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The enrichment of sliced bread with Peruvian Andean grains can affect water 
absorption, formation time and stability of the dough, as well as the texture, color, 
specific volume and acceptability of the final product. However, the nutritional 
and functional properties of the product can be improved. In this study, traditional 
(TB, 100% wheat flour) and Andean (AB, 30% wheat bran, quinoa, kiwicha, oats, 
barley flours, and sesame and linseed seed) bread were manufactured by the 
direct method. The thermomechanical properties of the doughs were evaluated 
using the Mixolab, as well as the proximal composition, total phenolic content, 
texture, color, specific volume and sensory analysis of the sliced bread. The results 
revealed that the AB showed higher values in the parameters of water absorption 
(C1), protein weakening (C2), and starch stability (C4), likewise, lower values of 
setback related to starch retrogradation tendency (C5-C4) were found, which are 
related to a longer shelf life, which could be evidenced in the sensory properties 
(scores ≥5 on an unstructured 10-cm long scale, with respect to the crumb color, 
crust, alveolar uniformity, odor, texture, taste and general acceptability). In the 
AB there is also evidence of an increase in protein, ash, total dietary fiber and 
total phenolic content in relation to TB. These results could be useful to develop 
healthier and better-quality bread to meet the needs of consumers.
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1. Introduction

Bread has been a staple in the human diet for millennia. Currently, 
it is one of the most consumed food in many countries and its main 
raw material is wheat flour. The world average bread consumption 
ranges between 59 and 70 kg per capita per year (De Boni et al., 2019; 
Gębski et al., 2019). Therefore, there is a growing interest in developing 
baked goods enriched with whole grain products such as cereals, 
pseudocereals, etc. with the purpose of supplying nutritional and 
functional deficiencies, as well as allowing the reduction of the risk of 
cardiovascular diseases, cancer, gastrointestinal disorders and type 2 
diabetes (Packkia-Doss et  al., 2019; Torbica et  al., 2019; Nirmala 
Prasadi and Joye, 2020; Cui and Zhu, 2022). Additionally, the 
incorporation of phenolic compounds in baked food can increase 
antioxidant activity, eliminate foodborne toxins and decrease 
postprandial serum glucose level (Ou et al., 2019).

Peruvian Andean grains have received a lot of attention in recent 
years because they contain a high protein content with a balanced 
composition of amino acids, and are also an important source of 
phytochemicals, dietary fibers, vitamins, and minerals. Likewise, they 
have important health benefits such as the reduction of oxidative stress 
and prevention of cancer, diabetes, hypertension and cardiovascular 
diseases (Mir et al., 2018; Morales et al., 2021; Thakur et al., 2021). 
Quinoa (Chenopodium quinoa Willd) and kiwicha (Amaranthus 
caudatus) are some of the Peruvian Andean grains that have been used 
in the preparation of bakery products (Turkut et al., 2016; Youssif 
et al., 2018; Miranda-Villa et al., 2019; Repo-Carrasco-Valencia et al., 
2020; Aguiar et al., 2021; Bahmanyar et al., 2021; Gutierrez-Castillo 
et al., 2023), Oat (Avena L.) has been considered a rich source of fiber 
and significant amounts of high-quality protein (balanced in various 
amino acids; Gu et al., 2022). In addition, wheat bran was used in 
bread making to improve its functional properties (Aldughpassi et al., 
2020). Consequently, Andean grains, as well as oats and wheat bran, 
are considered functional ingredients to enrich bakery products 
(Alvarez-Jubete et al., 2010).

Sliced breads are obtained by three technological methods: direct 
method (dough); indirect (sponge and dough) and direct with dry 
sourdough added directly to the flour during the mixing phase 
(Stamatie et  al., 2022). The direct method is the most used by 

researchers and the bread industry. This method consists of mixing all 
the powdered ingredients, yeast and salt are dissolved in water and 
then added to the floury mixture to form a homogeneous dough by 
kneading; then it is fermented, conditioned in molds and baked 
(Santos et al., 2020; Aguiar et al., 2021).

