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Abstract

Acrylamide (C;HsNO) is a chemical compound classified by International Agency for Research on
Cancer (IARC) as probable carcinogenic to humans. Being well known that acrylamide is mainly formed
by Maillard reaction in food products containing high levels of carbohydrates, the paper aim is to
underline the influence of flour extraction degree as well as asparagine content on the formation of
acrylamide in biscuits. Acrylamide content determination was performed by gas chromatography coupled
with triple quadruple mass spectrometry, using isotope dilution calibration after derivatization, while the
asparagine content was analyzed by ion chromatography with integrated pulsed amperometry. Asparagine
amount in the raw material (flour) seems to be a limiting factor for the acrylamide formation in bakery
(biscuits). The conclusion of our research was that the higher acrylamide amount was determined for
biscuits made from flour with higher asparagine content having also higher ash content.
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1. Introduction

Acrylamide is a colorless and odorless substance soluble in water, ethanol and acetone. It
was first discovered in food in 2002, by the researchers from Swedish National Food
Administration and University of Stockholm who announced that high levels of acrylamide
were found on high temperatures processed food products (W. L. CLAEYS [1]). First studies
regarding mechanism pathway for the formation of acrylamide in food products proposed the
Maillard reaction as the major pathway, involving mainly asparagine and reducing sugars as
the major precursors (MOTTRAM [2]). Some of suggested pathways for acrylamide
formation via the Maillard reaction are presented in Figure 1. The starting point is represented
by the reaction between free asparagine and a carbonyl source resulting in N-glycosyl
asparagine which then produces a stable Schiff base. The Schiff base is decarboxylated
forming an imine which further can form 3-aminopropionamide. From this intermediate
acrylamide is formed by elimination of ammonia (STADLER [3], BLANK [4], BECALSKI
[5], STADLER [6], GRANVOGL [7], GRANVOGL [8], ZYZAK [9]).

Acrylamide occurrence in bakery products depends on several factors (such as
asparagine, ash, reducing sugars and so on) and many studies were conducted in order to find
correlations between these factors and acrylamide content (GRANBY [10], BRATHEN [11],
ELMORE [12], HAMLET [13], LOAEC [14], HALFORD [15]). The value of ash content in
the flour is a basic quality index, differentiating the extraction flour types. Flour extraction
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degree represents the total amount of flour obtained from 100 kg of wheat. The minerals and
cellulose are located mainly at the periphery of the grain that is why, when increasing the
extraction degree of the flour increases also its mineral content (ash). This variation of the
mineral content with the extraction degree is due to the fact that the mineral substances of the
grain are found mainly in the aleuronic layer (7%) and in the shell (3.5%).
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Fig. 1. Pathways for acrylamide formation via Maillard reaction

Flour type is represented by the mineral content (ash), expressed in mg/100g dry flour.
Wheat flour types made in Romania are presented in Table 1:

Table 1 Flour types available in Romania

Group Type Ash, % max
480 0.48
. Superior type 000 0.48
White flour 550 055
650 0.65
. . 800 0.80
Semi-white flour 900 0.90
1250 1.25
Black flour 1350 135
.. 1750 1.75
Dietetic flour Dictetic 2.20

Based on this, four types of wheat flour were selected in order to obtain biscuits samples
using the same recipe and baking conditions: white flour (F1 and F2), semi-white flour (F4)
and dietetic flour (F3). Physicochemical parameters and asparagine content were determined
for flour samples and acrylamide content as well as color analysis were performed for the
biscuits samples.
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2. Materials and methods

Materials. Flour types with different extraction degree were purchased from Romanian
supermarkets and were obtained from Romanian wheat. L-Asparagine >99% was purchased
from Roth. For ion chromatography analysis, the following reagents were used: NaOH 50%
(w/w) from Fisher Scientific, Sodium Acetate Anhydrous, electrochemical grade from
Thermo Scientific and ultrapure water (Millipore water purification system).

