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Abstract 

The gluten-free alternative flours and the application of natural fermentation in the breads production are promising 

technologies to improving sensory, structural and nutritional properties. The aim of this study was to evaluate the 

applicability and quality of gluten-free breads made with sour dough from wholegrain rice flours (BR and BRY), carioca 

beans (BP and BPY) and cowpea (BV and BVY). The sour doughs were prepared without and with the addition of 

biological yeast (Saccharomyces cerevisiae) represented by the letter “Y”. The breads made from these doughs were 

subjected to the analysis of: pH, titratable total acidity, color, water activity, moisture, image analysis, specific volume, 

instrumental texture, proximate composition and energy value. The results indicated higher ash, protein and dietary fiber 

content in BP and BV flours. At the end of fermentation, the BR and BRY masses showed greater acidity. The doughs 

made with beans showed greater expansion volumes. Lower volume, firmness and hardness were verified for BBRY 

bread and the opposite was verified for BVB bread. The BBV, BBVY, BBP and BBPY breads had higher ash, protein 

and dietary fiber contents and lower digestible carbohydrate content. BPB and BVB breads showed higher protein 

digestibility and the opposite was observed for BBRY (70.60%), BPBY (81.09%) and BVBY (80.89%). The use of bean 

flour in the preparation of breads resulted in products rich in dietary fiber and proteins, especially carioca beans. 

Keywords: Breadmaking; Dietary fiber; Latic acid bacteria; Protein digestibility; Yeast. 

 

Resumo 

A utilização de farinhas alternativas sem glúten e a aplicação de fermentação natural na fabricação de pães são 

tecnologias promissoras na melhoria das propriedades sensoriais, estruturais e nutricionais. O objetivo deste estudo foi 

verificar a aplicabilidade e a qualidade de pães glúten elaborados com massa ácida de farinhas integrais de arroz (BR e 

BRY), feijão carioca (BP e BPY) e feijão caupi (BV e BVY). As massas ácidas foram elaboradas sem e com a adição 

de fermento biológico (Saccharomyces cerevisiae) representado pela letra “Y”. Os pães elaborados a partir dessas 

massas foram submetidos às análises de pH, acidez total titulável, cor, atividade de água, umidade, análise de imagem, 

volume específico, textura instrumental, composição centesimal e valor energético. Os resultados indicaram maior teor 

de cinzas, proteínas e fibras alimentares nas farinhas BP e BV. Ao final da fermentação, as massas BR e BRY 

apresentaram maior acidez. As massas elaboradas com os feijões apresentaram maiores volumes de expansão. Menor 

volume, firmeza e dureza foi verificado no pão BBRY e o inverso foi verificado para o pão BVB. Os pães BBV, BBVY, 
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BBP e BBPY apresentaram maiores teores de cinzas, proteínas e fibras alimentares e menor teor de carboidratos 

digeríveis. Os pães BPB e BVB apresentaram maior digestibilidade proteica e o contrário foi observado para BBRY 

(70,60 %), BPBY (81,09 %) e BVBY (80,89 %). A utilização de farinhas de feijão na elaboração de pães resultou em 

produtos ricos em fibras alimentares e proteínas, sobretudo o feijão carioca. 

Palavras-chave: Bactérias láticas; Digestibilidade proteica; Fibras alimentares; Levedura; Panificação.  

 

Resumen 

El uso de harinas alternativas sin gluten y la aplicación de fermentación natural en la fabricación de panes son 

tecnologías prometedoras para mejorar las propiedades sensoriales, estructurales y nutricionales. El objetivo de este 

estudio fue verificar la aplicabilidad y calidad de los panes sin gluten elaborados con masa ácida de harinas integrales 

de arroz (BR y BRY), frijoles carioca (BP y BPY) y caupí (BV y BVY). Las masas ácidas se prepararon sin y con la 

adición de levadura biológica (Saccharomyces cerevisiae) representada por la letra “Y”. Los panes elaborados a partir 

de estas masas fueron sometidos a análisis de pH, acidez total titulable, color, actividad de agua, humedad, análisis de 

imagen, volumen específico, textura instrumental, composición próxima y valor energético. Los resultados indicaron 

un mayor contenido de cenizas, proteínas y fibra dietética en las harinas BP y BV. Al final de la fermentación, las masas 

BR y BRY mostraron mayor acidez. Las masas elaboradas con frijol mostraron mayores volúmenes de expansión. Se 

verificó menor volumen, firmeza y dureza para el pan BBRY y lo contrario se verificó para el pan BVB. Los panes 

BBV, BBVY, BBP y BBPY tuvieron mayor contenido de cenizas, proteínas y fibra dietética y menor contenido de 

carbohidratos digestibles. Los panes BPB y BVB mostraron mayor digestibilidad de proteínas y lo contrario se observó 

para BBRY (70,60%), BPBY (81,09%) y BVBY (80,89%). El uso de harina de frijol en la preparación de panes resultó 

en productos ricos en fibra dietética y proteínas, especialmente para los frijoles carioca. 

Palabras clave: Bacterias lácticas; Digestibilidad de proteínas; Fibras alimentarias; Levadura; Panadería. 

 

1. Introduction 

The gluten-free market has been expanding in recent years (Kale & Deshmukh, 2020). New consumer demands for food 

products with higher nutritional value or health benefits have driven the bakery industry to produce new foods and improve the 

nutritional quality of products (Coda et al., 2014; El Khoury et al., 2018). Using a mix of gluten-free flours is vital to obtain 

bread without gluten with good texture and adequate sensory and dietary properties (Arendt et al., 2008). Improving the 

manufacturing technologies is also essential, highlighting the natural fermentation biotechnology (Gallagher et al., .  

There is great interest in using alternative flours in baking, such as legume flours, to improve the nutritional quality of 

products, mainly due to the high content of minerals, proteins and dietary fiber (Olojede et al.,  2020). However, the use of 

alternative flours in the preparation of bread is restricted as they influence the final quality of bakery products (Gallagher et al., 

2004).  

Carioca (Phaseolus vulgaris L.) and cowpea (Vigna unguiculate L. Walp.) beans are recognized and officially 

standardized in Brazil by the Ministry of Agriculture, Livestock and Supply (Brasil- Ministério da Agricultura, 2008). These 

beans are widely consumed and represent an essential food in the diet of the Brazilian population because they are rich in nutrients 

and a source of proteins (Phillips et al., 2003). In addition, they contain digestible carbohydrates and dietary fibers consisting 

mainly of pectin, cellulose and hemicellulose (Figueroa, 2016). Furthermore, carioca and cowpea beans are rich in vitamins 

(especially B complex) (Celmeli et al., 2018; Köse, Ekbiç et al., 2019) and represent an excellent source of minerals, including 

potassium, calcium, iron, zinc and phosphorus (L. S Kato, 2014) and bioactive compounds with recognized antioxidant capacity 

(Vasantharaja et al., 2019; Yang et al., 2018; Zaheer et al., 2020).  

The sourdough is obtained from natural and spontaneous fermentation. It consists of a mixture of flour and water 

fermented for a given period by lactic acid bacteria and yeasts present in the medium itself (Moroni et al., 2009). The main 

metabolic activities in the sourdough are related to acidification and fermentation, with lactic acid bacteria being the main 

responsible for providing acidity and stability in the dough by reducing the pH and increasing the levels of the organic acid (De 

Vuyst et al., 2014). 

According to Gobbetti et al. (2014), during sourdough fermentation, essential changes occur such as acidification and 

enzyme activation, synthesis of microbial metabolites that influence the final quality of bakery products, regarding the nutritional 

http://dx.doi.org/10.33448/rsd-v10n16.23992


Research, Society and Development, v. 10, n. 16, e303101623992, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10n16.23992 
 

 

3  

and functional quality. In addition, it is well established that sourdough can reduce the starch digestibility and glycemic index in 

bread. A decrease of antinutritional factors is also highlighted, reducing phytate content and promoting the bioavailability of 

complex dietary fiber, phytochemicals, vitamins, minerals, amino acids and proteins (Bender et al., 2018; Bender & 

Schönlechner, 2020; Coda et al.,, 2017; De Vuyst et al.,, 2016; Gobbetti et al., 2019, 2014).  

Natural fermentation biotechnology can be efficient to improve the quality of bread made with legumes flours as it has 

the potential to explore the nutritional, functional and sensory characteristics of legumes and other alternative flours (Coda et al., 

2014). Thus, the preparation of bread in combination with legume flours and sourdough biotechnology is a viable and promising 

alternative in manufacturing gluten-free bread, mainly because they present a low cost and an attractive nutritional and sensory 

profile. Given the above, this study aimed to verify the applicability and quality of gluten-free bread made with sourdough of 

brown rice and carioca and cowpea beans flours. 

 

2. Methodology 

This study was conducted using a scientific methodology for quantitative analysis and carried out in stages as proposed 

by Pereira et al. (2018). The works were carried out between the years 2018 and 2020. 

 

2.1 Raw materials used in the experiment 

Carioca and cowpea beans, cassava, potato and corn starches, fresh eggs, hydrogenated vegetable fat, soybean oil, 

sucrose, sodium chloride and biological yeast were purchased from a local market (Diamantina – MG). Rice flour, rice bran, 

lecithin and xanthan gum were purchased at the Central Market of Belo Horizonte – MG. The hydrolyzed soy protein was 

donated by the company HT Nutri – Camaquã – RS. 

  

2.2 Obtaining the flours 

Brown rice flour was obtained reconstituting with refined rice flour (90 %) and rice bran (10 %). The bean grains were 

dried in a TE-394/1 oven with air circulation and renewal at 1 m.s-1 (Tecnal, Piracicaba, BRA) at 35±2 °C for 24 h to reduce 

moisture level and facilitate the milling process. Afterward, the grains were processed in an MA-680 macro knife mill with the 

vertical rotor (Marconi, Piracicaba, BRA), equipped with a stainless-steel sieve with a 20 mesh opening (0.85 mm). The fractions 

that were not fully ground were crushed in an L28 blender (MK Mondial, Conceição do Jacuípe, BRA) for full use of the grains. 

Finally, the flours were placed in a low-density polyethylene package, sealed and stored at room temperature. 

The particle size analysis was performed according to method 66-20.01 of the AACCI,(2010) adopted with sieves 

opening at 24 (710 µm), 30 (600 µm), 48 (300 µm), 60 (250 µm) and 80 (180 µm) mesh and a sieve shaker (Bertel, Caieras, 

BRA). The sieves were pouted on the base plate of a vibrating platform from the lowest (24) to the highest (80) mesh. The base 

and sieves were previously weighed and 100 g of the sample was added to the top sieve and the platform was adjusted to vibration 

speed 7 for 30 minutes. At the end of the time, all sieves were weighed and the retained weight recorded. The analysis was 

performed in triplicate and the results were expressed in percentage. 

The percentage of the retained fraction was multiplied by conventional and constant factors that decreased from six to 

zero with the decrease of the sieve holes. The uniformity index (UI) and the fineness modulus (FM) (Eq. 1) were determined 

according to Zanotto and Bellaver, (1996). The geometric mean diameter (GMD) (Eq. 2) was determined using the equation of 

Henderson and Perry, (1976). 
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Fineness modulus = Σ % accumulated fractions / 100 Eq. 1 

Geometric mean diameter = 104.14 x 2FM Eq. 2 

Where: FM = Fineness modulus.  

 

2.3 Sourdough production 

The sourdoughs were prepared with a 50:50 ratio of water and flour (Coda, Kianjam, et al., 2017), and for the sourdoughs 

with bean flour, a percentage of 85:15 was considered (determined by pre-tests) for brown rice and carioca or cowpea bean 

flours. The samples were named according to their composition, as shown in Table 1. 

The doughs were prepared by mixing the dry ingredients and water and submitted to complete homogenization in a 

PHP500 turbo mixer (Philco, Manaus, BRA). Then, the samples were stored in polypropylene containers, covered and submitted 

to a controlled temperature of 26±2 C, in a LUCA-161/01 BOD incubator (Lucadema, São José do Rio Preto, BRA). The doughs 

were submitted to a daily feeding for 18 days, with the addition of values corresponding to 50 % of the initial dough, maintaining 

the proportion of 50:50 water/flour. On the 11th day, the feeding procedure was modified from 50 % to 75 % of the initial value, 

making it possible to carry out daily analyzes for 18 days. 

 

Table 1 – Samples codes according to their composition. 

Samples codes Raw material 

Brown rice flour  

1) BR Brown rice flour 

2) BRY Brown rice flour + Yeast* 

Carioca bean flour (Phaseolus vulgaris) 

3) PB Brown rice flour + Carioca bean flour 

4) PBY Brown rice flour + Carioca bean flour + Yeast* 

Cowpea bean flour (Vigna unguiculata L. Walp) 

5) VB Brown rice flour + Cowpea bean flour 

6) VBY Brown rice flour + Cowpea bean flour + Yeast* 

*For the biological yeast, the addition was carried out only on the first day of sourdough production, in the proportion of 1 % in flour basis. 

Source: Authors (2021). 

 

2.4 Gluten-free bread formulation 

The ingredients amount for each formulation is shown in Table 2. The processing was done according to the flowchart 

shown in Figure 1. 

