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Acrylamide is a neuro- and reproductive toxicant to humans and has carcinogenic efects in animal species which naturally forms
in high-carbohydrate foods at high (≤121°C) temperatures. Tis study assessed acrylamide formation in various Iraqi bread types,
including whole-wheat fatbread, white fatbread, stone-baked bread, whole-wheat baguette, and white baguette prepared in the
selected local bread factories in Baghdad, Iraq, using HPLC assay. Among several types of bread, white fatbread is the most
commonly consumed bread in Iraq; therefore, the impact of calcium carbonate (CaCO3), added to the four at diferent
concentrations: 240, 260, and 280mg/100 g, in reducing acrylamide concentration only in white fatbread was assessed. Ac-
rylamide was detected at various concentrations in each type of bread tested, with the highest concentration in whole-wheat
fatbread (470.2± 6.7 μg/kg) followed by stone-baked bread (418.8± 6.4 μg/kg), whole-wheat baguette (408.3± 9.1 μg/kg), white
fatbread (400.9± 7.4 μg/kg), and white baguette (362± 9.2 μg/kg), respectively. However, after supplementing CaCO3 in white
fatbread, a signifcant (p< 0.05) reduction in acrylamide (219± 8.5, 121.8± 1.7, and 115± 3.4 μg/kg, for the three calcium
carbonate concentrations) as compared to the control (308.3± 2.9 μg/kg) was observed without impacting the rheological
properties of bread. In conclusion, the acrylamide concentration can be reduced by supplementing CaCO3 in the white fatbread
without compromising the rheological properties (i.e., dough strength, volume, and water absorption) and overall bread quality.
Te study results would help to mitigate the risk of toxic efects in humans.

1. Introduction

Acrylamide (2-propenamide) or acrylic amide is an organic,
thermogenic compoundmainly generated during the baking
process in thermal-treated plants (e.g., potato) and cereal-
grain (e.g., bread and other baked products) based food as
a result of the Maillard reaction, where the Schif base

initially forms between the carbonyl group of reduced sugar
and α-amino group of amino acid asparagine [1–4]. Ac-
rylamide was frst detected at relatively high levels in various
fried (French fries, crisps, and roast) and baked (jacket
potatoes, bread, and baked goods) food products and has
been considered as a harmful indicator for humans, but it is
still unclear what risk exactly acrylamide poses to human
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health [5–7]. Acrylamide is a precursor for cancer formation
that is naturally produced in carbohydrates and protein food
in conjunction with low humidity during frying, roasting, or
extruding at high (≥121°C) temperature [3]. Te European
Food Safety Authority (EFSA) has determined that acryl-
amide in food may increase the risk of developing cancer in
all age groups particularly young people who are highly
vulnerable [6]. Heat-treated bakery products may include
a wide range of chemicals including acrylamide, hydrox-
ymethylfurfural, and derivatives that are generated during
the baking process [8].