Equipments. Biscuits were obtained using an oven with two chambers and controlled
time and baking temperature (Mondial Forni) and a dough mixer (Diosna). Acrylamide
analysis was performed using a gas chromatograph (Trace GC Ultra) coupled with a triple
quadruple mass spectrometer, TSQ Quantum XLS (Thermo Fisher Scientific). Asparagine
content was determined using an ion chromatograph system ICS3000 (Dionex) with Pulsed
Amperometric Detection (PAD) and gradient concentration. Color measurement was
performed using a HunterLab colorimeter.

Methods: Moisture and acidity were analyzed according to SR 90:2007, lipids content
and carbohydrates content were analyzed according to SR 91:2007, protein content was
determined according to SR EN ISO 20483:2007, ash content was analyzed according to SR
EN 2171:2010 and crude fiber content was determined according to SR EN ISO 6865:2002.
Acrylamide was analyzed using an internal GC/MS/MS method, while asparagine content
was determined using an internal IC method.

3. Results and discussion

Physicochemical analysis of raw materials was performed in order to determine the
following parameters: moisture, ash content, proteins, lipids, carbohydrates, cellulose and
acidity. The above mentioned parameters were determined for all four types of flour
considered (Fi, F2, F3 and F4). Results are presented in Table 2. The moisture of samples
varies very little, from 11.99% for F3 flour to 12.71% for F2 flour. Ash content increases in
the following order: F2< Fi1< F4< F3. F3 flour had the higher value of acidity.

Table 2 Physicochemical analysis of flour

Parameter F1 flour F2 flour F3 flour F4 flour
Moisture (%) 12.60 12.71 11.99 12.0
Ash content (%) 0.53 0.44 2.37 0.88
Proteins (%) 10.6 9.87 13.70 12.37
Lipids (%) 1.3 1.01 2.09 1.43
Carbohydrates (%) 73.2 74.10 70.21 72.63
Cellulose (%) 0.65 0.59 1.48 0.76
Acidity (grades) 2.5 2.3 5.6 3.7

Being well known the fact that asparagine is the main precursor in acrylamide formation
during Maillard reaction, the content of this amino acid in each flour type was determined.
Results are presented in Table 3. Higher asparagine content (11.52 g/kg) was found in F3
flour, which has the higher extraction degree (2.37% ash content). Otherwise, asparagine
content in tested flours increases with the increasing of extraction degree: F2< Fi< Fa< F3.
Asparagine content was performed using five different concentration of acrylamide (10, 20,
30, 40 and 50 mg/L). The average retention time of asparagine was 5.455 minutes. Overlay of
obtained chromatogram and calibration curve are presented in Figure 2.
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Each flour type was used for obtaining biscuits following the same recipe and the same
baking parameters: 30 minutes at 200 Celsius degrees (Figure 3). Dough pH was also
measured. For all experimental biscuits samples (containing margarine, sugar, salt, eggs,
acetic acid, baking soda and different flour type), the acrylamide content using an internal
method (NEGOITA [16], NEGOITA [17]) was measured. CIELab color parameters were also
evaluated. All results are presented in Table 4.

Table 3 Acrylamide analysis of flour

Parameter F1 flour F> flour Fs flour F4 flour
Ash content (%) 0.53 0.44 2.37 0.88
Asparagine (g/kg) 7.62 6.75 11.52 8.62

Fig. 2. Asparagine quantification by ion chromatography

Table 4 Analysis of biscuits samples

Flour Dough Baking parameters Acrylamide Color parameters

0 . . content o o, o
type pH Temp. ("C) Time (min.) (ng/kg) L a b AE
F 6.35 200 30 10.84 76.89 296 17.52  78.92
F, 6.46 200 30 4.10 80.85 1.62 1559 8236
F; 6.24 200 30 25.51 54.75 693  16.17 57.51
F4 6.60 200 30 18.17 72.56 339  17.12  74.63