 

Table 2 - Proportion of raw materials (in brown rice flour basis) and sourdough level of brown rice flour, carioca beans flour 

and cowpea bean flour added to the formulation of gluten-free bread 

Raw material (% in brown rice flour 

basis) 

SB BBR BBRY BPB BPBY BVB BVBY 

Rice flour 90 76.5 76.5 63 63 63 63 

Rice bran 10 8.5 8.5 7 7 7 7 

Bean flour 0 0 0 15 15 15 15 

Sourdough 0 15 15 15 15 15 15 

Total 100 100 100 100 100 100 100 

SB - Standard bread; BBR - Bread with sourdough of brown rice flour without yeast; BBRY - Bread with sourdough of brown rice flour with yeast; BPB - Bread 
with sourdough of carioca bean flour without yeast; BPBY - Bread with sourdough of carioca bean flour with yeast; BVB - Bread with sourdough of cowpea 

bean flour without yeast; BVBY - Bread with sourdough of cowpea bean flour with yeast. 

Source: Authors (2021). 
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In Brazil is no regulation regarding the use of biological yeast in fermented doughs, therefore considering the microflora 

present in sourdoughs, an international recommendation was adopted by Decree No. 93-1074, of September 13, 1993 (France, 

1993), which determines a maximum limit up to 0.2 % biological yeast (Saccharomyces cerevisiae) in the preparation of bread 

with sourdough. Therefore, for standard bread, a level of 1.4 % of biological yeast should be used. 

The remaining ingredients used in bread formulation (in flour basis) were: cassava starch (15 %), potato starch (15 %), 

corn starch (15 %), whole eggs (15 %), hydrogenated vegetable fat (4 %), soybean oil (4 %), sucrose (4 %), lecithin (1 %), 

commercial emulsifier (2 %) (composed of distilled fatty acid monoglycerides (INS 471), potassium stearate (INS 470), sorbitan 

monostearate (INS 491) and polyoxyethylene sorbitan monostearate (INS 435)), xanthan gum (1 %), hydrolyzed soy protein (2 

%), sodium chloride (2 %) and drinkable water (added in a satisfactory amount for proper viscosity development of the mass, 

determined visually). 

 

Figure 1 – Processing flowchart of gluten-free bread made with sourdough of brown rice, carioca and cowpea beans flours. 

 

Source: Authors (2021). 
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The ingredients were weighed in a BL-3200AS-BI semi-analytical electronic balance (Exacta, Ribeirão Preto, BRA) or 

an AUY220 analytical balance (Shimadzu, Kyoto, JPN). The processing method was carried out in two phases. The first phase 

consisted of forming a cream from the mixture of hydrogenated vegetable fat, soybean oil, whole eggs, sucrose, lecithin, 

commercial emulsifier and hydrolyzed soy protein. The combination of lipids was defined by pre-test and, together with the 

emulsifier, had the main objective to improve the technological action, favoring dough aeration through air entrapment into the 

gluten-free batter. The second phase was the homogenization of the dough by mixing the other ingredients, sourdough and water. 

The mixing was performed in a PHP500 turbo mixer (Philco, Manaus, BRA). 

After obtaining homogeneous dough, 450±2 g of dough was placed in greased aluminum pans with 24 cm length, 10 

cm width and 5 cm depth and submitted to proofing in a BOD at 37±2 °C and 85±3 % relative humidity. The maximum growth 

size visually determined the proofing time for each sample in the pan. Then the proofed doughs were baked at 150±5 °C for 

24 minutes in a ConvectionLine oven (Venâncio, Venâncio Aires, BRA). The loaves were unmolded and cooled at room 

temperature for 2 hours and stored in a low-density polyethylene package at room temperature (~18 °C) until analysis. 

 

2.5 Proximate composition of flours and bread 

The proximate composition of flours and bread was determined regarding the moisture (method 44–15.02), ash 

(method 08–01.01), proteins (method 46–13.01) and lipids (method 30–25.01) (AACCI, 2010). The factor used to convert 

nitrogen into protein was 6.25 for carioca and cowpea beans flours and 5.95 for brown rice flour. In bread, the conversion factor 

of 5.95 was maintained for all samples, considering rice flour as the principal constituent in the formulations. The digestible 

carbohydrates composed of available sugars and starch were analyzed by method 982.14, and total dietary fiber was quantified 

by method 978.10 (AOAC, 2019). The total calorie value was calculated as described by Reis and Schmiele (2021) considering 

the converting method of Atwater (Merril & Watt, 1973). All analyzes were performed in triplicate. 

 

2.6 Instrumental color of flours and bread crumb 

The loaves were mechanically sliced (Metalúrgica Venâcio Ltda., FPV12, Venâncio Aires, Brazil) and slices with 

12 mm thickness were obtained. The instrumental color was determined in flours and crumbs of sliced bread through the 

method 14-22.01. (AACCI, 2010), using a Minolta CM-5 spectrophotometer (Konica, Tokyo, JPN). The test conditions were 

illuminant D65, visual angle of 10º and calibration with reflectance specular excluded. Considering the CIEL*a*b* and 

CIEL*C*h* color space, the instrumental color was evaluated. Furthermore, the value of ∆E* (total difference in color) in the 

bread was determined as described by (Neves, Gomes, Carmo, et al., 2020). This analysis was performed in triplicate. 

 

2.7 pH and total titratable acidity of sourdough and bread 

The pH analysis was performed according to the method 02-52.01 (AACCI, 2010), using a mPA210 pH meter 

(Tecnopon, Piracicaba, BRA). The total titratable acidity analysis was determined according to method 02-31.01 (AACCI, 2010) 

and the results were expressed in % of lactic acid. In sourdough, these analyzes were performed daily before feeding the doughs. 

In breadmaking, the parameters were analyzed in the initial dough (before and after the proofing process) and the loaves. All 

analyzes were performed in triplicate. 

 

2.8 Specific analyzes of dough 

2.8.1 Dough volume increase 

The sourdoughs were analyzed regarding dough volume increase based on the method described by Teotônio et al., 

(2021) according to the model presented in Equation 3. Before daily feeding, approximately 50 g of dough were placed in a 250 
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mL beaker and the increase in dough volume was recorded every 10 minutes for 90 minutes. The results obtained were used to 

plot the graph referring to fermentation time x increase of volume and the curve was integrated to calculate the area under the 

curve (AUC). The analysis was carried out in triplicate. 

 

Dough volume increase = [V(t) – V(0)]/V(0) Eq. 03 

Where: V(t) = Volume measured in the time lapse between the beginning of fermentation and the volume recording; V(0) = initial 

volume. 

 

2.8.2 Proofing time of dough in breadmaking 

The proofing time (in minutes) was evaluated as the time required for the dough to complete the maximum volume in 

the pan. Therefore, the analysis was carried out without repetition. 

 

2.9 Specific analyzes of bread 

The specific analyzes on the bread were carried out on the day after the manufacture, after approximately 18 hours. 

The measurements performed were water activity, specific volume, instrumental texture, image analysis, soluble nitrogen index 

and in vitro protein digestibility. 

 

2.9.1 Water activity 

The water activity was determined by the direct method using the 4TE Duo Aqualab hygrometer device (Decagon, 

São José dos Campos, BRA) as described by Neves et al. (2020). Analyzes were performed in triplicate. 

 

2.9.2 Specific volume 

The specific volume of the loaves was determined by the method 10-05.01 (AACCI, 2010) in triplicate. The results 

were expressed in mL.g-1. 

 

2.9.3 Instrumental texture of the crumb 

The crumb of the bread was measured concerning the texture profile analysis, as established by method 74-09.01 

(AACCI, 2010). A TA–XT plus texturometer (Stable Micro Systems, Godalming, GBR) adopted with a P36R cylindrical probe 

and HDP/90 platform was used. Two slices of 12 mm in thickness each were subjected to double compression at a pre-test and 

test speed of 1.0 mm.s-1 and a post-test of 5 mm.s-1, with an interval of 2 s, a distance of compression at 40 % and the limiar 

force was 0.049 N. The measurements were performed with eight repetitions and the parameters evaluated were: firmness (N), 

hardness (N), cohesiveness, gumminess (N), chewiness (N) and resilience.  

 

2.9.4 Image analysis of the alveoli of the slices 

According to Tasiguano et al., (2019), the slices of bread were evaluated for their alveolar structure. The values of total 

area, number of alveoli, average size of alveoli and circularity were assessed with four repetitions. Images were obtained by 

scanning at 600 dpi resolution in an MFC-895DW scanner (Brother, Ho Chi Minh, VTN) using black background paper. Images 

were saved in Joint Photographic Experts Group (jpeg) format and analyzed using Image J software (National Institutes of Health, 

Bethesda, USA). The measurements from the images were obtained in pixels and converted to mm using length values based on 

the shape's width (10 cm). Data were obtained after tracing the outline of the rectangular section of the bread slices. For cell 

analysis, images were set to 8-bit grayscale format, the contrast was adjusted, and Otsu's algorithm was chosen for thresholding. 
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2.9.5 Soluble nitrogen index 

The soluble nitrogen index was determined in bread based on method 46.24-01 (AACCI, 2010), with slight 

modifications. Initially, 15 g of sample and 200 mL of distilled water were crushed in a PMX700 mixer (Philco, Curitiba, BRA) 

at maximum speed for 8 minutes. Then, the suspension was transferred to a glass beaker for decantation. Subsequently, 15 mL 

of the supernatant were pipetted into Falcon tubes and centrifuged for 10 minutes in a 206BL centrifuge (Fanen, Guarulhos, 

BRA) at 2500 x g. In the end, 10 mL of the supernatant phase were pipetted and transferred to micro Kjeldahl tubes, and the 

nitrogen value was determined by method 46.16-01 (AACCI, 2010). The soluble nitrogen index was calculated according to 

Equation 4. 

 

Soluble nitrogen index (%) = (water dispersible nitrogen/total nitrogen) * 100 Eq. 04 

 

2.9.6 In vitro protein digestibility 

Protein digestibility was determined according to Akeson & Stahmann, (1964), with modifications. First, one gram of 

sample was placed in a 50 mL Falcon centrifuge tube with the addition of 15 mL of 0.1 M HCl and 1.5 mg pepsin. The samples 

were incubated at 37±1 ºC for 3 h in a shaking bath at 70 rpm. After incubation, the samples were neutralized with a 2 M NaOH 

solution until reaching a pH of 7.0±0.1. Next, a pancreatin (4 mg) solution with 0.2 M phosphate buffer and pH 8.0 (7.5 mL) 

was prepared and added to the neutralized solution together with 1 mL of toluene. The sample was subjected to incubation for 

24 h 37 °C. After incubation, the enzyme was inactivated with 10 mL of trichloroacetic acid (20 % m/v) under stirring. Finally, 

the solution was centrifuged at 2500 x g for 20 min and the nitrogen of the supernatant was determined using the micro Kjeldahl 

methodology by method 46.16-01 (AACCI, 2010). For in vitro protein digestibility calculations (Eq. 5), a blank sample was 

considered. 

 

In vitro protein digestibility (%) = (% protein from supernatant – % protein from blank) * 100 

                                              % protein of the sample 

Eq. 05 

 

2.10 Statistical analysis 

The data were evaluated using analysis of variance (ANOVA) and Scott-Knott test (P ≤ 0.05), using Sisvar software 

(version 5.6). The results from pH, total titratable acidity and dough volume increase of sourdough were submitted to linear 

regression. Pearson's correlation coefficient (P ≤ 0.05) was generated for the sourdough and bread data. 

 

3. Results and Discussion  

3.1 Flours characterization 

3.1.1 Particle size 

The results for particle size are shown in Table 3. It was observed that brown rice flour was thinner when compared 

to carioca and cowpea beans flours. The most significant proportion of brown rice flour was retained in sieves with smaller 

openings of 60 and 80 mesh (250 µm and 180 µm) and the largest particle size was observed in carioca bean flour, with the 

highest amount retained between the 24 (710 µm) and 48 (300 µm) mesh sieves. The uniformity index showed that there was a 

higher proportion of bean flour retention in sieves with larger openings (24-30 mesh) for carioca bean flour (17.42 ±1.42 %) and 

cowpea bean flour (13.94±1.58 %). On the other hand, there was higher retention in sieves with smaller holes (80 - <180 mesh) 

for brown rice flour, corresponding to 37.23±2.35 %. It was possible to verify the uniformity of the particles by the fineness 

modulus (FM) and classify the flours according to Henderson and Perry (1976) in coarse FM = 4.10; medium FM = 3.20, fine 
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MF = 2.30 and very fine = 1.50. Thus, it can be observed that brown rice flour is fine (FM = 2.88±0.03) with a smaller mean 

geometric diameter (GMD) (768.24±16.69 μm) and carioca (FM = 3.91±0.05; GMD=1611.61±2.55 μm) and cowpea 

(MF=3.61±0.07; GMD = 1325.07±21.55 μm) bean flours are of medium particle size. 

The size and uniformity of particles can change the water absorption capacity, dough viscosity, starch gelatinization 

and protein denaturation. Thus, it promotes changes in the structure of baked products, affecting the specific volume and crost 

and crumb texture of the bread. In addition, uniform particles tend to absorb water simultaneously, while particles with different 

sizes reduce the absorption speed and uniformity. Such characteristics can influence the technological properties of the products 

(Lapčíková et al., 2019). 