In 2007, FAO/WHO organized the frst international
meeting on acrylamide to develop strategies to reduce ac-
rylamide levels and determine the maximum daily levels in
food [9]. Until now, there are no regulations that specify the
maximum allowable and safe level of acrylamide in food and
food products. Many European countries such as Portugal,
Italy, and France are concerned about reducing the level of
acrylamide in cooked food [10]. Generally, bread contains
less acrylamide than fried food or potato products. Reducing
daily acrylamide intake is still of high priority to many
countries highlighting an urgent need to reduce acrylamide
in bread [3]. Te starting concentration and ratio of the
precursors (asparagine and free reducing sugars), the quality
of four, such as milling intensity, fermentation conditions,
and thermal processing techniques (temperature, length of
heating time, pH, and water content), and physical state of
food additives are some of the elements that play a vital role
in the fnal product and impact on the level of acrylamide in
food [8, 11–15]. Similarly, sensory characteristics are ex-
tremely important for consumer satisfaction based on the
European Parliament regulations (European Union No.
1333/2008) on food additives [16]. Te U.S. Food and Drug
Administration (FDA) has recommended acrylamide levels
within the range of 0.3 to 0.8 μg/kg bodyweight per day (bw/
day) in food [2]. Based on the highest reported level of
acrylamide in bread samples (2565 μg/kg), the European
Commission recommended further research on acrylamide
known as a food contaminant. According to these recom-
mendations, bread should be sampled at the point of sale or
manufacture and analysis should be performed before the
samples’ expiry date. Furthermore, the benchmark levels of
acrylamide have been set for bread and infant food (30 μg/
kg) and all other food products (50 μg/kg) [17]. Acrylamide
concentration in conventionally baked bread crust ranges
between 85 and 230 μg/kg baked at 200–270°C for 10–20min
[11, 18]. According to the French Total Diet study, acryl-
amide was analyzed in 192 samples of food from mainland
France chosen to be typical of the diet and processed in the
same way as it would be for the population as a whole. Te
highest mean concentrations were recorded (724 μg/kg) in
fried potato products other than potato chips (697 μg/kg)
[19]. A minimum concentration of 0.17 and 0.43mg/kg bw/
day of acrylamide can have tumour-causing or neurological
efects on humans or animals [5, 20]. Te Joint FAO/WHO
Expert Committee on Food Additives (JECFA) determined
that the average acrylamide intake ranges between 0.3 and
2.0 μg/kg bw/day, with a mean of 1 μg/kg bw/day, and the
average acrylamide intake for high level consumers ranges

between 0.6 and 5.51 μg/kg bw/day, with a mean of 4 μg/kg
bw/day. Upon calculating the margin of exposure, the
JECFA found that acrylamide in food is a human health
hazard that may cause genotoxicity and carcinogenicity [21].

A previous study has investigated the efect of calcium
salts combined with carbohydrate-rich foods containing the
free amino acid asparagine to prevent the formation of N-
glycosyl asparagine and cut the chains of the initial stages of
the Maillard reaction, which resulted in reacting amino acids
with reducing sugars and consequently prevented acryl-
amide formation [22]. Te food processing industry has
come up with ways to lower the amount of acrylamide in its
products without compromising food quality by modifying
product formulations, preparation, and baking methods
including temperature, reducing pH, and baking time to
limit acrylamide development [5, 23]. Moreover, in a pre-
viously reported study, a minimal level of acrylamide was
reduced in baked products by simulating 300U/kg purifed
asparaginase and crude asparaginase [24].

Te present study was aimed to estimate, frstly, the
concentration of acrylamide in fve diferent types of
commercially baked breads collected from Baghdad bread
factories, Iraq. Secondly, we investigated the efect of cal-
cium carbonate (CaCO3) on reducing acrylamide formation
and concentration in the most commonly consumed white
fatbread in Iraq. Te fndings would help authorities in-
cluding risk assessment and food safety managers to im-
prove and/or develop strategies to mitigate acrylamide
formation in food.

2. Materials and Methods

2.1. Bread Types and Collection. Five most commonly con-
sumed commercial bread types including whole-wheat
fatbread, white fatbread, stone-baked bread, whole-wheat
baguette, and white baguette (Figure 1(a)) were prepared in
diferent local bread factories in Baghdad.

2.2. Ingredients and Preparation of Breads

2.2.1. Whole-Wheat Flatbread. Te whole-wheat fatbread
was prepared using wheat four mixed with water, yeast
(0.6%), and table salt (1.5%). Te fresh mixture was kneaded
using a commercial kneading machine to produce consistent
dough and left for 60min at 25°C for fermentation. Finally,
the dough was divided into small (50 g) pieces, then shaped
as pizza, and baked in a traditional mud (clay free) oven.Te
dough was baked for 10min at 270°C as previously
described [25].

