺎطﺔ ﺧﺮاطﯿﺶ  SPEاﻟﺘﻲ ﺗﺤﺘﻮي ﻋﻠﻰ ﻣﻮاد ﻣﺎﺻﺔ ﺑﮭﯿﺌﺔ ﻣﺒﺎدﻻت آﯾﻮﻧﯿﺔ
ﻣﺨﺘﻠﻄﺔ ﻧﻮع ) .(SiliaPrep C8/SCX-2 / SAXﺛﻢ ﯾﺠﺮي اﻟﺘﻘﺪﯾﺮ اﻟﻜﻤﻲ اﻟﻤﺒﺎﺷﺮ ﻟﻠﻤﺴﺘﺨﻠﺺ اﻟﻨﮭﺎﺋﻲ ﺑﻮﺳﺎطﺔ
اﻟﻜﺮوﻣﺎﺗﻮﻏﺮاﻓﯿﺎ اﻟﺴﺎﺋﻠﺔ واﻷﺷﻌﺔ ﻓﻮق اﻟﺒﻨﻔﺴﺠﯿﺔ ) (LC-UVﻋﻨﺪ اﻟﻄﻮل اﻟﻤﻮﺟﻲ  205ﻧﺎﻧﻮﻣﺘﺮ.
ان ﻣﺤﺘﻮى اﻷﻛﺮﯾﻞ اﻣﯿﺪ ﻓﻲ ﻧﻤﺎذج رﻗﺎﺋﻖ اﻟﺒﻄﺎطﺎ اﻟﺘﻲ ﺗﻢ ﻗﯿﺎﺳﮭﺎ ﻛﺎن ﺿﻤﻦ اﻟﻨﻄﺎق 1024-339
ﻣﯿﻜﺮوﻏﺮام/ﻛﯿﻠﻮﻏﺮام ،ﻓﻲ ﺣﯿﻦ ﻛﺎن ﻟﻌﯿﻨﺔ اﻟﮭﺮﯾﺴﺔ  235ﻣﯿﻜﺮوﻏﺮام/ﻛﯿﻠﻮﻏﺮام .وﻛﺎﻧﺖ ﻗﯿﻢ اﻻﺳﺘﺮداد ﺿﻤﻦ اﻟﻨﻄﺎق 97.4
اﻟﻰ  %101.2ﻣﻊ اﻧﺤﺮاف ﻣﻌﯿﺎري ﻧﺴﺒﻲ  RSD%ﯾﻘﺎرب  .%4.1وﻛﺎن ﺣﺪ اﻟﻜﺸﻒ  ، LODﺣﺪ اﻟﺘﻘﺪﯾﺮ اﻟﻜﻤﻲ  LOQھﻮ
 20ﻣﯿﻜﺮوﻏﺮام/ﻛﯿﻠﻮﻏﺮام و  50ﻣﯿﻜﺮوﻏﺮام/ﻛﯿﻠﻮﻏﺮام ﻋﻠﻰ أﺳﺎس ﻧﺴﺒﺔ إﺷﺎرة اﻟﻰ ﺗﺸﻮﯾﺶ  3اﻟﻰ  9 ، 1اﻟﻰ  1ﻋﻠﻰ
اﻟﺘﻮاﻟﻲ.
أُﻧﺠﺰ اﻟﮭﺪف اﻷﺧﻀﺮ ﻟﻠﻄﺮﯾﻘﺔ اﻟﻤﻘﺘﺮﺣﺔ ﻣﻦ ﺧﻼل ﺗﻄﻮﯾﺮ إﺟﺮاءات ﺗﺴﺘﺨﺪم ﻛﻤﯿﺎت ﺿﺌﯿﻠﺔ ﻣﻦ اﻟﻜﻮاﺷﻒ اﻟﺤﻤﯿﺪة
وﺗﺘﺠﻨﺐ إﻧﺘﺎج ﻣﺨﻠﻔﺎت ﺳﺎﻣﺔ .وﯾﻤﻜﻦ اﺳﺘﺨﺪام اﻟﻄﺮﯾﻘﺔ ﻓﻲ ﻋﻤﻠﯿﺎت اﻟﺘﺤﻠﯿﻞ اﻟﻤﺘﻜﺮر واﻟﺪوري ﻟﻤﺎدة اﻷﻛﺮﯾﻞ اﻣﯿﺪ ﻷي إﻧﻤﻮذج
ﻣﻦ اﻷﻏﺬﯾﺔ اﻟﺪھﻨﯿﺔ.
اﻟﻜﻠﻤﺎت اﻟﻤﻔﺘﺎﺣﯿﺔ :أﻛﺮﯾﻞ اﻣﯿﺪ ،اﻻﺳﺘﺨﻼص ﺑﺎﻟﻄﻮر اﻟﺼﻠﺐ ،اﻟﻜﺮوﻣﺎﺗﻮﻏﺮاﻓﯿﺎ اﻟﺴﺎﺋﻠﺔ ذات اﻟﻜﻔﺎءة اﻟﻌﺎﻟﯿﺔ ،ھﺮﯾﺴﺔ،
رﻗﺎﺋﻖ ﺑﻄﺎطﺎ ،اﻟﻌﺮاق.
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