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ABSTRACT 

This study investigated the effect of beetroot powder incorporation on the 

physicochemical, textural, and sensory properties of sourdough bread as part of efforts to 

develop nutritionally enhanced bakery products with acceptable quality. Four formulations 

of composite flour of 300 g were prepared: a control (without beetroot powder) and 

sourdough breads substituion of beetroot powder of 5, 10, and 15%. The physicochemical 

and textural characteristics were evaluated using texture profile analysis, including hardness, 

cohesiveness, gumminess, chewiness, adhesiveness, stiffness, and springiness, while sensory 

attributes were assessed based on appearance, aroma, taste, texture, and overall acceptability. 

The results demonstrated that increasing beetroot powder levels significantly affected most 

textural parameters. The highest values of hardness (254.79 gf), gumminess (57.75), and 

chewiness (4.51) were observed in bread with substitutuion with beetroot powder of 15%, 

indicating a denser crumb structure at 15% substitution level. Cohesiveness and stiffness 

increased with beetroot addition, whereas springiness generally decreased, suggesting a 

trade-off between structural rigidity and elasticity of the dough. Sensory evaluation revealed 

that the control bread achieved higher scores across most attributes; however, the bread with 

beetroot powder substitution of 10% recorded the highest overall acceptability among the 

beetroot-enriched breads (3.90 ± 0.84). Moderate beetroot incorporation enhanced the visual 

appeal and flavor balance without masking the characteristic of the sourdough. However, 

excessive beetroot substitution negatively affected sensory quality due to the dominant earthy 

flavor and less desirable texture. In conclusion, 10% beetroot powder substitution provides 

an optimal balance between nutritional enhancement, textural quality, and consumer 

acceptance, offering valuable insights for the formulation of functional sourdough bread 

products. 

Keywords: beetroot powder, functional bakery products, sensory evaluation, sourdough 

bread, physical analysis 

INTRODUCTION 

Indonesia is renowned for its rich 

biodiversity, particularly in the production of 

tropical fruits; however, beetroot (Beta 

vulgaris L.) stands out because of its unique 

nutritional benefits and potential applications 

in food processing. The health implications of 

beetroot consumption are significant. As 

indicated in multiple studies, beetroot is a 

powerhouse of nutrients, including essential 

vitamins such as vitamin C and minerals, 

including iron and calcium (Amelia et al., 

2024). Its bioactive compounds, particularly 

betalains and nitrates, contribute significantly 

to health benefits, such as lowering blood 

pressure, enhancing physical performance, 

and reducing oxidative stress (Amelia et al., 

2024; Mirmiran et al., 2020). The antioxidant 

properties of beetroot, attributed to its high 

phenolic and carotenoid content, further 

underscore its importance in preventing non-

communicable diseases (Liu et al., 2022). 

Despite these benefits, beetroot 

remains underutilized in various culinary 

applications, particularly in regions such as 

Indonesia, where its culinary uses have yet to 

reach their full potential. One avenue for 

expanding beetroot usage is its incorporation 

into food products, such as sourdough bread. 

Beetroot flour, derived from dried beetroot, 

offers an innovative way to enhance the 

nutritional profiles of baked goods. The 

natural colorants and potential health benefits 

of dietary nitrates found in beetroot flour can 
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improve not only the appearance but also the 

overall health profile of bread products 

(Constantin et al., 2025). 

Sourdough bread presents several 

distinct health benefits compared to industrial 

bread made using instant yeast. A core 

advantage of sourdough bread lies in its 

fermentation process, which fundamentally 

alters its nutritional composition. Sourdough 

fermentation involves a symbiotic 

relationship between lactic acid bacteria 

(LAB) and wild yeasts, which enhances 

nutrient bioavailability. Studies have 

indicated that sourdough fermentation can 

reduce anti-nutritional factors, such as phytic 

acid, thereby potentially increasing mineral 

availability in bread (D’Amico et al., 2023; 

Ribet et al., 2023). Furthermore, sourdough 

bread has been shown to lower the glycemic 

response due to the fermentation process, 

which alters the starch structure (D’Amico et 

al., 2023; Ribet et al., 2023). 

The incorporation of beetroot powder 

into sourdough bread formulations offers 

several benefits. Beetroot powder is rich in 

nutrients, particularly nitrates, antioxidants, 

and dietary fiber, which enhance the health-

promoting properties of sourdough bread. 