Currently, due to consumer demand for clean labels, the 
importance of technologies that allow obtaining high-quality breads 
without the need for additives has increased (Yeşil and Levent, 2022). 
Then, it is desirable to develop new approaches and technologies to 
produce enriched bread with suitable texture, good flavor and 
attractive eating quality. However, the inclusion of different ingredients 
in the formulation can affect: nutritional composition; water 
absorption; formation time and stability of the dough; rheological 
characteristics (texture); physical properties (color, volume specific) 
and general acceptability (Mildner-Szkudlarz et al., 2011; Shiau et al., 
2015; Ibrahim et al., 2018; Codină et al., 2019; Xu et al., 2019). In this 
context, the objective of this study was to evaluate the effect of 
substituting wheat flour for wheat bran, quinoa, kiwicha, oats and 
barley flours, milk powder, gluten and sesame and linseed seed on the 
properties thermomechanics of the doughs, as well as in the chemical 
composition and physical and sensory properties of sliced bread.

2. Materials and methods

2.1. Ingredients

Quinoa flours (Chenopodium quinoa Willd), kiwicha (Amaranthus 
caudatus), oat (Avena L.) and barley (Hordeum vulgare) and linseed 
(Linum usitatissimum) and sesame seeds (Sesamum indicum), were 
donated by the Cereals and Native Grains Program of the Universidad 
Nacional Agraria La Molina (UNALM); wheat flour (Polo, Zaragoza, 
Spain), wheat bran (Union®, Lurigancho, Perú), milk powder 
(Indulac, Peru), water (San Mateo SA, Backus, Huarochiri, Peru), 
butter (Master Martini, SAC, Lima, Peru), salt (Lobos®, K + S, 
Santiago, Chile), sunflower oil (Primor®, Alicorp, Lima, Peru), white 
sugar (Cartavio®, Grupo Gloria, La Libertad, Peru), gluten, calcium 
propionate, improver and fresh yeast (Saccharomyces cervisiae; 
Fleischmann®, CALSA SAC, Callao, Peru) were acquired in a local 
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Schematic diagram of how the Andean and Traditional breads and their respective doughs were obtained, as well as the different analyses performed. 
Andean sliced bread rich in protein an total dietary fiber.
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market in the city of Lima - Peru. A proximal composition (moisture, 
protein, lipids and ashes) of the main ingredients was determined 
according to the method of AOAC (2010) and the values obtained are 
presented in Table 1.

2.2. Baking process

The sliced breads called Andean bread (AB) and traditional bread 
based on 100% wheat flour (TB) were made using the direct method, 
as described by García-Ramón et al. (2022), with slight modifications, 
as described below: The ingredients were weighed according to 
Table 2, followed by mixing and kneading process (Nova K25, Peru). 
Dry ingredients (blends of flour, wheat bran, gluten, milk powder, 
linseed and sesame seeds, improver, calcium propionate, sugar, salt 
and fresh yeast) were placed in the mixer and mixed for 7 min 
(110 rpm). Then, the ingredients such as water, butter and sunflower 
oil were added to the dough and mixed again for 8 min (110 rpm). 
Subsequently, the dough was weighed (SJX1502, Shanghai, CH) in 
proportions of 280 and 250 g for AB and TB, respectively, these 
weights were established by preliminary tests, and were placed in a 
mold (length 15.85 ± 1.2; width 6.65 ± 0.3 and height 6.11 ± 0). Them, 
were fermentation then carried out (Climacell EVO, Germany) for 
45 min at 28°C and 80% relative humidity, and baked (MAX 1082, 
Peru), at 140°C for 45 min to AB and 200°C for 15 min to TB. Then 
they were allowed to cool at room temperature for 6 h and finally 
packed in low-density polyethylene bags and stored at room 
temperature (Figure 1) until further analysis.

