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ABSTRACT: The present study investigates the effects of fortifying wheat flour with a functional 

mixture of white bean protein and dried carrot powder (3:1) on the thermomechanical, chemical, 

physical, and sensory properties of biscuits. Functional mixtures were incorporated at 0%, 5%, 10%, 

15%, and 20%. Results indicated that increasing levels of the mixture enhanced water absorption and 

protein content, while reducing dough stability, development time, and gluten network formation. 

Physically, the biscuits exhibited darker coloration, increased diameter, and higher hardness, attributed 

to carotenoid pigments and fiber’s water-binding capacity. Sensory attributes, including appearance, 

taste, aroma, and overall acceptability, significantly declined with higher substitution levels due to the 

introduction of legume and vegetal flavors. The findings highlight the potential of enriching biscuits 

with plant-based proteins and fibers to improve nutritional value but also underscore the challenge of 

maintaining desirable sensory and physical properties. Results showed that enrichment biscuits by the 

functional This study provides valuable insights for optimizing functional mixtures by 5% and 10% 

gained the highest sensorial scores, suggesting its ability to produce healthy functional biscuits.  
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INTRODUCTION 

The evolving of modern lifestyles has 

brought about a rise in health issues linked to 

malnutrition, emphasizing the need for the 

development of fortified food products with 

enhanced nutritional profiles. Functional foods, 

which provide health benefits beyond basic 

nutrition, have gained significant attention due 

to their potential to address these concerns. 

These foods often contain bioactive compounds 

such as antioxidants, dietary fibers, and 

probiotics, which are associated with the 

prevention of chronic diseases, including 

cardiovascular disorders, cancer, and metabolic 

syndrome (Das et al., 2022). Moreover, 

functional foods have been shown to promote 

overall health and well-being, further supporting 

their growing demand in today’s health-

conscious society. 

Bakery products are considered one of the 

most important products that are fortified with 

functional ingredients due to their wide 

consumption by consumers of all ages in all 

countries of the world (Rawat and Indrani, 

2015). Among bakery products, biscuits are a 

widely consumed snack but are often 

nutritionally imbalanced, being high in 

carbohydrates and fats while low in essential 

nutrients like protein and dietary fiber. This has 

contributed to the need for healthier alternatives. 

The incorporation of functional ingredients, 

such as protein and dietary fiber, into wheat 

flour presents a promising strategy for 

enhancing both the nutritional and structural 

properties of biscuits. Given the rising consumer 

demand for healthier snacks, the fortification of 

wheat flour with these ingredients not only 

addresses nutritional deficiencies but also aligns 

with the trend toward functional, health-

promoting foods (Noorfarahzilah et al., 2014). 
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Wheat flour is the most commonly used base 

for biscuit production due to its ability to form a 

strong gluten network, which is crucial for 

achieving the desired structure and texture of 

biscuits. However, its relatively low protein and 

dietary fiber content limits the nutritional value 

of conventional biscuits. Protein fortification, 

particularly through plant-based proteins such as 

soy, pea, and legume proteins, has emerged as 

an effective way to enhance the protein content 

of biscuits. Increasing protein intake is associated 

with multiple health benefits, including muscle 

maintenance, improved satiety, and weight 

management (Binou et al., 2022). Protein-

enriched biscuits not only serve to address 

protein deficiencies but also meet the demand 

for high-protein snacks, particularly among 

health-conscious consumers. 

Dietary fiber fortification, on the other hand, 

offers numerous health benefits. Naturally low 

in refined wheat flour, dietary fiber is a crucial 

component for improving the health profile of 

bakery products. It is known for its role in 

promoting digestive health, regulating blood 

glucose levels, and lowering the risk of chronic 

diseases such as diabetes and cardiovascular 

conditions (Tosh and Yada, 2010). When 

incorporated into wheat flour, dietary fiber 

influences the physical properties of the dough, 

such as water absorption and dough viscosity, 

ultimately affecting the textural properties of the 

final product. Insoluble fibers, such as wheat 

bran or cellulose, contribute to improved bowel 

function, while soluble fibers like inulin help 

retain moisture and enhance the mouthfeel of 

biscuits (DI CAIRANO, 2021). 

However, the fortification of wheat flour 

with protein and dietary fiber presents technical 

challenges. Protein enrichment can disrupt the 

gluten network, leading to changes in dough 

rheology, elasticity, and extensibility, which can 

negatively affect the texture, volume, and 

overall sensory quality of biscuits (Ureta et al., 

2014). Similarly, dietary fiber’s high water-

binding capacity can increase dough hardness 

and reduce the spread ability and crispness of 

the final product. Therefore, careful optimization 

of the protein and fiber levels is essential to 

ensure that the sensory attributes of the biscuits, 

such as taste, texture, and appearance, are 

preserved while enhancing their nutritional value. 

Recent research suggests that the synergistic 

use of protein and fiber can yield improved 

functional and technological properties in bakery 

products. Protein-fiber interactions can enhance 

dough stability, reduce staling, and extend the 

shelf life of biscuits (Hedayati et al., 2022). 

Furthermore, advancements in food processing 

technologies, such as extrusion, enzymatic 

modification, and thermal treatments, have 

shown potential in mitigating the negative 

effects of protein and fiber fortification on 

dough properties, enabling the production of 

high-quality, nutrient-rich biscuits. 