Boukid et al. (2018) evaluated the particle size of legume flours and verified that the smaller the flour granulometry, 

the greater the bioavailability of gelatinized starch. However, the opposite was observed for flours with coarse granulometry 

since the water absorption was not uniform. Thus, some Maltese crosses of starch granules remained due to a lower degree of 

gelatinization. The insoluble dietary fiber content also affects the hydration rate of the particles, as they have greater water 

absorption capacity, reducing the availability of the solvent for the other hydrophilic components present in the flours. 

 

Table 3 - Particle size distribution, uniformity index (UI), fineness module (FM) and geometric mean diameter (GMD) of brown 

rice and carioca and cowpea beans flours 

Mesh (μm) Flours 

Brown rice Carioca bean Cowpea bean 

24 (710) 0.83±0.03c 6.89±0.45a 2.92±0.26b 

30 (600) 1.07±0.22b 10.53±0.93a 11.02±1.33a 

48(300) 25.24±1.41c 60.88±0.66a 47.60±0.10b 

60 (250) 36.58±0.71a 13.91±0.89c 29.30±0.54b 

80 (180) 30.08±1.36ª 4.70±0.78b 2.19±0.13b 

>80 (<180) 7.14±0.98ª 2.79±0.12b 6.22±1.36ª 

UI (24 – 30) 1.90±0.19c 17.42±1.42a  13.94±1.58b  

UI (48 – 60) 61.81±2.12b  74.79±0.28a  76.89±0.63a  

UI (80 – <180) 37.23±2.35a 7.48±0.65b  8.40±1.43b  

FM 2.88±0.03c 3.91±0.05a 3.61±0.07b 

GMD (µm) 768.24±16.69c 1611.61±2.55a 1325.07±21.55b 

Means ± standard deviation of three replicates. Means followed by the different letters on the row indicate significant differences by the Scott-

Knott test (P ≤ 0.05).  Source: Authors (2021). 

 

3.1.2 Proximate composition 

The results of the proximate composition of the flours are shown in Table 4. The moisture content was significantly 

lower in whole rice flours (11.23±0.04 %) when compared to carioca (12.32 ±0.07 %) and cowpea (12.39 ±<0.01 %) bean flours. 

The moisture content in flour is an important quality parameter, as it is directly related to conservation and storage. High moisture 

content can favor and contribute to the development of microorganisms (spoilage and/or mycotoxin producers), in addition to 

chemical and biochemical alterations. Therefore, relatively less moisture is desirable to ensure quality and extend the shelf life 

of the product. The moisture content of the flours in this study meets the standards established by the National Health Surveillance 

Agency, in accordance with the Collegiate Board Resolution No. 263, of September 22, 2005, which sets the maximum limit of 

15 (g/100g) of water content in flour (Brasil, 2005). 
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Table 4 - Proximate composition (%) and total caloric value (kcal.100 g–1) of brown rice, carioca and cowpea flours 

Component Flours 

Brown rice Carioca bean Cowpea bean 

Moisture (wb) 11.23±0.04b 12.32 ±0.07a 12.39 ±<0.01a 

Ashes (db) 1.65±0.02c 3.94±<0.01a 3.34±0.03b 

Proteins (db) 9.79±0.36c 20.33±0.89b 24.27±0.73a 

Lipids (db) 2.77±0.05b 3.76±0.56a 2.88±0.07b 

Digestible carbohydrates (db), expressed in glucose 70.47±2.62ª 36.42±2.46b 35.64±1.52b 

Total dietary fibers (db) 15.32±2.55b 35.91±2.97ª 33.91±1.32ª 

Total caloric values 345.95±10.32a 259.39±13.06b 265.40±5.32b 

Means ± standard deviation of three replicates. Means followed by the different letters on the row indicate significant differences by the Scott-

Knott test (P ≤ 0.05). wb – wet basis; db – dry basis.  Source: Authors (2021). 

 

Cowpea flour had the highest ash content (3.34±0.03 %) followed by carioca bean flour (3.94±0.01 %) and the opposite 

was found in brown rice flour (1.65±0.02 %). Ashes refer to the mineral content and the highest concentration is located on the 

grains outside layers (pericarp, testa and aleurone) (Kalschne et al., 2020). A more significant amount of inorganic matter is 

available in wholemeal flours because they are made with their integuments (Zapata-Luna et al., 2021). Considering that the 

flours used were wholemeal, it is inferred that the carioca and cowpea beans flours naturally have higher mineral content in their 

composition. Similar results were found by (Kato, 2014), in which carioca bean had higher ash content (4.10±0.16 %) and 

cowpea had lower ash content (3.37±0.27 %). Rocchetti et al. (2019) have investigated and determined the approximate 

composition of several kinds of cereal and legumes (black beans: ash 3.32 %, proteins 23.70 %; and black rice: ash 1.44 %, 

proteins 10.62 %). 

Minerals play an essential role in the body's functioning, as they help transport oxygen, energy metabolism, water 

balance, tissue and bones structure and act as cofactors for enzymatic activity (Cozzolino, 2016). In a study by (Kato et al., 2015), 

different chemical elements (Br, Ca, Co, Cs, Fe, K, Mo, Na, Rb, Sc and Zn) were identified in cowpea and carioca beans, in 

diverse concentrations, being: higher concentration of Na, Br, Cs, Mo, and Zn in cowpea and higher concentration of Ca, Co, K 

and Sc in carioca beans. The composition of different bean cultivars can be influenced by extrinsic factors related to the 

production environment, such as the composition and concentration of minerals present in the soil, fertilizers used, and plant 

growth and development (Carvalho et al., 2014).  

Cowpea and carioca bean flours have the highest protein content (24.27±0.70 % and 20.33±0.89 %, respectively), while 

the lowest protein content was found in brown rice flour (9.79±0.36 %). Beans are an important source of protein for human 

nutrition and complement cereal proteins. Legumes and pulses are especially rich in lysine and tryptophan (essential amino 

acids). At the same time, cereals are poor in this one but rich in sulfur amino acids (methionine and cysteine) to complete mutually 

(Cozzolino, 2016). Therefore, beans have a low acquisition cost when compared to animal protein. Furthermore, legume proteins 

have limitations due to their low digestibility because of the presence of antinutritional compounds such as trypsin, chymotrypsin 

and amylases responsible for inhibiting the activity of proteases. It affects the digestion of food in the gastrointestinal tract, 

reducing protein hydrolysis and digestibility, resulting in a lower bioavailability of essential amino acids (Avilés-Gaxiola et 

al.,2018). 

Several methods have been tested and adopted by the food industry (such as extrusion, drying, roasting, soaking, 

autoclaving, fermentation and germination) to reduce the activity of anti-nutritional compounds. Several factors can be involved 

in the efficiency of this reduction, such as the technique used, duration, temperature, moisture and size of samples subjected to 

treatment (Vagadia et al.,2017). However, the objective of such reduction is mainly focused on increasing and improving the 

nutritional quality of legumes due to their capacity for nutritional enrichment and technological applicability in the food industry, 

even though the proteins present in beans and certain legumes can have low allergenicity, good solubility capacity, attractive 
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emulsifying, gelling and structuring function to be used in food production (Boyle et al., 2018). 

Spontaneous fermentation (sourdough) can reduce antinutritional compounds in beans due to the production of 

proteolytic enzymes by microorganisms present in the dough. As a benefit, an increase in protein digestibility and bioavailability 

can be observed. For example, Worku and Sahu, (2017) demonstrated that natural fermentation in red bean grains reduced 

antinutritional factors (phytates, trypsin inhibitor activity, saponins, tannins and raffinose oligosaccharide). In addition, it 

increased up to 90 % protein digestibility after fermentation. 

The lipid content was higher in carioca bean flour (3.76±0.56 %). On the other hand, brown rice flour had higher 

digestible carbohydrate content and energy value (70.47±2.72 % and 345.95±10.32 kcal.100 g-1, respectively), and there was no 

significant difference between carioca and cowpea beans flours. The opposite was observed for the dietary fiber content of 

carioca (35.91±2.37 %) and cowpea (33.91±1.32 %) bean flours. 

The replacement of gluten and non-gluten flours with legume flour has been applied by our Research Group to improve 

the nutritional quality of the bakery and cereals-based products such as bread (Santos et al.,2017; Schmiele et al., 2017), frozen 

doughs (Rodrigues et al., 2021; Teotônio, et al., 2021; Teotônio et al., 2021), gluten-free dough rheology ( Souza et al., 2017), 

extruded products (Hashimoto et al., 2020, 2021), pasta and noodles (Mastelini et al., 2018; M. Schmiele et al., 2019; Schmiele, 

Silva, Costa, Rodrigues, & Chang, 2011), muffins (Lima et al.,, 2021; Lima et al., 2021; Souza et al., 2021), cereal bars (Santos 

et al., 2021) and biscuits and cookies (Bolanos et al.,2019; Crivelenti et al., 2013). A study carried out by Frota et al. (2009), 

using up to 30 % of bean flour to replace wheat flour in biscuits and cake, found an increase in the content of proteins, phosphorus, 

iron, potassium, magnesium and zinc, demonstrating that the use of flour of beans was able to increase the nutritional value of 

these products. Furthermore, Olapade and Oluwole (2013) found an increase in the levels of proteins, lipids, dietary fibers and 

ash in bread enriched with up to 15 % of bean flour. These results demonstrate that carioca and cowpea flours have an excellent 

nutritional profile, mainly due to the high amount of minerals, proteins and dietary fiber. 

 

3.1.3 Instrumental color 

The results of the instrumental color analysis can be seen in Table 5. Brown rice flour had the highest L* value 

(lightness) (85.69±0.08), while the opposite was observed for carioca bean flour with L* of 80.39±0.05. When monitoring the 

parameter a* (in which the variation goes from green to red) and parameter b* (which varies from blue to yellow), it was noticed 

that the carioca bean flour had a more significant predominance in the red color hue (a* = 2.62±0.03). In contrast, cowpea flour 

showed a more considerable predominance of yellowness (b* = 13.56±0.16). These results demonstrate that the brown rice flour 

was lighter while the carioca bean flour was darker. This color variation is a function of the composition of the flours, particularly 

in beans, and the hue of their respective integuments may have influenced the color. 
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Table 5 - Instrumental color of brown rice, carioca and cowpea bean flours. 

Parameter Flours 

Brown rice Carioca bean Cowpea bean 

L* 85.69±0.08a 80.39±0.05c 83.48±0.10b 

a* 0.81±0.02c 2.62±0.03a 0.99±0.03b 

b*  12.79±0.06b 12.25±0.02c 13.56±0.16a 

Estimated color§ 

   

Real appearance 

   

Means ± standard deviation of three replicates. Means followed by the different letters on the row indicate significant differences by the Scott-

Knott test (P ≤ 0.05). Obtained by software Nix Color Convert.  Source: Authors (2021). 

 

3.2 Sourdough characterization 

3.2.1 pH and total titratable acidity 

The pH and total titratable acidity results are shown in Table 6 and Table 7, respectively. The treatments initially 

presented a higher pH value and a lower total titratable acidity value. At first, it was observed that the doughs added with yeast 

(Saccharomyces cerevisiae) - BRY, PBY and VBY presented higher acidity, represented by the lower pH value and higher total 

titratable acidity value. This result refers to the initial metabolism of yeasts, which releases carbon dioxide (CO2). This release 

is mainly the result of the metabolism of fermentable carbohydrates (sucrose, glucose, fructose and maltose). When CO2 meets 

water, it undergoes a chemical reaction forming carbonic acid (H2CO3), this is a weak acid that dissociates into H+ and HCO3
-. 

This dissociation increases the concentration of hydrogen ion (H+) in the medium, thus resulting in a lower pH (Aissa, Bahloul, 

Monteau, & Le-Bail, 2015). Therefore, an initial increase in acidity is expected and quickly observed in doughs added with yeast. 