2.3. Thermomechanical properties of the 
dough

The AB and TB dough were analyzed according to the procedure 
described by Aguiar et al. (2021) using the Chopin+ 90 protocol at 
Mixolab (Chopin Technologies, France) and adaptations of ICC 
(2008) methods 173 and 54–60.01 from AACC (2010). This procedure 
is based on the use of all the ingredients (except yeast) at the same 
levels used for the preparation (Table 2). Secondary parameters were 

obtained by differences between primary parameters such as C3-C2 
starch gelatinization rates, hydrolysis caused by C3-C4 amylase 
activity and starch retrogradation in the C5-C4 cooling phase (Matos 
and Rosell, 2013; Santos and Capriles, 2021).

TABLE 1 Proximal composition of the main ingredients.

Ingredients Parameters

Moisture Protein* Lipids* Ashes* Total carbohydrates* Crude 
fibers*a

Wheat flour 12.01 ± 0.07 13.32 ± 0.04 4.58 ± 0.18 0.87 ± 0.06 79.27 ± 1.82 1.96 ± 0.07

Quinoa flour 13.53 ± 0.44 17.77 ± 0.03 9.47 ± 0.09 3.56 ± 0.02 65.19 ± 0.40 4.01 ± 0.08

Kiwicha flour 11.81 ± 0.11 16.54 ± 0.17 7.71 ± 0. 03 3.00 ± 0.01 69.17 ± 0.36 3.58 ± 0.05

Oat flour 12.25 ± 0.47 14.22 ± 0.15 7.67 ± 0.06 2.04 ± 0.04 72.96 ± 0.55 3.10 ± 0.08

Barley flour 11.83 ± 0.06 9.39 ± 0.28 2.09 ± 0.03 2.68 ± 0.06 82.63 ± 0.51 3.22 ± 0.07

Linseed seed 11.08 ± 0.15 22.25 ± 0.18 44.22 ± 0.05 3.27 ± 0.04 23.33 ± 0.05 6.93 ± 0.10

Sesame seed 10.77 ± 0.10 20.92 ± 0.14 42.72 ± 0.04 3.96 ± 0.09 25.89 ± 0.89 6.51 ± 0.04

Wheat bran 11.41 ± 0.13 17.34 ± 0.07 3.89 ± 0.05 5.36 ± 0.03 63.32 ± 0.41 10.08 ± 0.13

Milk powder 4.37 ± 0. 05 27.96 ± 0.04 4.50 ± 0.03 6.02 ± 0.02 61.53 ± 0.25 ND

Gluten 10.43 ± 0.02 84.35 ± 0.27 2.12 ± 0.04 0.88 ± 0.01 11.97 ± 0.19 0.66 ± 0.02

The mean ± standard deviation is reported (n = 3). ND: not detected. Total carbohydrates were determined by difference. *Expressed on a dry basis (g/100 g sample).
aCrude fiber is part of the total carbohydrates.

TABLE 2 Ingredients used in the preparation of sliced bread called 
Andean bread (AB) and traditional bread (TB).

Ingredients Sliced bread

Andean bread 
(AB)

Traditional bread 
(TB)

Flour, bran, and seedsa

Wheat flour 70.00% 100%

Oat flour 4.00% 0%

Barley flour 3.69% 0%

Wheat bran 2.00% 0%

Linseed seeds 2.77% 0%

Sesame seeds 2.77% 0%

Flour Andean grainsa

Quinoa flour 4.00% 0%

Kiwicha flour 4.00% 0%

Others

Glutena 4.00% 0%

Milk powdera 2.77% 0%

Water* 44.50%

Sugar* 6.67%

Butter* 6.67%

Fresh yeast* 4.45%

Sunflower oil* 1.48%

Salt* 1.33%

Improver* 0.77%

Calcium propionate * 0.10%

aThe percentages of the ingredients used were obtained from preliminary tests considering 
the study conducted by Repo-Carrasco-Valencia et al. (2020) and industrial dates.
*Based on 100% wheat flour.
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2.4. Chemical composition of sliced bread

The chemical composition of the bread called AB and TB was 
determined in terms of moisture, protein, lipids, ashes, total dietary 
fiber (TDF; AOAC, 2010), while the total carbohydrates were 
calculated by difference. The total phenolic content was determined 
according to the methodology proposed by Cornelio-Santiago 
et al. (2019).