Common beans (Phaseolus vulgaris) considered 

an economical and valuable source of proteins, 

accounting for 23%- 26% of dry matter. Thus 

beans have been consumed mostly in countries 

where protein energy malnutrition is predominant 

(Siddiq et al., 2022). High carbohydrate, dietary 

fibre, mineral, and vitamin contents are also 

found in the common beans (Almeida et al., 

2008). In addition, beans are rich in phytochemical 

compounds, including phenolic compounds, 

phytosterols, and oligosaccharides (Bai et al., 

2024). These phytochemicals have been confirmed 

to be associated with numerous physiological 

and health advantages, including the prevention 

of cancer, diabetes mellitus, obesity, and 

cardiovascular disease (Hall et al., 2019) 

However, besides these phytochemicals, beans 

also present antinutrients, such as enzyme 

inhibitors, phytic acids/ phytates, saponins, and 

lectins that negatively influence nutrient 

digestion and absorption (Baral, 2022). 

Carrot (Daucus carota) being a good source 

of phytochemicals (e.g., carotenoids, phenolics, 

ascorbic acid, and polyacetylenes (Ahmad et al., 

2019), is associated with reducing the risk of 

cardiovascular disease and cancer. Carrot 

(Daucus carota L.) is a nutritious root vegetable 

(seasonal crop), which is not available through 

the year. Drying the carrot could be an efficient 

way to extend its shelf-life (Giang et al., 2024). 

Carrots are known as a multinutritional food 

source and are rich in natural bioactive 

compounds, such as phenolics, carotenoids, 

polyacetylenes, and ascorbic acid (Ahmad et al., 

2019), fiber, and minerals. As a result, carrots 

can be used as a functional ingredient in any 

product to increase the biological and nutritional 

values (Turturică and Bahrim, 2021). 

https://en.wikipedia.org/wiki/Daucus_carota
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The aim of this study was to fortify wheat 

flour with white bean and carrot pomace as 

sources of protein and dietary fiber at varying 

ratios. The study evaluated the thermomechanical, 

physical, structural, and sensory properties of 

the fortified biscuits in order to optimize the 

formulation of the targeted functional biscuit. 

MATERIALS AND METHODS 

Materials 

White bean (Phaseolus vulgaris), Carrots 

(Daucus carota) and other materials including 

wheat flour (72%), eggs, sugar, salt, baking 

powder and margarine were purchased from 

local market at Zagazig, Egypt. All chemicals 

were of analytical grade obtained from sigma 

Aldrich  

Preparation of White Bean Powder (WBP) 

White bean (Phaseolus vulgaris) was purchased 

from a local market in Zagazig, Egypt. The 

beans were soaked in distilled water at 25°C for 

6 hours, boiled at 100°C for 15 minutes, 

mashed, and dried in a hot air oven at 45°C 

overnight. The dried mash was then pulverized, 

sieved (150 µm), packed in an airtight container, 

and stored at 6°C until use. 

Preparation of Carrot Powder (CP) 

Carrots (Daucus carota) were also purchased 

locally. After washing, the carrots were sliced (1 

mm), steam-treated at 70°C for 10 minutes to 

inactivate enzymes, cooled to room temperature, 

and dried at 45°C overnight. The dried slices 

were milled into powder, sieved (150 µm), 

packed in an airtight container, and stored at 

6°C until use. 

Experimental formulations  

Preliminary trials were conducted to 

optimize the ratio of white bean powder (WBP) 

to carrot pomace (CP) in developing an 

experimental composite (EC), as well as to 

determine the appropriate levels of EC 

incorporation into wheat flour. The final 

selection of experimental ratios was guided by 

the assessment of the physical and sensory 

properties of the resulting biscuits. EC consists 

of WBP: CP at ratio of 3:1. Biscuit formulations 

consist of EC: wheat flour at ratios of 0:100 

(control), 5:95 (B5), 10:90 (B10), 15:85 (B15), 

and 20:80 (B20). 

Thermo mechanical properties  

Chopin Technologies' Mixolab instrument 

was utilized to ascertain the thermo-mechanical 

characteristics. During the controlled heating 

and cooling process of mixing, this device gauges 

the consistency of the dough. During the 

measurement, the "Chopin+" protocol was applied. 

A torque of 1.1 Nm with a "C1" consistency was 

obtained by adding enough water (Rosell et al., 

2011). The program's parameters were as 

follows: 8 minutes of holding at 30°C; 4 minutes 

of heating to 90°C; 7 minutes of holding at 

90°C; 4 minutes of cooling to 50°C; and 5 

minutes of holding. This operation took forty-

five minutes in total. The following parameters 

were measured: dough development time (DT), 

dough stability time (ST), minimum torque 

produced by the dough related to protein 

weakening (C2 value), maximum torque during 

the heating stage (C3 value), minimum torque 

during the heating stage (C4 value), torque after 

cooling to 50°C (C5 value), and so on. The 

dough samples without carrot or white beans 

included are referred to as the control group. 

Biscuit preparation 

The production of biscuits follows the 

method of Juhász et al. (2020) with some 

modification. Experimental biscuit dough was 

made from a formula that contained flour (50 

g/100g), butter (25 g/100g), sugar (10 g/100g), 

and milk (15 g/100g), with EC added in amounts 

of 0 g/100g, 5 g/100g, 10 g/100g , 15 g/100g 

and 20 g/100g of the wheat flour substitute. 