Nitrates from beetroot powder have been 

shown to improve vascular function and 

lower blood pressure, potentially conferring 

additional cardiovascular benefits (Akamine 

et al., 2023). Furthermore, the earthy 

sweetness of beetroot can improve the 

sensory profile of bread, providing an 

attractive color and taste without the need for 

added sugars (Alkay et al., 2024). The 

addition of beetroot powder can also increase 

the fiber content of bread, supporting better 

digestive health (Koistinen et al., 2018; Lau 

et al., 2021). Incorporating beetroot powder 

into sourdough bread has the potential to 

enhance not only the visual appeal through 

vibrant color but also the nutritional benefits 

due to the natural compounds found in 

beetroot. Thus, assessing the texture and 

sensory properties of food is fundamental for 

predicting consumer acceptance.  

Given these considerations, this study 

aimed to analyze the physical and sensory 

characteristics of sourdough bread 

incorporated with beetroot powder. We 

hypothesized that the incorporation of 

beetroot powder would positively influence 

the antioxidant content, texture, volume 

development, and overall sensory 

acceptability of the bread. The novelty of this 

research lies in the integration of a functional, 

nutrient-rich, and underutilized ingredient 

into a traditional fermentation-based bread 

system. This approach contributes to food 

innovation that aligns with health trends and 

promotes the value of local biodiversity in the 

development of functional bakery products. 

 

MATERIALS AND METHODS 

Materials 

The ingredients used in this study were 

those used to make sourdough bread, 

including flour (Bogasari Cakra Kembar 

brand), sugar (Gulaku Premium brand), 

sourdough starter (made by the researcher 

using natural yeast fermented from salak 

pondoh fruit (Rahardjo and Sihombing, 

2023), water (Aqua brand), salt (Dolphin 

brand), and butter (Anchor unsalted butter). 

Experimental Design and Data Analysis 

This study was conducted at the Food 

Processing Laboratory of the Faculty of 

Health Sciences, Salatiga, from February to 

March 2025. The methods used in this 

research were divided into several steps, 

starting from sourdough bread making, 

texture analysis, sensory analysis, and data 

analysis. 

Sourdough bread making 

The white bread recipe was adapted 

from Forkish (2022), with the sourdough 

starter used as a substitute for instant yeast 

and the incorporation of beet powder in the 

formulation. The sourdough bread 

formulations were water 100 g, salt 3 g, butter 

15 g, and sourdough starter 50 g, while a 300 

g composite flour of wheat and beetroot 

powder was added. The beetroot powder was 

substituted in the 300 g wheat flour with a 0, 

15, 30 and 45 g, which equivalen to 0, 5, 10, 

and 15%. 

The dry and wet ingredients were first 

weighed and placed in separate large plastic 

containers. The two ingredients were then 

mixed, and the dough was kneaded until 

smooth by checking the window pane. The 

dough that has passed the windowpane check 
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is left for bulk fermentation for 2.5-3.0 h, then 

weighed and cut to adjust to the size of the 

pan, proofing to the size of the pan height, and 

finally baked for 25-30 minutes until the 

surface of the bread is golden brown. Once 

baked, the bread was analyzed. 

Physical analysis 

Physical analysis included texture 

analysis performed using a Texture Analyzer 

(Lloyd TA Plus) in accordance with the 

procedure described by Kulthe et al. (2014), 

where the resulting analysis results were 

hardness, cohesiveness, springiness, 

gumminess, chewiness, fracture force, 

adhesive force, adhesiveness, and stiffness. 

Each sample was analyzed thrice. 

Sensory analysis 

Sensory analysis was performed using 

the acceptance test of preference rating 

(Meilgaard et al., 2016) of five parameters: 

appearance, aroma, taste, texture, and overall 

acceptance. The rating used is a rating with 5 

scales (scale 1 is the least preferred and scale 

5 is the most preferred). The panelists used 

for the sensory test were 50 untrained 

panelists. 

Data analysis  

All data obtained were analyzed using 

analysis of variance (ANOVA), then 

continued with Duncan's Multiple Range Test 

at α = 5% to determine the treatment level that 

provides a real difference. All statistical tests 

were performed using IBM SPSS Statistics 

29 software. 

 

RESULTS AND DISCUSSION 

Physical Analysis 

The physical analysis of bread texture 

is essential in both academic research and 

industrial applications because it provides an 

objective evaluation of the quality attributes 

that directly influence consumer acceptance 

and shelf life. Textural properties, such as 

hardness, chewiness, springiness, and 

cohesiveness, serve as indicators of a bread’s 

structural integrity and overall palatability 

(Wang et al., 2025). The results of the 

physical analysis in this study are presented 

in Table 1. 

