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The development of wheat-based foods that are enriched with proteins is increasingly popular. The purpose of this study was to
compare the effects of partial replacement of wheat flourwithwhey and soy proteins (0–30%) on the rheological properties of dough
and cookie-making quality. The incorporation of whey protein (WP) diluted the concentration of gluten, leading to an increase in
dough development time (MDT) and breakdown torque and a decrease in stability time (MST) and minimum torque (MMT).
The gelation of WP during the heat treatment increased dough peak torque (MPT), 𝐺, and 𝐺. As a contrast, the addition of soy
protein (SP) increased dough MST, MDT, and MMT.The aggregation of SP helped increase 𝐺 and decrease tan 𝛿 of the dough in
oscillatory shear tests. The weak gelling effects and higher water absorption of SP decreased MPT, 𝐺, and 𝐺 of the dough during
heat treatment. With SP, the spread ratio of cookies first decreased from 6.39 to 5.66 and then increased to 6.86, and the overall
acceptability scores ranged from 6.62 to 7.02, indicating that the formed soy protein network helped maintain the dough structure
for obtaining an improvement in the quality of bakery products.

1. Introduction

Currently, with increasing concern regarding the nutrition
and flavor of food products, the development of wheat-
based bakery foods that are enriched with foreign protein
additives is increasingly popular [1]. Whey proteins are the
best quality proteins available and have high digestibility
and a complete amino acid profile. Whey proteins are also
recommended due to their beneficial effects on enhancing
immunity and reducing the risk of heart disease and the
incidence of cancer [2]. Soybean contains the highest quality
and quantity protein of any other plant sources and is
an inexpensive source of protein and calories for human
consumption and in addition, it is seen as a low cost substitute
for milk proteins in developing countries [3]. Soy proteins
are also reported having beneficial effects on nutrition and
health, such as prevention of cancer, diabetes, and obesity and
protection against bowel and kidney diseases. Both whey and

soy proteins are the most used proteins in protein fortified
food products.

There were several reports of the effect of whey or soy
proteins on the properties of wheat dough and wheat-based
bakery products [3–8]. Since it is known that the gluten
network is responsible for viscoelastic properties in wheat
dough and for dough structure strength and gas retention,
most studies above reported that the incorporation of foreign
proteins interfered with gluten development and therefore
had negative effects on baking products, especially when
amount of foreign proteins was higher than 5%. Although
initially the aim of addition of proteins was to increase the
nutritional value of wheat-based bakery products, whey and
soy proteins exhibit various functional properties including
solubility, gelation, viscosity, emulsifying action, moisture
holding capacity, and foam-stabilizing activity, which might
significantly impact the structure of the dough and the
quality of the some types of products [5, 9, 10]. For example,
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the ability of whey proteins to thicken and form a gel
upon heating might be advantageous for some applications;
however, this ability might also be disadvantageous for others
[11]. Therefore, the selection of the protein source with
appropriate functionality might play an important role in
certain application. In addition, if a continuous protein phase
could be created when amount of foreign proteins was higher
than gluten in wheat flour, they might confer a protective
effect on dough structure for obtaining an improvement in
the quality of bakery products.

Therefore, the objective of this study was to compare the
effect of whey and soy protein addition on the thermome-
chanical, dynamic rheological andmicrostructural properties
of wheat dough and the cookie-making quality. A relatively
wide range of foreign protein addition (0–30%) to wheat
dough was tested. Such a study is essential for product devel-
opment and process control when considering the popularity
of protein fortified bakery products.

2. Materials and Methods

2.1. Materials. Wheat flour was obtained from Shenzhen
Southseas Grains Industries Ltd. (Shenzhen, China), which
contained protein of 8.53%, fat of 1.15%, ash of 0.28%
(dry weight basis), and 12.09% moisture. Whey protein
was purchased from Fonterra Co-operative Group Limited
(Aucklan, New Zealand). It contains 76.44% protein and
6.69% moisture. Soy protein was obtained from Yihai Kerry
Groups (Qinhuangdao, China) with 86.58% protein and
6.81% moisture. Whey and soy proteins were mixed with
wheat flour at seven substitution levels (0%, 5%, 10%, 15%,
20%, 25%, and 30%) for further tests.

