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A rapid and reliable liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) method was
developed for the determination of acrylamide in three different local bread types; wheat bread, bran bread, whole
wheat bread. Acrylamide analyses were made in crust parts of the 85 bread samples. The method was linear up to
750 g kg! food with a determination coefficient of 0.999. Recovery rate was found 99.3% with limit of detection
and limit of quantification values of 1.5 pg kg™ and 5.0 pg kg™, respectively. Certified reference materials of crisp
bread were analysed and acrylamide contents of these samples were found in the range cited in the certificates.
Statistical correlations were investigated between acrylamide contents and protein contents, reducing sugar contents,
moisture contents, pH, and colour parameters (L*, a, b") of bread samples. Sample preparation procedure and
chromatographic conditions of acrylamide analysis were investigated in more detail, and a rapid, accurate, precise,
and reliable analysis method was developed.
Keywords: acrylamide, bread, liquid chromatography tandem mass spectrometry, LC-MS/MS

In early 2002, Swedish National Food Administration (SNFA) and University of Stockholm
announced that certain foods that are processed or cooked at high temperatures, such as
frying, baking, and roasting, especially carbohydrate-rich foods, contain high levels of
acrylamide (CLAEYS et al., 2005). A number of theoretical mechanisms have been proposed
for the formation of acrylamide. Maillard browning reaction was reported as the most
probable mechanism for the development of acrylamide in cooked foodstuffs (Barutcu et al.,
2009). Asparagine was found to be the main precursor of acrylamide. Detection of high
concentrations of acrylamide is common in heated starch-rich foods, which shows strong
relation of acrylamide formation to the sugar content, especially glucose and fructose
(PeDREScHI et al., 2006; BaruTcu et al., 2009).

Acrylamide, a neurotoxic compound, was classified by the International Agency for
Research on Cancer (IARC) as probably carcinogenic to human (IARC, 1994). Several
analytical methods have been used to quantify acrylamide in foods. Gas chromatography
with mass spectrometric detection (GC-MS) with or without derivatization, and high-
performance liquid chromatography with tandem mass spectrometry (LC-MS/MS) appear to
be the most commonly used methods. GC-MS methods with derivatization are hazardous to
health due to bromination, laborious, and time consuming. GC-MS methods without
derivatization step appear to be relatively simple, but their drawbacks are the lack of
characteristic ions in the mass spectrum. Nowadays, more attention is paid to LC-MS/MS
techniques having high sensitivity and saving time. There are also significant differences
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between procedures at sample preparation steps, namely extraction of acrylamide from the
food matrix and clean-up of the extracts to exclude co-extractive interferences (WEeNzL et al.,
2003; CLaEYs et al., 2005). When the previous studies on acrylamide analysis by LC-MS/MS
method are examined, it can be seen that these methods include long extraction and clean-up
steps and interfering peaks are observed especially when working with potato-based foods.

Acrylamide concentrations in bread are low, but since consumption is high, bread may
still account for 10-20% of the basic exposure (Gros, 2007). It is reported that almost all the
acrylamide was formed in the crust of the bread, the amount of acrylamide increased with
both baking time and temperature (ZHANG & ZHANG, 2007). Bran bread, whole wheat bread,
and wheat bread are the mostly consumed bread types in Turkey. Bran bread is preferred for
its high dietary fibre content, wheat bread for its sensory properties, whole wheat bread for
its beneficial health effects. All the analyses were made in crust parts of the samples. The aim
of the present study was to develop a rapid and reliable LC-MS/MS method to determine
acrylamide levels of different bread types, like wheat bread, whole bread and bran bread.
Besides, reducing sugar content, protein content, moisture content, pH, and colour parameters
(L%, a*, b") were determined in crust parts of all bread samples and correlations between
acrylamide content and these parameters were investigated.

