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Abstract: The aim of this study was to investigate the possibility of reducing the acrylamide content of
bread samples obtained from wheat flour with a high extraction rate by adding a dry sourdough (SD)
into the bread recipe. According to the data obtained, compared to the control sample the acrylamide
content was significantly reduced (p < 0.05) by more than 50% for the bread samples in which low
levels of SD of 1-3% were added to wheat flour. More so, due to the fact that SD affects bread
quality, its technological effects on bread making have been investigated. The dough’s rheological
properties (mixing and pasting using Mixolab, extension using Alveograph, fermentation using
Rheofermentometer), falling number value, and bread quality parameters (loaf volume, porosity,
elasticity, color, textural and sensory qualities) have been investigated. In general, SD addition
caused a weakening effect on wheat flour dough, an increase in the total volume of CO, produced
during fermentation and a decrease in the falling number value. On bread quality, SD addition
improved bread physical characteristics, darkened the bread crumb and crust, decreased the textural
parameters (firmness, gumminess, cohesiveness and resilience) and improved the bread sensory
characteristics for the samples with the addition of 1-2% SDto wheat flour.
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1. Introduction

Acrylamide is one of the most common harmful compounds detected in a wide range
of foods containing cooked and fried carbohydrates, such as breakfast cereals, potato chips,
coffee, meat products, French fries, cookies, pastries, and bakery products [1-4]. According
to the Food and Agriculture Organization of the United Nations (FAO/WHO, 2002), the
average intake of acrylamide in the diet of people in developed countries was estimated
to be 0.3-0.8 ng/AA/kg body weight per day, but actual consumption is likely to exceed
this value [5].

The concentration of acrylamide in processed foods has become a very serious health
problem, as it has been shown to be genotoxic, carcinogenic, toxic to the reproductive
system, neurotoxic and to cause DNA damage [6-9]. A wide range of researchers represent-
ing national food safety authorities, academia and food producers have sought to better
understand the mechanisms of acrylamide formation and to find ways to minimize its
formation in food [3].

Despite the fact that bread contains relatively low levels of acrylamide, being a basic
element of the diet in many regions of the world, it contributes about 25% of the total
dietary intake of acrylamide [10]. Reducing acrylamide levels in bread thus remains a
very important issue [6]. Acrylamide is a carcinogenic compound formed mostly from the
Maillard reaction that involves the amino acid asparagine and reducing sugars during the
process of baking bread at temperatures above 120 °C [1,3,11].

As dietary exposure to acrylamide has been recognized as a major health problem, var-
ious strategies to reduce the level of acrylamide in food have been investigated. Our
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research was focused on two main possibilities for reducing the level of acrylamide:
(1) avoiding the formation of acrylamide in foods (interventions in raw materials, elim-
ination of acrylamide precursors or inhibition of the Maillard reaction); (2) removal of
acrylamide after generation, which can be achieved by conventional and emerging tech-
niques. Practice has shown that a combination of these methods is more effective than either
performed individually [8,12].

Several methods (physical, chemical, biological) for reducing acrylamide levels in
foods with the purpose of reducing its precursors, impacting the raw material, modifying
manufacturing recipes (adding ingredients that could reduce the content of acrylamide)
have been potentially explored, with various recommendations on processing parameters
(i.e., temperature and high temperature exposure time). However, some of these methods
cannot be practiced due to the need for high amounts of energy, expensive equipment and
harmful effects on the nutritional quality of food. It is not easy for food industry producers
to take an approach which balances both efficiency and cost. In this regard, the application
of microorganisms, such as lactic acid bacteria (LAB) and probiotics, has been considered
for use as a pre-process and post-process attenuation tool [4,7,13].

Utilizing sourdough in baking technology is an old, traditional practice, as sourdough
is considered a natural starter for the manufacture of bakery products, and an alternative
to baking yeast and chemical fermentation [14,15]. Modern bakeries use sourdough to
improve the sensory, nutritional and functional properties of finished products [2,10]. It
has been demonstrated that the use of sourdough has led to improved flavor, structure and
stability and increased the shelf life of bakery products [16,17].

Some studies show that acidic dough increases the antioxidant capacity and bioavail-
ability of minerals by enzymatic degradation of phytic acid. It also reduces gluten immuno-
toxicity in people with celiac disease and delays starch digestion, inducing a low glycemic
response and reducing the formation of acrylamide [6,7,15,18].

Sourdough is defined as a dough consisting of wheat flour and/or rye flour, water
and sometimes salt, fermented with lactic acid bacteria (LAB) and yeast, microorganisms
that give it its acidifying and leavening capabilities [1,19]. Yeasts act primarily as leavening
agents, while lactic acid bacteria mainly contribute to acidification and the production
of flavors and other metabolic compounds in bakery products [10]. From a numerical
point of view, lactic acid bacteria are dominant, the ratio between them and yeasts be-
ing about 100:1 [5]. Symbiotic relationships are created between these microorganisms,
while the developed microbiome has superior properties in a single bioprocess, such as
stability, functional robustness and the ability to simultaneously involve several different
microbial interactions.

The multiple effects of alcoholic and lactic fermentations in the dough ensure the
loosening of the dough and the bread, and the byproducts of fermentation influence the
taste and aroma of the finished product.