Firstly, the butter and sugar/EC were mixed 

until light and fluffy, followed by the addition of 

milk. The mixture was then stirred until it became 

fluffy, after which a specified proportion of 

flour was incorporated. The dough was prepared 

by thoroughly mixing the ingredients in a 

blender under slow mixing speed for 3 min to 

form the dough, followed by fast mixing for 1 

min to form a smooth dough. Then the dough 

was placed into a circular mold and baked at 

185◦C for 20 min. The biscuits were removed 

from the oven, cooled at room temperature (25 ± 

2◦C), and conditioned into polyethylene bags.  
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Physical Characteristics of Biscuit  

Diameter (mm), thickness (mm), spread ratio 

and specific volume (ml/g) were determined as 

described in AACC (2000) methods. 

Color measurement of biscuit  

Color was measured for L* value (brightness), 

a* value (red green), and b* value (yellow blue) 

using Minolta colorimeter (Model CR-400, 

Konica Minolta Sensing, Inc., Osaka, Japan). 

Each group of 8 biscuits was measured, with 6 

points measured for each biscuit. 

Texture analysis 

The textural properties of control biscuits and 

EC fortified biscuits were determined using a 

TA-XTplus Texture Analyzer (Stable Microsystems, 

Godalming, UK). The test parameters were a 

pre-test speed of 1.0 mm/s, a mid-test speed of 

3.0 mm/s, a post test speed of 10.0 mm/s, a 

distance of 5 mm, and a triggering force of 50 g. 

Statistical Analysis  

The analytical data were analyzed using 

SPSS 16.0 software. Means and standard 

deviations were determined using descriptive 

statistics. Comparisons between samples were 

determined using analysis of one-way variance 

(ANOVA) and multiple range tests. Statistical 

significance was defined at (P≤ 0.05). 

RESULTS AND DISCUSSION 

Thermo-Mechanical Properties of the 

Wheat, White Bean and Carrot Composite 

Flour 

The impact of fortifying wheat flour with EC 

on dough thermomechanical was studied in 

terms of water absorption, dough development 

time, stability, torque values (C1–C5), and 

indicators of protein weakening and starch 

retrogradation to provide insights into the effects 

of protein and fiber incorporation on dough 

behavior (Table 1). 

Water absorption increased with higher 

incorporation levels of the functional mixture, 

rising from 55.0% in the control to 56.0% in 

B20 (Table 1). This increase can be attributed to 

the high water-binding capacity of both white 

bean protein and carrot fiber, as non-gluten 

proteins and fibers generally absorb more water 

than starch or gluten fractions (Kenny et al., 

2012). The competition for water between fiber, 

protein, and starch reduces free water availability, 

requiring additional water to achieve proper 

dough consistency. 

Dough development time decreased with 

increasing enrichment, dropping from 4.30 

minutes in the control to 3.33 minutes in B20. 

This reduction indicates that the functional 

mixture interferes with gluten network formation, 

as plant proteins and dietary fibers tend to disrupt 

gluten cross-linking by physically interacting 

with gluten-forming proteins and diluting their 

concentration (Renzetti and Rosell, 2016; 

Rosell et al., 2007). As a result, the dough 

becomes less cohesive and requires less time to 

develop. 

The stability time, reflecting the resistance of 

the dough to mechanical stress, declined 

significantly from 9.70 minutes in the control to 

3.22 minutes in B20. The weakened stability 

suggests that the structural integrity of the gluten 

network is compromised by the introduction of 

non-gluten proteins and fibers. Dietary fibers, 

particularly insoluble fibers like those in carrot 

powder, reduce gluten extensibility by absorbing 

water and creating mechanical barriers within 

the matrix. 

Protein weakening, measured by the difference 

between C1 and C2 torque, also declined with 

increased enrichment. The control dough exhibited 

the highest value (0.83 Nm), while B20 showed 

a reduction to 0.69 Nm. This decline further 

confirms that the functional mixture interferes 

with gluten development, leading to a weaker 

dough matrix. 

The maximum torque (C1), representing 

initial dough consistency, decreased from 1.27 

Nm in the control to 1.05 Nm in B20. This 

indicates that the enriched dough exhibits lower 

resistance during mixing, consistent with the 

dilution of gluten. A similar trend was observed 

for the minimum torque (C2), which reflects 

protein breakdown; it decreased from 0.44 Nm 

in the control to 0.36 Nm in B20, indicating a 

reduction in dough elasticity. 
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Table 1. Characterization of the EC-enriched biscuits 

Properties Treatments 

C B5 B10 B15   B20 

Thermomechanical properties* 

Water absorption (%) 55.0±0.2.0d 55.0±0.3d 55.5±0.2c 55.6±0.2b 56.0±0.3a 

Dough development time (min) 4.30± 0.15a 3.70 ±0.12b 3.62±0.14b 3.40±0.16c 3.33±0.11c 

Stability time (min) 9.70±0.9a 8.40±0.78b 5.52±0.86c 4.60±0.92d 3.22±0.35e 

Maximum torque (C1, Nm) 1.27±0.03a 1.21±0.02bc 1.17±0.02c 1.10±0.03bc 1.05±0.02b 

Minimum torque (C2, Nm) 0.44±0.01a 0.42±0.02ab 0.40±0.01b 0.39±0.03b 0.36±0.02c 

Peak viscosity (C3, Nm) 1.77±0.02a 1.69±0.03a 1.61±0.02a 1.54±0.04b 1.45±0.05c 

Holding viscosity (C4, Nm) 1.66±0.02a 1.64±0.04a 1.57±0.03b 1.40±0.03c 1.39±0.04d 