2.2.2. White Flatbread. Te four was produced at a 72%
extraction rate of wheat to make white fatbread. Te four
was mixed with water, yeast (Saccharomyces cerevisiae,
0.6%), and table salt (1.5%). Te mixture was processed and
baked as the procedure described above using traditional
mud oven [25, 26]. As compared to the whole-wheat four,
the white four is rich in carbohydrates and low in fber,
protein, minerals, and vitamins.
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2.2.3. Stone-Baked Bread. Te stone-baked bread is recog-
nized for its distinct favor and soft texture as compared to
other types of bread. Te dough was prepared with wheat
four (72%), water (60 g), yeast (Saccharomyces cerevisiae,
1%), table salt (1%), sugar (0.5%), and oil (1.5%) at 85–90%
relative humidity.Te freshmixture was kneaded to produce
consistent dough and fermented at 30°C for 60min. Te
dough was divided into 100 g pieces, with fnal proofng for
about 10min prior to the bread formation. Te dough was
molded into a rhombus about the size of a hand. Te bread
was manually fattened and shaped narrow from the two
edges and wide in the middle. After the fnal proofng,
baking was done horizontally above a hot plate of brick oven
at 225± 5°C [27, 28].

2.2.4. Whole-Wheat Baguette. Te whole-wheat baguette
was prepared with wheat four mixed with water, yeast
(Saccharomyces cerevisiae, 0.9%), table salt (1%), and
ascorbic acid (0.01%). Te mixture was kneaded mechan-
ically until the dough bowl walls were clean from dough
pieces. Ten, the dough was incubated for fermentation at

25°C for 20min as previously described [29]. Te fermented
dough was gently divided and pre-proofed to activate the
yeast in the dough for 10min. Te dough was made man-
ually by making a very thin layer sheet and folded. Te fnal
proofng time was about 60min prior to baking in an electric
oven at 270°C for 10min.

2.2.5. White Baguette. Te white baguette bread was pre-
pared with white refned wheat four, yeast (Saccharomyces
cerevisiae, 0.9%), table salt (1%), and ascorbic acid (0.01%).
Temixture was kneadedmechanically until the dough bowl
walls were clean from dough pieces. Ten, the dough was
processed and baked as described above.

2.3. Preparation of White Flatbread Supplemented with
CaCO3. Since consumption of white fatbread is over 80% in
the area, therefore, we used white fatbread for this assay.Te
white fatbread was prepared in the lab as described in the
preceding section, and the white four was supplemented
with CaCO3 using three concentrations: 240 (TB1), 260

DFB WFB SB WB DB

(a)

TBc TB1 TB2 TB3

(b)

Figure 1: (a) Five bread types: DFB (wheat fatbread); WFB (white fatbread); SB (stone-baked bread); WB (white baguette); and DB (wheat
baguette), used in the study. (b) White fatbread supplemented with diferent concentrations (TB1 � 240, TB2 � 260, and TB3 � 280mg/100 g
four) of CaCO3 and TBc used as control.
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(TB2), and 280 (TB3) mg/100 g four. A sample (TBc) without
CaCO3 was prepared and used as a control (Figure 1(b)).Te
supplemented levels for wheat four were within the lower
(235mg/100 g) and the upper (390mg/100 g) limits of the
British Standard for CaCO3 Baking Flour fortifcation [30].
For statistical analysis, a total of 12 samples including three
samples of each treated and control (untreated) bread were
processed and analyzed.

Te white fatbread was prepared with white four mixed
with water depending on farinograph water absorption,
yeast (Saccharomyces cerevisiae, 0.6%), and table salt (1.5%).
Te dough was incubated for the fermentation process for
60min at 27°C. Te fresh dough was divided into pieces
(165± 5 g) and rested for about 10min prior to the bread
formation. Te dough was shaped fat and circular (di-
ameter: ∼30 cm) and baked vertically in a gas oven for 5min.

2.4. Rheological Properties of Bread Supplemented with
CaCO3. Rheological properties including water absorption,
volume, stability, development time, mixing tolerance index,

and farinograph quality parameters of dough were de-
termined by the falling number test according to AACC 56-
81B method and International Association for Cereal Sci-
ence and Technology (115/1) standards [31–33]. In brief,
300 g of control and treated wheat four were placed in the
mixer of the farinograph device, and the four temperature
was adjusted to 30°C for 1min prior to the test. Te standard
curve was developed at 500 BU by adding water and con-
trolled to generate a curve. Falling number was determined
by placing 7 g of four at 14%moisture content inside a tube,
and 25mL of distilled water was added. Te tubes were
shaken before placing them in the boiling water bath of the
falling number device. Te tubes were shaken again before
dropping, and the required time(s) for the tubes was
measured and recorded.