The most commonly used lactic acid bacteria with conclusive results in reducing
the level of acrylamide in bakery products belong to the genera Lactobacillus (Lactobacil-
lus brevis, Lactobacillus rhamnosus, Lactobacillus plantarum, Lactobacillus casei, Lactobacillus
lactis) [2,5,16,17,20]. Acrylamide levels in bakery products can be reduced up to 85% by
using acid dough [14]. Research has shown that the potential to reduce the acrylamide
content of lactic acid bacteria in the dough is specific to the strain, with the best results
obtained with the species Lactobacillus plantarum, Lactobacillus rhamnosus, Pediococcus acidi-
lactici [3,4,6,7,10]. In these species of lactic bacteria, the chemical composition of the cell
wall was studied and a positive relationship was observed between their binding capacity
and the acrylamide level. It seems that teichoic acid compounds, which are part of peptido-
glycan group, are responsible for acrylamide binding. Moreover, some functional groups of
peptidoglycan, such as amide, carboxyl, arene, polysaccharides and amines, were involved
in acrylamide binding in bacterial cell walls [21]. The ability to bind acrylamide and to use
it as a carbon source depends on the genus and species of LAB. However, other factors
such as the pH of the dough system, strain carbohydrate fermentative ability can affect the
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capacity of LAB to reduce acrylamide. A lower pH and a higher carbohydrate metabolism
increase LAB ability to reduce acrylamide formation in bread. For example, Lactobacillus
brevis presented a lower carbohydrate fermentative ability, whereas Lactobacillus plantarum
and Pediococcus pentosaceus presented a higher one [6].

Previous studies have shown a decrease in acrylamide content in all bakery products
obtained with sourdough compared to bread obtained only with yeast [10]. A first explana-
tion of these results was the positive correlation between the acrylamide content and the
pH of the dough [12]. Other authors suggest that cell wall carbohydrates, mainly peptido-
glycan (PGN), were the main components responsible for the binding of acrylamide by the
lactic acid bacterial cell. PGN is a major component of the bacterial cell wall, representing
approximately 90% of the cell wall mass [9,20]. It has also been reported that acid dough
fermentation reduces free asparagine in dough and acrylamide content in bread [7].

In conclusion, reducing the level of acrylamide is a challenge for processors in the
bakery industry, and the use of sourdough proves to be an efficient and inexpensive strategy
because the fermentation process can be easily adapted to a technological line of bread
production. In addition, sourdough is accessible to producers and safe for consumers [10].

The paper proposes the use of dry sourdough as a natural ingredient to reduce the
acrylamide content from bread samples and also to improve the quality of the bread
products. Furthermore, the effect of dry sourdough on bread making has been evaluated
by analyzing the impact of sourdough addition on the rheological properties of dough
mixing, extension and pasting.

2. Materials and Methods
2.1. Materials

Wheat flour of a high extraction rate (harvest 2020) was provided by Pambac SA
Company (Bacau, Romania). The dry sourdough (SD) provided by Enzymes & Derivates
S.A. Company (Neamt, Romania) was obtained from wheat flour through fermentation in
the presence of the flour’s own microorganisms, including its own active LAB, which was
used in a powder form. The commercial dry sourdough was produced by AIT Ingredients
(Souftlet Group, Saint-Maximin, France) with the commercial name Grande Sélection Ble
Nol. The product’s technical sheet did not mention the active LAB species present in
the SD but according to the international literature six genera dominate LAB sourdough
obtained through wheat fermentation: Lactobacillus, Enterococcus, Leuconostoc, Lactococcus,
Weissella and Pediococcus. From those, the most prevalent species are: Lactobacillus plantarum,
Weissella cibaria, Leuconostoc citreum and Leuconostoc pseudomesenteroides [22] The wheat flour
was analyzed according to international standard methods and presented the following
characteristics: 12.30 g/100 g moisture (according to the International Association for
Cereal Science and Technology—ICC 110/1); 1.36 g/100 g ash (ICC 104/1); 252 g/100 g
wet gluten (ICC 106/1); falling number 334 s (ICC 107/1).

2.2. Dough Rheological Properties Analysis

The dough rheological parameters for mixing and pasting properties were determined
with the Mixolab device (Chopin, Tripette et Renaud, Paris, France) according to ICC 173/1.
The analyzed parameters were: water absorption (WA), dough development time (DT),
dough stability (ST) and torques related to protein weakening (C2), starch gelatinization
phase (C3), stability of hot starch paste (C4) and to the final starch paste viscosity after
cooling at 50 °C (C5).

The dough rheological parameters for extension were determined with the Alveograph
device (Chopin Technologies, Villeneuve-la-Garenne, France) according to ICC 121 method
at constant hydration to a 14% moisture basis. The analyzed parameters were: maximum
pressure (P), index of swelling (G), dough extensibility (L), baking strength (W) and
configuration ratio of the Alveograph curve (P/L).

The dough rheological properties during fermentation were determined with the
(Chopin Rheo, type F4, Villeneuve-La-Garenne, France) according to AACC 89-01.01
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method. The analyzed parameters were: maximum height of gaseous production (H'm),
volume of the gas retained in the dough at the end of the test (VR), total CO, volume
production (VT), and retention coefficient (CR).

The pH values of the dough samples were analyzed by introducing the electrode of a
HQ30d portable pH Meter (HACK, Loveland, CO, USA) into the probe sample. The falling
number value, which is a measure of x-amylase activity in wheat samples, was determined
with the Falling Number device (PerkinElmer’s, Hégersten, Sweden) according to ICC
standard method 107/1.

2.3. Bread Quality Parameters Analysis

For bread making, the following ingredients were used: wheat flour as basis and 2.5%
Saccharomyces cerevisiae type yeast in a compressed form, 1.3% salt, 2.5% bakery improver
which consists of a mix from vital wheat gluten, diacetyl tartaric acid ester with mono
and diglycerides, ascorbic acid and L-cysteine, with respect to the amount of wheat flour
used in order to obtain a wheat flour with good characteristics for bread making. Water
was incorporated into the dough recipe according to the water absorption value of the
dough samples. The dry sourdough was added to wheat flour at the levels of 1% (SD_1),
2% (SD_2), 3% (SD_3) and 4% (SD_4). The sample with no SD addition was the control
sample. The ingredients were mixed to a temperature around of 30 °C for 7-8 min, after
which the dough was left to rest for 10 min. After dough division in order to obtain 300 g
of bread, each the sample was proofed for 50-60 min at a temperature of 35-39 °C and
relative humidity of 66-74%. Finally, the dough was baked for 15-17 min at a temperature
of 250 °C.