2.2. Mixolab Measurements. The thermomechanical charac-
teristics of the samples were determined using a Mixolab
(Chopin, Paris, France). For the assays, a certain amount
of wheat-protein blends with known moisture content was
placed into the Mixolab bowl and mixed to obtain dough
of 75 g. After tempering the solids, the water required for
the dough to produce a torque of 1.1 Nm was automatically
added by the Mixolab system. The settings used in the test
were as follows: (1) the temperature was kept constant at 30∘C
for 8min; (2) then the temperature was raised to 90∘C at a
rate of 4∘C/min, holding for 7min; (3) the temperature was
cooled to 50∘Cat a rate of 4∘C/min, holding for another 5min.
The mixing speed during the entire analysis was 80 rpm.The
processes were repeated three times for each sample.

The following parameters were obtained from Mixo-
lab measurements [12]: Mixolab water absorption (MWA);
Mixolab development time (MDT); Mixolab stability time
(MST); Mixolab minimum torque (MMT); Protein weaken-
ing (PW); Pasting temperature (PT); Mixolab peak torque
(MPT); Mixolab breakdown torque (MBD); Mixolab setback
torque (MSB).

2.3. Dough Stickiness. Dough stickiness (DS) was deter-
mined with a Texture Analyzer (TA-XT2i, Stable Micro
Systems, Godalming, UK) using a Chen and Hoseney cell

[13]. The settings were as follows: compression force 40 g;
plexiglass probe diameter 25mm; trigger force 5 g, pretest
speed 2mm/s, posttest speed 10mm/s, holding time 0.1 s, and
probe travel distance 4mm.The force required for separating
the probe from the dough surface was recorded. Triplicate
measurements were performed.

2.4. Rheological Measurements. The dynamic rheological
properties of the dough were determined using a controlled-
stress rheometer (MCR 302, Anton Paar, Austria). The plate-
plate geometry was used with a diameter of 50mm and a
gap between plates of 1mm. Assayed doughs were previously
prepared using Mixolab when the torque reached 1.1 Nm. Oil
was used to prevent the samples drying during tests. A rest
time of 15min was applied to all samples before measuring.
Three replicates of each measurement were made.

Stress sweep tests at 1.0Hz were firstly conducted in order
to define the linear viscoelasticity zone in the range of strain
from 0.01% to 1%; frequency sweep tests were performed
in the range of 1 to 100 rad/s at a strain value of 0.1% to
determine the storage modulus (𝐺), loss modulus (𝐺), and
tan 𝛿 (𝐺/𝐺).

The temperature sweep tests were then performed at a
strain of 0.1% and frequency of 1Hz. Dough was heated in
the rheometer cell from 30 to 90∘C at 5∘C/min. The storage
modulus (𝐺) and the loss modulus (𝐺) were recorded as a
function of temperature.

2.5. Scanning Electron Microscopy. Themicrostructure of the
dough was observed by scanning electron microscopy. For
the assay, the samples were fixed in 3% glutaraldehyde for 2 h
and embedded in a graded ethanol series (30%, 50%, 70%,
and 90%) for 20min at each gradation. After that, samples
were embedded in 100% ethanol for three consecutive 20min
intervals to ensure full dehydration and then freeze-dried.
Fragments of the freeze-dried samples were mounted on
aluminium specimen stubs using doubled tape and sputter-
coated with a layer of gold by Ion Sputter. Sample analysis
was performed at an accelerating voltage of 15 kV with SEM
(TM3000, Hitachi, Japan).