In addition, wet gluten and gluten index of four sup-
plemented with and without CaCO3 were measured
according to American Association of Cereal Chemists
(AACC, 38-12 method) as shown in equations (1) and (2) for
calculating total wet gluten and gluten index:

wet gluten,% (14%moisture basis) �
total wet gluten (g) × 860
100 − %samplemoisture

, (1)

gluten index �
wet gluten remaining on sieve (g)

total wet gluten (g)
× 100. (2)

2.5. Extraction and Quantifcation of Acrylamide.
Acrylamide concentration was determined by dehydrating
100 g of each bread at 105± 2°C for 4hours using laboratory
drying oven Memmert BM700 (Büchenbach, Germany). Te
sample including crust and pulp was ground using the Electric
Grain Grinder Mill (Cgoldenwall-HC-300Y, China) and sifted
using a 0.5mm sieve. In the second step, Carrez I solution was
prepared using 21.9 g of Zn acetate (Zn(CH3COO)22H2O) and
three gram of glacial acetic acid and dissolved in 100mL
distilledwater.Te secondCarrez II solutionwas preparedwith
10.6 g of potassium hexacyanoferrate (K4[Fe(CN)6]3H2O)
dissolved in 100mL distilled water. Te third step consisted of
extraction of acrylamide from bread samples using 1000mg of
dried bread mixed with 5mL of Carrez I solution followed by
5mL of Carrez II solution. Te fnal mixture was fltered using
paper flter No. 1 (Whatman, Germany). Te purifcation
procedure was repeated when the fltrate was not clear using
10mL of Carrez I and II solutions [34]. For statistical analysis,
each bread type was tested in triplicate.

2.6. Determination of Acrylamide Concentration. A standard
curve was developed using a standard solution of acrylamide
(99%) (Merck, Germany) prepared by dissolving 10mg of
acrylamide in 10mL distilled water (HPLC grade) using a ten-
fold serial dilution (1000mg/L). Te analytical HPLC system
(Sykam, Eresing, Germany), compatible with the fuorescence
spectrophotometer detector (RF20) (excitation: 280 nm and
emission: 360 nm wavelengths), was used according to the
manufacturer’s instruction. Te separation of the sample
substances was carried out at 37°C using a separation column
(300mm× 3.9mm) including 10 μm Bonda pack particles.
Te fow rate of mobile phase was 0.9 mL/min. Te mobile
phase was composed of acetonitrile and distilled water at a 70 :
30 ratio. Te time required for the separation process was 25
min, and the injection volume was 100 μL. Te acrylamide
concentration peaked at 4.4min where the retention time was
estimated using the following equation:

Concentration Sample � Conc. Standard ×
Area Sample
Area standard

 .
Dilution factor
Weight sample

 . (3)
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2.7. Statistical Analyses. For statistical analysis, each sample
was processed in triplicate. Te data analysis was performed
by one-way ANOVA using Tukey’s multiple comparison test
(GraphPad Prism ver. 8.0). p values <0.05 were interpreted
as statistically signifcant.

3. Results

Te types of bread used in the present study showed diferent
properties in the dough based on various factors including
the base material, fermentation time, proofng time for
dough to rest before baking, oven type, and baking time as
well as temperature that substantially contributed to de-
termine the characteristics of each type of bread.

Overall, each type of bread investigated in the present
study showed variable concentrations of acrylamide. Te
analytical HPLC system results revealed that acrylamide was
detectable in the white fatbread, whole-wheat fatbread,
stone-baked bread, whole-wheat baguette, and white ba-
guette samples at the concentration of 400.9± 7.4,
470.2± 6.7, 418.8± 6.4, 408.3± 9.1, and 362± 9.2 μg/kg. Te
acrylamide concentration in the whole-wheat fatbread was
signifcantly (p< 0.05) higher than other types of bread
(Figure 2).