1. Materials and methods

1.1. Materials

1.1.1. Samples. Thirty wheat bread, thirty bran bread, and twenty-five whole wheat
bread samples were purchased from local bakeries in Izmir (the biggest city in the Aegean
region of Turkey). All bread samples were separated into crusts and crumbs. Crust parts of
the samples were homogenized and stored at —18 °C until analysis. Acrylamide analysis was
also done in the crumb part of different bread samples, and acrylamide was not detected in
this part of bread. Acrylamide was formed in the crust part of bread samples. Acar and
GOkMEN (2009) studied the effects of the change of temperature in different locations of the
sample influenced by the product thickness. The temperature values were close to each other
in the sample having a thickness of 1 mm (crust model). These findings were in accordance
with ours. So we decided to make the analyses in crust parts of samples. Crust amount/crumb
amount of samples (mean values) were calculated as 0.98+0.13 for wheat bread; 1.08+0.18
for bran bread, and 0.83+0.16 for whole wheat bread.

1.1.2. Reagents. Acrylamide was obtained from Sigma (Steinheim, Germany). 2,3,3-D.-
labelled acrylamide (D,-AA, isotopic purity > 98%) as internal standard was obtained from
Polymer Source (Toronto, Canada). Glucose, fructose, potassium hexacyanoferrate trihydrate,
hexane, zinc sulphate heptahydrate, formic acid, and hydrochloric acid were supplied from
Merck (Darmstadt, Germany) and acetonitrile (HPLC grade) was from Lab-Scan (Dublin,
Ireland). HPLC grade water was supplied from VWR (EC). Standard stock solutions of
acrylamide and D,-AA were prepared by dissolving the chemicals in acetonitrile. These stock
solutions contained 250 pg of acrylamide and 250 ug D,-AA in 1 ml, separately. For the solid
phase extraction OASIS MCX cartridge (3 cm?60 mg, Waters, Milford, Massachusetts,
USA) was used.
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1.2. Methods

1.2.1. Acrylamide analysis. According to the developed method 0.025, 0.05, 0.125,
0.25,0.625, 1.25, and 2.5 ml of 1 mg I"! acrylamide solutions were taken and 2 ml of 1 mg 1!
D,-AA solution and 20 ml of distilled water were added. Then pH of the solutions was
adjusted to 2.3 by hydrochloric acid and diluted to 25 ml with distilled water. Final
concentration of D,-AA in all these solutions was 80 pg I"'. This method was developed by
modifying the method of Palazoglu and co-workers (2010). Six grams of sample was
homogenized in 30 ml of distilled water, suspension was taken into a 100 ml conical flask and
shaken for 30 min. The mixture was clarified by 1.5 ml Carrez I (23%, w/v ZnSO,.7H,0) and
1.5 ml Carrez II (15% w/v, K Fe(CN),.3H,0) solutions and then the mixture was centrifuged
at 10 400 g for 15 min. The supernatant was collected and defatting was performed by using
20 ml of hexane. Twenty ml of the aqueous phase was taken and 2 ml of 1 mg I'' D,-AA was
added. This sample was treated with hydrochloric acid to obtain a pH of 2.3 and diluted to 25
ml with distilled water. For the optimization of purification step, OASIS HLB cartridge was
used, but the best chromatogram was obtained by OASIS MCX cartridge. So Waters OASIS
MCX SPE cartridge (New York, USA) was used for further clean-up. The pass through
strategy for the SPE clean-up was applied to retain the matrix interferences (Liu et al., 2008).
OASIS MCX cartridge was conditioned consecutively with 1 ml of methanol and 1 ml water
at a rate of one drop per second. Air was passed through the cartridge by pushing the injector
to remove the remaining water. One ml of extract was passed through the cartridge at a rate
of one drop per second. The first 10 drops of eluate were discarded while the remaining drops
were collected in a vial and 15 pl of the sample was injected to LC-MS/MS. Analysis was
performed in duplicate.

1.2.2. Chromatographic conditions. Mobile phase was prepared by mixing solvent A
and solvent B in a ratio of 90:10 (v/v), respectively. Solvent A was 0.3% (v/v) aqueous formic
acid solution and solvent B was acetonitrile. The analytical separation was performed on a
Zorbax column C , (50 mmx>4.6 mm, 1.8 pm, Santa Clara, USA) using the isocratic mixture
at a flow rate of 0.8 ml min! at 25 °C with an injection volume of 15 pl. Stop time was 2 min.
For the optimization of chromatographic conditions, injection volume was evaluated and
increased to 15 pl to obtain higher signals. Different mobile phase compositions were
examined and by acidifying the mobile phase, signal values were also increased.