Table 1. Effects of beetroot powder substitution on physical characteristics of breads 

Beetroot 

powder 

(g) 

Hardness (gf) Cohesiveness 
Springiness 

(mm) 

Springiness 

Index 

Gumminess 

(N) 

Chewiness 

(kgf.mm) 

Adhesiveness 

(N.cm) 

Stiffness 

(gf/cm) 

0 129.19±12,25A 0,05±0,017A 12,29±0,30C 1,55±0,12B 6,92±2,36A 0,83±0,27A 0,01±0,01A 0,02±0,00A 

15 152.85±79,34B 0,12±0,04B 5,53±2,36A 0,51±0,09A 25,95±15,56B 1,63±1,50B 0,03±0,00B 0,04±0,00B 

30 177.96±8,70B 0,12±0,04B 7,82±2,20B 0,54±0,21A 30,33±6,70B 1,67±0,29B 0,05±0,00C 0,02±0,00A 

45 254.79±23,09C 0,23±0,08C 7,97±0,73C 0,55±0,04A 57,75±8,87C 4,51±0,75C 0,02±0,00A,B 0,03±0,00A,B 

Note: Data (mean±SD) were derived from three replications. The data were analyzed by ANOVA. The data within the 

same column followed by different letters showed significant difference (DMRT, p<0,05). The beetroot powder was 

added in a 300 g composite flour system of wheat and beetroot. 

Hardness is a crucial parameter in the 

texture analysis of bread that directly 

correlates with sensory perception and 

consumer acceptance. It typically refers to the 

force required to compress or bite through the 

bread, which affects the overall mouthfeel 

and enjoyment of the product. The 

importance of analyzing hardness lies in its 

ability to provide insights into the quality and 

freshness of bread, as greater hardness is 

often associated with staling and reduced 

palatability (Sahin et al., 2024). Regarding 

the incorporation of beetroot powder in 

sourdough bread, studies have indicated that 

the addition of beetroot powder can result in 

increased hardness when included in higher 

amounts. In this study, sourdough bread 

formulations containing 15% beetroot 

powder exhibited the highest hardness values. 

This could be due to several factors, including 

the impact of beetroot powder on dough 

structure, moisture content, and interactions 

with starch and gluten (Ani et al., 2022). 

Moreover, while the inclusion of sourdough 

typically mitigates hardness, the contrasting 

effects of a substantial addition of beetroot 
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powder can improve the structural integrity of 

the bread, thereby increasing its overall 

hardness compared to the sourdough bread 

control (Škrobot et al., 2022; Wolter et al., 

2014). 

Further exploration indicated that 

when the percentage of beetroot powder 

exceeded the 15% threshold, the resulting 

hardness increased further. This can be 

attributed to the higher concentrations of 

beetroot powder, which led to significant 

changes in the moisture content and gluten 

structure within the dough, resulting in a 

denser and firmer crumb structure (Roby et 

al., 2020). The addition of various 

components, such as beetroot powder, 

directly influences the rheological properties 

of the dough, which ultimately plays a role in 

determining the textural attributes of the final 

product (Škrobot et al., 2022). 

Cohesiveness in texture analysis, 

particularly in bread, refers to the ability of a 

material to maintain its structure during 

deformation, reflecting the internal 

interactions among the components of the 

bread matrix. It is quantitatively assessed 

through texture analysis as the ratio of the 

area under the stress-strain curve during the 

second compression cycle to that of the first 

(Mondal and Eun, 2023). Cohesiveness is 

important because it correlates with the 

perceived freshness and quality of the bread; 

lower cohesiveness often indicates that the 

bread is more prone to crumbling or 

disintegration during consumption (Matos 

and Rosell, 2012). 

In this study, the addition of beetroot 

powder significantly affected the 

cohesiveness. Sourdough bread without such 

incorporation generally exhibits lower 

cohesiveness due to the basic yeast-

fermented dough structure, which may not 

retain moisture and structural integrity as 

effectively as formulations enriched with 

other components, such as beetroot powder. 

The presence of beetroot powder, especially 

at a moderate incorporation level of 

approximately 15%, tends to enhance the 

gluten network or create new interactions 

within the dough matrix, leading to increased 

cohesiveness (Ani et al., 2022).  