2.6. Cookie Preparation and Quality Evaluation. Cookies
were prepared according to AACC 10–50𝐷. The diameter
(𝐷), thickness (𝑇), and spread ratio (𝐷/𝑇) were determined
according to AACC standard method 10–50𝐷 [14]. The
hardness of cookies was determined using three-point break
(HDP/3 PB) technique with a Texture Analyzer (TA-XT2i,
Stable Micro Systems, Godalming, UK). The pretest speed
was set at 3.0mm/s, test speed at 1.0mm/s, and posttest speed
at 10.0mm/s. Probe travel distance was set at 10mm and data
acquisition rate at 500 pps.Themaximum breaking force was
recorded, which could be referred to as the hardness of the
cookies. Seven replicates were performed for each test. The
color was measured as a series of 𝐿∗, 𝑎∗, and 𝑏∗ values by
colorimeter (KonicaMinolta, Japan). Each assaywas repeated
10 times, and the average value was used. Color difference
(Δ𝐸) was defined as the difference between samples and
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Table 1: Effect of whey and soy protein addition on thermomechanical properties and stickiness of wheat dougha.

MWA
(%)

MDT
(min)

MST
(min)

MMT
(Nm)

PW
(Nm)

PT
(∘C)

MPT
(Nm)

MBD
(Nm)

MSB
(Nm)

DS
(g)