1.2.3. Apparatus. Chromatographic separations were performed by using Agilent 1200
liquid chromatograph (Santa Clara, USA) connected to 6410 triple quad MS-MS detector
with electrospray ionization in the positive-ion mode, equipped with a quaternary pump, an
autosampler, and a temperature-controlled column oven. Data acquisition was performed in
selected ion monitoring (SIM) mode. Multiple reaction monitoring (MRM) of transition ions
was m/z 72.0—55.0 for acrylamide and m/z 75.1—58.0 for D,-AA. For identifying
acrylamide m/z 72.0—54.0 ion was also monitored. Ion ratios of primary (m/z=55.0) and
secondary ion (m/z=54.0) transitions were found as 68.3 for standard solutions, 67.0 for
samples, and 69.6 for spiked samples. The optimized MS instrument parameters were drying
gas temperature (N,) of 350 °C with a flow rate of 12 I min™', nebulizer pressure of 275.8 kPa,
capillary voltage of 4 kV, fragmentor voltage of 60 V for D,-AA and 70 V for acrylamide,
collision energy of 10 V for each transition. Fragmentor voltage was evaluated for acrylamide
and D,-AA determination and optimum conditions were determined as given above. The
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concentration of acrylamide in bread samples was determined by a calibration curve, which
was daily prepared by plotting peak area ratios of the analyte acrylamide, i.e., 55 to the D,-
AA, i.e. 58 versus amount of acrylamide injected.

1.2.4. Determinations of protein, reducing sugar, moisture, pH, and colour. Protein
analysis was performed in duplicate according to A.O.A.C. (2000). Reducing sugar contents
(glucose+fructose) were determined in duplicate according to IHC (International Honey
Commission) 2002 method with some modifications (IHC, 2002). The pH values of crust
parts of bread samples were measured with a digital pH meter in triplicate (TS, 2010).
Moisture contents of crust parts of bread samples were measured according to TS 1135 ISO
712 in triplicate (TS-ISO, 2001). CIE colour parameters (L*, a*, b*) of crust parts of bread
samples were measured by Hunter Lab Colorimeter (Model Colorflex, Virginia, USA) as four
replicates.

1.2.5. Statistical analysis. Statistical analyses were realised with the SPSS 16.0 statistics
package programme.

2. Results and discussion

An accurate, practical, and non-toxic LC-MS/MS method was used for trace determination
of acrylamide in bread. The chromatograms of fragment ion m/z 55.0 for acrylamide in
standard solution and bread (crust) sample are demonstrated in Fig. 1. As it is seen from Fig.
1, interfering compounds were completely eliminated by optimizing the sample preparation
and purification steps and by optimizing chromatographic conditions. Data for calibration
curve were collected using triplicate responses for 7 concentrations. Linearity was observed
up to 750 ug kg! food with a determination coefficient of 0.999. Recovery rate was found
99.3% with limit of detection (LOD) and limit of quantification (LOQ) values of 1.5 pug kg
and 5.0 pg kg, respectively. Certified reference materials of crisp bread with T-3021 and
T-3026 reference codes supplied by FAPAS (UK) were analysed. Acrylamide contents of
these samples were found in the range cited in the certificates. The developed method was
successfully applied to bread and other bakery products in our laboratory.
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Fig. 1. LC-MS/MS chromatograms of acrylamide fragment ion m/z 55.0 A) in standard acrylamide solution
(100 pg I'Y); B) in bread sample (crust)