2.5. Physical properties of sliced bread

The sliced bread was evaluated for specific volume, cellular 
structure of the crumb, crumb color and texture. Specific volume 
(cm3/g) was determined with a volumetric laser (BVM 6610, 
Perten Instruments, Sweden). For the analysis of the crumb cell 
structure, digital images of 25 mm thick bread slices obtained 
using an iPhone 11pro (A2160, USA) with a resolution of 458 
ppp. The images were converted to 8-bits and binarized according 

to Santos et al. (2020), using the Image J 1.51j8 software (National 
Institutes of Health, USA), which allowed determining the cell 
number per cm2 and the average cell size (mm2). Color 
measurements (CIE, L, a*, b*) of the crumb cell structure were 
obtained using a Minolta colorimeter (CR 400, Japan) equipped 
with a standard D65 illuminant, the color was determined at 
three preselected points. While the methodology proposed by 
Vidaurre-Ruiz et  al. (2019) and Santos et  al. (2020) for the 
analysis of the texture (firmness, cohesiveness, elasticity, and 
chewiness) was used.

2.6. Sensorial analysis of sliced bread

The sensorial analysis was carried out with 250 consumers (aged 
between 18 and 65 years) of traditional bread in five sessions, totaling 
10 sensory sessions, two samples being analyzed in each one. All the 
participants declared that they had no allergy or intolerance to any of 
the ingredients present in the products and were informed that they 

FIGURE 1

Processing flow diagram of Andean bread (AB) and Traditional bread (TB).
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were evaluating an AB and TB. Consumers evaluated crust color, 
crumb color, alveolar uniformity, aroma, texture, flavor and overall 
acceptability using a 10-cm unstructured scale, with “I dislike very 
much” at the left end and “I like it a lot” at the right end (Aguiar et al., 
2021; García-Ramón et al., 2022). In each session, slices of bread 
(approximately 25 g) were offered. They were instructed to drink 
water between samples to minimize residual effects.

2.7. Statistical analysis

Results were expressed as mean values ± standard deviation. A 
t-Student test was applied on the thermomechanical properties of the 
dough and the proximal composition, the total phenolic content and 
the physical properties of the sliced bread. The effect of the evaluation 
time (1, 2, 3, 4, and 5 days) on the sensorial properties (crust color, 
crumb color, alveolar uniformity, aroma, texture, flavor and overall 
acceptability) was carried out using the analysis of variance followed 
by Tukey test to identify the difference between the means. All 
evaluations were performed with a significance level of p < 0.05 using 
version 3.4.4 of the software R (RStudio Team, 2021).

3. Results and discussion

3.1. Effects of ingredients on dough 
properties

Table 3 shows the values of thermomechanical properties of AB 
and TB during heating. According to the Chopin+ protocol, the water 
absorption capacity is the hydration required to reach a maximum 
consistency on the approximate mass of 1.1 N.m; this capacity of the 
dough depends on the amount, type of proteins, starch, moisture and 
fiber contained in them (Rosell et al., 2013). In the C1 parameter, AB 
showed the highest values, due to the higher fiber levels as previously 
observed by Santos and Capriles (2021). Regarding the consistency 
expressed in C2, AB showed a clearly higher value than TB. High 
values of C2 are related to increased protein denaturation during 
heating at 90°C. Regarding the consistency C3, which is the 
predominant factor in starch granules, the swollen due to water 
absorption and amylose chains leach into the aqueous phase. The TB 
significantly presented higher in values of C3; these high values are 

related to a better starch yield of the samples (greater amount 
of starch).

The low C3 values in AB can be described by their higher sums of 
protein and fiber (Table 4), causing the starch to be weakened within 
the system. Santos and Capriles (2021), also obtained similar results 
and mentioned that starch gelatinization and steadiness are impacted 
by their characteristics and combinations with high levels of proteins, 
lipids and fibers presented within the system. Parameter C5 (Figure 2) 
refers to the retrogradation of starch during cooling, showed a higher 
value for TB, which is related to the increase in the indexes of 
hardening and firmness of bread. On the other hand, lower values for 
this parameter were found in AB, reflecting a better sensorial quality 
(Table 5) of the product.