Variations in pH values were observed for all samples followed by stability between the doughs with and without the 

addition of yeast, clearly evidenced on the 10th day in BR (3.93±0.01), BRY (3.98±0.01), PB (4.01±0.01), PBY (4.01±0.01), VB 

(4.02±0.01) and VBY (4.01±0.01). A different behavior was observed in the acidification of the dough made with carioca bean 

flour (total titratable acidity: PB = 2.13±0.02 % and PBY = 2.01±0.01 %, in lactic acid) and cowpea (total titratable acidity: 

VB=1.90±0.22 % and VBY = 2.04±0.03 %, in lactic acid), in which there was no direct relationship between the pH and total 

titratable acidity parameters, which was not expected since the pH and total titratable acidity are inversely related. Thus, a 

buffering effect is suggested, probably due to the higher content of proteins present in the form of polypeptides. During the 

development and maturation of the sourdough, hydrolysis of proteins occurs, resulting in the release of macromolecules with 

lower molar weight. Such behavior was verified by (Coda, et al., 2017) using fava flour (Vicia faba L.).  
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Table 6 - pH of sourdough made with brown rice and carioca and cowpea beans flours 

Time (days) 
pH 

BR BRY PB PBY VB VBY 

0 6.69±0.04a 6.12±0.02c 6.18±0.03b 6.09±<0.01d 6.13±0.01c 6.07±0.01d 

1 5.28±0.05d 5.78±0.01a 5.47±0.03c 5.66±0.03b 5.20±0.05e 5.77±0.01a 

2 4.35±0.02e 4.59±0.02b 4.37±0.05e 4.48±0.02c 4.43±0.05d 4.75±0.03a 

3 4.24±0.01c 4.24±0.01c 4.30±<0.01b 4.27±<0.01c 4.38±<0.01a 4.31±<0.01b 

4 4.10±0.02c 4.09±<0.01c 4.29±0.01a 4.14±<0.01b 4.29±0.01a 4.16±<0.01b 

5 4.17±<0.01b 4.06±<0.01c 4.29±0.05a 4.18±0.03b 4.28±<0.01a 4.19±0.01b 

6 4.08±0.01c 4.11±0.01c 4.24±0.03a 4.18±0.01b 4.23±<0.01a 4.08±<0.01c 

7 4.00±0.04c 4.00±<0.01c 4.02±0.02c 4.05±0.01b 4.15±<0.01a 4.06±<0.01b 

8 3.98±0.02b 3.92±0.01c 4.03±0.01a 4.00±<0.01b 4.06±0.04a 4.07±<0.01a 

9 4.03±0.02b 4.03±0.01b 4.08±<0.01a 4.02±0.01b 4.08±<0.01a 4.09±<0.01a 

10 3.93±<0.01b 3.98±0.01a 4.01±0.01a 4.01±0.01a 4.02±<0.01a 4.01±<0.01a 

11 3.88±<0.01c 4.04±0.04a 3.95±0.01b 3.95±0.01b 3.95±0.02b 3.96±0.02b 

12 3.97±0.01b 3.96±<0.01b 4.01±0.01a 4.04±0.02a 4.03±<0.01a 4.02±<0.01a 

13 3.92±0.01b 3.93±<0.01b 3.88±0.02b 3.90±0.01b 3.97±0.01a 3.95±0.01a 

14 3.96±0.07b 3.88±0.01c 4.02±0.02a 4.03±0.02a 4.06±0.01a 4.05±<0.01a 

15 3.89±0.02c 3.86±<0.01c 3.97±0.02b 4.01±0.01a 4.02±0.01a 4.04±<0.01a 

16 3.87±0.01c 3.99±0.05b 4.02±0.01b 4.03±0.01a 4.05±0.01a 4.06±<0.01a 

17 3.84±0.01c 3.76±0.01d 3.97±0.01b 4.02±<0.01a 4.02±<0.01a 4.03±<0.01a 

18 3.83±0.01c 3.91±0.03b 3.98±0.02a 4.01±0.01a 4.01±0.01a 4.02±<0.01a 

p-value 0.014 0.046 0.012 0.011 <0.001 0.040 

R - multiple 0.722 0.652 0.727 0.733 0.829 0.662 

R² 0.522 0.425 0.529 0.537 0.686 0.438 

R2 adjusted 0.419 0.302 0.428 0.438 0.619 0.317 

Means ± standard deviation of three replicates. Means followed by the different letters on the row indicate significant differences by the Scott-Knott test (P ≤ 
0.05). BR - Sourdough of brown rice flour without yeast; BRY - Sourdough of brown rice flour with yeast; PB - Sourdough of carioca bean flour without yeast; 

PBY - Sourdough of carioca bean flour with yeast; VB - Sourdough of cowpea bean flour without yeast; VBY - Sourdough of cowpea bean flour with yeast. 
Source: Authors (2021). 

 

Another factor that may have resulted in the heterogeneity between the production of CO2, lactic acid, and acetic acid 

by lactic bacteria may explain the lack of correlation between pH and total titratable acidity. A slight variation can be observed 

on the 12th day due to the change in feeding the doughs, but the rapid reestablishment of the pH in the doughs is noticeable. From 

the 13th day onwards, a similar behavior was observed between the treatments with and without the addition of yeast and, at the 

end of the 18th day, the pH of the doughs was stable, and the doughs with brown rice flour were significantly more acidic 

regarding the pH: BR (3.83±0.01) and BRY (3.91±0.03). 

Aplevicz (2013) studied the fermentation kinetics of lactic acid bacteria (Lactobacillus paracasei) and yeasts 

(Saccharomyces cerevisiae) and demonstrated that lactic acid bacteria resulted in a dough with lower pH and higher total 

titratable acidity. However, a trend of approximation of the results over time was observed for the different microorganisms.  

 

  

http://dx.doi.org/10.33448/rsd-v10n16.23992


Research, Society and Development, v. 10, n. 16, e303101623992, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10n16.23992 
 

 

14  

Table 7 - Total titratable acidity of sourdough made with brown rice and carioca and cowpea beans flours 

Time (days) 
Total titratable acidity (% in lactic acid) 

BR BRY PB PBY VB VBY 

0 0.12±0.01b 0.14±0.01b 0.20±0.01a 0.23±<0.01a 0.21±0.01a 0.24±0.01a 

1 0.41±0.01b 0.31±0.01b 0.51±0.02a 0.42±0.01b 0.54±<0.01a 0.37±0.01b 

2 0.81±0.02c 0.67±0.02d 1.14±0.02a 0.94±0.02b 1.08±0.01a 0.81±0.02c 

3 0.94±0.04b 0.83±0.01c 1.08±0.01a 1.03±0.02a 1.02±0.01a 1.04±0.03a 

4 1.23±0.05a 1.28±0.02a 0.90±<0.01c 0.96±0.01b 0.99±0.01b 1.04±0.02b 

5 1.25±0.05b 1.42±0.02a 0.94±0.03d 1.02±0.03d 1.01±<0.01d 1.10±0.01c 

6 1.26±0.03b 1.34±0.03a 0.93±0.02d 0.97±0.02d 1.04±0.03c 1.39±0.03a 

7 1.35±0.02c 1.63±0.01a 1.63±0.10a 1.48±0.05b 1.20±0.01d 1.68±0.02a 

8 1.54±0.04c 1.92±0.18a 1.76±0.08b 1.90±0.04a 1.48±0.02c 1.76±0.06b 

9 1.45±0.02c 1.44±0.04c 1.56±<0.01b 1.78±0.07a 1.59±0.04b 1.70±0.03a 

10 1.62±0.04d 1.50±0.04e 2.13±0.02a 2.01±0.01b 1.90±0.22c 2.04±0.03b 

11 1.72±0.01c 1.31±0.02e 1.88±0.05b 1.61±0.04d 1.85±0.03b 1.98±0.08a 

12 1.38±0.01c 1.43±0.04c 1.64±0.09b 1.61±0.12b 1.63±0.02b 1.73±0.04a 

13 1.62±0.06d 1.43±0.02e 1.71±0.08c 1.89±0.07b 1.73±0.02c 2.02±0.09a 

14 1.42±<0.01b 1.34±<0.01b 1.56±0.02a 1.57±0.05a 1.49±0.02a 1.56±0.05a 

15 1.44±0.05c 1.32±0.04d 1.65±0.04a 1.56±0.03b 1.56±0.04b 1.52±0.03b 

16 1.45±0.02ns 1.39±0.02ns 1.45±0.03ns 1.46±0.03ns 1.41±0.02ns 1.39±0.02ns 

17 1.33±0.01ns 1.32±0.01ns 1.36±0.02ns 1.37±0.02ns 1.38±0.02ns 1.33±0.01ns 

18 1.35±<0.01ms 1.36±0.01ns 1.34±0.03ns 1.32±<0.01ns 1.36±0.01ns 1.31±0.01ns 

p-value 0.018 0.075 0.092 0.025 0.018 0.126 

R - multiple 0.707 0.617 0.599 0.691 0.708 0.572 

R² 0.500 0.380 0.359 0.477 0.501 0.327 

R2 adjusted 0.393 0.247 0.222 0.365 0.394 0.183 

Means ± standard deviation of three replicates. Means followed by the different letters on the row indicate significant differences by the Scott-Knott test (P ≤ 
0.05). BR - Sourdough of brown rice flour without yeast; BRY - Sourdough of brown rice flour with yeast; PB - Sourdough of carioca bean flour without yeast; 

PBY - Sourdough of carioca bean flour with yeast; VB - Sourdough of cowpea bean flour without yeast; VBY - Sourdough of cowpea bean flour with yeast. 
Source: Authors (2021). 

 

During spontaneous fermentation, yeasts (Saccharomyces cerevisiae) are subjected to various stresses resulting from 

the fermentation process itself, such as the presence of other microorganisms (mainly lactic acid bacteria), high concentrations 

of acids and alcohols and low pH, availability of nutrients, osmotic stress (dough yield, presence of carbohydrates, salts and 

polysaccharides), oxidative stress (presence of oxygen) and temperature fluctuations (De Vuyst et al., 2016). 

The dough's acidity favors a selective environment for the lactic acid bacteria communities since yeasts are particularly 

more sensitive to the acidic environment (De Vuyst et al., 2016; Kerrebroeck et al., 2017). Thus, lactic acid bacteria are mainly 

responsible for reducing pH and increasing the total titratable acidity in the masses, mainly due to the production of lactic and 

acetic acids during fermentation (Corsetti & Settanni, 2007; Hammes et al., 2005).  

The sourdough acidification favors the exponential growth of heterofermentative lactic acid bacteria, and these stand 

out from the yeasts, becoming predominant cultures in the dough. Stability in pH refers to the maturation of the fermented dough. 

Thus, the propagation of 18 days was enough for the maturation of the sourdoughs, based on the stability of acidity (pH and total 

titratable acidity) and it is assumed that dominant cultures of lactic acid bacteria may have been established in the masses. 

Similar results were found in the literature for a fermented dough to be considered mature (pH <3.80) (Arendt & Moroni, 

2013; De Vuyst et al., 2014). Kerrebroeck et al., (2017) demonstrated that the stability of microbial communities in the mass 

depends on the propagation time, with at least ten steps necessary to obtain pure and dominant cultures, reducing competitiveness 

or inhibiting activities metabolic effects of other microorganisms. 
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The linear regression was applied and the p-value was significant (P < 0.05) for all treatments. The R² was relatively 

low but higher in the VB sourdough (0.619) and lower in the BRY sourdough (0.302). Thus, the reduction in pH was influenced 

over the time of fermentation and maturation of the sourdough. Still, there is no way to predict how this decrease in pH occurs 

through a mathematical model. 

Concerning the total titratable acidity, it was observed that there was a great variation during the days of fermentation. 

Changes in total titratable acidity may be related to the release of other organic acids in the sourdoughs, such as acetic acid and 

succinic acid. So, it contributed to such fluctuations since total titratable acidity is given in the percentage of lactic acid in this 

study. Furthermore, the dynamics between the different metabolic activities of microorganisms may have influenced these 

results. According to Hammes et al. (2005), the acidity of the doughs is directly affected by the substrate metabolism (amylolysis, 

proteolysis and lipolysis) and the physiological profile of the microorganisms present in the flour during fermentation. A stability 

in acidity was established on the 16th day, being (in lactic acid): BR (1.45 ± 0.02 %), PB (1.45 ± 0.03 %), VB (1.41 ± 0.02 %), 

BRY (1.39 ± 0.02 %), PBY (1.46 ± 0.03 %) and VBY (1.39 ± 0.02 %), remaining stable until the 18th day (in lactic acid): BR 

(1.35 ± 0.01 %), PB (1.34 ± 0.03 %), VB (1.36 ± 0.01 %), BRY (1.36 ± 0.01 %), PBY (1.32 ± 0.01 %) and VBY (1.31 ± 0.01 %). 

There was no significant difference (P>0.05) for: VB (p-value 0.092), BRY (p-value 0.074) and VBY (p-value = 0.125). The R² 

was low in all treatments and from the analysis of variance, it was verified that the model does not predict the results. 

 

3.2.2 Dough volume increase 

The results obtained for the dough volume increase are shown in Table 8. It was observed that initially, the highest 

expansion capacity was found in the doughs containing yeast, as it was possible to observe on the 2nd day: a greater expansion 

area for PBY (74.42±14.65 AUC), VBY (56.06 ± 12.53 AUC) and BRY (44.64 ± 8.67 AUC). This initial growth in the doughs 

is related to the addition of yeasts, which favor, in the first instance, a more significant release of CO2. Later, the inverse was 

observed, where treatments without yeast showed a greater expansion area. Such characteristics may be related to the gradual 

and slow release of CO2 by the lactic acid bacteria over time. 