On the other hand, the efect of CaCO3 on acrylamide
formation and baking properties showed no signifcant efect
on wet gluten and gluten index (Table 1). Te α-amylase
activity which coincided with falling number tests of TB1,
TB2, and TB3 supplemented with CaCO3 was signifcantly
(p< 0.05) higher than α-amylase activity for TBc control
sample. Water absorption characterization of farinograph
test of samples supplemented with CaCO3 exhibited 63.8,
63.9, and 63.9% for TB1, TB2, and TB3 with no signifcant
(p> 0.05) diference as compared to TBc (64.1%) (Table 2).
On the other hand, the stability time of TB1 and TB2
(6.3min) signifcantly (p< 0.05) increased than TB3 and
TBc (5.8min) samples. Moreover, the development time
(6.5min) of TBc sample was signifcantly longer as compared
to TB3 (5.0min) followed by TB1 and TB2 (5.7 and 6.1min),
respectively. Among treated samples, TB2 development time
signifcantly (p< 0.05) increased as compared to TB3 and
TB1. When comparing the mixing tolerance index BU values
between treated and control samples, TBc control sample
had signifcantly (p< 0.05) high (45.3) value, while TB3
sample had signifcantly lower value (33.9) than TB1 (35.2)
and TB2 (36.9). Overall, Q number was signifcantly higher
in treated than control sample; however, Q number for TB1
and TB2 was 92.9, signifcantly (p < 0.05) higher as com-
pared to TB3 and TBc (91 and 87.9) samples (Table 2).

Te acrylamide concentration (219± 8.5, 121.8± 1.7, and
115± 3.4 μg/kg) in TB1, TB2, and TB3 supplemented with
CaCO3 samples was signifcantly (p< 0.05) lower as com-
pared to TBc (308.3± 2.9 μg/kg) sample as illustrated in
Figure 3. A coefcient correlation (R2 = 0.9971 and p< 0.05)
analysis between acrylamide and CaCO3 showed a positive
correlation with calcium concentration compared to the TBc
control sample. Te results showed an acrylamide con-
centration reduction with the increase of CaCO3 amount
added to the four where no signifcant (p> 0.05) diference

between TB2 and TB3 in acrylamide concentration was
recorded. However, when CaCO3 was added at the con-
centration of 280mg/100 g four in TB3 sample, the for-
mation of acrylamide concentration was signifcantly
(p< 0.05) lower than TBc control sample.

4. Discussion

Wheat grain protein quantity has a major role in de-
termining the quality of bread due to its function, which is
responsible for afecting water absorption capacity, viscosity,
elasticity, and dough consistency [35]. Te gelatinization of
starch and homogenization of dough could be determined
by α-amylase activity by falling number [36].

Previous research found that the quantity of acryl-
amide in wheat four (165.53 μg/kg) was signifcantly
higher than the concentration (28.03 μg/kg) in white
wheat four bread [37]. Tis could be due to high as-
paragine, a main factor for acrylamide formation, in white
than wheat four [37]. Te European Program on Heat-
Generated Food Toxicants (HEATOX) project reported
that the presence of free amino acid asparagine in wheat
bran is one of the variables that contribute to an increased
concentration of acrylamide in baked goods such as high-
bran four bread, which has a higher level of acrylamide
when compared to bread made with low-bran four [38].
Similarly, Taeymans et al. [39] reported that bran may
increase acrylamide concentration in biscuits made from
wheat four. Our results show similar results where high
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acrylamide concentration was recorded in whole-wheat
fatbread which explains that it contains a high percentage
of asparagine than other types of tested bread. Also, based
on the results of this study, the addition of sodium salts to
the dough mixture caused strengthening of ionic bond
that signifcantly reduced dough’s ability to absorb large
amount of water. Sodium salts contribute to the solubility
of CaCO3 that prevents a series of Maillard reaction and
leads to form acrylamide [40]. Both calcium and mag-
nesium chloride salts impact dough rheological