After cooling, the bread samples obtained were analyzed for their physical, textural,
color, and sensorial characteristics. The bread physical characteristics (loaf volume, porosity
and elasticity) were determined according to the Romanian SR 90: 2007 standard method.
The bread color parameters (L*, a*, b*) were analyzed for crumb and crust by using the
Konica Minolta CR-400 colorimeter (Tokyo, Japan). The textural parameters of bread
samples (firmness, gumminess, cohesiveness and resilience) were determined using the
TVT-6700 device (Perten Instruments, Hégersten, Sweden) equipped with a 10 kg load
cell. The sensory analysis was conducted by using a 9 point hedonic scale using a panel
of 20 semi-trained judges. The following bread sensory characteristics were evaluated:
appearance, aroma, taste, color, texture, smell and overall acceptability.

The acrylamide level of bread samples were determined using 5 g of the ground
sample, to which 15 mL of acetonitrile was added in a tube. The mixture obtained was
homogenized for 30 s in a centrifuge, and after that 15 g of quextrak 1 salt was added,
which was homogenized for 1 min by centrifugation. Subsequently, 4 mL of supernatant
was taken, to which 15 g of quextrak 2 was added, which was homogenized for 30 s by
centrifugation. From this mixture was taken 2 mL of supernatant, which was evaporated
under a stream of nitrogen at 50 °C, then the sample was eluted in 0.5 mL of distilled water,
with the correction factor of 0.75. The sample was introduced into HPLC equipped with a
diode array detector. To determine the concentration of acrylamide of the bread sample,
the analytical signal (peak) was integrated and, with the help of the apparatus software,
its concentration was determined by extrapolation on the calibration curve. The limits of
detection (LOD) and limits of quantification (LOQ) of the HPLC method were of 20 ug/kg
and 25 ug/kg, respectively. The results were expressed in pg/kg to 2 decimal places.

The acrylamide contents in the bread samples were determined by LC method with
minor changes [23-25]. From the stock substance of acrylamide (reference material pro-
duced under ISO 17043, manufacturer Agilent, concentration 1000 nug/mL in methanol
solvent, storage temperature —18 °C) which was presented in liquid form, a standard
working solution was prepared by successive dilutions with Hirschmann Laborgerate
single-channel micropipettes until the working solution concentrations of 1000, 500, 300,
100, 50 ng/mL were reached. The working solutions were homogenized with the Vortex
homogenizer and prepared on the day of the analysis.
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The bread sample, in a minimum quantity of 1 Kg, was finely ground entirely at
the Retch GM 300 laboratory mill and from the resulting quantity 5 g were weighed on
the Mettler Tolledo technical balance (in a centrifuge tube, manufacturer Corning, with
a capacity of 50 mL) over which 15 mL of Acetonitrile was added (99.9% Acetonitrile,
HPLC for gradient analysis, filtered to 0.2 micron, manufacturer ThermoFisher Scientific,
Waltham, MA, USA). The mixture was homogenized for 30 s with the Vortex homogenizer.
Then, we added the Quechers extract salts (composition 4 g MgSO4; 0.5 g NaCl, manu-
facturer Agilent) which were vigorously mixed for 1 min with the Vortex homogenizer,
then centrifuged for 5 min at 5000 RPM with Sanyo Harrier 18/80 centrifuge to decant
the sample.

This composition was measured with a single-channel Hirschmann Laborgerate 4 mL
supernatant pipette which was placed in 15 mL centrifuge tubes containing other extraction
salts (Dispersive SPE 15 mL Fruits & Veg for Pigmented Fruits and Vegetables, composition
400 mg PSA, 400 mg GCB, 1200 mg MgSO4, manufacturer Agilent) and homogenized the
mixture again on Vortex for 1 min, then centrifuged for 5 min at 5000 RPM with Sanyo
Harrier 18/80 centrifuge.

From the obtained supernatant it was transferred with the single-channel micropipette
1 mL in a glass tube (glass tube), it was introduced in a multichannel evaporator ZIPVAP,
(Zanntek Analytical Evaporator, Glas-Col, Terre Haute, IN, USA) set at 50 °C under nitrogen
flow (gas purity 5.0) until evaporation at sec.

The next step was to elute the sample in 1 mL of ultrasonically degassed distilled
water, followed by homogenization for 30 s at Vortex. The solution obtained (distilled
water with the remains on the walls of the test tube) was placed in small bottles with a
stopper (vials capacity 2 mL) and placed in the autosampler for analysis.

The HPLC system (manufacturer PerkinElmer, model Series 200, Waltham, MA, USA)
has the following chromatographic conditions: Mobile phase—distilled water (degassed
by ultrasound); Chromatographic column: manufacturer Thermo Scientific, model: Hy-
percarb; column dimensions: 50 X 2.1 mm by 5 um; sample injection volume: 20 pL; loop
size: 50 pL; flow: 0.3 mL/min; detection with DAD detector: at 210 nm wavelength with
bandwidth 20 nm, and reference 310 nm.

To quantify acrylamide, we drew the calibration curve (calibration) with the calibration
points on the 50-100-300-500-1000 curve (ng/mL).

Compounds of interest were identified by comparing the retention times of the peaks
in the recorded chromatograms and by analyzing the DAD spectrum for the samples to
be analyzed with the retention times of the peaks in the chromatograms recorded for the
standard substance.

To determine the concentration of acrylamide in a sample, the analytical signal (peak)
was integrated and, with the help of the apparatus software, its concentration was de-
termined by extrapolation on the calibration curve. Spectral analysis was performed by
accessing the IRIS partition of TotalChrom software (version 6.2.1, Perkin Elmer Waltham,
MA, USA, access date 23 May 2021), followed by the use of functions: 3D spectrum, peak
purity, baseline, maximum absorbance, absorbance ratio.