Springiness refers to the ability of the 

bread crumb to recover its shape after 

deformation, which is a measure of the 

elasticity of the bread texture. This is a 

significant characteristic of texture analysis, 

as it correlates with the perceived freshness 

and quality of the bread. A higher springiness 

value typically indicates a more desirable and 

elastic texture that consumers associate with 

freshness and quality (Matos and Rosell, 

2012). The springiness index, often 

quantified through texture profile analysis 

(TPA), provides a numerical representation 

of this property, enabling standardized 

comparisons of different bread formulations 

(Alkay et al. 2022). 

In the context of sourdough bread, the 

texture and quality can vary significantly 

depending on the ingredients. The results of 

this study indicate that the sourdough bread 

control typically exhibits a higher springiness 

index than those containing beetroot powder. 

This difference can be attributed to the 

strength of the gluten network, which is often 

compromised when beetroot powder is added 

(Aringalayan et al. 2022). The resulting bread 

may exhibit decreased elasticity and an 

increased rate of starch retrogradation, 

negatively impacting textural properties such 

as springiness (Nasehi et al., 2018). 

The incorporation of beetroot powder 

may initially result in similar or slightly 

enhanced springiness at lower 

concentrations; however, increased 

concentrations can alter the dough matrix, 

leading to higher water absorption while 

weakening the gluten framework, which 

adversely affects the structure. Consequently, 

springiness decreased as the proportion of 

beetroot powder increased, leading to a more 

rigid crumb structure lacking desirable 

elasticity (Boz, 2015; Ranawana et al., 2016). 

Nonetheless, some findings suggest that 

within certain limits, beetroot inclusion can 

positively affect moisture retention and 

perceived springiness, particularly when 

balanced with other formulation factors 

(Begum et al., 2020). 

Gumminess is an essential parameter 

for analyzing the texture of bread, especially 

sourdough. It combines elements of 

cohesiveness and hardness and indicates the 

energy required to chew a product thoroughly 

before swallowing. This texture attribute is 

critical for consumer acceptance and 



Raharjo M, Sihombing M, Wulandari BMA  Beetroot bread 
DOI: http://dx.doi.org/10.35941/jtaf.26714.8.5.2026.20-34 

24 

influences the overall quality perception of 

bread, as it affects the mouthfeel and initial 

bite. High gumminess can indicate 

undesirable textural qualities in bread, such 

as excessive chewiness and density, which 

can detract from the consumer experience. 

In this study, we observed that the 

incorporation of beetroot powder 

significantly affected the gumminess 

measurement. Specifically, sourdough bread 

without beetroot powder typically exhibits 

lower gumminess than its beetroot-enhanced 

counterparts. This difference can be 

attributed to the structural changes induced 

by the addition of beetroot powder, which 

influences the water retention and gluten 

matrix interactions of the dough. The 

introduction of beetroot powder into the 

formulation interacts with the gluten matrix 

of the dough, leading to increased water 

binding capacity and improved dough 

elasticity. These interactions can enhance the 

cohesiveness of the bread crumb, 

contributing to a higher gumminess value 

than that of traditional sourdough 

formulations. 

Moreover, as the percentage of 

beetroot powder in the bread increased, the 

gumminess values also increased. This can be 

explained by the dual mechanisms of 

enhanced water retention and the formation 

of a thicker gel-like structure within the bread 

matrix. Higher concentrations of beetroot 

powder contribute to more sugar and fiber 

and promote better hydration of starches and 

proteins, leading to a more uniform crumb 

structure that resists crumbling and enhances 

gumminess. Additionally, the interaction of 

soluble fibers from beetroot with starch can 

lead to modified retrogradation behavior 

during cooling, further positively influencing 

the bread texture. 

Chewiness is a critical textural 

attribute of bread that significantly influences 

the overall sensory experience and 

palatability (Dunteman and Lee, 2023; Tian 

et al., 2024). It is characterized by resistance 

to biting and the effort required to chew, 

contributing to the mouthfeel and enjoyment 

of the eating experience. A finer balance in 

chewiness is particularly important in 

sourdough bread, where texture plays a role 

in consumer acceptance and may interact 

with nutritional and metabolic aspects 

(Nouska et al., 2023). 

In this study, the control sourdough 

bread typically exhibited lower chewiness 

values than the formulations that 

incorporated beetroot powder. This 

difference can be attributed to the unique 

interactions between sourdough ferments and 

the structural properties of the bread matrix 

created during fermentation. It has been 

established that sourdough fermentation 

processes can lead to variations in chewiness 

due to the breakdown of gluten structures and 

alterations in starch behavior (Terrazas‐Avila 

et al., 2024). Microbial activity and 

fermentation duration impact these 

interactions, often resulting in softer bread 

with reduced chewiness (Naji-Tabasi et al., 

2023). 

