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Abstract: Plant protein concentrates are used to enhance the nutritional quality of bread and to
respond to the demand of consumers with respect to increased protein intake. In the present study,
bread samples were produced using pea protein concentrate (PP) and soy protein concentrate (SP)
substituting wheat flour by 5%, 10%, and 15%. The protein levels were between 1.2- and 1.7-fold
(PP) and 1.1- and 1.3-fold (SP) higher than the control bread. The incorporation of 10% and 15% PP
allowed for the achievement of a “high protein” claim. Water absorption was correlated with the
protein contents of the breads (r = 0.9441). The decrease in bread volume was higher for the PP than
SP incorporations, and it was highly negatively correlated with the protein content (r = −0.9356).
Soy breads had a softer crumb than pea breads. The total change in crumb colour was higher in
the PP than SP breads. The soy breads had an overall acceptability between 6.3 and 6.8, which did
not differ (p > 0.05) from the control. PP breads were statistically less liked (p < 0.05). The results
underlined that the choice of the type and amount of protein concentrates influenced the bread
properties differently.

Keywords: soy protein concentrate; pea protein concentrate; bread; texture; sensory

1. Introduction

Nowadays, people are more aware of what they consume and they want nutritionally
improved products like bread with a high protein content, which can provide nitrogen and
amino acids to the body. On the other hand, there is a general global trend towards reducing
the use of animal proteins and increasing the consumption of plant proteins for protecting
the environment and for reducing gas emissions. Bread is considered an important food in
several countries, as part of the daily diet. The forecasted bread consumption volume in
Europe is estimated to reach 18,797 million kg by 2021 [1].

The use of wheat flour in baking manufacturing has some limitations from a nutritional
point of view. Replacement of wheat flour by different ingredients in bakery products brings
not only health effects, but also changes the dough rheology and technological features [2].

Different types of protein ingredients were used for wheat flour supplementation like
legumes flours, concentrates, or isolates from pea, chickpea, faba bean, and soy protein [3].
The manufacture of bread with high levels of incorporated legume proteins is very difficult
from a technological aspect, because of the lack of gluten network needed to meet the
viscoelastic, fermentative, and structure-forming requirements [4]. This is why it is more
convenient to use for supplementation ingredients with a high content in proteins (80–90%)
for processing, which can be added in a small amount, rather than using legume flours
with a lower protein content, which should be added in sufficient quantity so as to obtain a
final product with the same protein content.

Pea proteins are very popular in food matrices because of their lower content of
anti-nutrients compared with soy protein, which contain phytates, tannins, or trypsin
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inhibitors [5]. The health benefits of peas are represented by the level of protein, starch, fibre,
vitamins, minerals, and phytochemical components. It has been demonstrated that pea
ingredients can influence the glycaemic response, insulin resistance, and cardiovascular and
gastrointestinal health [6]. Research has been done for producing bread with a 10% protein
content through the replacement of wheat flour with 30% raw, germinated, and toasted pea
flour [7]. In addition, in bread formulations, pea protein isolate has been used to substitute
15% of the wheat flour, and the effect on the dough properties and bread quality have been
analysed [8].

Ribotta et al. [9] showed that different types of soy products used in bread manufactur-
ing prevented the formation of the gluten, and reduced dough strength and gas retention
ability of the dough. The addition of soy protein to 30% impacted the dough rheology and
the quality of the end products—the specific bread volume decreased and the hardness
increased [10]. On the other hand, Ivanovski et al. [11] proved that soy flour at a 20%
substitution level to wheat flour used as a protein supplement in bread manufacturing did
not negatively affect the flavour and texture properties.

Studies on the supplementation of bread with 5% pea protein isolate showed little
adverse effects on the bread volume and physical attributes of the crumb, and had a good
overall sensory acceptance. Higher amounts of soy protein concentrate and pea isolate in
spelt flour (20% and 10%, respectively) determined the decrease in the loaf volume [12].

The aim of this study was to obtain and analyse the quality of high-protein breads with
the addition of plant-based proteins, which can be a “source” of protein or can be claimed to
be “rich” in proteins, based on EFSA (European Food Safety Authority) recommendations.

2. Materials and Methods
2.1. Materials

The following protein concentrate powders were employed in the experiment: pea protein
concentrate (PP; Paradisul Verde, Romania) and soy protein concentrate (SP; Solaris, Romania).
For bread formulations, white wheat flour, yeast, and salt were commercially available.

