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ABSTRACT

Background and Objectives: In the production process of foods rich in carbohydrates and some other foods
containing precursors of acrylamide formation, there is the possibility of acrylamide creation, which is a
mutagen and carcinogen material. This study aims to introduce and optimize a new method for determining
acrylamide in potato chips using xanthydrol as a derivative representative with gas chromatography-mass
spectrometry.

Materials and Methods: Important factors in the derivatization and measurement processes were optimized
using the one-factor-at-a-time method. The peak areas were assumed as the GC-MS response to evaluate the
extraction efficiency of acrylamide, and optimization for all tests was performed two times. Figures of merit of
the proposed method were evaluated. The amount of acrylamide in four potato chips samples, obtained from
the market in Tehran city, was determined using the proposed method.

Results: The optimum amounts of effective parameters, including derivatization temperature at 25°C,
derivatization time (40 min), xanthydrol volume (40 pL), extracted solvent volume (500 pL) and pH=7 were
determined. The figures of merit for the proposed method were at the ideal range. The maximum and minimum
amounts of acrylamide in the chip samples were also measured.

Conclusions: The performance and reliability of proposed method as a simple, efficient and rapid method for
determining acrylamide in potato chip samples were demonstrated.
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Introduction

Acrylamide is a white water-soluble substance,
which is solid at room temperature. Its carcinogenic
feature has been approved in the past; this may result
in chromosomal mutation in DNA and also damage to
the nervous system (1, 2). Acrylamide is transferred
to all parts of the body through the blood stream. It is
found in many tissues and parts of the body such as
liver, kidney, brain, heart and even breast milk (1).
Since 2002 that the possibility of creation of this
carcinogenic  compound  was  proposed in

carbohydrate-rich foods, it has been given special
attention in terms of food security (1, 3).

Given the basic mechanism of acrylamide
formation, reaction of reducing sugar carbonyl group
with the amine group of some amino acids,
particularly asparagine, the possibility of its creation
in products rich in these precursors can be expected.
Daily intake of acrylamide through diet in adults is
about 0.3 to 0.6 microgram per kilogram, and in
children and adolescents, is about 0.4 to 0.6 pg kg™
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may be due to more consumption of foods susceptible
to acrylamide, particularly chips by these age groups
(4, 5). Acrylamide exists not only in grain products
such as bread, cake and biscuit but also in oil, nuts,
meat, coffee, chocolate, dry milk, tea and drinking
water. It has been shown that the amount of
acrylamide in fried potato products, particularly chips,
is in the highest range (1). The amount of acrylamide
is different in various food products; it is 600 ng g
for chips.

By measuring the amount of acrylamide in food
products, we can obtain the suitable conditions of
thermal and production processes to produce safer
products, and also have an estimation of its amount in
the household’s daily food basket. So far, various
instrumental analytical methods (gas chromatography
(GC), high-performance liquid chromatography
(HPLC)) and immunological methods have been used
for measuring acrylamide (6, 7). GC and HPLC are
the major methods in terms of accuracy, repeatability
and sensitivity (1, 6, 8, 9). Furthermore, they facilitate
the sample preparation and thus are economic.
Biological methods have disadvantages such as low
repeatability and sensitivity, and are more qualitative.
Liquid chromatography has high cost, high detection
limit and performance problems, while GC has high
repeatability, lower cost and high accuracy; this issue
is considerable from the economic perspective and
with respect to low or very low amount materials.
Also due to high repeatability, more reliable data is
obtained in GC analysis. The major weakness of this
method is that due to non-volatility of acrylamide, the
identification using GC needs to derivatization that is
time consuming and makes the work complicated.
Therefore, there should be a method that needs less
and simpler stages of derivatization, and can makes
GC appropriate and desirable for acrylamide
identification.

Acrylamide derivatization using xanthydrol is a new
method that has been given more consideration in
recent years (10, 11), and compared with usual
methods such as bromation derivatization, it is
consists of much simpler and shorter steps. In
addition, the chemicals used in bromation method are
smelly and dangerous, while derivatization with
xanthydrol is without these disadvantages (12). Foose
in 1987 used xanthydrol to identify the primary
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amides and urea in the urine (13). Since then,
xanthydrol has found an especial importance in the
laboratory sciences, particularly for measuring protein
in the urine. In recent years, it has been more
considered for measuring amide compounds; this is
the main reason for establishing balanced and normal
laboratory conditions to work with xanthydrol.
Optimum conditions for derivatization of acrylamide
with bromide are high temperature and long time,
while derivatization with xanthydrol compared with
mentioned method requires less time and more
balanced temperature (14). The aim of this study is to
determe acrylamide, as well as optimizing the
derivatization and measurement conditions of
acrylamide in potato chips using xanthydrol as a
derivative representative with gas chromatography-
mass spectrometry.