Concentrations of acrylamide in 30 wheat bread samples from different manufacturers
are shown in Table 1. As is seen in the table, acrylamide contents of wheat bread samples
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varied from 14.43 pg kg to 42.92 pg kg! with an average content of 28.97 pg kg!. Protein,
reducing sugars, moisture, pH, and colour values of wheat bread samples were determined
and tabulated in Table 1. According to the Pearson correlation test, positive correlations were
obtained between acrylamide contents and fructose contents, and total reducing sugar
contents of wheat bread samples (P<0.05). No statistically significant correlations were
obtained between acrylamide contents and protein contents, glucose contents, moisture
contents, pH values, a* and b* values of wheat bread samples (P>0.01, P>0.05). According to
the Pearson correlation test, a negative correlation was obtained between acrylamide contents
and L* values of wheat bread samples (P<0.05). Correlation between acrylamide contents
and L* was in agreement with the results of VIKLUND and co-workers (2010). Concentrations
of acrylamide in 30 bran bread samples from different manufacturers are shown in Table 2.
As is seen in the table, acrylamide contents of bran bread samples varied from 16.07 ug kg!
to 79.11 pug kg with an average content of 41.39 ug kg . Protein, reducing sugars, moisture,
pH, and colour values of bran bread samples were determined and tabulated in Table 2.
According to the Pearson correlation test, a positive correlation was obtained between
acrylamide contents and pH values of bran bread samples (P<0.05). No statistically significant
correlations were obtained between acrylamide contents and protein contents, glucose
contents, fructose contents, total reducing sugar contents, moisture contents, L*, a*, and b*
values of bran bread samples (P>0.01, P>0.05). Concentrations of acrylamide in 25 whole
wheat bread samples from different manufacturers are shown in Table 3. As is seen in the
table, acrylamide contents of whole wheat bread samples varied from 20.62 pg kg to 49.99
ug kg ! with an average content of 35.87 pg kg !. Protein, reducing sugars, moisture, pH, and
colour values of whole wheat bread samples were determined and tabulated in Table 3. No
statistically significant correlations were obtained between acrylamide contents and protein
contents, fructose contents, total reducing sugar contents, L*, a*, and b* values in whole
wheat bread samples (P>0.01, P>0.05). According to the Pearson correlation test, positive
correlations were obtained between acrylamide contents and glucose contents, and pH values
of whole wheat bread samples (P<0.01). According to the Pearson correlation test, a negative
correlation was obtained between acrylamide contents and moisture contents of whole wheat
bread samples (P<0.05). This finding was in accordance with the results of Sapp and co-
workers (2008) in bakery products and VikLunD and co-workers (2010) in fried potatoes.
These findings on the correlation of different parameters change with different matrices. For
example, a correlation between acrylamide and colour parameters could be found for small-
surface materials, while for large-surface material no correlation is observed.

ParazoGrLu and co-workers (2010) used formic acid for extraction of acrylamide, and
OASIS MCX cartridge for clean-up. Nevertheless, their extraction procedure was not suitable
for MS/MS detection causing split peaks for acrylamide. Liu and co-workers (2008) studied
acrylamide contents of tea samples by LC-MS/MS method using OASIS MCX cartridge for
clean-up. A long-lasting extraction procedure was used; recovery rates of their study were
low. These results were similar with the results of CHEN and co-workers (2008). Arisseto and
co-workers (2009) studied acrylamide contents of cacao and coffee samples by LC-MS/MS
method using OASIS HLB and Bond Elut-accucat cartridges for clean-up. Two steps clean-
up caused an increase in cost and time of analysis.

In this study, a modified new LC-MS/MS method was used. There was no interference
problem in our method. As it offers the advantage of being able to analyse acrylamide without
derivatization, LC-MS/MS method was preferred to be developed, thus simplifying the
sample preparation step and shortening the analysis time. A reliable method of analysis
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should be used to determine the content of acrylamide in foods. A rapid, accurate, precise,
and non-toxic LC-MS/MS method was developed for trace determination of acrylamide in
bread. This work is the first survey study for the determination of acrylamide contents of
different breads produced in Turkey by LC-MS/MS method.

3. Conclusion

A rapid and reliable LC-MS/MS method was developed for the determination of acrylamide
in three different bread types; wheat bread, bran bread, whole wheat bread. The method was
linear up to 750 pg kg! food with a determination coefficient of 0.999. Recovery rate was
found 99.3% with limit of detection and limit of quantification values of 1.5 pg kg™ and 5.0
ug kg, respectively. Acrylamide levels of bread samples were found lower when compared
with foods such as French fries, potato chips, and potato crisps. According to the mean
acrylamide contents of 3 different types of breads, bran bread samples contained higher
amount of acrylamide.

The authors want to thank to Turkish Ministry of Food, Agriculture and Livestock (Project No: TAGEM/
GY/10/03/01/165) for financial support.
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