In contrast, incorporating beetroot 

powder into sourdough bread formulations 

can enhance the chewiness characteristics. 

This phenomenon can be explained by the 

influence of dietary fibers and bioactive 

compounds present in beetroot powder, 

which modify the rheological properties of 

the dough. As the percentage of beetroot 

powder increased, the hydration of the dough 

matrix also increased, leading to more 

cohesive and elastic properties that enhanced 

chewiness (Rizzello et al., 2012; Tian et al., 

2024). The balance between the additional 

fiber content and moisture retention achieved 

through beetroot powder is essential, as it can 

counteract the typical softening of the crumb 

associated with standard sourdough bread 

(Zhang et al., 2012). Moreover, studies have 

indicated that higher levels of dietary fiber, 

such as those found in beetroot, contribute to 

a denser crumb structure, which often results 

in increased chewiness due to reduced gas 

bubbles during fermentation (Škrobot et al., 

2022).  

In analyzing the importance of 

adhesiveness within the context of bread 

texture, it is crucial to recognize that 

adhesiveness plays a vital role in the final 

sensory attributes of bread, influencing 

consumer acceptance and the overall quality 

of the bread. Adhesiveness, a texture 

parameter, refers to the degree of stickiness 

of the bread, which affects the mouthfeel and 

can impact mechanical handling during 
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production, ultimately influencing the quality 

and consumer satisfaction with the product 

(Raczyk et al., 2022). 

The adhesiveness of sourdough bread 

without beetroot powder tended to be lower 

than that with beetroot powder. This is 

primarily because traditional sourdoughs are 

based on gluten, which contributes to a 

cohesive and elastic dough, reducing 

stickiness. In contrast, the addition of 

beetroot powder modifies the gluten network, 

introducing additional water-soluble 

compounds and fibers that alter the 

rheological properties of the dough (Ani et 

al., 2022; Raczyk et al., 2022). Consequently, 

the presence of beetroot powder can lead to 

an increase in moisture retention and a change 

in structure, which can enhance the adhesive 

qualities of the bread, making it feel stickier 

upon consumption. 

Interestingly, the increase in the 

percentage of beetroot powder further 

increased the adhesiveness of the bread. This 

phenomenon can be attributed to several 

factors such as the following. First, increased 

beetroot powder adds more soluble fiber and 

polysaccharides to the dough, which 

enhances moisture retention and, 

consequently, increases adhesion properties. 

Beetroot fibers are known to form 

hydrophilic interactions with water 

molecules, thereby increasing the pliability 

and stickiness of the bread structure (Ani et 

al., 2022). Additionally, an excess of beetroot 

powder alters starch gelatinization and fiber 

matrix formation during baking, leading to a 

softer, more adhesive crumb texture (Clifford 

et al., 2015). High fiber content is associated 

with greater water absorption capabilities, 

which likely increases the observed 

adhesiveness during texture analysis (Hobbs 

et al., 2012; Preethi et al., 2020). 

However, in this study, the situation 

markedly changed when the beetroot powder 

concentration in the sourdough bread 

formulation reached approximately 15%, 

indicating that a decrease in adhesiveness was 

noted at this threshold. This unexpected 

reduction in adhesiveness may be due to the 

interaction of beetroot components with the 

gluten network within the bread. As the 

beetroot concentration increases, the gluten 

structure may become compromised due to 

the competing hydrophilic properties of 

beetroot constituents, thereby reducing the 

stickiness of the dough (Ranawana et al., 

2016; Vasconcellos et al., 2016).  

In the context of texture analysis of 

bread, stiffness refers to the resistance of the 

bread crumb to deformation under an applied 

force. It is characterized by the maximum 

force exerted during compression tests, where 

higher values typically indicate firmer crumb 

structures. This study indicates that the 

sourdough bread control generally exhibited 

lower stiffness than the bread formulations 

incorporating beetroot powder. The 

incorporation of beetroot powder alters the 

physicochemical properties of the dough, 

leading to changes in water absorption and 

gluten matrix interactions, which can 

ultimately affect the stiffness of the final 

bread product (Adamczyk et al., 2021; Ani et 

al., 2022). However, as the percentage of 

beetroot powder in the formulation increased, 

the stiffness increased, contrary to the initial 

decrease at lower concentrations (such as 

10%). This behavior can be attributed to 

changes in moisture content, structure, and 

interactions between starch and fiber 

components introduced by beetroot powder. 