2.2. Analysis of the Raw Materials and Breads

The raw materials and bread samples were analysed for the following characteristics:
moisture using the drying method (AOAC 925.10), protein content using the Kjeldahl
method with a conversion factor of nitrogen to protein of 6.25 (AOAC 979.09), fat content
using Soxhlet extraction with petroleum ether (AOAC 963.15), and ash using the gravimet-
ric method by burning at 550 ◦C in a furnace (AOAC 923.03) [13]. The total carbohydrate
contents were assessed by subtracting the values of the moisture, protein, fat, and ash
content from 100. The caloric values were calculated using the following conversion factors:
nine for fat, four for carbohydrates, and four for protein [14].

2.3. Bread Dough Mixolab Analysis

The rheological properties of wheat flour and wheat flour–protein concentrate pow-
der blends were studied using a Mixolab analyser (Chopin Technologies, Villeneuve-la-
Garenne, France) [15]. For both types of protein concentrates, the following percentages
were used: 5%, 10%, and 15% of the wheat flour. The samples were loaded into the Mixolab
bowl and mixed with distilled water to produce 75 g dough, and the target consistency
(torque) was 1.1 ± 0.05 Nm. The dough was subjected to dual-mixing (80 rpm) during a
heating and cooling programme following the “Chopin+” protocol, namely: 8 min mixing
at 30 ◦C, 4 ◦C/min heating to 90 ◦C, 7 min holding at 90 ◦C, 4 ◦C/min cooling to 50 ◦C,
and 5 min holding at 50 ◦C. The Mixolab software (version 4.0.8) was used to record the
curves and calculate the dough mixing parameters. The samples were analysed at adapted
hydration (i.e., the initial torque C1 was kept constant at 1.1 Nm). The parameters from
the Mixolab curves refer to the following: dough development time, the time needed to
attain a torque of 1.1 Nm (min); stability, the dough mixing resistance (min); C2, the torque
associated with protein weakening (Nm); C3, the degree of the gelatinisation of the starch
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(Nm); C4, the stability of the starch gel formed (Nm); and C5, the retrogradation of the
starch (Nm) [16]. The analysis was performed in triplicate.

2.4. Bread Preparation

The bread samples’ formulation was based on wheat flour, which was replaced by
different concentrations of pea protein concentrate, namely 5%, 10%, and 15% (5PP, 10PP,
and 15PP, respectively) and of soy protein concentrate, namely, 5%, 10%, and 15% (5SP,
10SP, and 15SP, respectively). A control sample (100% wheat flour) was also considered.
The other ingredients (as % of wheat flour/wheat flour–protein concentrates blends) were
as follows: fresh yeast (3.0%), salt (1.5%), and water. The amount of water used to form the
dough was the amount calculated by the Mixolab measurements (Table 1). The ingredients
were mixed in a Diosna mixer (Germany) for 3 min at a low speed and 3–5 min at a high
speed. The dough was allowed to rest for 15 min and then divided into pieces of 575–580 g
(in order to have a final end product of around 500 g), rounded and left to rest 10 min,
and then moulded in the aluminium bread pans and proofed in a proofer at 35 ◦C and
49% humidity for 40 min (MCE Meccanica, Italy). The samples were baked in an oven
(Mondial Forni, Italy) for 30 min at 230–235 ◦C. In the first 4 s, steam was used inside
oven. The breads were cooled down for 2 h at room temperature and were stored in
polypropylene bags for analysis.

Table 1. Bread recipes.

Sample Wheat
Flour (g) PP (g) SP (g) Yeast (g) Salt (g) Water

(mL)

Control 1500 - - 45 22 895.5
5PP 1425 75 - 45 22 927.0
10PP 1350 150 - 45 22 984.0
15PP 1275 225 45 22 1073.25
5SP 1425 - 75 45 22 904.5
10SP 1350 - 150 45 22 919.5
15SP 1275 - 225 45 22 924.0

PP—pea protein concentrate; SP—soy protein concentrate.