S — ——

I
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]

Fig. 3. Biscuits samples with different flour types
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The retention time of native acrylamide and internal standard was 11.15 minutes (Figure
4). Acrylamide was identified by ion fragments, while the acrylamide concentration was
calculated based on peak area ratio corresponding to m/z 70 and m/z 73. The correlation
coefficient obtained for calibration curve was 0.9997.
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Analyzing Figure 5, it can be observed that acrylamide content increases with the
increasing of asparagine content as well as with the increasing of extraction degree. As
expected, the higher acrylamide content was found in the biscuits made from F3 flour.

Color parameters (Figure 6) of biscuits samples are dependent of the acrylamide content.
Sample having the higher acrylamide content has the lower value of L* (lightness) parameter.
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Fig. 6. Color parameters of biscuits made from different flour types
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Acrylamide content (pg/kg)

Acrylamide content (pg/kg)

In order to establish correlations between acrylamide content and several factors affecting
acrylamide formation (asparagine content, ash content, acidity) as well as color parameters, a
statistical interpretation of the results was performed by multiple regression analysis in
Microsoft Excel.
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Fig. 7. Acrylamide — Asparagine correlation

Asparagine is considered to be the main precursor for acrylamide in foods and its content
has been confirmed to be the limiting factor for acrylamide formation (SURDYK [18§],
AMREIN [19], LEVINE [20]). Acrylamide content is strongly dependent of free asparagine
content (Figure 7); it increases with increasing of the asparagine content.
Regression statistics showed that linear model equation is: y=4.2639x - 22.1315.
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Fig. 8. Acrylamide — ash correlation

From Figure 8, it can be observed a good correlation between ash content and acrylamide
content. Lower ash content means that flour has a lower extraction degree; the flour having
the higher extraction degree forms the higher amount of acrylamide. For F3 flour, a dietetic
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flour having a high ash content (2.37%), the acrylamide content was six time higher than F2
flour, a white flour having an ash content of 0.44%.

Regression statistics showed that linear model equation is: y=4.9720 + 9.1782x.

Interesting results were obtained when representing acrylamide content as function of
dough acidity. R square coefficient in this case was 0.9060, showing a good correlation
(Figure 9). High acrylamide content was found for biscuits obtained from F3 flour; in this case
dough acidity was 5.6 grades. Regression statistics showed that linear model equation is:
y=5.8046x — 5.8064.
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Fig. 9. Acrylamide — acidity correlation

30 -
s 5 = @ Regression statistics
g Multiple R 0.9285
2 20 - R square 0.8620
E’ ® Adjusted R square 0.7930
2 15 1 Standard error 4.2037
s
S 10 -
[}
i)
§° o
g 0 T T T

50 60 70 80

AE*
Fig. 10. Acrylamide — AE* correlation

The AE* value was calculated wusing the following formula: AE*=
vAL#2+ Ag#i+ Ab#2 in order to represent the total color difference (Figure 10). Biscuits
samples having higher value for AE* have lower acrylamide content. This is related to
browning process which occurs during baking, being well known the fact that acrylamide

formation takes place at higher temperatures. Regression statistics showed that linear model
equation is: y=71.7921 — 0.778x.
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4. Conclusions

Different flour types were used to prepare biscuits samples baked at 200 Celsius degrees
for 30 minutes. Physicochemical analysis of each flour type was performed and the free
asparagine content was also determined using an ion chromatographic technique with pulsed
amperometric detection. A sensitive GC-MS with triple quadruple method was used for
acrylamide analysis. When baked with the same recipe and the same baking conditions
(temperature and time) but using different flours, a good correlation between acrylamide
content and extraction degree was found. Also, a good correlation was found between
acrylamide and asparagine content, as well as between acrylamide content and color. Overall,
acrylamide content increases with the increasing of asparagine content as well as with the
increasing of extraction degree of the flour.
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