Final viscosity (C5, Nm) 2.31±0.09a 1.88±0.05b 1.88±0.06b 1.57±0.08c 1.24±0.11d 

Protein weakening (C1–C2, Nm) 0.83±0.02a 0.79±0.04b 0.77±0.03b 0.71±0.02c 0.69±0.03c 

Breakdown (C3–C4, Nm) 0.11±0.01a 0.05±0.02b 0.05±0.01b 0.06±0.01b 0.06±0.02b 

Setback (C5–C4, Nm) 0.65±0.04a 0.24±0.06c 0.31±0.05b 0.17±0.08d -0.05±0.0e 

Proximate composition (g/100g) (wet weight basis) 

Moisture 5.42±0.16e 5.66±0.20d 5.92±0.28c 6.16±0.18 b 6.46b±0.22a 

Protein 8.57±0.12e 8.88±0.16d 9.17±0.24c 9.42±0.18b 9.71±0.22a 

Fat 15.35±0.25a 14.58±0.26b 14.47±0.20b 13.65±0.24c 12.73±0.28d 

Ash 1.72±0.05e 1.854±0.07d 2.04±0.04c 2.25±0.06ab 2.42±0.05a 

Crude fiber 0.76±0.14e 1.07±0.12d 1.46±0.16c 1.70±0.14b 2.03±0.15a 

Soluble carbohydrates 68.18±0.24a 67.96±0.16b 66.94±0.24c 66.82±0.20d 66.65±0.18d 

Physical properties 

L* 65.78±1.4a 61.59±1.06b 60.02±1.2c 51.91±2.5d 48.39±2.8e 

a* 3.3±0.65d 6.2±0.92c 6.49±0.88c 10.65±1.6b 13.67±1.2a 

b* 30.23±0.85a 28.36±1.02b 27.82±0.94bc 25.67±0.98c 24.05±0.77cd 

Diameter (mm) 63.20±0.11e 63.62±0.09d 63.95±0.08c 64.05±0.12b 64.24±0.06a 

Thickness (mm) 8.16±0.04b 8.16±0.03b 8.18±0.05ab 8.20±0.02a 8.22±0.04a 

Spread ratio 7.48±0.04b 7.79±0.02a 7.80±0.03a 7.81±0.05a 7.82±0.02a 

Specific volume (ml/g) 2.66±0.02c 2.72±0.03b 2.72±0.01b 72.74±0.01a 72.75±0.02a 

Hardness (N) 89±04.14c 102.35±2.3b 103.49±1.4b 103.79±3.2b 114.65±4.3a 

Adhesiveness (g·cm) 0.6±0.01a 0.6±0.02b 0.3±0.02c 0.1±0.01d 0.07±0.01e 

Resilience 0.11±0.03a 0.11±0.02a 0.08±0.02b 0.04±0.001c 0.03±0.001c 

Sensory evaluation 

Appearance 9.81±0.41a 9.13±0.67b 9.11±0.15b 8.54±0.44c 8.21±0.51d 

Color 9.62±0.63a 9.24±0.12b 8.31±0.81c 8.12±0.04d 8.02±0.67d 

Taste 9.34±0.51a 9.03±0.66b 8.34±0.85c 7.15±0.69d 6.49±0.09e 

Aroma 9.48±0.91a 8.37±0.42b 7.98±0.31c 7.38±0.87d 6.75±0.70e 

Overall acceptability 9.56±0.22a 8.94±0.49b 8.43±0.26b 7.79±0.53c 7.36±0.32d 

*Thermomechanical properties were carried out on dough 

Data are expressed as mean ± standard deviation (n = 3). Values labelled with different letter in the same raw are 

significantly different (p < 0.05). 
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The peak viscosity (C3), which corresponds 

to starch gelatinization, decreased from 1.77 Nm 

in the control to 1.45 Nm in B20. This suggests 

that the added protein and fiber components 

compete with starch for water, limiting starch 

granule swelling during gelatinization. The 

holding viscosity (C4), representing the stability 

of the starch gel under heat, also decreased, 

particularly in the higher enrichment levels (1.66 

Nm for the control vs. 1.39 Nm for B20), 

indicating that the starch structure is less stable 

in enriched doughs. 

The setback value (C5–C4), a measure of 

starch retrogradation during cooling, showed a 

marked decline with increasing functional mixture 

levels, dropping from 0.65 Nm in the control to -

0.05 Nm in B20. The negative setback value in 

B20 suggests minimal or no retrogradation, 

which may improve the shelf life of the biscuits 

by reducing staling. These findings align with 

previous studies showing that fibers can inhibit 

retrogradation by interfering with starch 

reorganization (Rosell et al., 2011). 

The breakdown value (C3–C4), indicating 

the stability of the starch paste during heating, 

decreased slightly with enrichment but showed 

no statistically significant differences between 

samples B5, B10, B15, and B20. This suggests 

that the functional mixture does not severely 

compromise the thermal stability of the starch 

gel. 

Proximate composition 

The moisture content increased progressively 

from 5.42% in the control (C) to 6.46% in B20 

(Table 1). This increase is likely due to the 

higher water-binding capacity of both white 

bean protein and dietary fiber from carrot 

powder. Dietary fibers are known for their 

hydrophilic nature, which allows them to retain 

water within the dough matrix, resulting in 

higher moisture content in the final product 

(Kenny et al., 2012). Higher moisture retention 

can positively affect the softness of the biscuits 

but may also influence shelf life by promoting 

microbial growth if not properly managed. 