characteristics in baked products by shortening devel-
opment time and boosting water absorption capacity [41].
Previous study has investigated the efect of crude and
partially purifed pole bean enzymes on acrylamide
concentration in bread where level was reduced by 39.7
and 42%, without changes in the fnal loaf properties
measured by volume, weight, and texture [24]. Similarly,
rosemary powder, citric acid, and food salt, separately or
in combination, were used at various concentrations on
potato fries that reduced acrylamide. Te addition of these

Table 1: Chemical properties of white fatbread supplemented with various concentrations of CaCO3 (TB1, TB2, and TB3) and control (TBc)
samples.

Attributes
Treatments (CaCO3mg/100 g four)

TBc (0) TB1 (240) TB2 (260) TB3 (280)
Wet gluten % ∗33.5± 1.8∗∗ 33.3± 0.1 31.8± 1.4 33.2± 0.2
Gluten index % 92.1± 1.5 96.5± 1.1 95.1± 5.1 95.3± 1.0
Falling number 531± 28 422± 12 466± 28 445± 51
∗Mean values. ∗∗Standard deviation values.

Table 2: Characterization of white fatbread supplemented with diferent concentrations of CaCO3 (TB1, TB2, and TB3) and control (TBc)
samples using the farinograph test.

Attributes
Treatments (CaCO3mg/100 g four)

TBc (0) TB1 (240) TB2 (260) TB3 (280)
Water absorption (%) ∗64.1± 0.17∗∗ 63.8± 0.25 63.9± 0.25 63.9± 0.12
Stability (min) 5.8± 0.05 6.3± 0.1 6.3± 0.1 5.8± 0.05
Development time (min) 6.5± 0.1 5.7± 0.05 6.1± 0.05 5.0± 0.02
Mixing tolerance index BU 45.3± 0.35 35.2± 0.20 36.9± 0.13 33.9± 0.05
Q number 87.9± 0.35a 92.9± 0.20b 92.9± 0.11b 91± 0.15a
∗Mean values. ∗∗Standard deviation values. a & b indicate signifcant diference.
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compounds was successful in reducing the quantity of
acrylamide produced by carbohydrate-rich foods that
were subjected to high temperatures [42].

Also, a comparison between samples with and without
CaCO3 addition has shown no discernible variations in
rheological properties including water absorption, dough
development duration, or dough stability (Table 2). When
bread was supplemented with CaCO3 derived from chicken
eggshells, water absorption increased from 63.60 to 67.527%,
dough development time increased from 7.38 to 11.37min,
and dough stability increased from 13.79 to 17.37min which
could potentially have an efect on increasing the parameters
[43]. On the other hand, our study results are in concor-
dance with previous study where calcium salts were sup-
plemented to reduce acrylamide production in baked
products. CaCl2 and calcium lactate (Puracal) have shown
a lower concentration of acrylamide in cookies. Te results
showed that 1% addition of calcium lactate reduced acryl-
amide concentration from 128± 10 to 24± 4 ng/g in cookies.
Although a slight change in the color was observed, it did not
afect the thickness and diameter or the sensory properties of
cookies [1]. Also, the efect of adding calcium salts on the
reduction of acrylamide in food containing wheat four was
investigated and results showed that positive ions can reduce
dough pH, which reduced acrylamide formation after heat
treatment. An addition of 0.04M concentration of CaCl2 or
NaCl reduced acrylamide by 36 and 23%, respectively, while
acrylamide reduction has not been observed when CaCO3
was added [22]. On the other hand, calcium hydroxide
supplemented in maize four (1.5 g/100 g) reduced acryl-
amide concentration to 52% in tortilla chips [44]. However,
tortillas prepared from maize four were easy to absorb
liquid after adding 1% calcium carbonate and difcult to
break after adding calcium hydroxide [45].