However, when the concentration is 

adjusted to higher levels, the additional 

beetroot powder can lead to a firmer crumb 

due to elevated fiber content or changes in the 

hydration properties, which enhances gluten 

development and contributes to a more 

structured matrix, thus increasing stiffness 

again at higher concentrations (e.g., 15%) 

(Ani et al. 2022). This nonlinear response 

(initial decrease in stiffness at 10% followed 

by an increase at 15%) highlights the 

complexity of ingredient interactions in bread 

formulation and demonstrates the importance 

of optimizing component ratios to achieve the 

desired textural characteristics. Moreover, the 

unique properties of beetroot powder, such as 

its high dietary fiber content, can 

significantly modify the structure and texture 

of the bread crumb, thereby impacting 

consumer acceptance and sensory outcomes 

(Ani et al., 2022). 

Sensory Analysis 

Sensory analysis is crucial in bread 

research and journal writing because it 
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provides a comprehensive evaluation of a 

product’s overall quality, encompassing 

flavor, aroma, texture, and appearance, 

attributes that may not be fully captured by 

chemical or instrumental methods alone. 

Sensory methods can account for human 

perceptions, such as flavor intensity and 

overall acceptability, thus offering a more 

holistic view of consumer experience (Elía, 

2011). The results of the sensory analysis are 

presented in Table 2. 

Table 2. Effects of beetroot powder substitution on sensory characteristics of breads 

Beetroot 

powder (g) 
Appearance Aroma Taste Texture Overall 

0 4.50±0.68C 3.90±0.84C 4.14±0.88C 3.86±0.81B 4.16±0.77C 

15 3.78±0.93A 3.60±0.90A 4.00±0.93B 3.92±0.83B 3.82±0.83B 

30 3.80±0.97A, B 3.78±0.89B 4.14±0.86C 3.96±0.83B 3.90±0.84B, C 

45 3.86±1.01B 3.76±0.94B 3.12±1.04A 3.66±0.89A 3.74±0.94A 
Note: Data (mean±SD) were derived from 150 sensory responses. The data were analyzed by ANOVA. The 

data within the same column followed by different letters showed significant difference (DMRT, p<0,05). The 

beetroot powder was added in a 300 g composite flour system of wheat and beetroot. 

In sensory analysis, the appearance of 

bread plays a crucial role, as it directly 

influences consumer acceptance and overall 

perception of quality. Studies emphasize that 

sensory attributes, including appearance, 

significantly affect the acceptability of 

various bread types, as consumers often rely 

on visual characteristics, such as color and 

shape, before making a purchasing decision 

(Callejo, 2011). Appearance not only dictates 

initial impressions but also informs 

consumers about taste and quality 

expectations (Sahin et al., 2024). 

In this study, it was observed that the 

sourdough bread control (without additional 

ingredients such as beetroot powder) received 

higher appearance ratings than those 

incorporated with beetroot powder. This may 

be attributed to the color and visual texture 

modifications imparted by the food coloring 

effect of beetroot. Although beetroot has 

nutritional benefits, it can alter the perceived 

freshness and wholesomeness of bread, 

potentially lowering its sensory appeal 

(Hernández-Figueroa et al., 2024; Katsi et al., 

2021). The traditional visual characteristics 

associated with sourdough bread, including 

crust coloration and crumb structure, are 

often perceived as more desirable by 

consumers, leading to higher ratings for the 

control sample (Katsi et al., 2021). 

Interestingly, as the percentage of 

beetroot powder in the bread formulation 

increased, the appearance rating also 

increased. This phenomenon can result from 

the enhanced color depth and visual contrast 

provided by beetroot powder. Vivid 

coloration may attract consumers by 

presenting a unique and innovative product, 

thus increasing its aesthetic appeal (Nasir et 

al., 2020; Sahin et al., 2024). Additionally, 

incorporating vegetable powders, such as 

beetroot, can generate curiosity, particularly 

among health-conscious consumers who 

appreciate the added nutritional value. 

However, to balance this appeal with sensory 

attributes such as texture and aroma, it is 

essential that the percentage of beetroot does 

not compromise other critical factors that 

contribute to the overall sensory profile of the 

bread (Sahin et al., 2024). 