Control 53.8 1.12 ±
0.07ab

7.62 ±
0.28c 0.50 ± 0e 0.63 ±0.01e

55.60 ±
0.26a

2.21 ±
0.03c

0.42 ±
0.02a

1.67 ±
0.01c

23.37 ±
9.64a

Whey protein

5 49.8 2.66 ±
0.39c

4.63 ±
0.08ab 0.30 ± 0c 0.80 ± 0g 58.25 ±0.35bc

2.28 ±
0.01c

0.59 ±
0.03ab 0.9 ± 0.03

a 44.76 ±
12.31b

10 47.1 3.35 ±
0.04c

3.76 ±
0.95a

0.24 ±
0.01b

0.82 ±
0.01gh

58.30 ±
0.99bc 2.3 ± 0.01

c 0.63 ± 0bc 0.89 ±0.03a
65.31 ±
23.49c

15 44.2 4.13 ±
0.08d

3.75 ±
0.04a 0.23 ± 0b 0.85 ± 0h 60.20 ±0.71cd 2.49 ± 0d 0.84 ±0.01c 0.8 ± 0.05

a 112.31 ±
3.54d

20 43.2 4.42 ±
0.02d

3.66 ±
0.08a

0.20 ±
0.01b 0.89 ± 0i 60.60 ±0.28cd

2.75 ±
0.01e

1.26 ±
0.14d 0.8 ± 0.15a 136.98 ±11.66e

25 43.0 4.28 ±
0.22d

4.23 ±
0.18a 0.11 ± 0a 0.97 ±0.02j

62.20 ±
0.41d

2.84 ±
0.06e

1.93 ±
0.01e

0.93 ±
0.02a

131.57 ±
17.93e

30 42.7 4.22 ±
0.35d

5.26 ±
0.23ab

0.12 ±
0.01a

0.97 ±
0.02j

61.80 ±
0.71d

3.05 ±
0.04f

2.31 ±
0.06f

0.99 ±
0.06a

142.71 ±
9.96e

Soy protein

5 58.8 0.81 ±
0.11a

5.90 ±
0.29b

0.43 ±
0.01d

0.67 ±
0.01f

56.73 ±
0.57ab

2.00 ±
0.01b

0.55 ±
0.01ab

1.40 ±
0.02b

19.17 ±
5.93a

10 65.1 1.53 ±
0.10b

8.40 ±
0.91cd 0.50 ± 0e 0.61 ±0.02de

57.23 ±
0.75ab

1.77 ±
0.01a

0.70 ±
0.04bc

1.44 ±
0.04b

15.99 ±
3.14a

15 72.0 1.61 ±
0.03b

8.99 ±
0.15cde

0.55 ±
0.01f

0.58 ±
0.02d — — — — 15.35 ±

3.59a

20 79.3 1.67 ±
0.18b

9.83 ±
0.34de

0.58 ±
0.01f

0.53 ±
0.01c — — — — 16.98 ±

2.93a

25 87.0 1.63 ±
0.06b

10.01 ±
0.13e

0.62 ±
0.03g

0.48 ±
0.02b — — — — 14.80 ±

1.68a

30 94.4 1.63 ±
0.22b

10.47 ±
0.54e

0.66 ±
0.01h

0.44 ±
0.01a — — — — 13.77 ±

2.66a
aData are presented as means ± standard deviation. Data values with different letters in columns are significantly different,𝑝 ≤ 0.05.

standardwhite porcelain on color, whichwas calculated using
the following equation:

Δ𝐸 = √(𝐿∗ − 𝐿 𝑠)2 + (𝑎∗ − 𝑎𝑠)2 + (𝑏∗ − 𝑏𝑠)2, (1)

where 𝐿 𝑠, 𝑎𝑠, and 𝑏𝑠 are values of standard white porcelain,
97.13, 0.21, and 1.87, respectively, and 𝐿∗, 𝑎∗, and 𝑏∗ are the
determined values of cookies.

2.7. Consumer Acceptability Test. The consumer acceptability
study was carried out in the Sensory Evaluation Analysis
Laboratory of College of Food Science and Engineering
at Nanjing University of Finance and Economics, Nanjing,
China. A consumer panel consisting of 50 subjects was
recruited to rate cookies on their overall acceptability and
other attributes. All panelists were cookie consumers. A 9-
point hedonic scale (1 = “dislike extremely,” 5 = “neither like
nor dislike,” and 9= “like extremely”)was used to evaluate the
products. Cookies were rated for overall acceptability, accept-
ability of hardness, texture/mouth feel, color/appearance, and
flavor. Cookies with an overall acceptability score above 5
were considered as acceptable. The cookies were prepared 1
day prior to testing and stored at room temperature in sealed
plastic bags. All the samples were randomized using 3-digit

codes. The order of the treatments served to the consumers
was also random. Drinking water was used to cleanse mouth
between the samples.

2.8. Statistical Analysis. Statistical analysis of the data was
performed usingOrigin 9.0 (OriginLabCorp., Northampton,
MA). Statistical significance of differences in means was cal-
culated using ANOVA and Bonferroni’s multiple comparison
tests at 𝑝 < 0.05.

3. Results and Discussion

3.1. MixolabMeasurements. Mixolab allows the characteriza-
tion of the physicochemical behavior of protein and starch in
dough when subjected to dual mechanical shear and temper-
ature constraints (Table 1).Whey protein (WP) incorporation
(0%∼30%) decreased MWA of wheat dough from 53.8% to
42.7%. Indrani et al. [5] also reported that the substitution
of wheat flour with WP decreased water absorption. As the
substitution level of WP increased from 0% to 20%, MDT
increased and MST decreased. However, as the WP level was
further increased to 30%, no significant changes forMDT but
MST increased from 3.66 to 5.26min. Dough development
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time (MDT) and stability time (MST) are indicators of flour
strength, with higher values suggesting stronger dough, in
which wheat gluten plays a critical role in the formation of
a three-dimensional viscoelastic structure [15]. The addition
of WP led to a complex system and delayed the hydration
and stretching and alignment of the wheat gluten, leading to
the increase of MDT. MST decreased due to the dilution of
wheat gluten and WP interference with the gluten network.
Zadow [16] reported that wheat flour dough weakening by
WP is due to interference by WP sulfhydryl groups of the
normal sulfhydryl/disulfide interchange reaction that occurs
during wheat flour dough development. At concentration
greater than 20%, the addition of WP significantly increased
dough stickiness (DS, Table 1) and subsequently increased
MST. Dough MMT reflects a weakening of wheat protein.
The addition of WP diluted the concentration of gluten and
destroyed the continuous state of the wheat flour dough,
rendering it difficult to form a stable gluten network structure
under the double effects ofmechanical force and heating; thus
MMT continued to decrease and PW continued to increase.