2.5. Physical Parameters of Fresh Bread Samples
2.5.1. Bread Volume, Porosity, and Elasticity Analysis

For the bread volume, the rapeseed displacement method was employed using the
Fornet bread volumeter (Chopin, France) [17]. The bread porosity was determined with
the help of a cylindrical sharpened brass perforator (internal diameter of 45 mm) from
a 60 mm slice obtained from the middle of the loaf and then weighed [18]. For bread
elasticity, the crumb cut for the porosity analysis was pressed to half of its height for 1 min
using a screw-driven pressing device and, then, after removing the pressure, the height
of the compressed piece of crumb was measured. The ratio between the height after
compression and recovery, as well as the initial height, represented the elasticity (expressed
as a percentage) [19]. All of the above parameters were the average of three determinations.

2.5.2. Bread Crumb Colour Analysis

The colour parameters of the bread crumb samples were analysed using a CM-5
spectrophotometer (Konica Minolta Sensing, Inc., Osaka, Japan) equipped with a D65
illuminant and a 10◦ observer angle. The colour was determined on 10 different points
from a slice of 20 mm thickness, taken from the middle of the loaf. The colour parameters
were as follows: lightness (L* = 0 is black and L* = 100 is white), a* (-a = green and +a = red),
and b* (-b = blue and +b = yellow). Using the colour coordinates, the following parameters
were calculated: chroma (C* =

√
a∗2 + b∗2) and hue angle (h = arctan(b*/a*)). The total

colour difference (∆E) between the control bread and the different protein formulations was

determined as follows: ∆E =
√
(L∗

C − L∗
P)

2 +
(
a∗C − a∗P

)2
+ (b∗

C − b∗
P)

2, where subscripts
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C and P refer to the control bread and to the different bread formulations with protein
concentrates, respectively.

2.5.3. Bread Crumb Texture Analysis

The texture properties of the bread samples were calculated based on a compression
profile with the help of the Instron Texture Analyzer (model 5944, Illinois Tool Works
Inc., USA) equipped with a cylinder probe with a 12 mm diameter and a load cell of
50 kg· m· s−2. The slice of bread (20 mm) was compressed to up to 40% of its height
at a speed rate of 1.667 mm/s, and the following parameters were measured: hardness,
cohesiveness, elasticity, and chewiness [20]. The average values for three determinations
were included.

2.6. Headspace-Electronic Nose

The global volatile composition of the bread samples was analysed using an electronic
nose system (FOX 4000, Alpha M.O.S., France), according to a previous study [21]. Briefly,
2 g of bread crumb was put into vials that were incubated (35 ◦C, 600 s) in order to generate
a volatile headspace; then, the bread headspace was injected into the measuring chamber
of the electronic nose. Three replications were performed for each type of bread and a
statistical analysis was applied to the recorded signals.

2.7. Sensory Analysis

Twelve trained panellists (nine females and three males, with an average age of 24–
62 years old) analysed the bread samples through the quantitative descriptive test, focused
on attribute scoring from a low intensity (1) to high intensity (5). The sensory attributes
included the following: appearance of the crust and crumb colour, lighter–darker; bitter
flavour, no bitter flavour–very intense bitter flavour; astringent flavour, no astringent
flavour–very intense astringent flavour; crumb firmness at the first bite, soft–rough; crumb
gumminess at first bite, less gummy–very gummy; and mass adherence during chewing,
no adherence–high adherence.

For the bread overall acceptability, a nine-point hedonic scale (from 9 = like extremely
to 1 = dislike extremely) was used [22]. Another method employed to evaluate the bread
acceptability was the bread note, which was performed according to the patent RO 130586
A2 [23]. Accordingly, a maximum score was set for each of the following parameters:
volume (24), outer appearance (7), crust colour (7), crumb colour (10), crumb porosity
(20), crumb texture (20), and flavour (12), taking into consideration a standard volume
of 400 cm3/100 g bread and a standard porosity of 85%.

2.8. Statistical Analysis

A data analysis was carried out using ANOVA (one-way analysis of variance) with
Tukey’s test (Minitab®19, Minitab Ltd., Coventry, UK). Significant differences among the
samples were considered at p < 0.05. Values were expressed as mean ± standard deviation.

3. Results and Discussion
3.1. Effect of Protein Concentrates on Bread Compositional Analysis

The wheat flour used in this study had the following characteristics: 13.28% moisture,
10.9% protein, 1.33% fat, 0.48% ash, and 64.74% starch. The protein, fat, ash, and moisture
in PP and SP were 77.96%, 0.29%, 3.77%, and 7.43%, and 39.21%, 10.01%, 5.66%, and 8.84%,
respectively.