Aroma plays a crucial role in the 

sensory analysis of bread, influencing 

consumer acceptance and enjoyment. In the 

context of bread, particularly sourdough, 

aroma arises from a complex interplay of 

fermentation, Maillard reactions, and the 

biochemical activity of yeast and lactic acid 

bacteria (LAB) during leavening (Aslankoohi 

et al., 2016; Winters et al., 2019; Zolfaghari 

et al., 2017). These biochemical processes 

generate a bouquet of volatile compounds, 

including alcohols, esters, and aldehydes, 

which contribute to the characteristic flavor 

profiles that consumers expect from high-

quality bread (Heitmann et al., 2017; Mietton 

et al., 2022). Moreover, studies have shown 

that a desirable aroma profile may enhance 
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the overall sensory acceptance of a product, 

as the complexity of aroma compounds can 

elevate the perception of freshness and 

quality in baked goods (Callejo, 2011; 

Paravisini et al., 2019). 

When comparing the aroma profiles of 

sourdough bread to those of sourdough 

incorporated with beetroot powder, the 

fundamental difference lies in the presence 

and ratios of aromatic compounds produced 

during fermentation and subsequent baking. 

Typically, sourdough bread exhibits a 

stronger and more appealing aroma owing to 

the fermentation process, which produces 

more volatile compounds, such as hexanal 

and 2-nonenal, that are associated with 

positive sensory evaluations (Birch et al., 

2013; Katsi et al., 2021). In contrast, the 

incorporation of beetroot powder, 

particularly at lower concentrations, can 

introduce different aroma profiles that may be 

less acceptable to consumers. However, it has 

been observed that at moderate levels, 

beetroot powder can add complexity to the 

aroma without overpowering it. This 

preference might be linked to the balance of 

sweetness and earthy notes introduced by 

beetroot, which can complement the 

traditional sourdough aroma (Corona et al., 

2016; Moskowitz et al., 2012). 

The observation that a higher 

percentage of beetroot powder initially 

enhanced aroma ratings, while a threshold 

(approximately 15%) caused a decline in 

rating values, can be explained through 

sensory perception theory and the saturation 

point of aromatic compounds. Lower 

concentrations of beetroot powder may result 

in a pleasant additive effect, where the earthy 

sweetness of beetroot harmonizes with the 

characteristic smell of sourdough (Paravisini 

et al., 2019; Pico et al., 2017). However, 

exceeding the optimal concentration may 

overpower the inherent aromas of sourdough 

with excessively earthy and vegetal notes, 

detracting from the overall complexity 

appreciated by consumers (Haque et al., 

2020; Suha et al., 2021).  

Taste parameters in the sensory 

analysis of bread are critical for 

understanding consumer preferences and 

product acceptability. It encompasses various 

attributes, including sweetness, sourness, 

bitterness, and saltiness, which contribute to 

the overall flavor profile of bread products. 

This parameter is particularly important in 

sourdough bread, as the fermentation process 

significantly influences these sensory 

attributes owing to the activity of lactic acid 

bacteria (LAB) and yeast. LAB produce 

organic acids during fermentation, 

contributing to the sour taste characteristic of 

sourdough bread while enhancing its texture 

and nutritional quality (Zhao and Gänzle, 

2016). Consumer preferences often favor 

bread varieties with distinct tastes that align 

with personal preferences, making the tasting 

component paramount for product 

development (Škrobot et al., 2022; Supasil et 

al., 2022). 

When exploring why the taste rating of 

conventional sourdough bread was higher 

than that of sourdough bread incorporated 

with 5% and 15% beetroot powder, it is 

essential to consider the impact of beetroot's 

earthy flavor and sweetness. Studies have 

shown that the addition of beetroot powder 

may introduce off-flavors or distract from the 

typical sour notes expected in sourdough, 

potentially lowering the overall taste (Harth 

et al., 2018). Moreover, while 10% beetroot 

powder incorporation harmonizes well with 

the traditional sourdough flavor, with no 

significant departure from the sourdough 

bread control taste profile, higher 

concentrations likely overshadow the sour 

notes through excessive sweetness or earthy 

flavors, thereby diminishing consumer 

preference. 

The unique case of 10% beetroot 

powder, which reflected taste ratings similar 

to those of traditional sourdough, can be 

attributed to a balance in which the added 

sweetness complements rather than 

overwhelms the sour flavors contributed by 

LAB fermentation. This balance showcases 

how specific ingredient levels can affect 

sensory properties while maintaining 

desirable sourdough characteristics (Hanis-

Syazwani et al., 2018). Conversely, the 

inconsistent results with the 15% 

incorporation level may indicate that at this 

ratio, the earthy and sweet flavors from the 

beetroot become overwhelming, leading to 

lower product acceptance. This trend has 

been observed in other studies, where the 
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excessive incorporation of certain ingredients 

negatively impacted sensory characteristics 

(Roby et al., 2020). 