On the other hand, the results showed that the C5-C4 value of the 
dough had a lower value when they were substituted by 30% with 
Peruvian Andean products such as wheat bran, quinoa, kiwicha, oats, 
barley flours, and sesame and linseed seed. After starch gelatinization, 
with decreasing temperature, the starch granules at this stage are 
disordered, some of them could be forming a double helix through 
hydrogen bonds, and then by molecular cross-linking form a three-
dimensional network structure. On the other hand, the fiber from the 
ingredients used in the formulation (Table 2) could affect to some 
extent the rearrangement and association of this structure, which 
would slow down the rate of water migration, in turn losing its 
capacity for rearrangement and association during the cooling process.

Significant differences (p < 0.05) were found in the secondary 
parameters in favor of TB (100% wheat flour) in relation to AB which 
had 30% replacement (Table 2). As they contain different types of 
starches in the matrix, they could interact at the molecular level with 
other compounds in the system, influencing the hydration, gelation 
and retrogradation properties of the starch. This research identified 
the relationship between dough parameters and instrumental texture 
of Andean sliced bread. Figure 2 shows the relationship between the 
parameters of the mass analyzed by the Chopin+ protocol.

3.2. Effects of ingredients on the chemical 
composition of sliced bread

Table 4 shows the results of the proximal composition and the 
total phenolics content (TPC) of AB and TB. There were significant 

TABLE 3 Thermomechanical properties of sliced bread doughs.

Parameters Andean bread 
(AB)

Traditional bread 
(TB)

C1 (N.m) 0.02 ± 0.02a 0.02 ± 0.01a

C2 (N.m) 0.62 ± 0.02a 0.49 ± 0.03b

C3 (N.m) 1.29 ± 0.01b 4.73 ± 0.01a

C4 (N.m) 0.87 ± 0.09a 0.56 ± 0.03b

C5 (N.m) 2.99 ± 0.14b 4.65 ± 0.41a

C3-C2 (N.m) 0.67 ± 0.03b 4.24 ± 0.12a

C3-C4 (N.m) 0.41 ± 0.15b 4.17 ± 0.27a

C5-C4 (N.m) 2.10 ± 0.12b 4.65 ± 0.05a

Mean values ± standard deviation (n = 3). Same superscripts in each row indicate a non-
significant difference (p < 0.05) by the t-Student test.

TABLE 4 Chemical composition of sliced bread.

Parameters Andean bread 
(AB)

Traditional bread 
(TB)

Moisture 7.61 ± 0.22a 7.99 ± 0.31a

Protein* 16.07 ± 0.20a 13.11 ± 0.18b

Lipids* 7.40 ± 0.21b 9.89 ± 0.15a

Ashes* 3.05 ± 0.16a 1.94 ± 0.06b

Total carbohydrates* 71.75 ± 0.13b 73.87 ± 0.19a

- Crude fiber* 1.74 ± 0.11a 1.18 ± 0.10b

Total dietary fiber* 13.01 ± 0.20a 3.19 ± 0.06b

Total phenolic content (mg 

GAE/100 g sample)*

76.52 ± 2.15a 52.68 ± 1.99b

Mean values ± standard deviation (n = 3). Same superscripts in each row indicate a non-
significant difference (p < 0.05) by the t-Student test. GAE: gallic acid equivalent.*Expressed 
on a dry matter (d.m), (g/100 g), except moisture.

https://doi.org/10.3389/fsufs.2023.1202322
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