 

  

http://dx.doi.org/10.33448/rsd-v10n16.23992


Research, Society and Development, v. 10, n. 16, e303101623992, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10n16.23992 
 

 

16  

Table 8 - Dough volume increase of sourdough made with brown rice and carioca and cowpea beans flours 

Time (days) 
Dough volume increase (Area under the curve - AUC) 

BR BRY PB PBY VB VBY 

0 1.33±1.89c 28.18±0.90b 2.20±1.23c 41.57±5.62a 4.13±3.13c 39.67±2.82a 

1 18.19±7.01e 44.64±8.67c 24.11±10.53d 74.42±14.65a 28.06±8.29d 56.06±12.53b 

2 22.34±8.11d 49.46±9.83c 23.88±9.86d 71.34±7.46a 23.51±5.95d 63.26±7.06b 

3 46.91±5.55c 34.04±7.88d 55.85±9.10b 47.94±6.02c 64.26±8.56a 45.81±8.36c 

4 37.85±9.53b 24.36±8.97c 57.50±5.17a 41.50±8.37b 55.62±4.67a 41.27±2.76b 

5 29.40±8.00c 25.20±8.09c 60.22±8.93a 46.02±9.54b 61.94±9.04a 56.46±9.05a 

6 26.28±7.36e 19.59±7.95f 61.36±9.08b 51.39±8.23d 67.76±10.99a 57.78±9.99c 

7 25.95±6.89d 20.03±7.29d 48.52±8.62b 36.83±7.23c 54.68±8.43a 46.70±5.73b 

8 24.57±7.50d 26.37±12.15d 43.29±6.41b 33.63±9.16c 56.48±6.32a 44.48±5.56b 

9 27.69±7.21c 27.55±8.36c 37.07±9.84b 27.04±6.41c 50.61±3.77a 46.04±6.14a 

10 25.75±8.04b 45.97±12.20a 30.43±8.58b 27.72±7.42b 50.35±8.25a 34.27±10.18b 

11 19.22±8.10c 39.85±9.31a 21.07±8.45c 25.60±6.84b 28.47±7.60b 25.43±7.14b 

12 23.42±6.51c 28.91±7.73c 28.62±6.33c 26.57±6.88c 53.53±12.79a 37.47±7.14b 

13 35.07±8.25b 34.31±9.50b 36.19±6.80b 37.98±8.01b 52.60±8.74a 49.96±8.49a 

14 29.42±6.00c 32.19±7.22c 40.89±12.27b 40.22±6.30b 61.40±9.48a 62.08±8.57a 

15 28.99±6.94c 26.00±6.31c 38.50±6.70b 42.19±5.31b 55.32±7.52a 55.12±7.22a 

16 27.70±7.10c 24.94±7.62c 45.54±7.48b 47.96±7.26b 58.18±7.24a 56.08±6.77a 

17 26.64±7.35c 28.52±8.41c 49.81±9.38b 52.87±9.43b 59.50±8.81a 61.51±6.65a 

18 22.06±6.41d 25.00±5.92d 38.87±7.12c 45.42±6.28b 55.22±7.45a 55.30±8.23a 

p-value 0.420 0.274 0.403 0.362 0.304 0.402 

R - multiple 0.421 0.485 0.428 0.445 0.471 0.428 

R² 0.177 0.236 0.183 0.198 0.222 0.183 

R2 adjusted 0.001 0.072 0.008 0.026 0.055 0.008 

Means ± standard deviation of three replicates. Means followed by the different letters on the row indicate significant differences by the Scott-Knott test (P ≤ 

0.05). BR - Sourdough of brown rice flour without yeast; BRY - Sourdough of brown rice flour with yeast; PB - Sourdough of carioca bean flour without yeast; 
PBY - Sourdough of carioca bean flour with yeast; VB - Sourdough of cowpea bean flour without yeast; VBY - Sourdough of cowpea bean flour with yeast. 

Source: Authors (2021). 

 

3.2.3 Pearson correlation of the pH, total titratable acidity and dough volume increase 

To better understand the results, Pearson's correlation statistic was applied. The Pearson correlation coefficient (r) ranges 

from -1 to 1, indicating an inversely or directly proportional correlation between the variables. According to Granato, Calado, & 

Jarvis (2014), the correlation coefficient can be evaluated qualitatively and the correlations can be: perfect (|r| = 1.0), strong (0.80 

≤ |r| <1.0), moderate (0.50 ≤ |r| b 0.80), weak (0.10 ≤ |r| b 0.50), and very weak (almost none) correlation (0.10 ≤ |r|).  

Given the above, the variables related to pH and total titratable acidity of individualized treatments were analyzed and 

the results are shown in Table 9. It was observed that there was a strong correlation between treatments with and without the 

addition of yeasts (BR and BRY; PB and PBY; VB and VBY).  
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Table 9 – Pearson’s correlation for pH, total titratable acidity and dough volume increase of sourdough made with brown rice 

and carioca and cowpea beans flours 

Sourdough pH Total titratable acidity (TTA) Dough volume increase (DVI) 

Brown rice 

flour 

BR BRY BR BRY BR BRY 

Day -0.65# -0.69# 0.71# 0.59# 0.15 -0.18 

pH - BR  0.96# -0.90# -0.83# -0.56# 0.01 

pH – BRY   -0.92# -0.89# -0.53# 0.16 

TTA – BR    0.91# 0.38# -0.05 

TTA - BRY     0.34# -0.25 

DVI - BR      0.13 

Carioca bean 

flour 

PB PBY PB PBY PB PBY 

Day -0.68# -0.65# 0.65# 0.67# 0.10 -0.34# 

pH - PB  0.99# -0.83# -0.83# -0.51# 0.33# 

pH – PBY   -0.80# -0.82# -0.55# 0.37# 

TTA – PB    0.96# 0.09 -0.55# 

TTA - PBY     0.14 -0.61# 

DVI - PB      0.21 

Cowpea bean 

flour 

VB VBY VB VBY VB VBY 

Day -0.68# -0.67# 0.72# 0.63# 0.46# 0.20 

pH - VB  0.96# -0.86# -0.83# -0.73# -0.12 

pH – VBY   -0.83# -0.85# -0.78# -0.09 

TTA – VB    0.93# 0.43# -0.15 

TTA - VBY     0.51# -0.19 

DVI - VB      0.47# 

#Pearson’s correlation with statistical significance (P ≤ 0.05). BR - Sourdough of brown rice flour without yeast; BRY - Sourdough of brown 

rice flour with yeast; PB - Sourdough of carioca bean flour without yeast; PBY - Sourdough of carioca bean flour with yeast; VB - Sourdough 

of cowpea bean flour without yeast; VBY - Sourdough of cowpea bean flour with yeast.  Source: Authors (2021). 

 

The correlation between the day x pH showed strong negative correlations (variations from -0.65 to -0.69) and positive 

correlations between day x total titratable acidity (variations from 0.59 to 0.73) for all treatments. Thus, a greater acidity of the 

dough was established over time, even as a lowering in pH. Better visualization of this behavior for the treatments can be seen 

in Figure 2. 
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Figure 2 – Pearson’s correlations regarding the evolution of pH and total titratable acids (TTA) over time for sourdough made 

with cowpea beans flour (VB). 

 

Source: Authors (2021). 
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Regarding the dough volume increase, when analyzed individually (Table 9), it is mainly observed that the sourdough 

BRY did not show correlation with the variables (pH, total titratable acidity and dough volume increase) and a similar result can 

be observed for VBY, in which it presented correlation only with the dough volume increase of VB. In contrast, the opposite 

occurred with PBY, showing correlations only for pH and total titratable acidity. 

A negative correlation between pH x dough volume increase was observed for treatments that did not add yeasts (BR, 

PB and VB). However, among the treatments with yeasts, only PBY showed a correlation. Such results indicated that the lower 

the pH, the higher was the dough volume increase. 

Concerning the total titratable acidity, it was observed that the sourdoughs BR and VB showed a positive correlation 

with dough volume increase. However, this behavior was not observed for the PB treatment, which presented no correlation with 

total titratable acidity. 

On the other hand, the PBY sourdough showed a positive correlation between pH and dough volume increase. This 

association can be seen in Table 6 and Table 8 between days 0-6, and a strong and negative correlation for the total titratable 

acidity, observed between days 1-6 and 14-18 in Table 7 and Table 8. The dough volume increase of VBY was only correlated 

with the dough volume increase of VB. 

Strong and positive correlations were found among the different treatments for pH (ranging from 0.65 to 0.99) and total 

titratable acidity (0.65 to 0.59), indicating a similar behavior between the sourdoughs. Thus, there was a reduction in pH and an 

increase in total titratable acidity in all treatments over time, better represented in Figure 3. 

Regarding the dough volume increase in the individual treatments (Table 9), the pH had a negative correlation with the 

dough volume increase for all treatments, demonstrating that the lower the pH, the greater the volume of expansion of the 

sourdoughs. However, a positive correlation was observed between total titratable acidity and dough volume increase for BR 

and VB sourdoughs. 

However, the opposite occurred for the doughs with yeast since BRY and VBY did not present correlations between 

pH and total titratable acidity and dough volume increase. Whereas PBY presented a weak correlation, but positive for pH and 

negative for total titratable acidity. With higher total titratable acidity, a lower pH was quantified, and a decrease in dough 

volume. This association can be seen in Table 6, Table 7 and Table 8. 

The correlation of dough volume increase between the different treatments was also observed in Table 10. Given the 

above, it was observed that there was a strong positive correlation between the dough volume increase and treatments without 

the addition of yeast (BR x PB = 0.73; BR x VB = 0.72; and PB x VB = 0.81). This behavior occurs due to the slow and gradual 

release of CO2 in sourdoughs by spontaneous fermentation oven the days. In the doughs added with starter yeasts occur the 

opposite, as with the yeast, it provided a boost to initial growth from the rapid release of CO2 in response to the activities carried 

out by the yeasts added in the first moment. 

A weak negative correlation was observed for the dough volume increase between the treatment BRY with PB (-0.29) 

and VB (-0.28). It demonstrates that the higher the dough volume increase of the sourdough made with carioca beans and cowpea 

without yeast. On the other hand, the lowest value was found for the BRY of dough volume increase, as better visualized in 

Figure 4. These results indicate the better expansion capacity of these doughs with bean flour by spontaneous fermentation. 

Positive correlations were observed between the sourdoughs elaborated with carioca bean and cowpea being dough 

volume increase of BR x VB (0.81) and VBY (0.43); PBY x VB (0.62) and VB x VBY (0.47), and they are better represented in 

Figure 4. Here, the direct correlation between the sourdoughs elaborated with carioca and cowpea is worth noting, whose results 

showed strong correlations for PB x VB (0.81) and PBY x VB (0.62). On the other hand, a weak correlation was obtained between 

the dough volume increase of the BRY x PB. 
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Figure 3 – Pearson’s correlations regarding the evolution of pH and total titratable acids (TTA) between the sourdough made 

with brown rice flour with yeast (BRY) and carioca bean beans flour without yeast (PB). 

 
Source: Authors (2021). 

 

Table 10 – Pearson’s correlation between the dough volume increase of sourdough made with brown rice and carioca and cowpea 

beans flours over time. 

Samples BR BRY PB PBY VB VBY 

Days 0.15 -0.18 0.10 -0.34* 0.46* 0.20 

BR  0.13 0.73* 0.29* 0.72* 0.43* 

BRY   -0.29* 0.22 -0.28* -0.11 

PB    0.21 0.81* 0.43* 

PBY     -0.03 0.62* 

VB      0.47* 

*Pearson’s correlation with statistical significance (P ≤ 0.05). BR - Sourdough of brown rice flour without yeast; BRY - Sourdough of brown rice flour with 
yeast; PB - Sourdough of carioca bean flour without yeast; PBY - Sourdough of carioca bean flour with yeast; VB - Sourdough of cowpea bean flour without 

yeast; VBY - Sourdough of cowpea bean flour with yeast.  Source: Authors (2021).   
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Figure 4 – Pearson’s correlations regarding the dough volume increase for the lowest (brown rice flour with yeast x carioca bean 

flour without yeast) and highest (cowpea bean flour without yeast x carioca bean flour without yeast) dependence. 

 
Source: Authors (2021). 

 

3.3 Gluten-free dough and bread characterization 

3.3.1 Proofing time 

The results for the proofing time of the doughs for the preparation of bread corroborate the data for the dough volume 

increase, where the sourdoughs without the addition of yeast as starter cultures showed the best performance, as seen in Figure 

5. 
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Figure 5 – Proofing time of doughs for gluten-free breadmaking using sourdoughs obtained from brown rice and carioca and 

cowpea beans flours and standard sample. 

 

SB – Standard bread; BBR – Bread with sourdough of brown rice flour without yeast; BBRY - Bread with sourdough of brown rice flour with yeast; BPB - 

Bread with sourdough of carioca bean flour without yeast; BPBY - Bread with sourdough of carioca bean flour with yeast; BVB - Bread with sourdough of 

cowpea bean flour without yeast; BVBY - Bread with sourdough of cowpea bean flour with yeast.  
Source: Authors (2021). 

 

3.3.2 pH and total titratable acidity 

The pH and total titratable acidity results of the initial and final doughs and bread are shown in Table 11. It was found 

that the initial dough, the final dough and the bread made with whole rice flour (BBR and BBRY) had lower pH, while the total 

titratable acidity increased for all treatments after the initial fermentation. This behavior can be explained by the high content of 

fermentable carbohydrates present in brown rice flours, as the formation of acids during fermentation depends on the metabolism 

of carbohydrates (Gänzle et al., 2007).  

The addition of substrate in the preparation of the bread doughs, the increase in temperature and fermentation time may 

have contributed to the variations in pH and total titratable acidity of the bread doughs. In doughs fermented with bean flour, pH 

and total titratable acidity were directly proportional, confirming a probable buffering effect resulting from the proteins in these 

doughs. 

It was observed that the doughs after fermentation showed an increase in total titratable acidity resulting in a decrease 

in pH, and more significant evidence was found in the doughs with sourdough in the formulation. Furthermore, there were 

correlations between the pH and total titratable acidity of the post-fermentation doughs with the loaves, as shown in Table 12. 