During the heating stage, starch granules absorb water
available in the medium and swell. Amylose chains leach
out into the aqueous intergranular phase, promoting an
increase in viscosity and leading to peak in torque. With
increasing WP, PT also significantly increased. WP addition
decreased dough water absorption. At the same time, WP is
expected to compete for water with the primary starch chains
during heating, and this might cause the observed pasting
temperature to increase [17]. MPT significantly increased,
possibly due to WP gelation. Marco and Rosell [18] reported
that the thermally induced gelation of the proteins developed
during the heat treatment, which greatlymodified rheological
behaviors of the dough. WP forms viscoelastic gels upon
heating above its denaturation temperature [19].

In response to the addition of WP, MBD increased,
indicating that the addition of WP reduced the thermal
stability of the starch in dough.The addition ofWP destroyed
the continuous gluten network structure and subsequently
weakening its protective effect on starch subjected to amylase.
As the substitution level of WP increased, MSB of the
dough first decreased and then increased. MSB might have
decreased because the proportion of starch decreased. At
higher WP concentrations, the strengthening of the WP gel
during the cooling stage might have caused the rise again in
MSB.

Compared to WP, wheat flour-soy protein (SP) dough
exhibited different behaviors in Mixolab measurements. The
incorporation of SP (0%∼30%) increased MWA from 53.8%
to 94.4% in wheat flour dough. MDT, MST, and MMT
first decreased at 5% substitution level and then continually
increased with the further increase of SP level from 5 to
30%. The increase of above parameters in the presence of
SP was attributed to the aggregation of SP and its higher
water binding capacity in the dough system, which increased
the mechanical tolerance of the dough [9, 20]. However, in
the heating stage, no Mixolab data were obtained when SP
substitution level was higher than 10%. This was probably
because of higher percentage of water absorption by SP. The
dough could not hold the water under the double effects of

mechanical shear and heating. The Mixolab mechanical arm
skidded in the process of mixing; therefore the instrument
could not detect the torque value. From the existing data, it
was observed that MPT significantly decreased with increas-
ing level of SP possibly due to lower content of starch and
higher amount of water in the dough.

3.2. Dough Stickiness. Stickiness (DS) ofwhey and soy protein
enriched wheat flour dough was also shown in Table 1.
With increasing WP content, the stickiness of the dough
increased from 23.37 to 142.71 g, whereas the stickiness of the
dough with addition of soy protein decreased from 23.37 to
13.77 g. Dough stickiness is caused by an interactive balance
between adhesion and cohesion [21]. Adhesion represents the
interaction between amaterial (dough) and a surface (probe),
whereas cohesion describes the interactions inside the dough
[22]. In wheat flour, gluten absorbed water to induce protein
interactions that play a critical role in dough stickiness [23].
As the WP content increased, the hydration of WP resulted
in higher surface adhesion, which played a leading role in the
increase of dough stickiness. However, in wheat-SP dough,
dilution of gluten and higher percentage of water led to a
sharp decrease of dough stickiness.

3.3. Rheological Measurements. The rheological properties of
WP and SP enriched wheat flour dough were studied using
a controlled-stress rheometer and the results were shown in
Figure 1. The storage modulus (𝐺) is a measure of the solid
or elastic character of the dough, and the loss modulus (𝐺)
is a measure of the liquid or viscous character; tan 𝛿 (𝐺/𝐺)
indicates the relative contributions of the viscous and elastic
characteristics of the dough. Figure 1 showed that that 𝐺
and 𝐺 decreased and tan 𝛿 increased with increasing WP
proportion in wheat doughs, indicating a weakened gluten
network. However, 𝐺 increased and 𝐺 and tan 𝛿 decreased
with increasing SP proportion in wheat doughs, potentially
due to soy protein aggregation within the medium. It was
reported that SP can increase disulphide linkage, providing
elasticity for baked goods [9, 18]. The results were also con-
sistent with the rheological measurements taken by Mixolab.
The addition of WP softened the dough system due to the
interference with the gluten network [6], while soy protein
enhanced stability and elasticity of the dough.