Materials and Methods

Chemicals and reagents: Chemical standards of
acrylamide (99%) and acetamide were purchased
from Merck (Darmstadt, Germany). Hydrochloric
acid, sodium chloride, ethanol, methanol, acetone,
acetonitrile tetrachloroethylene, chloroform, carbon
tetrachloride, dichloromethane, hydroxide potassium,
xanthydrol,  di-potassium  hydrogen phosphate
(K,HPO,), potassium hexaferrocyanide (carrez I) and
zinc acetate (carrez 1) were also obtained from Merck
(Darmstadt, Germany). For preparation of carrez
solution 1, 10.6 g of potassium hexaferrocyanide was
dissolved in 100 mL distilled water. Carrez solution 11
was prepared by mixing 21.9 g of zinc acetate with 3
mL of acetic acid, then adjusting the volume to 100
mL with distilled water.

The primary standard solution of acrylamide and
acetamide (2000 pug mL™) was prepared in methanol.
To obtain a working solution, the upper standard
solution was diluted with methanol. Stock and
working solutions were stored at 4°C in a refrigerator.
Instrumental conditions: Chromatographic
separations and detections of the target analytes were
performed using a 7890A GC system from Agilent
Technologies (Palo Alto, CA, USA) with a triple-axis
detector fitted with a split/split less injector and
coupled with a 5975C inert MSD network mass
selective detector. An HP-5 MS capillary column (5%
phenyl siloxane/95% methyl polyorganosiloxane; 30
m x 0.25 mm I.D., 0.25 pum film thickness) was used
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for the separation of chemical compounds. The oven
temperature was programmed as follows: 100°C held
for 1 min, ramped to 300°C at 20°C min™, and held
for 10 min. Helium was used as a carrier gas in a
constant flow of 0.8 mL min. The injector
temperature and the auxiliary temperature were set at
290°C and 280°C, respectively. Approximately 2 uL
of the sample was injected in a split mode with split
ratio of 1:50. The compounds were quantified in the
selected ion monitoring (SIM) mode, and one
qualifier ion was selected for each compound.
Sample preparation: Three samples of chips were
purchased from the Tehran city market. These
samples were pulverized well. One gram of each
sample was weighted and spiked with 100 and 50 ng
g acetamide and acrylamide, respectively. In the next
step, fat separation was performed using 3 mL of
hexane, and then 7 mL distilled water was added and
centrifuged at 4000 rpm for 5 min. Then the upper
agueous phase was separated, and 0.5 mL of carezz
solution | (potassium hexaferrocyanide) and 0.5 mL
of carrez solution Il (zinc acetate) were added to
precipitate the soluble carbohydrate and protein. This
sample was thoroughly agitated, and then centrifuged
for 5 min at 4000 rpm. Then the upper solution was
separated. For derivatization process, 40 pL of
xanthydrol 5% in methanol and 2 mL of hydrochloric
acid (1 mol L) were added to the sample solution
and thoroughly shacked. This sample was kept at
room temperature for 40 min to complete the
derivatization step. After this stage, 0.5 mL of KOH
(2 mol L") and 2 mL of K,HPO, (2 mol L™) were
added to the sample solution. In this step, the pH of
sample solution was 7. Finally, 500 pL of
chloroforms was added and mixed thoroughly and
then centrifuged (4000 rpm for 5 min). Finally, 1 pL
of the sedimented phase was directly injected into the
GC-MS.

Statistical analysis: The most effective parameters
on performing the extraction, including temperature
of derivatization, derivatization time and xanthydrol
concentration were chosen based on the literature and
preliminary experiments. To optimize the values of
these factors and to reach the best response, we used
the one-factor-at-a-time method. Each of these
factors was studied at five levels. For each of the
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Relative Peak Area

three studied variables, high and low set points were
selected. Two replicate extractions and quantitative
determinations were performed for each experiment,
and the peak areas were assumed as the GC-MS
response to evaluate the extraction efficiency of
acrylamide. Excel software was used to analyze the
data and the design of the experiment.

Results

In the experimental procedure, some important

variables including temperature of derivatization,
derivatization time, xanthydrol concentration and pH
usually affect on the extraction yield in analysis.
Sample pH and extraction volume were selected
according to our previous study (15-17). pH 7 and
500 pL chloroform were used for all experiments.
Derivatization reagent amount: Amount of
derivatization reagent is another parameter that can
affect on the derivatization and extraction processes.
40-120 pL of xanthydrol were selected for the
derivatization step. 40 pL of xanthydrol has the
highest response; then it was employed as the best
volume of derivatization reagent.
Time of derivatization: Derivatization time was one
of the important factors that puts effect on the
derivatization process. The time range of 20-60 min
was evaluated. The results showed that the response
was increased from 20 to 40 min, and then remained
unchanged (Figure 1). Therefore, 40 min was used as
the best time for derivatization step.
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Figure 1. Effect of time of derivatization on the relative
response factor (n=3).