The protein content increased significantly 

with the addition of the functional mixture, from 

8.57% in the control to 9.71% in B20 (Table 1). 

This increase is attributed to the incorporation of 

white bean protein, which is rich in essential 

amino acids and serves as a plant-based protein 

source (Wang et al., 2020). Protein-enriched 

biscuits address consumer demand for functional 

foods with enhanced nutritional value, particularly 

for individuals seeking plant-based or high-

protein snacks. However, higher protein levels 

may also influence dough handling and texture, 

as non-gluten proteins can interfere with gluten 

network formation. 

The fat content decreased with increasing 

levels of enrichment, from 15.35% in the control 

to 12.73% in B20 (Table 1). The decline in fat 

content is likely due to the partial replacement 

of wheat flour with the functional mixture, 

which contains lower fat levels compared to 

wheat-based formulations. Reducing fat content 

contributes to the production of healthier 

biscuits, aligning with dietary recommendations 

for reducing saturated fat intake. However, the 

reduction in fat may also affect the texture and 

mouthfeel, as fat plays a crucial role in biscuit 

tenderness and flavor. 

The ash content, which indicates the total 

mineral content, increased from 1.72% in the 

control to 2.42% in B20 (Table 1). The higher 

ash content reflects the mineral contribution of 

the carrot powder, which is rich in calcium, 

potassium, and other essential minerals. Increasing 

mineral content enhances the nutritional profile 

of the biscuits, providing added value as a 

functional food. 

The crude fiber content showed a significant 

increase from 0.76% in the control to 2.03% in 

B20 (Table 1). The rise in fiber content is 

attributed to the inclusion of carrot powder, 

which contains both soluble and insoluble 

dietary fibers. Increased fiber content improves 

digestive health and contributes to satiety, 

aligning with the growing demand for high-fiber 

products (Meldrum and Yakubov, 2024). 

However, high fiber levels can also affect dough 

rheology by increasing water absorption and 

reducing dough elasticity. 

The soluble carbohydrate content decreased 

slightly with enrichment, from 68.18% in the 

control to 66.65% in B20 (Table 1). This 

reduction reflects the dilution of starch content 

due to the addition of the functional mixture, 

which contains higher proportions of protein and 
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fiber. Lower carbohydrate content contributes to 

a healthier nutritional profile by reducing the 

glycemic load, which is beneficial for 

consumers seeking products that support better 

glycemic control. 

Physical properties  

The addition of the functional mixture led to 

a significant change in the color parameters of 

the biscuits. The lightness (L)* decreased 

progressively with higher levels of enrichment, 

dropping from 65.78 in the control (C) to 48.39 

in B20. This reduction is consistent with the 

darker pigments introduced by the carrot 

powder, which contain β-carotene and other 

natural pigments known to impart color (Haq, 

Kumar, & Prasad, 2016). As the concentration 

of the functional mixture increases, the biscuit’s 

overall brightness diminishes due to both the 

inherent color of the ingredients and the 

Maillard reactions promoted by the added 

protein during baking (Table 1). 

The redness (a)* value increased from 3.3 in 

the control to 13.67 in B20, indicating that the 

biscuits became redder with higher levels of the 

mixture. Carrot powder, being rich in carotenoids, 

is responsible for the increased reddish hue. 

Similarly, the yellowness (b)* value decreased 

from 30.23 in the control to 24.05 in B20. While 

carrot powder contributes to both red and yellow 

tones, the increased protein content may have 

intensified the Maillard browning, slightly 

shifting the hue towards red at the expense of 

yellow tones (Mercer et al., 2021) (Table 1). 

The biscuit diameter increased significantly 

with higher levels of enrichment, rising from 

63.20 mm in the control to 64.24 mm in B20 

(Table 1). The addition of dietary fiber, 

especially from carrot pomace, influences dough 

viscosity, reducing resistance to flow during 

baking, which results in a greater spread 

(Martins et al., 2017). The thickness showed a 

slight but significant increase, from 8.16 mm in 

the control to 8.22 mm in B20 (Table.1), 

indicating that the enriched dough retains more 

structure during baking, possibly due to the 

higher water absorption capacity of the fibers 

and proteins. 

The spread ratio (diameter/thickness) increased 

slightly across the enriched samples, with the 

highest values recorded at B20 (7.82) compared 

to the control (7.48) (Table 1). The increase in 

spread ratio suggests that the added functional 

ingredients enhance the dough's ability to 

spread, likely due to changes in dough hydration 

and reduced gluten network strength caused by 

the added proteins and fibers (Rosell et al., 

2011). 

The specific volume of the biscuits increased 

significantly with enrichment, rising from 2.66 

ml/g in the control to 2.75 ml/g in B20 (Table 

1). The increase in specific volume may be 

attributed to the enhanced water retention and 

improved gas-holding capacity provided by the 

added proteins and fibers. Plant proteins such as 

those from legumes can incorporate air during 

mixing, contributing to a lighter texture (Wang 

et al., 2020). Additionally, the dietary fiber in 

carrot pomace may have helped retain moisture, 

preventing excessive collapse during baking, 

which results in higher specific volume. 