All protein enriched wheat doughs demonstrated an
increase in storage and loss modulus with increase in fre-
quency (Figure 1). However, the addition of WP increased
the frequency dependence as indicated by the increase of the
tan 𝛿 slope compared to that of wheat dough control (Fig-
ure 1(b)). All dough samples showed a soft gel-like viscoelastic
behavior with 𝐺 higher than 𝐺, except the dough with 30%
WP substitution which showed a crossover at 15.8 rad/s. This
crossover was associated with a change in the viscoelastic
behavior, suggesting that the viscous component became
more relevant than elastic one when frequency was higher
than 15.8 rad/s.

Temperature sweep of doughs with different WP and SP
substitution levels was shown in Figure 2. During the tests,
three distinct stages of dynamic rheological changes were
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Figure 1: The effect of whey and soy protein addition on 𝐺, 𝐺, and tan 𝛿 of wheat dough with frequency sweep: WP ((a), (b)); SP ((c), (d)).

observed. For wheat dough, the first stage was observed from
30∘C to 54∘C. As the temperature increased, the values of
𝐺 and 𝐺 decreased slightly, possibly due to hydrolysis of
damaged starch by amylase.The second stage was observed at
temperatures above 54∘C. At this stage, 𝐺 increased rapidly
and reached a maximum value at 72∘C, indicating the gela-
tinization of starch. During gelatinization, amylose chains
leached out into the aqueous intergranular phase, increasing
dough viscosity and elasticity [24]. At the third stage, starch
gelatinization was complete and𝐺 and𝐺 began to decrease
because of starch degradation. Upon the addition of WP,
the transition temperature and the temperature at which the
maximum value of 𝐺 and 𝐺 was observed were clearly
delayed and dependent on the amount of WP added. The
increase in transition temperature was consistent with the

results obtained using Mixolab, which indicated that WP
would compete forwaterwith the starch and glutenmolecules
in the dough system. The peak value of 𝐺 and 𝐺 of the
dough significantly increased with the increasing level ofWP
from 0 to 20% and slightly decreased with further increase
of WP level to 30%. The heat-induced gelation of WP was
mainly responsible for the increase of𝐺 and𝐺. In addition,
heat treatment of WP changes its structure from the native,
compact folded to a denatured, unfolded structure [6].There-
fore, the sites for cross-linking among proteins and starches
increase with an increase in protein concentration, which
will subsequently affect the properties of the dough. It was
reported that WP/cassava starch composite gels containing
up to 20% cassava starch in the system showed enhanced
viscoelastic properties as compared to gels made from either
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Figure 2: The effect of whey and soy protein addition on 𝐺 and 𝐺 of wheat dough with temperature sweep: WP ((a), (b)); SP ((c), (d)).

component alone, meaning synergistic interactions between
WP and starch [25]. Compared to WP, wheat-SP dough
followed quite similar tendencies of 𝐺 and 𝐺 as wheat
dough control. The transition temperature was at 54∘C and
the temperature for the maximum value of 𝐺 and 𝐺 was
at 72∘C. However, 𝐺 and 𝐺 decreased with the increasing
concentration of SP because of decreased starch content of
the dough and higher water absorption and weaker gelling
effect of SP.