The analytical result was recorded in the corrected form for recovery, which was
higher than 83%. The results were expressed in pg/Kg, to 2 decimal places. Results
below the detection limit were undetectable. The limits of detection (LOD) and limits of
quantification (LOQ) of the HPLC method were of 20 png/kg and 25 pg/kg, respectively.

2.4. Statistical Analysis

The data samples were expressed as the mean =+ standard deviation. For statistical
analysis a Statistical Package for Social Science statistical package (v.28, SPSS, Chicago,
IL, USA, free trial) was used. A one-way ANOVA with Tukey’s test at a 5% significant
differences level was used.
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3. Results and Discussions
3.1. Effect of Dry Sourdough on Dough Rheological Parameters
3.1.1. Effect of Dry Sourdough on Mixolab Rheological Parameters

The dough’s rheological properties, as measured by a Mixolab device, are shown
in Table 1. As can be seen, the addition of dry sourdough (SD) slightly increased water
absorption value—this result being in agreement with those reported by Nogueira et al. [26].
In the initial Mixolab mixing stage, dough development time and stability significantly
decreased (p < 0.01) with the increased level of SD addition to wheat flour. This fact
indicates that dough becomes less stable and weaker when SD is added to wheat flour. A
weakening effect of SD addition on dough mixing properties has previously been reported
by other researchers [26-28]. This may be due to the fact that the addition of SD to wheat
flour may lead to a hydrolytic intensification of the protein and starch degradation. This
leads to a release of water from the gluten system, which decreases the dough’s consistency
and therefore its stability. Therefore, a hydrolitic act of SD on gluten leads to a softening
of the dough when mixing. The addition of SD to wheat flour shortens and hydrolyzes
the polypeptide chains of the dough system, allowing them to reassemble in protein films.
These protein changes decreased the mixing time required to obtain maximum dough
development, which is important from the energy consumption point of view. As can be
seen in Table 1 below, the addition of SD led to a decrease of almost five times for DT value
for the SD_4 sample, compared to the control.

Table 1. Mixolab rheological properties of dough samples with different levels of dry sourdough (SD) addition.

Samples WA (%) DT (min) ST (min) C2 (Nm) C3 (Nm) C4 (Nm) C5 (Nm)

Control 620+ 0112 504+0069 842+003° 034+001° 144+002° 1.14+0029 1.83+0.034
SD_1 62.3+0.102 4724+025° 765+0039 032+0009 1384002P 1.08+001° 1.70+0.01°¢
SD_2 624 +0.102 462+005° 738+0.03° 031+£000° 1374+001° 1.06+002° 1.67+0.02bc
SD_3 62.6 +0.10° 3974+008P 648+0.03" 025+000° 1.34+000° 1.024000P 1.62+0.01°
SD_4 62.8+0.10°  0934+0.022 51540042 023+£0.00% 12840012 09840002 1.52=+0.022

WA, water absorption value; DT, dough development time; ST, dough stability; C2, protein weakening torque; C3, starch gelatinization
torque; C4, stability of hot starch paste torque; C5, final starch paste viscosity torque. Means followed by the same letter within a column
are not significantly different (p < 0.05).

The SD addition significantly decreased (p < 0.05) the C2 value up to 47.8% for the SD_4
sample compared to the control sample one. This decrease is due to protein denaturation,
which was favored by the action of proteolytic activity from SD on gluten. Therefore, when
temperature increases, the dough consistency decreases even more with the increased level
of SD addition to wheat flour. This fact indicates a weaker dough with less ability to retain
gases in the early stages of baking [29].

Starch gelatinization begins to take place in the temperature range of 60-65 °C, which
has a major impact on the dough’s rheological characteristics. This fact contributes to an
increase in the dough’s viscosity due to the formation of a colloidal dispersion. The starch
gelatinization ends around 100 °C, when baking is complete. During starch gelatinization,
the enzymatic attackability of starch increases. Compared to the control sample, the dough
recorded a significant decrease (p < 0.05) in viscosity for samples with SD incorporated
in the manufacturing recipe. The C3 value decreased up to 11% for the sample with 4%
addition of SD to the wheat flour. This may be due to the fact that the starch compound
had been exposed over time to the action of amylases in the dough [30]. Temperature and
pH are two factors that favor the action of amylolitic activity from SD and wheat flour
on the starch substrate. These factors influence the constant rate of enzymatic reactions,
up to certain values, when the process of amylase denaturation occurs. The SD addition
led to a slightly acidic dough, with a pH value of around 5.7, an optimum level for the
amylase enzyme in the dough samples with high levels of SD incorporated in the wheat
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flour. The optimal temperature and pH for amylase activity led to an increase in their
activity and therefore to a decrease in dough viscosity [28]. Consequently, the maximum
torque-measure of starch gelatinization C3 value decreased with the increase in the levels of
SD added to the wheat flour. The amylase hydrolysis in starch will lead to an accumulation
of molecular-weight dextrin [31]. This hydrolysis product will lead to a decrease in starch
gelling capacity to retain water, which in turn reduces dough consistency. Therefore, the
torque for stability of hot starch paste, C4, will decrease with the increased level of SD being
added to the wheat flour. Starch behavior during heating influences dough’s rheolgical
properties, mainly due to its gelatinization [32]. A more complete starch gelatinization
leads to enhanced amylases attackability and a lower dough consistency. It is due to
this face that all the Mixolab torques related to starch behavior, namely C3, C4 and C5,
presented lower values for the samples with the addition of SD to wheat flour compared to
the control. From all these Mixolab torques, the C5 torque related to the final starch was
the sample where the paste viscosity decreased in the most significant way (p < 0.05) with
the addition of increased levels of SD to wheat flour.

3.1.2. Effect of Dry Sourdough on Alveograph Rheological Parameters

The Alveograph data obtained presented in Table 2 show that the addition of SD
caused a change in dough’s tenacity (maximum pressure) after a variable trend, with
values being significantly lower (p < 0.05) than the control for samples with an addition of
SD to wheat flour of up to a 2%, after which this value significantly increased.