The bread compositional analysis was performed in order to evaluate the changes in
the macronutrient composition determined by the partial substitution of wheat flour with
protein concentrate such as pea and soy (Table 2). The protein and carbohydrates content
constitute the main differences in the compositional profile, because of the substitution
of wheat flour (which has a high starch content of 74.65% dry matter (d.m.)) by protein
concentrates with protein contents of 84.22% d.m. for PP and 43.01% d.m. for SP. In addition
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to these parameters, for SP bread, the fat content brought significant differences (p < 0.05)
in the bread samples, because of the higher fat content in SP (10.98% d.m.) compared with
PP (0.31% d.m.).

Table 2. Compositional analysis of the control and protein concentrate breads (expressed in % of the fresh bread).

Bread
Samples

Moisture
(%)

Protein
(%)

Fat
(%)

Ash
(%)

Carbohydrates
* (%)

Energy
(kcal/100g)

Energy from
Protein **

(%)

Control 45.19 ± 0.08
d 7.61 ± 0.10 f 0.77 ± 0.06 d 1.00 ± 0.10 c 45.44 ± 0.13 a 219.6 ± 0.58 b 13.89 ± 0.16 f

5PP 46.06 ± 0.05 c 9.34 ± 0.21 d 0.80 ± 0.03 d 0.93 ± 0.06 c 42.86 ± 0.19 c 216.04 ± 0.13
d

17.30 ± 0.39
d

10PP 46.99 ± 0.09 b 11.49 ± 0.15 b 0.80 ± 0.02 d 1.05 ± 0.03 bc 39.68 ± 0.13 e 211.82 ± 0.43
e 21.69 ± 0.27 b

15PP 48.76 ± 0.07 a 13.02 ± 0.08 a 0.81 ± 0.01 d 1.16 ± 0.02 b 36.25 ± 0.16 f 204.34 ± 0.37
f 25.48 ± 0.19 a

5SP 45.90 ± 0.10 c 8.33 ± 0.13 e 1.10 ± 0.05 c 1.14 ± 0.01 b 43.53 ± 0.23 b 217.33 ± 0.33
c 15.33 ± 0.26 e

10SP 45.26 ± 0.05
d 9.28 ± 0.09 d 1.43 ± 0.06 b 1.16 ± 0.02 b 42.87 ± 0.11 c 221.47 ± 0.27

a
16.75 ± 0.18

d

15SP 45.25 ± 0.05
d

10.20 ± 0.010
c 1.60 ± 0.10 a 1.33 ± 0.02 a 41.62 ± 0.25

d
221.68 ± 0.31

a 18.40 ± 0.16 c

* Calculated by difference. ** Calculated based on the energy content, protein content, and 4 kcal/g protein. The results are mean ±
standard deviation (n = 3). Values followed by different superscript letters in the same column are significantly different (p < 0.05).

In general, the calculated caloric value of the supplemented breads had a lower value
(p < 0.05) than the control bread, with the exception of the 10SP and 15SP breads, where
a small increase of 0.85% and 0.95%, respectively, was noted. Comparing the percentage
of calories provided by the protein, the formulations for 10PP and 15PP reached values
higher than 20, and the nutritional claim of being “high protein” can be applied according
to regulation (EC) no. 1924/2006 [14].

3.2. Dough Mixing Properties

The influence of the protein concentrate additions on the dough mixing properties is
summarized in Table 3.

Table 3. Mixolab rheological parameters of wheat flour and wheat flour–protein concentrate blends.