Experimental conditions: temperature of derivatization:
25°C; volume of the extraction solvent: 500 pL; pH: 7.
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Temperature of derivatization: In order to achieve
appropriate temperature of derivatization,
temperatures from 25°C to 60°C were tested. As
shown in Figure 2, the ambient temperature (25°C) is
the best temperature in the derivatization step.
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Figure 2. Effect of temperature of derivatization on the
relative response factor (n=3).

Experimental conditions: time of derivatization: 40 min;
volume of extraction solvent: 500 uL; pH: 7.

50 &0

The figures of merit: In order to determine the
figures of merit, parameters such as dynamic liner
range (DLR), repeatability (RSD), limit of detection
(LOD), limit of quantitation (LOQ) and enrichment
factor (EF) were investigated. The calibration curve
was linear between 10 and 500 ng mL™ with the
coefficient determination (R? higher than 0.9993.
RSD percentage was calculated by the analysis of 7
repetitive analyses and was obtained as 6.8%. The
recovery and enrichment factors were 192 and 98%,
respectively. LOD and LOQ were obtained as 0.6 ng
g *and 2.0 ng g7, respectively.

The method evaluation on real samples: The
practical applicability of the proposed method was
evaluated under the optimum conditions for the
analysis of acrylamide. Five potato chips samples
were purchased from the market in Tehran city. The
results are reported in Table 1.

The concentrations of acrylamide in the potato
chips samples were determined by the standard
addition method. The obtained chromatogram of a
real sample is shown in Figure 3.

Table 1. Acrylamide contents (ng g) obtained in the analysis of four potato chips samples using proposed method

Sample Acrylamide concentration Added amount ~ Analyzed amount Recovery (%)
1 89.20+6.06 50.0 136.4049.27 98
2 94.21+6.40 50.0 139.8449.50 97
3 68.04+4.62 50.0 116.81+7.94 99
4 70.30+4.78 50.0 117.9048.01 98
a
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Figure 3.The chromatogram obtained by the proposed method for a potato chips sample under optimum conditions. (a) non-
spiked and (b) spiked with 50 ng g* of acrylamide. 1) acetamide (internal standard), 2) acrylamide.
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Discussion

Analysis of acrylamide in the potato chips samples
is problematic because of their extremely low
concentrations and complexity of the matrix sample.
Also analysis of acrylamid with GC requires
derivatization step; therefore, it is considered as the
most critical step in the overall analytical process.
The optimum xanthydrol solution for derivatization
has been considered by several researches (18, 19). In
our research, the best result was achieved when we
used 40 pL xanthydrol; in more amounts, we had
problem due to a white cloudy condition that made
noise in the next steps of the operation. For
temperature optimization, the best result was seen at
ambient condition (25°C), showing that xanthen-
acrylamide made from derivatization is so sensitive to
heat. Some research has reported the same result;
however, in another study, 60°C was reported as the
best temperature for derivatization.

Regarding the time of derivatization, the results
showed the 40 min has the best response. Times over
40 min showed reduction in response that can be
related to sensitivity of acrylamide to heat. Similar
results have been reported in some other articles (20-
23).

Validation: Analysis of acrylamide showed a linear
relationship with high linear regression coefficients of
determination for acrylamide (R®>> 0.9993). The
complete description of standard linearity supported
by regression data is shown in Table 1. The results
indicated that the developed extraction method
provided reasonably good accuracy for the analysis of
acrylamide in the potato chips samples.

Real sample analysis: Potato chips samples were
purchased from the Tehran city market and tested
with the proposed method to evaluate the reliability of
the developed technique. The concentrations of the
analyte were calculated from the linear regression
equations of the standard curves. The results are
shown in Table 1. A clean separation and good
chromatogram are readily achieved without the
presence of matrix interference (Figure 3).
Conclusion: In this study, a fast, easy, reliable and
effective method was developed to determine
acrylamide in potato chips samples using xanthydrol
derivatization. The effective  parameters in
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derivatization of this method were optimized. The
results showed that the carrez solution has a positive
effect on the sediments of impurities. The advantages
of this method compared with other available
derivatization methods in acrylamide measurement
are fastness, highly sensitivity, good precision and
reliability of the analysis. The developed method was
applied for the trace determination of acrylamide in
potato chips samples, and satisfactory results were
obtained.
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