Similar behavior was found by Jagelaviciute and Cizeikiene (2021) in non-traditional gluten-free sourdough and bread prepared 

with different grain flours (quinoa, hemp, chia, maize and rice). 

During spontaneous fermentation, yeasts (Saccharomyces cerevisiae) are subjected to various stresses resulting from 

the fermentation process, such as other microorganisms (mainly lactic acid bacteria) and high concentrations of acids and 

alcohols and low pH. Some studies assume that microorganisms can develop an adaptive process capable of reducing their 

metabolic and physiological activity in the environment to ensure their survival (Bai et al.,2008). This process is called a viable 

but non-culturable state. Some microorganisms have their growth capacity inhibited. However, they maintain their viability 

based on low metabolic activities such as respiratory activity and maintenance of membrane potential (Gustaw, et al., 2021).  
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Table 11 - pH and (TTA) total titratable acidity (% in lactic acid) of the dough before and after fermentation and of gluten-free 

bread, produced with sourdough from brown rice, carioca and cowpea bean flours. 

Sample Before proofing After proofing Bread 

pH TTA pH TTA pH TTA 

SB 5.39±0.01a 0.30±0.02a 5.21±<0.01a 0.25±0.01d 5.64±0.02a 0.21±<0.01d 

BBR 5.44±0.08a 0.21±0.02c 4.64±0.01e 0.43±0.01b 4.67±<0.01e 0.44±0.01b 

BBRY 5.18±<0.01b 0.28±0.02a 4.82±0.02d 0.44±0.01b 5.03±0.02d 0.40±0.01c 

BPB 5.45±<0.01a 0.25±0.01b 5.05±0.01c 0.43±0.01b 5.04±0.01d 0.43±0.01b 

BPBY 5.45±0.03a 0.25±0.01b 5.15±0.01b 0.40±0.01c 5.15±<0.01b 0.41±0.01c 

BVB 5.48±0.01a 0.33±0.02a 5.05±0.01c 0.47±0.01a 5.09±<0.01c 0.44±<0.01b 

BVBY 5.50±<0.01a 0.33±0.02a 5.06±0.01c 0.43±0.01b 5.08±0.05c 0.47±0.01a 

Means ± standard deviation of three replicates. Means followed by the different letters on the row indicate significant differences by the Scott-Knott test (P ≤ 
0.05). SB – Standard bread; BBR – Bread with sourdough of brown rice flour without yeast; BBRY - Bread with sourdough of brown rice flour with yeast; BPB 

- Bread with sourdough of carioca bean flour without yeast; BPBY - Bread with sourdough of carioca bean flour with yeast; BVB - Bread with sourdough of 

cowpea bean flour without yeast; BVBY - Bread with sourdough of cowpea bean flour with yeast.  
Source: Authors (2021). 

 

This process reverses when the environment returns to favorable conditions, such as the increase in the availability of 

nutrients. Microorganisms that used to be stagnant tend to resume their metabolic activities. Xu et al. (2021) describe a viable 

but non-cultivable status of yeasts (Saccharomyces cerevisiae) and the resumption of their metabolic activities when added to a 

glucose substrate. It is suggestive that during the initial processing, since the ingredients are added and the pH is increased. These 

yeasts resume their activities, which may have influenced the results obtained in this study. 

 

Table 12 – Pearson’s correlation between pH and (TTA) total titratable acidity of the dough before and after fermentation and 

of gluten-free bread, produced with sourdough from brown rice, carioca and cowpea bean flours. 

Treatments pH - before 

proofing 

TTA - before 

proofing 

pH - after 

proofing 

TTA - after 

proofing 

pH of 

bread 

TTA of 

bread 

Sample 0.46# 0.45# 0.26 0.61# -0.19 0.68# 

pH – before 

proofing 
 0.03 0.31 0.09 -0.05 0.24 

TTA – before 

proofing 
  0.47# -0.10 0.47# -0.12 

pH – after proofing    -0.51# 0.84# -0.46# 

TTA – after 

proofing 
    -0.82# 0.93# 

pH of bread      -0.83# 

#Pearson’s correlation with statistical significance (P ≤ 0.05).  

Source: Authors (2021). 

 

3.3.3 Instrumental color, water activity and moisture content 

The instrumental color results of the bread are shown in Table 13. The L* parameter (luminosity) was similar between 

samples. However, for the parameter a*, it was observed that it was higher for bread made with carioca bean flour BPB 

(5.32±0.09) and BPBY (5.19±0.14), representing a more reddish hue. In contrast, bread made with cowpea flour and brown rice 

flour showed a greater tendency to a yellowness tonality, whose parameter b* was higher than BBR (23.65±0.50), BBRY 

(23.33±0.06), BVB (23.01±0.31) and BVBY (22.90±0.30). 
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Table 13 – Instrumental color of gluten-free bread produced with sourdough from brown rice, carioca and cowpea bean flours. 

Sample L* a* b* ∆E C* h* 

SB 67.87±0.53ns 4.14±0.22d 22.58±0.22b 0.74±0.03d 22.96±0.26b 79.61±0.44a 

BBR 66.53±0.63ns 4.83±0.04b 23.65±0.50a 2.35±0.09b 24.14±0.49a 78.44±0.28b 

BBRY 67.24±0.59ns 4.63±0.09c 23.33±0.06a 0.85±0.03d 23.78±0.08a 78.78±0.18b 

BPB 64.84±0.51ns 5.32±0.09a 22.61±0.09b 3.49±0.37a 23.23±0.10b 76.76±0.20c 

BPBY 66.19±0.51ns 5.19±0.14a 22.08±0.42b 2.39±0.09b 22.69±0.43b 76.77±0.20c 

BVB 65.87±0.40ns 4.67±0.07c 23.00±0.31a 2.34±0.03b 23.47±0.32b 78.51±0.02b 

BVBY 66.65±0.16ns 4.54±0.06c 22.90±0.30a 1.45±0.13c 23.35±0.30b 78.78±0.01b 

Means ± standard deviation of three replicates. Means followed by the different letters on the row indicate significant differences by the Scott-Knott test (P ≤ 

0.05). SB – Standard bread; BBR – Bread with sourdough of brown rice flour without yeast; BBRY - Bread with sourdough of brown rice flour with yeast; BPB 

- Bread with sourdough of carioca bean flour without yeast; BPBY - Bread with sourdough of carioca bean flour with yeast; BVB - Bread with sourdough of 

cowpea bean flour without yeast; BVBY - Bread with sourdough of cowpea bean flour with yeast.  

Source: Authors (2021). 

 

From the determination of ∆E*, it was possible to infer that bread made with carioca bean flour showed a higher color 

difference, indicating darker and more noticeable tones than bread made from whole rice flour and cowpea flour. According to 

Mokrzycki and Tatol (2011), ∆E* values between 2.0 and 3.5 demonstrate a perception of color change in the eyes of untrained 

judges. 

There was a more negligible color difference for bread made with sourdough added with yeast (BBRY = 0.85±0.03, 

BPBY = 2.39±0.09 and BVBY = 1.45±0.13). The color parameters showed strong correlations between the acidity of the doughs 

and bread, results shown in Table 14. Yeast becomes inactivated in an acidic medium, but with the addition of substrates during 

the manufacture of bread, the acidity tends to decrease and the pH rises. These behaviors favor the yeasts to exert their activities 

in the dough again actively. The instrumental color has very different data found in the literature as it can be influenced by the 

bread formulation and fermentation time and baking temperature. 

There was no statistical difference in water activity. Still, higher moisture content was observed in bread made with 

sourdough added with yeast: being BBRY (42.34±0.16 %), BVBY (41.35±0.05 %) and BPBY (40.62±0.48 %) and less moisture 

were observed in bread with BVB (40.03±0.04 %) and BPB (40.03±0.04 %) bean flour (Table 15). 

Moisture content is an important quality parameter in bread analysis, as it has a strong influence on final properties, 

especially on bread texture. The water absorption capacity of the flours is directly related to bread moisture. Dough with high 

viscosity and little water absorption results in lower specific volume and firm and hard texture. In contrast, gluten-free bread 

with higher moisture may have a better texture, greater volume and softness (Gallagher et al., 2003). 
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Table 14 – Pearson’s correlation for physic-chemical parameters of the dough before and after fermentation and of gluten-free 

bread produced with sourdough from brown rice, carioca and cowpea bean flours. 

Parameters L* a* b* C* h* Delta E 
Water 

activity 

Sample -0.42 0.27 -0.20 -0.17 -0.31 0.31 -0.40 

pH – before proofing -0.35 0.22 -0.34 -0.31 -0.29 0.27 -0.20 

TTA – before proofing 0.20 -0.53# -0.05 -0.13 0.47# -0.31 0.17 

pH – after proofing -0.00 -0.12 -0.75# -0.77# -0.09 -0.07 0.02 

TTA – after proofing  -0.52 0.50# 0.28 0.35 -0.39 0.50# -0.45# 

pH of bread 0.40 -0.50# -0.53# -0.61# 0.32 -0.45# 0.36 

TTA of bread -0.56# 0.56# 0.25 0.33 -0.45# 0.53# -0.50# 

L*  -0.79# 0.06 -0.06 0.74# -0.96# 0.50# 

a*   -0.12 0.02 -0.96# 0.82# -0.60# 

b*    0.99# 0.39 -0.02 0.03 

C*     0.26 0.10 -0.05 

h*      -0.76# 0.57# 

∆E       -0.50# 
#Pearson’s correlation with statistical significance (P ≤ 0.05). TTA – total titratable acidity. 

Source: Authors (2021). 

 

Table 15 – Water activity and moisture content of gluten-free bread produced with sourdough from brown rice, carioca and 

cowpea bean flours. 

Sample Water activity  Moisture content (%) 

SB 0.9968±0.0024ns 42.43±0.02a 

BBR 0.9892±0.0034ns 40.53±0.06c 

BBRY 0.9926±0.0034ns 42.34±0.16a 

BPB 0.9880±0.0048ns 40.03±0.04d 

BPBY 0.9832±0.0032ns 40.62±0.48c 

BVB 0.9860±0.0059ns 39.81±0.11d 

BVBY 0.9917±0.0008ns 41.35±0.05b 

Means ± standard deviation of three replicates. Means followed by the different letters on the row indicate significant differences by the Scott-Knott test (P ≤ 

0.05). SB – Standard bread; BBR – Bread with sourdough of brown rice flour without yeast; BBRY- Bread with sourdough of brown rice flour with yeast; BPB 

- Bread with sourdough of carioca bean flour without yeast; BPBY- Bread with sourdough of carioca bean flour with yeast; BVB - Bread with sourdough of 
cowpea bean flour without yeast; BVBY - Bread with sourdough of cowpea bean flour with yeast.  

Source: Authors (2021). 

 

3.3.4 Image analysis, specific volume and instrumental texture of the bread 

The results for image analysis are shown in Table 16. The higher total area was verified in BBRY bread (36.49±0.66 

cm2), while the total area and number of alveoli of bread made with carioca and cowpea were similar to the area of BBR. 

However, the alveoli sizes of bread made with carioca beans were significantly smaller BPB (0.12±0.01 mm2 and BPBY 

0.11±0.01 mm2), while BBRY had a larger alveoli size (0.22±0.01 mm2). The image of the bread slices can be seen in Figure 6. 

There was a strong negative correlation between the total area and the number of alveoli for the instrumental texture parameters. 

Still, the total area, the number of alveoli and the mean size of the alveoli did not correlate with the specific volume, 

demonstrating that although BBRY had a larger alveolar structure, its specific volume was lower. 
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Table 16 – Image analysis of gluten-free bread produced with sourdough from brown rice, carioca and cowpea bean flours. 

Sample Total area (cm2) Number of alveoli Mean size of the alveoli (mm2) Circularity of alveoli 

SB 38.64±0.93a 148.37±10.50b 0.17±0.02b 0.84±0.01ns 

BBR 32.35±0.42b 200.60±2.38a 0.13±0.01c 0.84±0.01ns 

BBRY 36.49±0.66a 132.57±4.25b 0.22±0.01a 0.84±0.01ns 

BPB 32.19±0.98b 233.17±12.36a 0.12±0.01d 0.84±<0.01ns 

BPBY 31.94±2.69b 224.97±21.36a 0.11±0.01d 0.83±0.01ns 

BVB 32.97±1.02b 165.53±19.64b 0.15±0.01c 0.85±0.01ns 

BVBY 33.36±1.43b 169.20±3.72b 0.14±<0.01c 0.84±0.01ns 

Means ± standard deviation of three replicates. Means followed by the different letter on the row indicate significant differences by the Scott-Knott test (P ≤ 
0.05). SB – Standard bread; BBR – Bread with sourdough of brown rice flour without yeast; BBRY- Bread with sourdough of brown rice flour with yeast; BPB 

- Bread with sourdough of carioca bean flour without yeast; BPBY- Bread with sourdough of carioca bean flour with yeast; BVB - Bread with sourdough of 

cowpea bean flour without yeast; BVBY - Bread with sourdough of cowpea bean flour with yeast.  

Source: Authors (2021). 