3.4. Scanning Electron Microscopy. The microstructure of
wheat flour dough, as influenced by the substitution of 10%
and 30% of WP and SP, is presented in Figure 3. Micrograph
of wheat dough is shown in Figure 3(a). The figure presented
that the dough had a relatively smooth surface and starch
granules were embedded in the gluten matrix. To compare

the effects ofWP and SP enrichment, it was clearly seen from
Figures 3(b) and 3(c) that starch granules were still partly
embedded in the protein matrix due to the surface adhesion
induced by WP. However, hollows or ditches were observed
on the dough surface, indicating that the continuity of the
gluten matrix had been disrupted by WP. With the addition
of 10% SP (Figure 3(d)), it could be seen that starch granules
were separated from the protein matrix meaning disruption
in the well-defined protein-starch complex of wheat flour
dough. However, the protein matrix composed of gluten
and SP seemed more compact beyond fragmented areas,
probably due to previously mentioned aggregation of SP and
its higher water binding capacity. With the addition of 30%
SP (Figure 3(e)), the aggregation of SP induced formation of
soy protein network, which provided a protective effect on
starch-protein complex, thus leading to higher stability and
elasticity of the dough.
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Figure 3: Scanning electron micrographs of dough with different percentage substitution of WP and SP: (a) Control; (b) Control + 10%WP;
(c) Control + 30%WP; (d) Control + 10% SP; (e) Control + 30% SP.

3.5. Cookie Quality Characteristics. Table 2 showed the effect
of substitution of wheat flour with WP and SP on the quality
parameters of cookies. Usually, higher spread ratio is con-
sidered as one of the desirable quality attributes [26]. From
the results, the spread ratio of cookies continually decreased
from6.39 to 4.00with the increase ofWP content. Differently,
the incorporation of SP decreased the cookie spread ratio
from 6.39 to 5.66 and then increased to 6.86. The results
above based on SP enrichment were not in agreement with
previous studies [27–29], who reported a decrease in spread
ratio of cookies with increase in proteins and concluded that
the incorporation of foreign proteins interfered with gluten

development and therefore had negative effects on baking
products, especially when amount of foreign proteins was
higher than 5%.However, things were different when amount
of SP was higher than gluten content. The aggregation of
SP induced formation of soy protein network, which helped
increase the elasticity and extensibility of the wheat dough,
thus leading to increased spread ratio. The soy protein
networkmight also confer a protective effect on partial gluten
structure for obtaining an improvement in the quality of
bakery products. The results were consistent with Mixolab
measurements, which showed that both MMT and MST first
decreased and then increasedwith the further increasing level
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Table 2: Effect of whey and soy protein addition on cookie quality parametersa.

Spread ratio
(𝐷/𝑇)

Hardness
(g)

Color values
𝐿∗ 𝑎∗ 𝑏∗ Δ𝐸

Control 6.39 ± 0.12fg 4862.0 ± 368.6b 66.65 ± 0.35f 10.21 ± 0.25a 33.78 ± 0.69abc 45.24
Whey protein

5 6.27 ± 0.23efg 4110.2 ± 360.3ab 60.04 ± 0.69de 15.30 ± 0.24e 35.52 ± 0.20cd 52.30
10 5.62 ± 0.38cd 4918.9 ± 150.0b 56.89 ± 0.13cd 17.87 ± 0.11f 36.27 ± 0.18d 55.81
15 5.03 ± 0.11bc 5834.9 ± 496.1c 53.16 ± 1.20bc 19.85 ± 0.13g 35.83 ± 0.36d 58.93
20 4.54 ± 0.09ab 7129.4 ± 312.0d 51.03 ± 1.38ab 20.88 ± 0.13gh 35.39 ± 0.64cd 60.63
25 4.30 ± 0.25a 7301.4 ± 118.0d 50.19 ± 0.52ab 21.46 ± 0.12h 35.30 ± 0.68bcd 61.42
30 4.00 ± 0.05a 7504.3 ± 125.2d 47.34 ± 0.89a 21.68 ± 0.15h 33.27 ± 0.22ab 62.66