Hardness refers to the force required to break 

or compress the biscuit, and it increased 

significantly with higher levels of the functional 

mixture, rising from 89 N in the control (C) to 

114.65 N in B20 (Table 1). The increase in 

hardness can be attributed to the high water-

absorption capacity of dietary fiber from carrot 

powder, which limits the availability of free 

water in the dough. This results in a denser 

structure upon baking, contributing to increased 

firmness (Rathnayake et al., 2018). Additionally, 

the protein component from white bean may 

have interacted with starch, leading to the 

formation of a more rigid network that further 

enhances hardness (Zhang et al., 2021). While 

increased hardness can improve product 

stability, it may negatively affect consumer 

acceptability if the biscuits become too hard to 

bite. 

Adhesiveness, defined as the force required 

to overcome the attraction between the biscuit 

and a surface (or tongue), decreased with 

increasing levels of enrichment. It dropped from 

0.6 g·cm in both the control (C) and B5 to 0.07 

g·cm in B20 (Table 1). The reduction in 

adhesiveness suggests that the added fiber 

interferes with the formation of sticky or 

cohesive structures within the dough, likely by 

reducing moisture availability and weakening 
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gluten development (Rosell et al., 2007; Rosell 

et al., 2011). As a result, the biscuits become 

less prone to sticking, which enhances handling 

and ease of consumption. However, extremely 

low adhesiveness may affect the mouthfeel, 

reducing the perception of smoothness. 

Resilience, which measures the ability of the 

biscuit to recover its shape after compression, 

decreased from 0.11 in the control to 0.03 in 

B20 (Table 1). This decline indicates that the 

biscuits with higher levels of the functional 

mixture are less elastic and more prone to 

fracturing under pressure. The loss of resilience 

is likely related to the dilution of the gluten 

network by the added proteins and fibers, which 

weakens the dough’s structural integrity. 

Additionally, dietary fibers create a more rigid 

matrix, further limiting the dough's ability to 

recover from deformation. 

Sensory evaluation 

The appearance of the biscuits showed a 

statistically significant decrease as the level of 

the functional mixture increased (Table 1). The 

control (C) biscuits exhibited the highest score 

for appearance (9.81±0.41), which progressively 

diminished in treatments B5, B10, B15, and 

B20, with B20 showing the lowest score (8.21± 

0.51). This decline could be attributed to the 

incorporation of non-gluten proteins from white 

beans and carotenoid pigments from dried 

carrots, which altered the visual structure and 

surface texture of the biscuits. Studies indicate 

that alternative proteins often modify the visual 

uniformity and textural properties of baked 

goods, resulting in less consumer preference due 

to changes in surface smoothness and uniformity. 

Similar trends have been observed with the 

addition of legume proteins, which disrupt the 

typical gluten network, thus altering the biscuit 

structure. Color also showed a significant 

decrease with increasing substitution of the 

mixture. The control biscuit scored the highest 

(9.62± 0.63), while B20 received the lowest 

score (8.02±0.67). This reduction is likely due to 

the presence of carrot powder, which imparts an 

orange hue, altering the traditional golden-

brown color of biscuits. Carotenoids, the 

pigments in carrots, are known to intensify with 

higher concentrations, leading to a color shift 

towards darker, less preferred shades as noted in 

previous studies evaluating vegetable powders 

in baked goods (sensory). Consumers generally 

associate darker or non-traditional biscuit colors 

with less desirability, leading to lower sensory 

scores. Taste scores exhibited a sharp decline, 

with the control biscuit (C) scoring the highest 

(9.34±0.51) and B20 the lowest (6.49±0.09). 

The a ddition of bean protein, known for its 

distinct legume flavor, likely contributed to this 

reduction, especially at higher concentrations. 

Bean proteins often impart a beany or grassy 

flavor, which can be unappealing in sweet baked 

products like biscuits(sensory). Moreover, the 

presenc e of carrot powder, while potentially 

adding a subtle sweetness, could also introduce 

earthy or vegetal notes that further detract from 

the traditional biscuit flavor profile. The drastic 

decline in taste acceptability from B10 (8.34± 

0.85) to B20 (6.49±0.09) underscores the 

threshold at which the addition of functional 

ingredients becomes too dominant, overwhelming 

the preferred wheat-based flavor. Aroma 

followed a similar trend to taste, decreasing 

significantly as the level of functional mixture 

increased. The control (C) had the highest score 

(9.48± 0.91), while B20 had the lowest (6.75± 

0.70). The aroma of biscuits is typically 

associated with the Maillard reaction, which 

occurs during baking and imparts desirable 

caramelized and toasted notes. The addition of 

bean protein and carrot powder likely disrupted 

this reaction or introduced competing aromatic 

compounds, such as earthy and leguminous 

notes from the beans and the vegetal aroma from 

carrots (sensory). The sensory evaluation 

highlights the difficulty in masking these fewer 

desirable aromas in high-protein, high-fiber 

formulations. The overall acceptability, a 

comprehensive measure combining all sensory 

attributes, also significantly decreased with 

increasing levels of the functional mixture. The 

control scored the highest (9.56±0.22), followed 

by B5 (8.94±0.49), B10 (8.43±0.26), B15 (7.79± 

0.53), and B20 (7.36±0.32). This trend mirrors 

the decline in individual sensory attributes, 

indicating that while lower levels of the 

functional mixture (e.g., 5-10%) may still 

produce biscuits with acceptable sensory 

properties, higher levels (15-20%) result in 

products that are less appealing to consumers. 