 

The BPB and BPBY bread had a higher number of alveoli and smaller sizes compared to cowpea bread. Such results 

may be inferred to be mainly related to the type of protein present in its composition since carioca beans have a higher glutelin 

content. Glutelins are soluble proteins in dilute acids and bases (Osborne, 1924). 

In sourdough, glutenin proteins have more excellent solubility because of the acid levels. Therefore, treatments with 

carioca beans showed better performance in sourdough and better alveolar uniformity (concerning the size and number of alveoli) 

in bread, probably due to the better solubility of these proteins. In addition, synergistic effects of carioca beans protein, egg, milk 

and soy used in the formulation may have helped in the structure of the dough. Thus, it demonstrates the role and structural 

function of different proteins, favoring better retention/distribution of CO2 during fermentation, thus resulting in a better 

distribution of the alveoli in this bread. 

The results of the texture profile and specific volume of the bread are shown in Table 17. A greater specific volume was 

observed for BBR (2.04±0.01 cm³.g-1) and BVB (2.01±0.01 cm³.g-1), while a lower specific volume was observed for 

BBRY(1.83±0.02 cm³.g-1) and BPB (1.87 ± 0.04 cm³.g-1). Still, bread made with carioca and cowpea beans had a greater volume 

when compared to BBRY. Such results may be associated with the water-binding capacity of proteins, favoring dough viscosity 

and better retention of CO2 during the fermentation stage and in the initial phase of supplying (Brites, Schmiele, & Steel, 2018). 

A change in the relationship pattern between specific volume, firmness and hardness was observed for BBR and BPB. 

Although they had higher specific volume, there was an increase in firmness and hardness, especially for BVB(38.13±4.86 N 

and 49.02±4.74 N, respectively). The opposite was observed for BBRY that, although it had a lower specific volume, there was 

less firmness and associated hardness (27.32±2.73 N and 28.71±1.39 N, respectively).  
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Figure 6 – Images of bread slices produced with sourdough from brown rice, carioca and cowpea bean flours. 

Sample Slice image Alveoli image 

Standard bread 

  
Bread with sourdough of brown 

rice flour without yeast 

  
Bread with sourdough of brown 

rice flour with yeast 

  
Bread with sourdough of carioca 

bean flour without yeast 

  
Bread with sourdough of carioca 

bean flour with yeast 

  
Bread with sourdough of cowpea 

bean flour without yeast 

  
Bread with sourdough of cowpea 

bean flour with yeast 

  
Source: Authors (2021). 

 

Regarding the soluble nitrogen index (Table 18), it was observed that higher protein solubility was found in bread made 

with cowpea flour BVB (12.00±0.23 %) and BVBY (11.94±0.31 %) and carioca beans BPB (10.56±0.62 %) and BPBY 

(10.46±0.20 %). On the other hand, the bread made with sourdough of whole rice flour - BBR and BBRY, showed a significant 

difference between them, in which BBR showed better solubility (BBR = 10.31±0.33 % and BBRY = 9.52±0.36 %). 

Soluble nitrogen index refers to the solubility of the protein in water. According to Damodaran and Parking, (2017) and 

Wong, (2018), the interaction between water and protein can be influenced by pH. When pH values are above or below the 

isoelectric pH, there is a net charge on the protein's surface that increases electrostatic repulsion. Thus, it induces the interaction 

between water and protein, resulting in greater hydration of protein residues and increased solubility. Although, as shown in 

Table 11, BBR had a lower pH than BBRY and the opposite was observed for the soluble nitrogen index. The Pearson correlation 

in Table 19 confirms this relationship. 

http://dx.doi.org/10.33448/rsd-v10n16.23992


Research, Society and Development, v. 10, n. 16, e303101623992, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10n16.23992 
 

 

28  

Table 17 – Specific volume and texture profile analysis of gluten-free bread produced with sourdough from brown rice, carioca 

and cowpea bean flours. 

Parameter SB BBR BBRY  BPB BPBY BVB  BVBY 

Specific volume (cm³.g-1) 2.08±0.02a 2.04±<0.01b 1.83± 0.02e  1.87±0.04d 1.93±0.01c 2.01±0.01b  1.94±<0.01c 

Firmness (N) 22.28±1.56d 32.76±3.74b 27.32±2.73c  32.08±2.17b 32.09±2.43b 38.13±4.86a  32.33±1.45b 

Hardness (N) 22.85±1.45e 39.19±3.15c 28.71±1.40d  41.79±3.91b 37.88±1.85c 49.02±4.74a  36.41±1.85c 

Cohesiviness  0.55±0.03c 0.65±0.03b 0.56±0.04c  0.64±0.04b 0.66±0.05b 0.65±0.02b  0.70±0.06a 

Gumminess (N) 12.29±0.63d 25.39±3.06b 15.25±1.95c  24.49±2.19b 24.72±1.81b 29.47±4.12a  26.08±1.30b 

Chewiness (N) 10.46±0.63c 21.70±2.93b 12.78±1.84c  20.31±1.52b 19.76±1.64b 25.27±4.01a  21.54±0.77b 

Resilience 0.33±0.03c 0.43±0.02b 0.34±0.04c  0.40±0.03b 0.41±0.04b 0.42±0.02b  0.46±0.05a 

Means ± standard deviation of three replicates. Means followed by the different letters on the row indicate significant differences by the Scott-Knott test (P ≤ 

0.05). SB – Standard bread; BBR – Bread with sourdough of brown rice flour without yeast; BBRY- Bread with sourdough of brown rice flour with yeast; BPB 
- Bread with sourdough of carioca bean flour without yeast; BPBY- Bread with sourdough of carioca bean flour with yeast; BVB - Bread with sourdough of 

cowpea bean flour without yeast; BVBY - Bread with sourdough of cowpea bean flour with yeast.  

Source: Authors (2021). 

 

Table 18 – Soluble nitrogen index and in vitro protein digestibility of gluten-free bread produced with sourdough from brown 

rice, carioca and cowpea bean flours. 

Sample Soluble nitrogen index (%) In vitro protein digestibility (%) 

SB 5.68±0.02d 69.34±3.13d 

BBR 10.31±0.33b 76.90±0.89c 

BBRY 9.52±0.36c 70.60±3.29d 

BPB 10.56±0.62b 89.04±0.90a 

BPBY 10.46±0.22b 81.55±1.99b 

BVB 12.00±0.23a 87.09±2.39a 

BVBY 11.94±0.31a 80.89±1.56b 

Means ± standard deviation of three replicates. Means followed by the different letters on the column indicate significant differences by the Scott-Knott test (P 

≤ 0.05). SB – Standard bread; BBR – Bread with sourdough of brown rice flour without yeast; BBRY- Bread with sourdough of brown rice flour with yeast; 
BPB - Bread with sourdough of carioca bean flour without yeast; BPBY- Bread with sourdough of carioca bean flour with yeast; BVB - Bread with sourdough 

of cowpea bean flour without yeast; BVBY - Bread with sourdough of cowpea bean flour with yeast.  

Source: Authors (2021). 

 

Regarding the in vitro protein digestibility (Table 18), there was a significant difference between bread made with 

doughs added with yeast (BBRY, BPBY and BVBY), which presented a lower in vitro protein digestibility when compared to 

the doughs without yeast (BBR, BPB and BVB). Bread made with carioca bean flour and cowpea had higher in vitro protein 

digestibility (89.04±0.90 and 87.09±2.39 %, respectively). The protein digestibility results found in this study were higher than 

those reported by Rizzello et al. (2014) (68.98-77.85 %) and Coda et al. (2017b) (63.60-74.10 %). There were no significant 

correlations between the specific volume of bread and protein digestibility. At the same time, this was strongly correlated with 

instrumental texture parameters, as described in Table 19. 

The intense proteolysis can affect the bread's texture, which is clearly explained in Table 19. Concerning the crumb 

texture, BPB and BVB bread showed higher protein digestibility when related to greater hardness (41.79±3.91 N and 

49.02±4.74N, respectively). Furthermore, it was possible to verify by Pearson's correlation that in vitro protein digestibility is 

strongly correlated with the evaluated parameters of instrumental texture in Table 19. 

Bread made with sourdoughs added with yeast showed lower protein digestibility when compared to those that did not 

receive the addition of initial yeast (Table 18). However, although they showed lower digestibility, the texture parameters were 

less affected. This crumb’s firmness was mainly lower, possibly due to lower proteolysis (BBRY = 28.71±1.40 N, 

BPBY=37.88±1.85 N, BVBY = 36.41±1.85 N). 

Digestibility refers to the importance of the nutritional value of a protein and the different values found may be related 
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to other factors such as the processing to which it was submitted and the protein sources. Usually, animal proteins have higher 

digestibility compared to plants (Cozzolino, 2016). Thus, higher protein digestibility comes from the greater bioavailability of 

amino acids in sourdoughs due to proteolysis. As a result, proteins are broken into amino acids, peptides and polypeptides, 

resulting in a nutritional quality increase. Therefore, bread made without adding yeast in the initial dough showed better benefits 

due to their greater digestibility. The crumb texture can be affected due to an intense proteolytic activity resulting from a 

significant release of peptides in the medium. Lower macromolecules can reduce the dough's viscosity and influence lower CO2 

retention, which may result in this into a thick, gummy bread with a firmer texture. 

Legume proteins are susceptible to processing and the environment, and they are easily denatured when exposed to 

heating and extreme pH. Denaturation allows the exposure of their hydrophobic groups to the surface, thus favoring the formation 

of gels, emulsions and foams, which are responsible for influencing the characteristics of the dough and the final product 

(Damodaran & Parking, 2017). When a high protein content is available in the medium, there may be a reduction in water 

availability, thus reflecting a greater hardness and firmness of the bread (Ziobro et al., 2013). 

Lower cohesiveness was observed in BBRY (0.56±0.04) and higher in BVBY (0.70±0.06), and the others (BBR, BPB, 

BPBY, BVB) did not differ statistically from each other. Cohesiveness is negatively related to bread fragility, so low cohesion 

indicates a greater susceptibility of the bread to breaking or crumbling, and bread with high cohesion does not quickly disintegrate 

during chewing. 

Gumminess and chewiness are secondary results of texture analysis, which involve firmness, cohesion and elasticity 

(Teotônio et al., 2021b). The results obtained for these parameters showed a direct and positive relationship with firmness, in 

which gumminess and chewiness were higher for BVB (29.47±4.12 N and 25.27±4.01 N) and lower for BBRY(15.25±1.95N 

and 12.78±1.8N), respectively. Greater resilience was observed in BVBY (0.46±0.04) and lower in BBRY(0.34±0.04).  

Ziobro et al. (2013) verified the effect of supplementing gluten-free bread with different protein sources (egg albumin, 

lupine protein, soy protein, collagen and pea protein) and gluten-free bread supplemented with albumin had significantly higher 

specific volume. According to the authors, changes in specific volume are related to different carbon dioxide retention capacities 

of the dough by the type of protein used. Furthermore, proteins with the ability to swell and denature at high temperatures, such 

as albumins, can provide structural support to the starch and hydrocolloids present in the dough, thus influencing the fermentation 

and early stages of bread baking (Benavent-Gil & Rosell, 2019; Schmiele et al.,2019; Skendi, Papageorgiou, & Varzakas, 2021; 

Wójcik et al., 2021). 
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Table 19 – Pearson’s correlation for physicochemical, physical and structural characteristics of gluten-free bread produced with 

sourdough from brown rice, carioca and cowpea bean flours. 

Parameter TA NA AAS SV F H Co G Ch R 

Sample -0.50# 0.16 -0.33 -0.30 0.61# 0.62# 0.66# 0.70# 0.69# 0.68# 

pH – before proofing -0.53# 0.49# -0.77# 0.44# 0.42 0.47# 0.68# 0.65# 0.63# 0.70# 

TTA – before proofing 0.30 -0.58# 0.39 0.07 0.07 -0.03 0.00 -0.00 0.04 0.02 

TTA – after proofing -0.63# 0.23 -0.15 -0.47# 0.69# 0.74# 0.45# 0.67# 0.68# 0.48# 

pH of bread 0.61# -0.33 0.22 0.24 -0.55# -0.51# -0.37 -0.56# -0.55# -0.41 

TTA of bread -0.70# 0.35 -0.34 -0.41 0.72# 0.68# 0.62# 0.77# 0.75# 0.66# 

L* 0.64# -0.69# 0.62# 0.31 -0.62# -0.65# -0.46# -0.65# -0.65# -0.47# 

a* -0.71# 0.82# -0.66# -0.48# 0.40 0.46# 0.36 0.46# 0.41 0.35 

h* 0.67# -0.83# 0.70# 0.47# -0.32 -0.41 -0.38 -0.42 -0.36 -0.35 

∆E -0.64# 0.72# -0.59# -0.29 0.59# 0.62# 0.40 0.61# 0.60# 0.40 

wa 0.47# -0.54# 0.51# 0.12 -0.43 -0.45# -0.39 -0.49# -0.43 -0.38 

SNI -0.70# 0.31 -0.36 -0.33 0.77# 0.79# 0.69# 0.83# 0.82# 0.73# 

IVPD -0.64# 0.52# -0.53# -0.24 0.68# 0.77# 0.57# 0.76# 0.75# 0.58# 

Moisture 0.71# -0.69# 0.70# -0.04 -0.72# -0.85# -0.57# -0.81# -0.80# -0.59# 

Ashes -0.66# 0.61# -0.63# -0.31 0.53# 0.62# 0.54# 0.63# 0.60# 0.52# 

Proteins -0.46# 0.41 -0.61# -0.00 0.44# 0.51# 0.73# 0.62# 0.56# 0.71# 

DC  0.48# -0.53# 0.64# 0.15 -0.42 -0.53# -0.59# -0.58# -0.54# -0.57# 

TDF -0.57# 0.63# -0.67# -0.14 0.51# 0.66# 0.53# 0.64# 0.62# 0.53# 

EV 0.42 -0.51# 0.55# 0.22 -0.32 -0.45# -0.43 -0.45# -0.43 -0.41 

TA   -0.59# 0.65# 0.19 -0.72# -0.65# -0.64# -0.80# -0.77# -0.65# 

NA   -0.90# -0.09 0.18 0.38 0.47# 0.41 0.33 0.45# 

AAS    -0.15 -0.35 -0.46# -0.64# -0.59# -0.52# -0.63# 

F      0.84# 0.56# 0.93# 0.95# 0.60# 

H       0.55# 0.85# 0.86# 0.57# 

Co        0.81# 0.73# 0.99# 

G         0.99# 0.83# 

Ch          0.77# 

#Pearson’s correlation with statistical significance (P ≤ 0.05). TA = total area; NA = number of alveoli; AAS = alveoli average size; SV = specific volume; F = 

firmness; H = hardness; Co = cohesiviness; G = gumminess; Ch = chewiness; R = resilience; TTA = total titratable acidity; wa = water activity; SNI = soluble 
nitrogen index; IVPD = in vitro protein digestibility; DC – digestible carbohydrates; TDF = total dietary fiber; EV = energy value. 