Our investigation found the highest acrylamide con-
centrations in whole-wheat fatbread and stone-baked bread
(as shown in Figure 2), suggesting that they have a signifcant
amount of bran, a rich source of free amino acids, a primary
precursor of acrylamide during baking process, which may
contribute to acrylamide synthesis. Te results are in con-
cordance with the previous study where the measured mean
concentration of acrylamide was mostly produced in the
outer crust layer (>99%) of commercial bread [18]. Similarly,
high concentration of acrylamide in the crust was also re-
ported in fatbread [13, 37]. According to US FDA, acryl-
amide levels may vary depending on the bread type, e.g.,
grain bread has the highest concentration (59 μg/kg) fol-
lowed by whole-wheat bread (between 25 and 45 μg/kg) and
rye bread (31 μg/kg). According to an EFSA monitoring
report, acrylamide had mean 30 μg/kg and maximum
425 μg/kg concentration in bread [6]. Te acrylamide con-
centration in the breads may also be altered by the thickness
of the crust, e.g., baguette bread had a lower level of ac-
rylamide than fatbread and stone-baked bread [7]. In-
terestingly, Trabzon, rye, and oat bread crusts contain 420,
526, and 718 μg/kg of acrylamide, respectively. However, no
acrylamide was detected in any of the tested bread crumbs
[15]. Since bread is a poor heat conductor, the heat from the
oven air is transferred to the bread, resulting in the

formation of a temperature and water profle in the bread. At
the completion of the baking process, the surface temper-
ature of the loaf increases to 230–250°C, while the inside
temperature may reach 100°C or slightly higher temperature.
Also, acrylamide production occurs at >120°C [22].

Based on our data results, the acrylamide concentration
in treated and control (TBc, TB1, TB2, and TB3) white
fatbread was lower than other commercial breads (Figure 3).
Tese results suggest that the white wheat four, after re-
moving bran, is more acceptable for baking since it may
reduce the amount of asparagine amino acid which is
a contributing factor in the formation of acrylamide. Similar
results were also observed by Sadd et al. [23] where the group
found that eliminating ammonium salts as biscuit enhancer,
prolonging the fermentation period of the dough using
yeast, lowering the pH, and adding CaCO3 or calcium
chloride enhanced acrylamide reduction in the dough. Tis
suggests that mixing wheat four with other grains such as
barley or oats instead of four with branmay help in reducing
acrylamide formation. Further studies are warranted to
determine the efect of baking conditions on degree and
concentration of acrylamide production.

5. Conclusion

In this study, we report on analyzing the concentration of
acrylamide in fve types of bread. Overall, acrylamide was
detected in all tested breads at a high concentration ranging
from 362 to 470 μg/kg. Of fve tested bread types, acrylamide
was detected at the highest concentration in whole-wheat
fatbread followed by stone-baked bread, whole-wheat ba-
guette, and white fatbread. White baguette had a signifcantly
low concentration (362 μg/kg). In addition, CaCO3 supple-
mented, at various concentrations (240, 260, and 280mg/
100 g), in white fatbread, most commonly used in Iraq, had
signifcantly impacted on reducing acrylamide concentration
as compared to the control sample. Interestingly, among three
concentrations of CaCO3, 280mg/100 gm had shown the
lowest (115 μg/kg) acrylamide production as compared to the
control (308 μg/kg) sample without impacting rheological
properties. Overall, the strategy applied for the reduction of
acrylamide in white fatbread is promising and can be applied
to other types of bakery products. However, further research
is necessarily required to investigate its impact on quality,
palatability, and shelf life.

Data Availability

Te data used to support the fndings of this study are
available from the corresponding author upon request.

Additional Points

Highlights. (i) High acrylamide concentration was detected
in whole-wheat fatbread as compared to four other bread
types. (ii) Calcium carbonate reduces acrylamide production
in bread. (iii) Calcium carbonate did not impact on rheo-
logical properties and quality of white fatbread.
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“Efects in the solubility of CaCO3: experimental study and
model description,” Fluid Phase Equilibria, vol. 324, pp. 1–7,
2012.
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