Similar studies on the fortification of baked 
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goods with legume proteins and vegetable 

powders have demonstrated that while moderate 

additions can enhance nutritional value without 

severely compromising sensory quality, higher 

concentrations often result in unacceptable 

products. 

Conclusion 

The incorporation of a functional mixture 

consisting of white bean protein and dried carrot 

powder (3:1) into wheat flour, at substitution 

levels ranging from 5% to 20%, had a profound 

effect on the thermal, mechanical, chemical, 

physical and sensory properties of biscuits. The 

addition enhanced water absorption due to the 

hydrophilic properties of the fiber, while 

reducing dough stability and gluten network 

formation, resulting in a weaker and less 

cohesive dough structure. At the chemical level, 

the protein and fiber content increased, 

improving the nutritional profile, but the fat 

content decreased. At the physical level, the 

biscuits showed a darker color and increased 

hardness, driven by carotenoid pigments and 

higher water absorption. Sensory evaluations 

revealed a decrease in appearance, taste and 

overall acceptability, especially at higher 

enrichment levels, where flavors derived from 

legumes and vegetables overshadowed the 

traditional sensory attributes of biscuits, but the 

low addition ratios of 5% and 10% were the 

most acceptable among the experimental 

biscuits suggestion its suitability for producing 

functional biscuit. 

REFERENCES 

AACC (2000). Approved Method of the AACC 

10
th
 Ed., Ame. Assoc. of Cereal Chem., Paul, 

Minnesota, USA. 

AACC (2002). Approved Method of American 

Association of Cereal Chemists. 

Ahmad, T., M. Cawood, Q. Iqbal, A. Ariño, A. 

Batool, R.M.S. Tariq and S. Akhtar (2019). 

Phytochemicals in Daucus carota and their 

health benefits. Foods, 8 (9): 424 . 

Almeida, D.T., R. Greiner, D.M. Furtunado, I.N. 

Trigueiro and M.D.P.N. Araújo (2008). 

Content of some antinutritional factors in 

bean cultivars frequently consumed in Brazil. 

Int. J. Food Sci. and Technol., 43 (2): 243-

249 . 

Bai, Q., M. Li, J. Zhou, A. Imran, T.S. de Souza, 

C. Barrow and H.A. Suleria (2024). Influence 

of processing methods on phytochemical 

composition of different varieties of beans 

(Phaseolus vulgaris). Food Reviews Int., 40 

(7): 1941-1979 . 

Baral, J. (2022). Effect of processing on 

nutritionaland anti nutritional components of 

red kidney bean (Phaseolus vulgaris). Nutr. 

Dept., Dietetics Cent. Campus of Technol. 

Inst. 

Binou, P., A.E. Yanni, K. Kartsioti, A. 

Barmpagianni, P. Konstantopoulos, V.T. 

Karathanos and A. Kokkinos (2022). Wheat 

biscuits enriched with plant-based protein 

contribute to weight loss and beneficial 

metabolic effects in subjects with overweight 

/obesity. Nutr., 14 (12): 2516 . 

Das, T., T. Das and G. Ghosh (2022). Prebiotics 

and Probiotics as Functional Foods: Prospect 

and Promises in Metabolic Diseases. In 

Prebiotics, Probiotics and Nutraceuticals, 

155-186. 

DI CAIRANO, M. (2021). Formulation of gluten 

free biscuits with underexploited flours: focus 

on glycaemic index . 

Giang, N.T., L.T.T. Hang, P.P. Loan and L.T.T. 

Loan (2024). Effect of Drying Temperature 

on the Physico-Chemical Properties of Carrot 

Peel Powder. Pak. J. Agric. Res., 37: 3.  

Hall, I.J., A. Soman, J.L. Smith, A. White and A.  

Crawford (2019). Perceived risk of colorectal 

and breast cancers among women who are 

overweight or with obesity. Preventive Med. 

Reports, 14: 100845 . 

Haq, R.U., P. Kumar and K. Prasad (2016). 

Physico-chemical, antioxidant and bioactive 

changes in cortex core sections of carrot 

(Daucus carota var. Pusa rudhira). J. Food 

Measur. and Characteriz., 10: 701-708 . 

Hedayati, S., S.M. Jafari, S. Babajafari, M. 

Niakousari and S.M. Mazloomi (2022). 

Different food hydrocolloids and biopolymers 

as egg replacers: A review of their influences 



 
1042            Hammad, et al. 

on the batter and cake quality. Food 

Hydrocolloids, 128: 107611 . 

Juhász, R., P. Penksza and L. Sipos (2020). 

Effect of xylo‐oligosaccharides (XOS) addition 

on technological and sensory attributes of 

cookies. Food Sci. and Nutr., 8 (10): 5452-

5460 . 

Martins, Z., O. Pinho and I. Ferreira (2017). 

Food industry by-products used as functional 

ingredients of bakery products. Trends in 

Food Sci. and Technol., 67: 106-128 . 

Meldrum, O.W. and G.E. Yakubov (2024). 

Journey of dietary fiber along the gastrointestinal 

tract: role of physical interactions, mucus, 

and biochemical transformations. Critical 

Rev. Food Sci. and Nutr., 1-29 . 

Mercer, D.G. and D.B. Rodriguez-Amaya 

(2021). Reactions and interactions of some 

food additives. In Chemical Changes During 

Processing and Storage of Foods, 579-635: 

Elsevier. 