Source: Authors (2021). 

 

Shevkani et al. (2015) prepared gluten-free muffins with cowpea protein isolates. They observed that incorporating 

white cowpea protein isolate provided bread with larger volumes, but greater firmness was also associated. A study carried out 

by Schmiele et al. (2017) found that legume proteins have surfactant properties (emulsifying and aeration), favoring the retention 

of CO2 in fermentation processes. Hallén et al. (2004) verified that the replacement of wheat flour by native, germinated and/or 

fermented cowpea flour influenced the technological and structural properties of the doughs and bread, and the results were 

directly related to the proportion of bean flour added to the dough. The higher replacement by bean flour (20 %) resulted in a 

lower specific volume of bread. However, the addition of up to 15 % of germinated and/or fermented cowpea flour resulted in a 

better technological profile. 

Boukid et al. (2019) prepared gluten-free bread with the addition of bean flour. They observed that, although it had a 

negative influence on some characteristics such as browning of the crumb and less chewiness, the bread presented lower starch 

digestibility and lower glycemic index compared to a bread made only with rice flour. 

Coda et al. (2017a) verified that replacing wheat flour with 30 % of fava bean flour (Vicia faba L.) or after natural 

fermentation negatively influences the texture profile of bread. However, the sourdough of fava flour resulted in bread with a 

better amino acid profile, higher protein digestibility and lower glycemic index (Coda et al., 2017b). 

It is suggested that bread made with carioca bean or cowpea flour may have lower viscosity in the dough. In addition, 

it is possible to consider an increase in protein hydrolysis during fermentation processes, which may have resulted in an increase 
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in polypeptides and/or free amino acids in the dough, thus contributing to the reduction of viscosity and having influenced the 

final properties of these bread. 

Gluten-free bread made with sourdough generally has a lower volume and texture profile than traditional bread. The 

intense metabolic activity that occurs in the dough during its maturation process seems to influence the final properties of the 

bread. The main parameters include a higher dough acidity, lower pH, lower CO2 production capacity by lactic acid bacteria, 

increased starch hydrolysis rate, and increased protein breakdown (Chavan & Chavan, 2011; De Vuyst & Neysens, 2005). 

In this study, it was possible to verify that pH and total titratable acid were correlated with the specific volume and 

texture of the bread. Also, the protein content, nitrogen solubility and protein digestibility were associated with all instrumental 

texture parameters, as shown in Table 19. These results indicate an important role of natural fermentation and flour composition 

in influencing the final bread's technological (volume and texture) and nutritional characteristics. 

 

3.3.5 Proximate composition and total caloric value of bread 

Significant differences were observed in the proximate composition of bread made with sourdough and the results are 

shown in Table 20. Ash content was significantly lower in bread made with brown rice sour mass (BBR 1.38±0.03 % and BBRY 

1.38±<0.01 %). Bread made with bean flour had higher protein content BPB (6.71±0.26 %), BPBY (7.27±0.85 %), BVB 

(6.89±0.30 %) and BVBY (7.22±0.65 %), while the lowest protein content was observed in wholemeal rice flour bread BBR 

(5.58±0.23 %) and BBRY (5.00±0.11 %). This high protein content is directly related to the composition of the flours, as cowpea 

and carioca bean flours had higher protein contents. Although not significant, a slight reduction in the absolute value of protein 

in bread made with sourdough was noted (Table 21). 

 According to Gänzle et al. (2008), protein degradation during dough fermentation is among the main phenomena 

affecting the general quality of fermented bread. First, proteinases catalyze the degradation of proteins into smaller peptide 

fractions. Then, peptidases hydrolyze specific peptide bonds, resulting in free amino acids. Intense proteolytic activity was 

demonstrated during the spread of sourdough with legume flour (Vicia Faba L.), indicating a decrease in peptide content and an 

increase in the concentration of free amino acids in the doughs (Coda et al., 2017b). 

Regarding lipid content, no statistical difference was observed since the fat content was similar between the flours. 

However, the digestible carbohydrate content and total caloric value were significantly higher in bread made with BPB 

(39.05±2.42 % and 233.98±1.03 kcal) and BBRY (39.44±2.60 % and 232.97±2.83 kcal), respectively. The opposite was observed 

for the dietary fiber content, in which bread made with carioca bean flour and cowpea had higher amounts of BPB (13.12±0.26 

%), BVB (11.67±0.48 %), BPBY (10.67±0.15 %) and BVBY (9.24±1.07 %). 
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Table 20 - Proximate composition (%) and energy value (kcal. 100 g–1) on a wet basis, of gluten-free bread, made with sourdough 

and brown rice, carioca and cowpea beans flours. 

Sample Moisture 

content 

Ashes Proteins Lipids Digestible 

carbohydrates 

(expressed in 

glucose)  

Total dietary 

fibers 

Energy value 

SB 42.43±0.02a 1.35±0.04c 5.67±0.39b 6.11±0.04ns 37.33±1.29b 7.05±0.70d 227.22±2.49b 

BBR 40.53±0.06c 1.38±0.03c 5.58±0.23b 6.14±0.06ns 39.05±2.42a 7.27±0.26d 233.98±1.03a 

BBRY 42.34±0.16a 1.38±<0.01c 5.00±0.11b 6.09±0.15ns 39.44±2.60a 5.65±0.59e 232.97±2.83a 

BPB 40.03±0.04d 1.58±0.02a 6.71±0.26a 6.09±0.07ns 32.48±0.74d 13.12±0.26a 211.51±0.86d 

BPBY 40.62±0.48c 1.59±0.02a 7.27±0.85a 6.07±0.05ns 33.81±0.89c 10.67±0.15b 218.82±1.36c 

BVB 39.81±0.11d 1.55±0.02a 6.89±0.30a 6.16±0.04ns 33.87±1.88c 11.67±0.48b 218.67±2.13c 

BVBY 41.35±0.05b 1.49±0.01b 7.22±0.65a 6.09±0.17ns 34.60±2.36c 9.24±1.07c 222.17±5.16c 

Means ± standard deviation of three replicates. Means followed by the different letters on the column indicate significant differences by the Scott-Knott test (P 
≤ 0.05). SB – Standard bread; BBR – Bread with sourdough of brown rice flour without yeast; BBRY- Bread with sourdough of brown rice flour with yeast; 

BPB - Bread with sourdough of carioca bean flour without yeast; BPBY- Bread with sourdough of carioca bean flour with yeast; BVB - Bread with sourdough 

of cowpea bean flour without yeast; BVBY - Bread with sourdough of cowpea bean flour with yeast.  
Source: Authors (2021). 

 

The resolution of the collegiate board - RDC No. 359, of December 23, 2003, defines the size of food servings based 

on a daily intake of 2000 kcal. For bread, the serving size corresponds to 50 g (Brasil, 2003). The Resolution of the Collegiate 

Board - RDC No. 54 of November 12, 2012, provides for the technical regulation on complementary nutritional information and 

determines that it must meet the values established for a food to be considered a source or rich in nutrients in its attachments. 

For example, foods regarded as protein sources and dietary fiber must contain 6 g of protein and 2.5 g of fiber per serving. To 

be considered rich, they must have at least 12 g of protein and 5 g of dietary fiber per serving (Brasil, 2012). 

The differences observed between bread made with carioca and cowpea in this study may be associated with their 

composition, mainly due to their protein fractions. For example, cowpea has a high albumin content, while carioca beans have a 

higher glutelin content (Montoya, Lallès, Beebe, & Leterme, 2010). Such characteristics seem to influence the different responses 

observed. 

Bread made with carioca and cowpea beans flours can be considered a protein source, and brown rice bread (standard 

bread, BBR and BBRY) did not meet this recommendation. Furthermore, the bread elaborated in this study showed to be fiber-

rich food, except for the BBRY sample, which can be classified as a source of fiber. The relationship between dietary fiber intake 

and the various health benefits is well elucidated, especially in reducing cholesterol, controlling blood glucose, maintaining body 

weight and improving bowel function (Chutkan et al. 2012; Kim, 2016). 
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Table 21 – Pearson’s correlation for physicochemical characteristics and proximate composition of breads. 

Treatments SNI IVPD Moisture  Ashes Proteins DC  TDF EV 

Sample 0.83# 0.66# -0.46# 0.70# 0.71# -0.66# 0.56# -0.53# 

pH - before proofing 0.38 0.50# -0.59# 0.52# 0.65# -0.62# 0.59# -0.49# 

TTA - before proofing 0.09 -0.04 0.25 0.05 0.28 -0.17 -0.03 -0.08 

pH - after proofing -0.25 0.13 0.08 0.39 0.49# -0.63# 0.43 -0.61# 

TTA - after proofing 0.90# 0.60# -0.58# 0.45# 0.24 -0.21 0.33 -0.15 

pH of bread -0.68# -0.33 0.50# -0.13 0.02 -0.15 -0.04 -0.19 

TTA of bread 0.95# 0.63# -0.61# 0.49# 0.36 -0.29 0.38 -0.22 

L* -0.56# -0.73# 0.78# -0.69# -0.39 0.62# -0.76# 0.62# 

a* 0.49# 0.61# -0.68# 0.71# 0.34 -0.48# 0.60# -0.47# 

b* 0.13 -0.18 -0.01 -0.47# -0.43 0.60# -0.44# 0.60# 

C* 0.19 -0.09 -0.11 -0.37 -0.39 0.54# -0.36 0.53# 

h* -0.42 -0.61* 0.62# -0.79# -0.44# 0.61# -0.67# 0.60# 

∆E 0.51# 0.70# -0.77# 0.68# 0.35 -0.54# 0.70# -0.54# 

wa -0.48# -0.53# 0.64# -0.57# -0.39 0.40 -0.49# 0.34 

SNI  0.72# -0.67# 0.62# 0.54# -0.45# 0.50# -0.33 

IVPD   -0.86# 0.81# 0.55# -0.76# 0.88# -0.76# 

Moisture    -0.71# -0.50# 0.60# -0.79# 0.55* 

Ashes     0.75# -0.86# 0.84# -0.78# 

Lipids     0.11 0.08 -0.12 0.27 

Proteins      -0.81# 0.62# -0.58# 

DC        -0.93# 0.94# 

TDF        -0.95# 

#Pearson’s correlation with statistical significance (P ≤ 0.05). SNI = soluble nitrogen index; IVPD = in vitro protein digestibility; DC – digestible carbohydrates; 
TDF = total dietary fiber; EV = energy value; TTA = total titratable acidity; wa = water activity. 

Source: Authors (2021). 

 

4. Conclusion 

This work showed that the sourdoughs with whole rice flour, carioca and cowpea, regardless of the addition of biological 

yeast, showed stability in acidity by reducing pH and increasing total acidity titratable to a long period of fermentation (18 days). 

Bread with carioca and cowpea beans flours were affected by their technological properties (loaves specific volume and crumb 

alveoli and texture). However, this bread showed better nutritional benefit due to the higher minerals, protein and dietary fiber 

contents, whose appeal as rich in dietary fiber and source of proteins could be assigned. Furthermore, the use of yeast as a starter 

culture showed a potential behavior to improve the physicochemical and texture properties of the bread. Lower color difference 

and protein digestibility and higher moisture content were obtained when yeast was used. In addition, they have positively 

influenced the texture parameters from the reduction in the values of firmness, hardness and chewiness. Therefore, the 

manufacture of sourdough with carioca bean flour and the addition of yeast showed higher potential for application in the 

production of gluten-free bread, without losses in technological properties and higher added nutritional value. 
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