García-Ramón et al. 10.3389/fsufs.2023.1202322

Frontiers in Sustainable Food Systems 06 frontiersin.org

differences in the proximal composition and TPC. As expected, the 
protein content of AB was higher (p < 0.05) than that of TB, due to the 
use of Andean grains which are rich in protein compared to wheat 
flour (Miranda-Villa et al., 2019; Bączek et al., 2020). The ash content 
of AB was also significantly higher, and the total carbohydrates was 
significantly lower than that of TB. The highest amount of fat 
corresponded to TB. The results of the proximal compositions of the 
loaves in this study were in agreement with the amounts previously 
reported by Repo-Carrasco-Valencia et  al. (2020) and Gutierrez-
Castillo et al. (2023). In addition, the results showed a higher TPC in 
AB compared to TB, the same indicating a significant difference 
(p  < 0.05). The TPC values were 76.52 mg gallic acid equivalent 
(GAE)/100 g sample and 52.68 mg GAE/100 g for AB and TB, 
respectively. These values are higher than those reported by Mikulec 

et al. (2020), for breads made with 100% HT (48.12 mg GAE/100 g), 
and comparable to that of Wang et al. (2021), who report values of 
60.2 and 78.5 mg GAE/100 g for gluten breads and breads made with 
40% substitution of quinoa whole wheat flour, respectively. The 
highest amount of total dietary fiber (TDF) was found in AB. The 
American Diabetes Association suggests a daily fiber intake of 25 to 
30 g/day. The AB covers 52% of the daily reference value, being 
considered high in TDF goodness that differs from the TB. The 
consumption of bread rich in dietary fiber has a positive impact by 
increasing the innate immunity that is required to prevent coronary 
diseases such as: cardiovascular, type II diabetes and some types of 
cancer, it also accelerates the passage of digesta and especially 
improves the intestinal barrier (Abreu Abreu et al., 2021).

3.3. Effects of ingredients on the physical 
properties of sliced bread

The analysis of the specific volume (SV) is important in bread 
quality, as it indicates the retention of CO2 in the structure of the 
gluten network. A lower value was obtained in AB (3.13 ml/g) 
compared to TB (3.61 ml/g) made with 100% wheat flour, with 
significant differences (p < 0.05; Table 6). The SV reduction may 
be associated with the weakening of the dough structure and the 
reduction of the gas holding capacity as a result of the dilution of 
the gluten content and the interaction between gluten and insoluble 
dietary fibers provided by the ingredients, which was also observed 
by Wandersleben et al. (2018), Xu et al. (2021), and Brites et al. 
(2022). Likewise, the inverse variation between the specific volume 
and the amount of fiber added have been reported by Gómez et al. 
(2003), Dalgetty and Baik (2006), Rocha Parra et al. (2015), and 
Šporin et  al., (2018). In addition to fiber, the VS of bread also 
depends on the amount and type of protein present in the 
formulation. Horstmann et al. (2017) concluded that the presence 
of a higher protein and insoluble fiber content decreases the 

FIGURE 2

Mass curves and parameters obtained by Mixolab® from the two 
formulations of sliced bread. Traditional bread doughs were prepared 
(-) and Andean bread (-).

TABLE 5 Sensorial properties of sliced bread.

Time 
(days)

Crust color Crumb 
color

Alveolar 
uniformity

Aroma Texture Flavor Overall 
acceptability

Traditional bread

1 7.13 ± 1.01a 6.99 ± 1.22a 7.52 ± 0.68a 7.08 ± 1.08a 7.69 ± 0.95a 7.68 ± 0.58a 7.77 ± 0.58a

2 6.83 ± 0.81a 6.53 ± 0.77b 7.23 ± 0.65ab 6.50 ± 0.73a 6.53 ± 0.60b 6.81 ± 0.81a 6.53 ± 0.73b

3 5.81 ± 0.66b 5.88 ± 0.46b 6.88 ± 0.34b 5.13 ± 0.61b 5.40 ± 0.51c 5.94 ± 0.51b 5.53 ± 0.60bc

4 4.72 ± 0.44c 5.62 ± 0.55c 6.49 ± 0.38c 4.69 ± 0.42bc 4.68 ± 0.39d 4.61 ± 0.59c 4.46 ± 0.40d

5 4.35 ± 0.24c 4.96 ± 0.58c 6.33 ± 0.20c 4.28 ± 0.27c 4.09 ± 0.38d 4.09 ± 0.33c 4.10 ± 0.23e