Noorfarahzilah, M., J. Lee, M. Sharifudin, A. 

Mohd Fadzelly and M. Hasmadi (2014). 

Applications of composite flour in 

development of food products. Int. Food Res. 

J., 21: 6. 

Rathnayake, H., S. Navaratne and C. Navaratne 

(2018). Porous crumb structure of leavened 

baked products. Int. J. Food Sci., 1: 8187318 . 

Rawat, N. and D. Indrani (2015). Functional 

ingredients of wheat-based bakery, traditional, 

pasta, and other food products. Food Rev.  

Int., 31(2): 125-146 . 

Renzetti, S. and C.M. Rosell (2016). Role of 

enzymes in improving the functionality of 

proteins in non-wheat dough systems. J. 

Cereal Sci., 67: 35-45 . 

Rosell, C.M., C. Collar and M. Haros (2007). 

Assessment of hydrocolloid effects on the 

thermo-mechanical properties of wheat using 

the Mixolab. Food Hydrocolloids, 21 (3): 

452-462. 

Rosell, C.M., C. Marco, J. García‐Alvárez and J. 

Salazar (2011). Rheological properties of 

rice–soybean protein composite flours 

assessed by Mixolab and ultrasound. J. Food 

Proc. Eng., 34 (6): 1838-1859 . 

Siddiq, M., M.A. Uebersax and F. Siddiq (2022). 

Global production, trade ,processing and 

nutritional profile of dry beans and other 

pulses. Dry beans and pulses: Prod. Proc., 

and Nutr., 1-28 . 

Tosh, S.M., and S. Yada (2010). Dietary fibres 

in pulse seeds and fractions: Characterization, 

functional attributes, and applications. Food 

Res. Int., 43 (2): 450-460 . 

Turturică, M. and G.E. Bahrim (2021). Carrot–

Application in food industry and health 

benefits–review. Innovative Romanian Food 

Biotechnol., 21: 1-21 . 

Ureta, M.M., D.F. Olivera and V.O. Salvadori 

(2014). Quality attributes of muffins: Effect 

of baking operative conditions. Food and 

Bioprocess Technol., 7: 463-470 . 

Zhang, B., D. Qiao, S. Zhao, Q. Lin, J. Wang 

and F. Xie (2021). Starch-based food matrices 

containing protein: Recent understanding of 

morphology, structure, and properties. 

Trends in Food Sci. and Technol., 114: 212-

231 . 

 

  

 

 

 

  



 
Zagazig J. Agric. Res., Vol. 51 No. (5) 2024                 1043 

 

القمح المركب مه ذقيق الوالتركيبية للبسكىيت المحضر مه  والميكاويكيه الحراريهالخصائص الفيزيائية 

 والفاصىليا البيضاء والجزر 

 الىمر محمذ ومير -سليمانمحمذ  عبذالرحمه -عادل البذويأحمذ  - حماد عبذالىاحذشريف مسعذ 

 يظز – انشقاسٍقجايعة  - انشراعةكهَة  -الأغذٍة قسى عهوو 

يةز تٍَ ان اطةونَا انضَءةا     يسةاو   اندراسةة اناانَةة انةي سراسةث تةت َزاي تةدعَى سقَةق انيًةو يفهةَن   َ ةٌ يةٍ             تهدف

  اناسةةَة نهضسةةكوٍ  انتزكَضَةث  انكًََا َةةة انًَكاََكَةث انازارٍةةث   ( عهةةي انفظةةا ض 3:1)يُسةضث   يسةاو  انزةةشر انًز ةة   

. أشاري انُتا ج إني أٌ سٍاسة يسةتوٍاي  %00   %35   %30   %5   %0تى سيج انفهطاي انو َ َة يُسضة حَث . انُاتج

 تكةوٍٍ  تطور انعزٍَ انعزٍَ   ق    ضايعشسي ايتظاص انًا   ياتوى انضز تٍَ, يع تيهَم  انًفهوط انو َ ي انًءاف

ان َشٍا َة, أ هز انضسةكوٍ  تهوٍاُةا أغًةق  قطةزاا يتشاٍةداا  طةلية أعهةي,  ٍعةشى  نة           انفواص يٍ َاحَة  شضكة انزهوتٍَ. 

اناسةَة, يًةا  ةٌ  نة  انًوهةز  انطعةى  انزا اةة         فواصانكار تَُوٍد  قدرة الأنَاف عهي رين انًا . اَف ء  ان طضغثإني 

. تسةهن انُتةا ج انءةو  عهةي     انُضاتَةث  نضيةول َكهةاي ا  تةدالم  انيضول انعاو, يشكم كضَز يةع يسةتوٍاي اتسةتضدال الأعهةي يسةض       

انضسكوٍ  يانضز تَُةاي  الأنَةاف انُضاتَةة نتاسةٍَ انيًَةة انغذا َةة  نكُهةا تًكةد أٍءاةا عهةي تاةدً انا ةا  عهةي               تدعَىإيكاََة 

د قة  %30   %5يُسةضة  ًفهوط انةو َ ي  يةان  دعىانفظا ض اناسَة  ان َشٍا َة انًزغوية. أ هةزي انُتةا ج أٌ انضسةكوٍ  انًة    

 .إَتاج يسكوٍ    َ ٌ طاٌايكاََث استفداو هذة انُس   ي حظم عهي أعهي اندرجاي اناسَة, يًا ٍشَز إني 
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