Table 2. Alveograph rheological properties of dough samples with different levels of dry sourdough
(SD) addition.

Samples P (mm) L (mm) G (mm) W (10—4]) P/L

Control 953 +057° 503 +152°¢ 1574+0.15° 169.6+115% 1.89 4+ 0.45P
SD_1 920+1.00%  600+2009 17240259 17634057 1.53+£0.042
SD_2 88.0+1.00%  59.04+1.00¢ 170+0259 1693+057% 149 +0.01°2
SD_3 106.6 £1.524  4534+152P 1494+ 020P 180.0+£2.00°¢ 235+0.11°¢
SD_4 109.6 +1.15¢  38.6+1.152 13840172 1673+1522 283+0.104

P, maximum pressure; L, dough extensibility; G, index of swelling; W, baking strength; P/L, configuration ratio of
the Alveograph curve. Means followed by the same letter within a column are not significantly different (p < 0.05).

The maximum pressure value decreases for dough samples due to the enzymatic
activity of SD. A decrease in dough tenacity may be due to the action of x-amylase and
protease on starch and gluten structure, which led to a decrease in dough consistency [33].
However, in an expected way, the p value significantly increased (p < 0.05) when high levels
of SD were incorporated into the wheat flour, reaching up to 15% for the SD_4 sample
compared to the control sample. This may be explicable since, as can be seen from the
Mixolab data, the water absorption needed for the dough to reach the optimum consistency
value increased with the increase in the level of SD added to the wheat flour. Due to the fact
that we determined the Alveograph rheological properties at constant hydration, we added
the same amount of water in the Alveograph mixer when SD was added to the wheat flour.
This may lead to a lower amount of water being correlated with the dough needs, a higher
dough consistency and therefore to higher dough tenacity. The increase in p value takes
place only when high levels of SD are added to wheat flour, and in these cases a significantly
higher amount of water is needed in the dough system. The addition of low levels of SD to
wheat flour leads to a higher dough extensibility and index of swelling, while the addition
of high levels of SD to wheat flour leads to a lower L and G values. This behavior may
be due to the water availability from the dough system and its enzymatic activity. The
addition of SD to wheat flour leads to an intensification of the enzymatic activity. As a
result of the protease and x-amylase action on gluten and starch structure maltose, dextrins
and amino acids are formed. Maltose formed through starch hydrolysis dehydrates the
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gluten enzymatically hydrolyzed by proteases, increasing the available water from the
dough system, reducing dough consistency and increasing dough extensibility [34]. The
extensibility of the dough is dependent on its viscosity. Even if enzymes act more intensely
in the dough system due to SD addition, the addition of a lower amount of water to the
wheat flour due to the constant hydration method used with the the Alveograph leads to a
higher dough viscosity and therefore to lower G and L values when high levels of SD are
incorporated into the wheat flour. The baking strength value did not present significant
variation (p < 0.05) between the control sample and the samples with 2 and 4% SD addition
to wheat flour. However, the samples with 1 and 3% SD addition to wheat flour presented
significantly higher W values (p < 0.05) compared with the control. This fact indicates
that SD addition slightly improved the dough’s rheological properties during extension,
as determined by the Alveograph device. From the P/L values point of view, it may be
seen that no significant differences (p < 0.05) were recorded between the samples with
the addition of 1 and 2% SD to wheat flour and significant ones (p < 0.05) were recorded
between the samples with the addition of 3 and 4% SD to wheat flour (which presented
higher values than the control).

3.1.3. Effect of Dry Sourdough on pH, Falling Number and Rheofermentometer Rheologial
Parameters

The addition of SD to wheat flour led to a significant decrease (p < 0.05) in the pH value
of dough, as may be seen from Table 3. The decrease in pH value with the increased level
of SD addition has been reported by various researchers [14,34]. These decreases are due
to the lactic acid content of SD, which was obtained as a result of the fermentation of lactic
acid bacteria in wheat flour [35]. During fermentation, the pH value slightly increased with
the increase in the dough fermentation time. This slight pH increase during fermentation
may be due to the proteolytic activity of SD, which acts on proteins releasing amino acids,
thus increasing the pH level in the dough system. However, this increase is not a significant
one, with the pH value being somehow constant during dough fermentation.

Table 3. pH values of dough samples with different levels of dry sourdough (SD) addition.

pH
Samples
0h 1h 2h 3h
Control 6.03 £0.014 6.01 +£0.004 6.00 + 0.00 ¢ 6.00 £ 0.00 4
SD_1 5.88 & 0.00 € 5.89 =+ 0.00 € 5.91 £ 0.00 4 5.93 £+ 0.00 €
SD 2 5.80 4+ 0.01b 5.82 +0.00b 5.83+0.00 ¢ 5.84 +0.00b
SD_3 5.70 4 0.01 2 5.72 4+ 0.012 5.75 + 0.00 b 5.78 4 0.01 2
SD_4 5.68 & 0.00 2 5.70 & 0.00 2 5.73 4 0.00 2 5.77 4 0.00 2

a—e, mean values in the same column followed by different letters are significantly different (p < 0.05).

As may be seen from Table 4 below, the addition of SD to wheat flour decreased the
FN value, which indicates an improvement of the x-amylase activity in the dough system.
This drop is a significant one (p < 0.05), by as much as 19.5% for the sample with an addition
of 4% SD to wheat flour compared to the control. According to the data obtained, the
FN values decreased and reached optimum values, which are between 250 and 300 s [36].
Therefore, it may be concluded that SD addition improved the wheat flour quality up to a
normal a-amylase activity, making it of a good quality for breadmaking from the amylase
activity point of view.