Andean bread

1 6.91 ± 0.91a 7.36 ± 0.63a 6.13 ± 0.52a 7.40 ± 0.80a 7.50 ± 0.87a 7.57 ± 0.90a 7.76 ± 0.80a

2 6.48 ± 0.59ab 6.79 ± 0.42b 5.89 ± 0.42ab 6.90 ± 0.61a 6.84 ± 0.48b 7.13 ± 0.50b 7.26 ± 0.48b

3 6.27 ± 0.34ab 6.34 ± 0.34c 5.6 ± 0.32bc 6,50 ± 0.49ab 6.40 ± 0.29c 6.54 ± 0.43c 6.56 ± 0.46c

4 5.87 ± 0.35bc 6.07 ± 0.22c 5.29 ± 0.40cd 6.14 ± 0.31b 5.90 ± 0.36d 6.26 ± 0.36c 6.23 ± 0.30d

5 5.32 ± 0.37c 5.62 ± 0.42c 5.04 ± 0.43d 5.21 ± 0.56c 5.23 ± 0.48e 5.67 ± 0.43d 5.65 ± 0.40e

Mean values ± standard deviation (n = 25). The same superscripts letter in each column indicate a non-significant difference (p < 0.05) by Tukey test for the different days of evaluation in each 
bread.
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fermentation speed of the dough, which leads to a denser bread 
structure (Figure  3). Martínez et  al. (2014) reported that while 
soluble fibers promote mass gain and gas retention, insoluble fibers 
have the opposite effect. The mechanism could be due to the fiber-
starch interaction. Soluble fibers are capable of creating a meshed 
network that stabilizes and retains the gas produced, while insoluble 
fibers favor outburst points, causing gas to escape and structural 
collapse due to decreased gas retention capacity (Sabanis et  al., 
2009; Horstmann et al., 2016). The inclusion of raw materials with 
a higher fiber content and the decrease in the protein content of the 
flour in the bread could have caused a decrease in the specific 
volume in the AB.

When analyzing the cellular structure of the crumb (Figure 3), 
significant differences (p < 0.05) were found for the average cell size in 
favor of AB whose value is 2.15 and 1.07 mm2 for TB. The higher value 
is partly due to its heterogeneity influenced by the ingredients. The 
cellular structure of the crumb values are similar to those reported by 
Aguiar et al. (2021). In addition, these characteristics are important 

for manufacturers of bakery products and have an influence on the 
acceptability of the product.

Regarding color, there were significant differences (p ≤ 0.05) 
between AB and TB for the coordinates L* and a*. The TB (100% 
wheat flour) presented the highest value of luminosity (L*; Figure 3A), 
while in the AB it decreased with the substitution of the flours 
(Table 6; Figure 3B). A darker color is usually the result of maillard 
reactions and caramelization. Likewise, the different composition of 
amino acids and the original color of the raw materials determine the 
final color of the bread (Lund and Ray, 2017; Šporin et  al., 2018; 
Protonotariou et al., 2020), observed that the whiteness of the bread 
decreased as the addition of grape pomace flour increased (“Merlot” 
and “Zelen”; 6, 10 and 15%, w/w flour based). There was also an 
increase in the value a* (red color), it can be attributed to the presence 
of kiwicha, quinoa, barley, oatmeal flours (fibers and phenolic 
compounds) and linseed seeds that contributed to having a reddish 
and darker color (Costantini et  al., 2014; Brites et  al., 2022) also 
observed a similar effect.

Regarding the firmness parameter, there were significant 
differences (p < 0.05) between AB and TB (Table  6), a higher 
firmness value is related to higher fiber content and lower specific 
volume. This agreed with the results a negative correlation of 
hardness and specific volume and were also observed by Miñarro 
et al. (2012) and Yaver and Bilgiçli (2021). The elasticity indicated 
the ability of the sample to recover after a deformation due to 
compression (Lin and Zhou, 2018), and it was lower in the AB 
(0.82). In addition, similar trends were also exhibited in cohesion 
(0.30) and chewiness (0.75). However, there was no significant 
difference (p > 0.05) in the value of elasticity, cohesiveness and 
chewiness between the sliced bread (AB and TB), which would 
indicate that they have a similar mouthfeel.