Sample
Water

Absorption
(%)

Development
Time (min)

Stability
(min)

C2
(Nm)

C3
(Nm)

C4
(Nm)

C5
(Nm)

Control 59.70 ± 0 d 3.05 ± 0.04 c 8.50 ± 0.06 b 0.45 ± 0 bc 1.88 ± 0.01 b 1.75 ± 0.01 a 2.91 ± 0.01 a

5PP 61.80 ± 0 c 6.27 ± 0.23 a 10.02 ± 0.14 a 0.49 ± 0 a 2.00 ± 0.01 a 1.82 ± 0.04 a 2.76 ± 0.05 b

10PP 65.60 ± 0 b 1.58 ± 0.21 d 9.88 ± 0.18 a 0.47 ± 0.01 ab 1.74 ± 0.04 c 1.19 ± 0.05 d 2.24 ± 0.01 c

15PP 71.55 ± 0.49 a 1.51 ± 0.01 d 7.75 ± 0.25 b 0.44 ± 0.02 c 1.50 ± 0.01 e 1.02 ± 0.02 e 1.54 ± 0.03 f

5SP 60.30 ± 0 d 7.0 ± 0.47 a 10.54 ± 0.27 a 0.48 ± 0 ab 1.91 ± 0 b 1.82 ± 0.04 a 2.67 ± 0.01 b

10SP 61.30 ± 0 c 6.18 ± 0.14 a 10.16 ± 0.04 a 0.43 ± 0.01 c 1.75 ± 0.01 c 1.53 ± 0 b 2.08 ± 0.01 d

15SP 61.60 ± 0 c 4.71 ± 0.27 b 9.80 ± 0.25 a 0.44 ± 0 c 1.66 ± 0.01 d 1.32 ± 0.01 c 1.80 ± 0.01 e

The results are mean ± standard deviation (n = 3). Values followed by different superscript letters in the same column are significantly
different (p < 0.05).

Water absorption increased as the level of protein concentrates increased. PP signif-
icantly increased (p < 0.05) dough water absorption by almost 3.5% (5PP), 9.9% (10PP),
and 19.8% (15PP), while in the case of SP, the maximum increase was by 3.2% (15SP).

Proteins are one of the main components involved in water adsorption, and the type
of protein is responsible for the increase in water absorption [24]. Taherian et al. [25]
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showed that the supplementation of wheat flour with 10% pea protein isolate (with a
protein content of 96.1% dry matter basis) determined an increase in water absorption,
a fact that was explained through the capacity of proteins to absorb a high quantity of water.
In the present study, a high correlation between water absorption and the protein contents
of the breads was found (r = 0.9441). The dough development time of the SP breads were
significantly higher than the control bread (p < 0.05). In addition, the stability time was
significantly increased (p < 0.05) by SP addition compared with the control, which denotes
a stronger dough structure. However, there was no concentration-dependent tendency in
the stability time, as there were no significant differences (p > 0.05) between the three levels
of SP addition. The same trend was observed for the 5PP and 10PP samples.

On the other hand, the 15% PP addition had the effect of decreasing the dough stability
compared with lower levels of addition (5% and 10%), but it did not significantly differ
(p > 0.05) from the control. A similar behaviour with an increase in the dough stability
through the addition of soy protein was reported by Zhou et al. [10], while in contrast,
the incorporation of whey protein brought a decrease in the dough stability time.

The addition of 5% PP and 5% SP showed higher values for the C2 parameter, which
denotes a dough with strong mixing resistance, while higher addition levels lead to a
reduced strength in the protein network. The highest weakening of the gluten network
was found for the samples 15PP, 10SP, and 15SP. The results are similar to Hoehnel et al. [8],
who pointed out that a weakened gluten network was obtained when 15% wheat flour
was substituted with pea and potato protein. It was also proven that the gluten network
was loosened as a consequence of the interference effect of the soy proteins, and the lesser
availability of water in the build-up of the gluten network [26].

The stability of the starch gel (C4) for 5PP and 5SP was similar to that of the control,
while at higher concentrations it was significantly decreased, being more prominent in the
case of pea protein blends.

The addition of both types of protein concentrates in wheat dough contributed to a
decrease in C3 and C5 parameters, which correspond to a lower degree of starch gelatiniza-
tion and starch retrogradation, respectively, towards the control, which is accounted by
the higher protein content provided by the addition of protein concentrates, subsequently
decreasing the starch content. Hadnad̄ev et al. [27] attributed a lower starch retrogra-
dation to a higher protein and fat content and lipid–amylose complex forming capacity.
The parameters C3 and C5 were highly positively correlated (r = 0.9418).

3.3. Physical Characteristics of Bread Samples

Figure 1 shows the bread obtained with different levels of protein concentrates in
comparison with the control bread. The physical characteristics of the bread samples are
presented in Table 4.