The importance of adjusting the level of x-amylase activity in wheat flour is essential
for dough fermentation. In general, wheat flour contains relatively small amounts of
fermentable carbohydrates—totally insufficient for a good development of the yeast activity
that would lead to a good bread quality. Therefore, the increase in the x-amylase content
in wheat flour through SD addition favors the formation of the maltose used by yeast
for the production of carbon dioxide, ethanol and other fermentation products. From
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amylases, x-amylase acts on the starch contained in the wheat flour, favoring the action
of B-amylase, which is present in wheat flour in large amounts [31]. This will lead to
the continuous production of carbon dioxide during fermentation, to an amount that
favors obtaining a high quality bread. With the increase in the amount of fermentable
carbohydrates in the dough, the activity of yeast and bacteria is stimulated. It multiplies
the number of yeast cells and amplifies its fermentative activity [37]. Additionally, the
amount of heterofermentative lactic acid bacteria also increases in wheat flour dough due
to the addition of SD, a fact that may contribute to the structural changes in the dough and
their ability to form carbon dioxide, even if the amount of these gases is much lower than
in the case of yeast [27,28]. As may be seen from the Rheofermentometer data, the total
volume of CO, production rose with the addition of increased levels of SD to wheat flour,
with the highest VT value being recorded for the sample with 3% SD added to the wheat
flour. A significant (p < 0.05) increase in VT value of 6% was recorded for this sample in
comparison to the control.

The dough’s ability to retain gases is influence by the changes in its rheological
properties due to SD addition. As may be seen, the volume of the gas retained in the
dough at the end of the VR test significantly decreased (p < 0.05) with the increased level
of SD addition compared to the control sample. The lowest VR value was recorded for
the sample where 4% SD was added to the wheat flour, for which the VR value decreased
by 7.2% compared with the control. However, between the samples SD_1 and SD_2 and
between the samples SD_3 and SD_4, no significant differences (p < 0.05) were recorded for
VR value.

Table 4. Rheofermentometer parameters and Falling Number values of dough samples with different
levels of dry sourdough (SD) addition.

Samples H’m (mm) VT (mL) VR (mL) CR (%) FN (s)

Control  765+0.15¢ 17726 +4.042 12903 +£251°¢ 72.7+0.05¢ 3353415249
SD_1 769 £035¢ 17950 +5.13P 12543 +152° 698 +0479  284.0 +2.00°¢
SD_2 746 +£030P 18653 +£351¢ 125234251  67.1+0.00°  281.0 +2.00¢
SD_3 7414 020P 1878.6 £3.05°¢ 1202342512 639+0.052 2746+ 057P
SD_4 70.0 £0253 1784342512 1196.6+2512 67.0+0.10P  269.6 +1.522

H’m, maximum height of gaseous production; VT, total CO, volume production; VR, volume of the gas retained
in the dough at the end of the test; CR, retention coefficient; FN, falling number value; a-e, mean values in the
same column followed by different letters are significantly different (p < 0.05).

The increase in the amount of gas formed during fermentation and the decrease in
the dough’s ability to retain gases influences the H'm and CR values. For the H'm value
no significant differences (p < 0.05) were noticed between the sample with the addition
of 1% SD to wheat flour and the control sample, or between the SD_2 and SD_3 samples.
However, for the dough samples to which doses higher than 2% SD were added to the
wheat flour, significantly (p < 0.05) lower values were recorded compared to the control.
For the CR value, significantly lower values (p < 0.05) were recorded for the samples with
the addition of SD to wheat flour compared with the control. Taking into account that
CR is the ratio between the VR and VT values, it may be concluded that the dough’s
ability to retain gases is lower than the amount of gases formed during the fermentation
process. The decrease in CR value for the samples with SD addition compared with the
control is a consequence of the worsening of the dough'’s rheological properties due to
the addition of SD to the wheat flour, which is not capable of retaining the gases formed
during fermentation.

3.2. Bread Quality Characteristics
3.2.1. Bread Physical Characteristics

The data on bread physical characteristics are shown in Table 5. It may be noticed
that all samples with SD addition presented significantly (p < 0.05) higher values for loaf
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volume, porosity and elasticity compared to the control sample. For loaf volume, no
significant differences (p < 0.05) were recorded between the SD_1, SD_2 and SD_3 samples.
The highest value for loaf volume was obtained for the SD_2 sample, which was 23.4%
higher than the value obtained for control sample. For the porosity and elasticity values
no significant differences (p < 0.05) were obtained between the SD_1 and SD_4 samples.
Similarly, for elasticity, no significant differences (p < 0.05) were recorded between the SD_2
and SD_3 samples. Because of its enzymatic activity, SD addition favors yeast activity due
to the increased amount of fermentable carbohydrates in the dough, and consequently
improves loaf volume, porosity and elasticity. The significant increase in the values of the
physical characteristics of the bread for the samples with SD addition can be explained
by the higher amount of gases formed during the dough fermentation, and by the higher
speed of the fermentation process performed by the yeasts in the presence of lactic bacteria
from the SD, as well as a good ability of dough to retain gases [14]. However, the addition
of high levels of SD to the bread recipe led to a slight decline in the bread’s physical
characteristics due to the loss of the dough capacity to retain gases.

Table 5. Physical characteristics of the bread samples with different levels of dry sourdough (SD)
addition.

Bread Samples Loaf Volume (cm3/100 g) Porosity (%) Elasticity (%)
Control 348.0 +2.002 80.6 £ 0.202 91.6 £0.202
SD_1 419.0 +2.64°¢ 81.2+0.05° 9234+0.20P
SD_2 429.6 + 4.61°¢ 83.6 +0.154 93.340.20 ¢
SD_3 425.0 +7.00 81.7 £0.10°¢ 93.7 £0.11°¢
SD_4 381.6 +9.01° 81.0+0.11"P 92.74+0.15b

Means followed by the same letter within a column are not significantly different (p < 0.05).