3.4. Effects of ingredients on sensorial 
properties

Table 5 shows the results of the sensorial analysis carried out 
in TB and AB. The sensorial analysis indicated that the sensorial 
attributes (crust color, crumb color, alveolar uniformity, aroma, 
texture, flavor, and overall acceptability) decrease as the storage 
time passes and it was more pronounced in the TB. On the other 
hand, the substitution of AB by 30% wheat bran, quinoa, kiwicha, 
oats, barley flours, and sesame and linseed seeds (Table 2) showed 
no negative effects on sensorial evaluation and resulted in 
increased fiber, including the ability to make a source of fiber 
claim (Table  4). Similar results were obtained by 
Chockchaisawasdee et al. (2023) with a substitution of broad bean 
flour at 15%. In addition to improving the quality of the AB in 
terms of chemical composition (Table 4) and sensorial (Table 5), 
the substitution has also improved the shelf life of the AB, possibly 
due to the presence of antioxidants, which was also observed by 
Peighambardoust (2014), the presence of antioxidants in grape 
seed flour (5, 10, 15 and 20%, w/w flour basis) extended the shelf 
life of bread.

Texture is an important determinant of bread quality that 
determines consumer acceptance (Cauvain, 2016; Santos, 2020). In 
this investigation this was the sensorial characteristic that varied the 
most and was least pronounced in the AB. The inclusion of Andean 
grains did not seem to affect porosity, but the fiber increased, and 

TABLE 6 Physical properties of sliced bread.

Parameters Andean bread 
(AB)

Traditional bread 
(TB)

Specific volume (ml/g)* 3.13 ± 0.03b 3.61 ± 0.12a

average cell size (mm2)* 2.15 ± 0.21a 1.07 ± 0.13b

Cellular structure of the 

crumb (cell number/

cm2)**

138.45 ± 1.50b 183.21 ± 3.07a

L* cellular structure of the 

crumb*
49.10 ± 0.07b 83.48 ± 0.24a

a* cellular structure of the 

crumb*
3.75 ± 0.03a 1.29 ± 0.02b

b* cellular structure of the 

crumb*
11.03 ± 0.02b 23.19 ± 0.06a

Firmness (N)*** 3.06 ± 0.29a 2.73 ± 0.12b

Cohesiveness*** 0.30 ± 0.04a 0.33 ± 0.02a

Elasticity*** 0.82 ± 0.03a 0.88 ± 0.05a

Chewiness (N)*** 0.75 ± 0.09a 0.81 ± 0.07a

Mean values ± standard deviation. Same superscripts in each row indicate a non-significant 
difference (p < 0.05) by the t-Student test. *n = 3.
**n = 56.
***n = 6.

FIGURE 3

25  mm thick slices of bread: (A) traditional bread; (B) Andean bread.
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sensorial panelists stated that they preferred to eat bread with 
additional nutritional content. This may have a commercial potential 
that could be explored further.

4. Conclusion

AB and TB showed a similar effect on the rheological properties 
of the dough, while AB showed higher values for C1, C2, and C4 
probably due to the higher levels of fiber, TB presented higher values 
with respect to C3 and C5, presenting a higher value of consistency 
and retrogradation, which favors the structure, volume and texture of 
the bread. However, the TB presented a low acceptability (general 
acceptability of 4.1 on a 10-cm unstructured scale) possibly due to 
their high values of the C5-C4 secondary parameters, which are 
related to a shorter shelf life.

The effects of enrichment with Peruvian Andean grains in a 30% 
replacement improved protein content (16.07%), total dietary fiber 
(13.01%), ashes (3.05%), and total phenolics (76.52 mg GAE/100 g 
sample) from Andean sliced bread. These results could be useful to 
develop healthier, better-quality breads to meet consumer needs using 
Peruvian Andean flours and seeds.
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