A significant decrease (p < 0.05) in bread volume, porosity and elasticity was noted
with the addition of protein concentrates in the bread receipt; the decrease being more
obvious in the case of PP than SP additions. The use of PP significantly decreased (p < 0.05)
the bread volume in a concentration-dependent trend; the PP bread volume was between
1.5- and 2.1-fold lower towards the wheat bread control. In the case of the SP breads,
the volume was between 1.2- and 1.3-fold lower than the control. However, no significant
difference (p > 0.05) regarding bread volume between the 10SP and 15SP breads was
observed. The physical and chemical interactions between gluten and the components
from the protein concentrates contributed to the volume lowering. The bread volume
was highly negatively correlated with the protein content (r = −0.9356). The results are in
line with other studies reported previously on the impact of pea protein isolate [3] or soy
protein [10] on bread volume.
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Figure 1. Comparation between bread obtained with different additions of pea protein concentrate (5PP, 10PP, and 15PP)
and soy protein concentrate (5SP, 10SP, and 15SP), respectively, with the control bread.

Table 4. Physical parameters of the bread samples.

Bread
Sample

Volume
(cm3/100

g)

Crumb
Porosity

(%)
Elasticity L* a* b* C* h◦ ∆E

Control 324 ± 2 a 80.7 ± 0.4
a 97 ± 1 a 76.75 ±

0.03 a
0.96 ±
0.01 g

19.82 ±
0.03 g

19.85 ±
0.03 g

87.22 ±
0.03 a -

5PP 222 ± 2 d 68.0 ± 0.3
d 95 ± 0 b 73.91 ±

0.05 c
1.64 ±
0.01 f

21.16 ±
0.03 e

21.22 ±
0.03 e

85.58 ±
0.02 b

3.21 ±
0.05 e

10PP 174 ± 1 e 60.6 ± 0.1
e 89 ± 1 d 72.14 ±

0.05 f
2.47 ±
0.01 c

21.44 ±
0.04 d

21.58 ±
0.04 d

83.43 ±
0.03 e

5.12 ±
0.04 c

15PP 154 ± 2 f 54.8 ± 0.1
f 85 ± 1 e 71.23 ±

0.04 g
2.87 ±
0.03 b

22.06 ±
0.04 b

22.24 ±
0.04 b

82.60 ±
0.07 f

6.26 ±
0.07 a

5SP 265 ± 4 b 73.4 ± 0.1
b 95 ± 0 b 74.69 ±

0.09 b
1.76 ±
0.01 e

20.37 ±
0.06 f

20.44 ±
0.06 f

85.05 ±
0.03 c

2.28 ±
0.07 f

10SP 247 ± 1 c 71.7 ± 0.7
c 93 ± 1 c 73.68 ±

0.04 d
2.42 ±
0.01 d

21.95 ±
0.05 c

22.08 ±
0.05 c

83.72 ±
0.03 d

4.01 ±
0.03 d

15SP 249 ± 1 c 71.7 ± 0.1
c 93 ± 0 c 72.25 ±

0.03 e
3.24 ±
0.01 a

22.51 ±
0.02 a

22.74 ±
0.02 a

81.82 ±
0.03 g

5.71 ±
0.03 b

The results are mean ± standard deviation (n = 3 determinations for volume, porosity, and elasticity; n = 10 determinations for colour
parameters). Values followed by different superscript letters in the same column are significantly different (p < 0.05).

The incorporation of protein concentrates decreased the crumb porosity by up to 47.3%
(for 15PP bread) and 12.5% (for 15SP bread). There was a negative correlation between the
crumb porosity and protein content (r = −0.9559). Another similar finding was observed in
relation to the elasticity and protein content (r = −0.8782).

Measurements of the bread colour parameters showed that all supplemented breads
were darker than the control bread. L* value (lightness parameter) significantly decreased
(p < 0.05) with the inclusion of concentrates. The highest lightness was obtained for 5SP
bread, whereas the lowest lightness was in the 15PP bread. For each of the three levels of
substitution used, the PP breads were darker than the SP breads (p < 0.05). Protein supple-
mented breads showed significantly (p < 0.05) higher redness (a* parameter) and yellow-
ness (b* parameter) values than the bread control. Both parameters significantly increased
(p < 0.05) relative to the level of additions. Bread 15SP had the highest a* and b* values,
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showing a more reddish and yellowish crumb colour. Among the protein supplemented
breads, sample 5SP had the smallest C* value, a lower chroma value indicating a less strong
colour. The highest value for the hue angle (h◦) for the control bread indicated yellowish
tones. The hue angle was significantly reduced in the bread crumb of the supplemented
breads (p < 0.05).