3.2.2. Bread Color Characteristics

The color analysis of the bread samples for crust and crumb is shown in Table 6.
The bread color values L and b* were significantly affected (p < 0.05) by SD addition for
the bread crust and insignificantly affected (p < 0.05) for the bread crumb. The L values
(which represent the lightness of the bread samples) were lower with the increased level
of SD addition in wheat flour. The b* values (which represent the degree of blueness to
yellowness) also decreased with the increased level of SD addition to wheat flour. The
a* value (which indicates greenness to redness) were significantly different (p < 0.05) for
all samples in which SD was added to the wheat flour. This value also decreased with the
increased level of SD addition to wheat flour. The L, a* and b* color parameters’ evolution
indicates a darkening of the bread color characteristics that is more significant for the bread
crumb than for the bread crust. Due to the fact that starch and proteins” hydrolysis was
more intense for the dough samples with SD addition, the fermentable sugars and amino
acids which were not entirely consumed during fermentation process participate in the
Maillard reaction during baking. As a result, higher amounts of melanoidins are formed,
which contributes to the intensification of the color of both bread crust and crumb [28].
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Table 6. Color measurements of bread samples with different levels of dry sourdough (SD) addition.

Crust Color Crumb Color
Bread Samples
L a* b* L a* b*
Control 54.12 +1.02d 11.88 +0.40°¢ 34.58 +0.354 72.39 +£1.202 —2224024°¢ 25.03 £0.292
SD 1 5296 +£0.13<d  11.71 +0.05b¢  34.43 +0.099 7216 £0.032  —233+001Pc 242840.012
SD_2 52.57 4 0.10 © 11.48 + 0.03 be 33.60 + 0.02 ¢ 71.07 £0.072  —241+0.02bc  2356+0.172
SD_3 4513 4+ 0.10"P 11.28 +£0.09b 30.36 + 0.06 ° 70.81 £0.052  —260+0.023 2268+ 0.022
SD 4 42.08 £0.102 10.68 & 0.04 2 28.20 + 0.05 2 70.27 4 0.04 2 —2.84 +0.022 2247 4+ 0.032

L, lightness, (L = 0 is black and L = 100 is white); a*, green-red opponent colors (—a = green and +a = red); b*, blue-yellow opponent colors
(—b =Dblue and +b = yellow).Means followed by the same letter within a column are not significantly different (p < 0.05).

3.2.3. Bread Textural Characteristics

The textural parameters values for the bread are shown in Table 7. As may be seen, the
addition of increased levels of SD to wheat flour led to a significant decrease (p < 0.05) in the
firmness and gumminess values. This decrease may be due to a reduced starch staling for
the samples with SD addition, which may lead to a less rigid crumb and therefore to lower
firmness values. Various studies have reported a reduction in the starch retrogradation
rate for bread obtained with sourdough addition [14,38]. It was concluded that the staling
rate of bread is significantly influenced by «-amylase content from the dough system by
affecting the interactions between the proteins and starch granules, which are reduced due
to starch hydrolysis products not specifically associated with the protein network [39]. This
resulted in a less firm and gummy bread. From the point of view of the cohesiveness and
resilience values, it may be seen that when low levels of SD were added to the wheat flour,
no significant effect (p < 0.05) was obtained between bread samples. When high levels of
SD were added to the wheat flour, it became apparent that the values for cohesiveness and
resilience were significantly lower (p < 0.05) than the control sample.

Table 7. Texture parameters of bread samples with different levels of dry sourdough (SD) addition.

Bread Samples Firmness (N) Gumminess (N) (fgilzzi::;i:) ( AcIl{i;iielri\Zri::lal)
Control 6.40 £0.12°¢ 4154+0.22¢ 0.65+ 0.03 b 1.15+0.08 P
SD_1 6.13 +0.56 40240164 0.69 4+ 0.01° 1.21 +£0.03P
SD_2 5.50 +0.16 3.88£0.13°¢ 0.63 & 0.06 ® 1.15+£0.10°
SD_3 4.644+0.34P 3.644+0.19b 0.43 £ 0.042 0.87 £ 0.052
SD_4 42040222 3.2240.102 0.42 +0.022 0.81 £ 0.06 2

Means followed by the same letter within a column are not significantly different (p < 0.05).

3.2.4. Bread Sensorial Characteristics

The results of the sensory evaluation of bread samples with different levels of SD
addition are shown in Figure 1. All the bread samples were well evaluated. The most
appreciated bread sample was the one with the addition of 2% SD to wheat flour; however,
the rest of the samples were also highly rated. The lowest rate of appreciation was recorded
for taste, with a score lower than 7 being recorded for the SD_4 sample. The bread sample
with 4% of SD addition presented a sourdough taste, and even a salty one. However,
the bread samples with 1 and 2% SD addition were appreciated more than the control
sample. This may be due to the fact that SD addition leads to an increase in sugar content
in the bread, which improves its taste, color and texture. Because of a higher amount of
hydrolyses of starch and gluten due to the addition of SD to the wheat flour, the amount of
fermentable carbohydrates and amino acids in the bread increased. After the fermentation
process, some of them remain in the bread and give it a pleasant taste. In addition, they
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participate in the Maillard reaction during baking, forming melanoidins that contribute to
the intensification of the crust color and bread flavor [40]. The aroma and taste of bread
depend on the flour extraction rate and the enzymatic reactions that take place during
fermentation. Additionally, the aroma and taste of the bread depend on the reactions that
take place when baking. The main compounds that contribute to the aroma and taste of
bread are organic acids, alcohols, esters and carbonyl compounds. Due to the lactic bacteria
from SD in its composition, the use of wheat flour with a high degree of extraction as raw
material for bread making will lead to the accumulation of a higher amount of volatile
compounds due to the alcoholic and lactic fermentation that takes place in the wheat flour
dough [14]. In addition to the lactic acid bacteria that SD contains, a slightly proteolytic
activity is also present, which favors the accumulation of amino acids. The accumulation
of amino acids in wheat flour dough is partially degraded by the Ehrilch pathway, lead-
ing to higher amounts of aldehydes or superior alcohols, which indicate an increase in
flavor compounds [41].