Soy protein
5 5.92 ± 0.22def 4404.0 ± 292.3ab 66.13 ± 1.39f 11.18 ± 0.10ab 33.12 ± 0.78a 45.36
10 5.66 ± 0.15de 4472.7 ± 260.0ab 64.98 ± 1.75f 12.28 ± 1.37bc 33.25 ± 0.86ab 46.52
15 6.05 ± 0.08def 4180.0 ± 176.4ab 63.95 ± 0.59f 13.49 ± 0.21cd 33.71 ± 0.54abc 47.86
20 6.26 ± 0.11efg 3900.8 ± 363.0a 62.95 ± 1.00ef 13.94 ± 0.51de 33.31 ± 1.30ab 48.43
25 6.48 ± 0.31fg 3690.0 ± 249.4a 62.88 ± 2.69ef 14.24 ± 0.73de 34.63 ± 0.63abcd 49.43
30 6.86 ± 0.08g 3872.6 ± 103.0a 64.73 ± 0.56f 14.18 ± 0.37de 34.25 ± 0.37abcd 47.89

aData are presented as means ± standard deviation. Data values with different letters in columns are significantly different, 𝑝 ≤ 0.05.

Table 3: Consumer acceptability (9-point hedonic scale) analysis.

Sensory attributes Overall acceptability Hardness Texture/mouth feel Color/appearance Flavor
Control 6.9 6.3 7.0 7.2 7.1
Whey protein

10 6.2 6.0 5.7 5.5 7.1
20 4.6 4.8 4.0 3.9 5.4
30 3.7 4.2 3.2 2.7 4.3

Soy protein
10 6.6 6.4 6.3 7.4 6.9
20 6.8 6.9 6.6 6.9 6.5
30 7.0 7.2 7.1 7.1 6.5

of SP. The results indicated that the selection of the protein
source and amount with appropriate functionalities seemed
to play an important role in certain application.

The texture was also markedly affected with increasing
level of WP and SP.The hardness indicated by breaking force
in Table 2 increased with the increase in the level of WP but
decreasedwith the increase in the level of SP. Compared to SP,
WP is a much better gelling protein [30]. The heat-induced
gelation of WP led to higher stiffness of cookie dough. The
colors of cookies, which was represented by 𝐿∗, 𝑎∗, 𝑏∗, and
Δ𝐸 values, were summarized in Table 2. 𝐿∗ values represent
the lightness of the cookies by level 0–100. Redness of cookies
is donated by 𝑎∗ values. The 𝑏∗ values suggest the yellowness
of cookies. With increase in WP from 0 to 30%, there were
significant decrease in 𝐿∗ and increase in 𝑎∗, meaning lower
lightness and higher redness of cookies.The rapid increase of
Δ𝐸with addition ofWP indicated the darker color of cookies,
which was mainly attributed to Maillard reactions between
sugar and free amino acids provided by WP. Compared to
wheat flour control, slight changes in color were observed for
SP fortified cookies.

3.6. ConsumerAcceptability Test. Table 3 shows the consumer
acceptability ratings for various sensory attributes of cookies.
With the addition of WP, the scores of all sensory attributes
and overall acceptability of the cookies decreased, especially
scores of color and texture. The maximum amount of WP
in the cookie that could be accepted by consumers was 10%.
With the addition of SP, the scores of hardness increased and
the scores of texture first decreased and then increased. The
overall acceptability also first decreased from 6.9 to 6.6 and
then increased to 7.0, which meant the cookies fortified with
soy proteins (0–30%) are all acceptable and even preferred
by consumers, especially when higher amount of soy protein
(like 30% replacement ratio) was applied.

4. Conclusions

The effect of soy and whey proteins on the thermomechan-
ical, dynamic rheological, and microstructural properties of
wheat dough and the cookie-making quality was compared
in this work. The dilution of gluten by WP addition and
thereby disruption of gluten structure led to lower quality
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of wheat dough and final cookie products. Differently, the
aggregation of SP induced formation of soy protein network,
which helped increase the elasticity and extensibility of the
wheat dough and confer a protective effect on partial gluten
structure, thus leading to increased spread ratio and overall
acceptability of the cookies, especially when higher amount
of SP was incorporated.The results indicated that selection of
the protein source and amount with appropriate functionali-
ties played an important role in certain applications of protein
fortified bakery products. Further studies will be needed to
explore the changes of protein structure and network for SP
fortified cookies.
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