In order to establish the colour differences between the samples, ∆E was calculated.
The total change in crumb colour was higher in the PP than SP breads. Only sample 5SP
resulted in colour differences towards the control that were not noticeable to the human
eye (∆E < 3). It is stated that values for ∆E higher than 3 are visible to the human eye [28].

The texture properties of the bread crumbs are exhibited in Figure 2.

Figure 2. Texture properties of the bread samples. The results are mean ± standard deviation (n = 3).
The different letters show significance difference (p < 0.05).

Crumb hardness for the control and 5SP breads were significantly lower (p < 0.05)
compared with the other formulations, which indicates an adequate quality of the bread
made with a lower concentration of SP. Pea protein showed a stronger effect on bread
hardness than soy protein; so, soy breads had a softer crumb. The results were in agree-
ment with a previous study [29], where the addition of soy protein into gluten-free bread
formulations resulted in the lowest bread volume compared with other protein sources
such as carob, lupin, or pea. Bread prepared with PP at a high concentration (10% and 15%)
showed the highest hardness, which was almost 2.6-fold higher than the control wheat
bread. Similar results of an increase in bread hardness were shown by Garcia-Segovia
et al. [30] when wheat flour was substituted with 5% and 10% pea protein, respectively.
The crumb hardness was highly negatively correlated with bread volume (r = −0.9282).
In addition, a correlation between the hardness and protein content was noted (r = 0.9223).

Regarding bread chewiness, the same trend was observed as for hardness. Bread
chewiness increased slowly with SP addition, but the difference was not significant
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(p > 0.05) compared with control bread. The higher increase in chewiness for PP breads
points out that a longer time is needed for chewing the samples before swallowing. How-
ever, no significant differences (p > 0.05) in chewiness between the 10PP and 15PP samples
were noted.

The difference in crumb cohesiveness between the control, SP breads, and 5PP was
not significant (p > 0.05). At a higher level of PP used in the bread formulations, the crumb
was less cohesive (lower values of cohesiveness registered for the 10PP and 15PP breads).
Regarding the springiness parameter, no significant difference (p > 0.05) between the control
and protein-based breads were observed.

3.4. Discrimination of Bread Sample by Electronic Nose System

Principal component analysis (PCA) was employed to detect the differences in volatile
composition between the bread samples based on the calculation of a discrimination
index. Thus, the higher the discrimination index, the better the discrimination. Figure 3
depicts the PCA plot that represents a map of the discrimination of the bread samples.
A discrimination index of 85 was obtained, which is explained by the very different odour
of the samples. The contribution rates for the two principal components (PC1 and PC2)
were 99.18% and 0.67%, respectively.

Figure 3. Principal component analysis (PCA) plot for the bread samples: control, pea (5PP, 10PP, and 15 PP), and soy (5SP,
10 SP, and 15SP) breads.

Considering only the same level of addition and comparing this with the control, a
good discrimination was obtained: 93 (between the control, 5PP, and 5SP breads), 91 (be-
tween the control, 10PP, and 10SP breads), and 91 (between the control, 15PP, and 15SP
breads), respectively. In all of the cases, the control bread was significantly separated from
the protein bread samples, positioned on the left side of the PCA map.
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3.5. Sensory Analysis

The sensory attributes of the bread samples are included in Table 5. Higher levels of
protein concentrate additions led to a stronger intensity in the colour of the crumb and
crust. There was no statistically significant difference (p > 0.05) in the bitter and astringent
flavours between the bread samples. Crumb firmness increased with protein concentrate
addition and was positively correlated with the values of hardness provided by the texture
analyser (r = 0.9493). As the addition of protein concentrates increased, mass adherence
during chewing increased in comparison with the bread. However, this increase was not
significantly different (p > 0.05) between the control and soy protein breads and 5PP. Only
higher levels of PP (10% and 15%) addition brought about a significant increase in mass
adherence. Hence, a good correlation between the protein content in the bread and mass
adherence was found (r = 0.8544).