Overall acceptability
9

Smell 8 : Appearance

Taste Colour

Control sample e===SD 1 SD 2 e===SD 3 e==SD 4
Figure 1. Sensory analysis of bread samples with different levels of dry sourdough (SD) addition.

3.2.5. Bread Acrylamide Content

As may be seen from Figure 2, the acrylamide content from bread samples where
SD had been added to the wheat flour presented significantly (p < 0.05) lower values
than those obtained for the control sample. The lowest value for acrylamide content was
obtained for the bread sample with the addition of 1% SD to wheat flour, for which
the acrylamide content decreased by up to 63% compared to the control. However,
no significant differences (p < 0.05) were recorded between the SD_1 and SD_2 bread
samples from the acrylamide content point of view. The decrease in acrylamide con-
tent in bread samples following dry sourdough addition has been reported by various
researchers [7,10,14]. This may be due to the decrease in pH with SD addition. The lower
the pH is, the lower the acrylamide content of the bread products is [12]. As may be seen
from the data obtained, from the pH point of view (Table 3) the SD addition significantly
decreased (p < 0.05) the dough’s pH level, by up to 5.8% for SD_4 sample compared to the
control. The use of SD in bread recipes may increase the amount of lactic acid bacteria (LAB)
contained by the SD. According to different studies, some LAB may possess asparaginase
genes that favor asparagine consumption by LAB during the fermentation process [7,42].
However, according to our data, the reduction in acrylamide in bread samples was due to
the pH decrease rather than to the LAB content from the dough system. When more than
2% SD was added to wheat flour, the acrylamide content began to increase in a significant
way (p < 0.05) even if the bread samples presented lower values of acrylamide content
compared to the control sample. This may be due to the enzymatic activity from SD as pro-
teolytic ones can act on proteins and increase the asparagine content in the dough system.
Additionally, it is possible that the SD does not to possess LAB with asparaginase genes that
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can consume the asparagine from wheat flour dough. These data are in agreement with
those obtained by Ma et al. [16] which concluded that the acrylamide reduction is more a
result of the pH decrease that due to the consumption of acrylamide precursors, such as
asparagine, and reducing sugars. It is well known that acrylamide is formed mainly during
the Maillard reaction between amino acids (especially asparagine) and the reduction in
carbohydrates, which occurs at high temperature levels during baking [43]. According to
our data, the addition of high levels of SD to the wheat flour did not decrease the pH of the
dough samples in a significant way compared to the dough of the SD_1 sample. However,
SD possesses some enzymatic activity, the levels of which increase when increased levels
of SD are added to the wheat flour. As a consequence, the peptidase activity from SD leads
to the formation of amino acids, including asparagine, which influences the formation of
acrylamide. In addition, the increase in the level of amylases due to SD addition (a fact
demonstrated by the decrease in the FN value with the increase in the level of SD addition)
may also favor the increased reduction in carbohydrates which also are involved in the
acrylamide formation. These facts, combined with an insignificant decrease in dough pH
when high levels of SD are added to wheat flour, may lead to an increase in the AA level
in bread samples when high doses of SD are incorporated in the bread recipe. However,
the LAB content from SD, and the lower pH values for dough samples with SD addition
compared with the control one lead to significantly (p < 0.05) lower values for AA content
in all bread samples in which SD was incorporated into the bread recipe compared to the
control one.

=
120 A
C
100 -
20 -
&80 - a a
40 -
20 A
0 . . . .
SD_1 SD_2 50_3 sD_4

Control

Acrylamide content (ug/kg)

Bread samples

Figure 2. Acrylamide content of bread samples with different levels of dry sourdough (SD) addition.
Vertical bars represent the standard errors of means. Each acrylamide content value followed followed
by the same letter is not significantly different (p < 0.05).

4. Conclusions

The rheological behavior of the dough samples with the addition of different levels
of SD to wheat flour led to significant changes during mixing, extension, heating and
fermentation. The water absorption value increased with the increase in levels of SD
addition, whereas the dough development time, stability and Mixolab torques related to
starch behavior during heating decreased with the increase in levels of SD addition to
wheat flour. The dough’s rheological behavior during extension indicated an improved
extensibility and index of swelling, a decline in dough tenacity when low levels of SD
were added to the wheat flour, and a decrease in these values when high levels of SD were
incorporated into the bread recipe. During fermentation, total CO; volume production
presented higher values for dough samples with different levels of SD addition, whereas
the volume of the gas retained in the dough at the end of the test decreased with the
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increase in the levels of SD added to the wheat flour. All of the bread samples in which
SD was added to the flour presented better physical characteristics than the control. All
the textural parameters that were evaluated (i.e., firmness, gumminess, cohesiveness and
resilience) decreased with the addition of increased levels of SD to the bread recipe. The
color measurements of the bread samples indicate a more significant darkening of the color
of bread crust than bread crumb following SD addition. The best bread samples from the
physical and sensorial point of view were those where 1 and 2% SD had been added to
the wheat flour. For these samples, the lowest acrylamide levels were recorded, while the
analysis between the samples did not obtain a statistically significant difference (p < 0.05)
from the AA content point of view. Therefore, according to the data obtained, the amount
of acrylamide (a compound which is carcinogenic to humans) formed in bread during
baking may be reduced if SD is added to wheat flour of a high extraction rate. However, the
addition of SD in bread making presented a differential effect on the acrylamide content in
bread samples. Even though all the bread samples with SD addition presented significantly
(p < 0.05) lower values for acrylamide content compared to the control sample, the highest
decrease was recorded for SD_1 sample, which had an AA level 63% lower than the control.
At high levels of SD addition to wheat flour, the AA content begins to increase, indicating
the possibility of forming asparagine, a critical precursor for acrylamide formation in bread
making. Therefore, to reduce the acrylamide content in bread, adding low levels of SD to
wheat flour is a good option for bakeries. In addition, besides the fact that the addition
of a low amount of SD to wheat flour is an effective way of decreasing the formation of
acrylamide content in bread products, it also improves their quality from a technological
and quality point of view.
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