In sensory analysis, the texture of bread 

is a vital attribute that influences consumer 

preferences and overall acceptability. It 

encompasses various measurable qualities, 

such as hardness, chewiness, cohesiveness, 

and springiness, which collectively determine 

the mouthfeel and enjoyment of the product. 

The texture of bread significantly affects its 

quality and consumer appeal, as it is linked to 

the freshness, internal structure, and 

mechanical properties of the crumb, which 

are influenced by fermentation and baking 

conditions (Sidari et al., 2020). 

When comparing sourdough bread 

with varying concentrations of beetroot 

powder, it was observed that bread with 5% 

and 10% beetroot exhibited higher texture 

parameter values than traditional sourdough 

bread without additives. This can be 

attributed to the interplay between the gluten 

network and non-gluten components 

introduced by beetroot powder. The addition 

of these powders influences moisture 

retention and elasticity, softening the texture 

when used within these limits (Ani et al., 

2022). 

However, when 15% beetroot powder 

was incorporated into the formulation, the 

texture parameter values were the lowest. 

This adverse effect occurred due to excessive 

amounts of beetroot powder, leading to the 

disruption of the gluten matrix necessary for 

maintaining the structure of the bread. A 

saturation point is reached where microbial 

and enzymatic activities essential for proper 

fermentation are hindered, resulting in a less 

cohesive and more fragile crumb structure 

(Popescu et al., 2022; Raczyk et al., 2022). 

This suggests a negative impact on the 

textural integrity of bread, as high 

concentrations dilute the effectiveness of 

gluten, which is crucial for texture. 

In sensory analysis, overall 

acceptability is a critical parameter that 

reflects consumers' perceptions of a product 

based on a combination of attributes, 

including taste, aroma, texture, and visual 

appeal. This parameter is particularly 

important in the evaluation of bread, as it 

serves as an overall indicator of consumer 

preference and satisfaction, which are 

essential for successful marketability (Tafti et 

al., 2013). In this study, sourdough bread 

made solely with wheat flour typically scored 

higher in overall acceptability than 

sourdough bread incorporating beetroot 

powder because of the inherent properties of 

sourdough, which enhance flavor complexity, 

texture, and moistness. The distinct sour 

notes and improved fermentation aspects 

contribute to a more balanced sensory profile 

that is generally favored over the potentially 

overpowering flavors or altered textures 

introduced by the beetroot powder. 

Regarding the incorporation of 

beetroot powder in sourdough bread 

formulations, a 10% addition yielded the 

highest overall acceptability scores compared 

to lower (5%) or higher (15%) 

concentrations. This phenomenon can be 

attributed to the optimal balance of added 

flavor, color, and potential nutritional 

benefits, without overwhelming the bread's 

base character. Sensory assessments have 

indicated that at this concentration, the 

aroma, texture, and appearance are generally 

viewed as appealing, likely because this level 

enhances the visual appeal and flavor without 

introducing excessive earthiness or sweetness 

(Ani et al., 2022). 

The 5% formulation may not provide 

sufficient distinctive qualities of beetroot for 

consumers to appreciate its presence, leading 

to lower acceptability scores. However, at 

15%, beetroot integration may cause textural 

changes that detract from the chewy and 

satisfying qualities expected from sourdough 

bread (Babaoğlu et al., 2021). Overall, these 

findings underscore the importance of 

ingredient balance and sensory integration of 

various components in bread formulation to 

effectively cater to consumer preferences and 

optimize overall acceptability. 

 

CONCLUSION 

The incorporation of beetroot powder 

into sourdough bread significantly altered 

both the textural and sensory attributes, with 

effects proportional to the concentration used. 

Higher beetroot levels increased hardness, 

gumminess, chewiness, and stiffness due to 

the enhanced fiber content and altered gluten 
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network interactions. However, they also 

reduced springiness and, at excessive levels, 

negatively impacted the aroma, taste, and 

overall acceptability. Sensory analysis 

confirmed that 10% beetroot powder 

substitution achieved the best balance, 

offering improved color and distinctive flavor 

while maintaining a desirable sourdough 

texture and palatability. Conversely, 15% 

incorporation led to an undesirable dense 

crumb structure and reduced consumer liking. 

Therefore, for the development of functional 

bread products, moderate beetroot 

enrichment (approximately 10%) is 

recommended to optimize nutritional benefits 

without compromising quality or consumer 

preference. 
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