Table 5. Sensory profile of bread samples using a descriptive method.

Samples Control 5PP 10PP 15PP 5SP 10SP 15SP

Colour of
crust 2.21 ± 0.84 d 2.50 ± 0.71 cd 2.83 ± 0.62 cd 2.21 ± 0.54 cd 3.00 ± 0.43 bc 3.21 ± 0.78 b 4.08 ± 0.51 a

Colour of
crumb 1.75 ± 0.97 b 2.29 ± 0.78 b 2.54 ± 0.86 b 2.50 ± 1.00 b 2.13 ± 0.96 b 2.50 ± 1.07 b 3.04 ± 1.05 a

Bitter flavour 1.00 ± 0 a 1.08 ± 0.29 a 1.08 ± 0.29 a 1.08 ± 0.29 a 1.08 ± 0.29 a 1.00 ± 0 a 1.17 ± 0.58 a

Astringent
flavour 1.00 ± 0 a 1.08 ± 0.29 a 1.00 ± 0 a 1.33 ± 0.89 a 1.08 ± 0.29 a 1.00 ± 0 a 1.17 ± 0.58 a

Crumb
firmness at

first bite
1.33 ± 0.49 d 2.17 ± 0.39 c 2.92 ± 0.76 ab 3.21 ± 0.75 a 1.63 ± 0.57 cd 2.17 ± 0.39 c 2.50 ± 0.52 bc

Crumb
gumminess
at first bite

1.96 ± 1.01 d 2.25 ± 1.06 cd 3.33 ± 1.15 ab 3.50 ± 1.22 ab 1.96 ± 0.75 d 2.42 ± 0.70
bcd

2.67 ± 0.89
bcd

Mass
adherence

during
chewing

1.83 ± 1.03 b 2.50 ± 1.00 ab 3.21 ± 1.44 a 3.42 ± 1.49 a 1.83 ± 0.83 b 1.75 ± 0.66 b 2.21 ± 0.89 ab

The results are mean ± standard deviation (n = 12). Values followed by different superscript letters in the same row are significantly
different (p < 0.05).

According to the hedonic test (Figure 4), the soy breads had a good overall acceptabil-
ity, with a score varying from 6.3 to 6.8. Moreover, the SP breads did not significantly differ
(p > 0.05) from the wheat control bread. On the other hand, breads with a pea protein con-
centrate addition were less liked compared with the soy breads. The overall acceptability
noted for the 10PP and 15PP breads decreased significantly (p < 0.05) compared with the
control bread and SP samples.

The results from the bread note are presented in Table 6. These results were in line
with those obtained through other methods. Thus, positive correlations were observed
between the physical methods and bread note methods for volume (r = 0.9969), porosity
(r = 0.9578), and elasticity (r = 0.8356). In addition, a highly positive correlation was found
between the overall acceptability performed by the panelists and the total score calculated
through the bread note procedure (r = 0.9770). The L* parameter was positive correlated
with the crumb colour in the bread note (r = 0.8392). There was also a negative correlation
between L* and crumb colour in the sensory analysis (r = −0.8254).
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Figure 4. Mean of the overall acceptability of the breads. The different letters show a significance
difference (p < 0.05).

Table 6. Bread note.

Samples Volume Outer
Appearance Crust Colour Crumb Colour Porosity Crumb Elasticity Flavour Total

Control 19 6 6 10 18 17 12 88
5PP 13 4 6 10 14 13 11 71

10PP 10 3 7 9 13 6 10 58
15PP 9 3 7 8 10 5 10 52
5SP 16 5 7 10 17 17 12 84

10SP 15 4 7 9 17 18 12 82
15SP 15 4 6 9 17 18 11 80

4. Conclusions

In the present study, bread samples were produced using pea protein concentrate
and soy protein concentrate, with the aim of enhancing the nutritional properties of wheat
bread. SP breads showed a stronger dough structure, higher volume, and softer crumb
than the bread obtained with PP. The total change in crumb colour was higher in the PP
than SP breads. The bread samples were different in the odour profile according to the PCA
map provided by the electronic nose system. Sensory analysis showed that SP allowed
for obtaining a more acceptable bread than PP incorporation into bread formulation.
The amount and type of protein have a substantial role in particular applications referring
to protein fortified bakery products.
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