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ABSTRACT

This study evaluates the functional valorization of soy okara flour in whole wheat chapatti to enhance its nutritional quality while
maintaining sensory acceptability. Soy okara flour was incorporated at 10%, 20%, and 40% substitution levels. Sensory evaluation
identified 10% okara chapatti as the most acceptable formulation, while higher levels negatively affected texture and appearance.
The optimized chapatti showed significantly increased protein (20.14%) and dietary fibre (22.30%), along with enhanced calcium
(113.20 mg/100 g) and potassium (612.40 mg/100 g) content. The findings demonstrate that soy okara flour can be effectively
utilized at 10% substitution to develop a nutritionally enriched and functionally improved chapatti, supporting sustainable food

innovation.
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INTRODUCTION

The growing global emphasis on sustainable food
systems and functional nutrition has intensified interest
in the valorization of agro-industrial by-products for human
consumption. Soy okara, the insoluble residue generated
during soymilk and tofu production, represents a significant
underutilized by-product despite its rich nutritional
composition. It is estimated that approximately 1.2 kg of
okara is produced per kilogram of processed soybean,
contributing to substantial environmental and economic
burdens when discarded (Li et al., 2012).

Recent studies have demonstrated that the addition
of okara flour to bakery products such as biscuits
significantly improves protein and dietary fibre content,
although excessive substitution levels may negatively
impact texture and sensory attributes (Momin et al.,
2020). Similarly, Agu et al. (2023) reported that okara
incorporation enhances mineral content and overall

nutritional value in wheat-based products, while
maintaining acceptable sensory properties at optimized
levels. Furthermore, improved mineral composition,
including increased calcium content, in okara-enriched
formulations has been observed, highlighting its potential
for micronutrient fortification (Huq et al., 2021). In
addition, the use of whole wheat-based composite flours
has gained considerable attention as an effective approach
for developing functional foods with enhanced nutritional
quality, improved health benefits, and better utilization of
nutrient-rich alternative ingredients (Weerarathna and
Wansapala, 2024).

Despite growing evidence in baked products, limited
research has explored the application of soy okara in
traditional flatbreads such as whole wheat chapatti, which
remains a dietary staple in many regions. Therefore, the
present study investigates the functional valorization of
soy okara flour in whole wheat chapatti formulation,
focusing on its effects on organoleptic properties and
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biochemical composition. The study further aims to
determine an optimal substitution level that enhances
nutritional quality while maintaining consumer
acceptability, contributing to the development of
sustainable and health-promoting staple foods.

METHODOLOGY

Procurement of raw material

Soybean [Glycine max (L.) Merr.] and whole
wheat flour were procured from a local market in sector
37, Chandigarh.

Preparation of Okara Flour

The procured soybeans were manually cleaned,
sorted and soaked in potable water for 8-12 hours to
facilitate hydration and dehulling. The hydrated beans
were then wet-ground with water to form a uniform
slurry. The slurry was filtered or pressed to separate
soymilk, leaving behind the insoluble residue known as
okara. The freshly obtained okara was immediately
subjected to hot-air drying at 6070 °C for 68 hours
until a constant moisture content was achieved to prevent
microbial growth and enzymatic spoilage. Drying was
continued until the moisture content was reduced to below
10%, thereby enhancing storage stability and shelf life
The dried material was then finely milled using a
laboratory grinder to obtain a powder form. Finally, the
flour was sieved to ensure uniform particle size distribution
and stored in airtight containers under dry conditions until
further analysis and utilization.

The detailed methodology for the preparation of soy
okara flour is depicted in Fig. 1, illustrating the sequential
steps involved, including collection of fresh okara, drying
under controlled conditions, grinding into fine flour, and
subsequent storage for further use in product formulation.

Formulation of Chapatti using Okara Flour

Three formulations of chapatti were developed by
varying the proportion of soy okara flour, while chapatti
prepared from 100% whole wheat flour served as the

Table 1: Ingredients used for Preparation of Chapatti

Raw Soybean

NS
Washing and Soaking

N
Dehulling

N

Wet grinding
~

Filtration

N
Wet Okara
N
Drying in Hot Air Oven
N4
Grinding into fine powder
N
Okara

Fig.1: Flowchart of extract preparation of Clitoria
ternatea flower

control. The composite flour formulations were prepared
by substituting whole wheat flour with soy okara flour at
levels of 10%, 20%, and 40%. All formulations were
prepared under standardized conditions to ensure
uniformity and comparability of results. The ingredients
used in chapatti preparation are presented in Table 1.
The preparation procedure of chapatti is depicted
in Fig. 2, illustrating the sequential steps involved from

Ingredient (g) Control Sample 1 (10%) Sample 2 (20%) Sample 3 (40%)
Whole Wheat Flour 30 27 24 18
Okara Flour 0 3 6 12
Salt 0.3 0.3 0.3 0.3
Water 17 19 21 25
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Ingredient Weighing: Whole wheat flour, okara flour, salt, and water were accurately
measured.

AV

Control sample: A control sample was prepared using 100% whole wheat flour
without the addition of okara flour

2

Okara substituted chapatti : Okara flour was incorporated at different substitution
levels of 10%, 20%, and 40% by partially replacing whole wheat flour

Dough Preparation: Water was added gradually and the mixture was kneaded to
form a soft and uniform dough.

Resting: The dough was allowed to rest for 30 minutes to improve dough texture and
hydration.

Rolling: Dough portion was rolled into thin circular discs using a rolling pin.

Cooking: The rolled chapatis were cooked on a pre-heated griddle (tawa) until light ‘
brown spots appeared and the chapati puffed.

Cooling: The prepared chapatis were allowed fo cool before sensory evaluation and
further analysis.

Fig.2: Flowchart of the Preparation Process of Chapatti

dough formation to rolling and cooking.

Sensory evaluation

The sensory attributes of the chapattis formulated
at varying levels were evaluated using a 9-point hedonic
scale ranging from “1 = dislike extremely” to “9 = like
extremely”. A panel of 15 semi-trained members from
the Department of Foods and Nutrition, Government
Home Science College, Chandigarh was recruited to
assess key quality parameters, including appearance,
colour, aroma, texture, taste, flavour, and overall
acceptability. The samples of each formulation were
presented in a randomized order under uniform
conditions. The mean scores obtained for each attribute
were used to determine the most acceptable formulation
for subsequent biochemical analysis.

Proximate analysis and Mineral analysis

The most acceptable formulation identifies by the
sensory evaluation was subsequently selected for detailed
proximate and mineral analysis. The Proximate analysis
including dietary fibre, protein, carbohydrates, fat,
moisture, and ash content, was determined using standard
FSSAI (Cereal and Products 8.0) procedures. Protein
content was estimated by the Kjeldahl method, fat by
Soxhlet extraction, and carbohydrates were calculated
by the difference method. Moisture and ash content were
also analyzed following standard FSSAI protocols.
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Mineral analysis was performed to determine calcium
and potassium content using spectrometric methods.

RESULTS AND DISCUSSION

The sensory evaluation of chapatti formulated with
varying levels of soy okara flour (10%, 20%, and 40%)
was conducted using a 9-point hedonic scale, and the
results are illustrated in Fig. 3. A progressive decline in
sensory scores was observed with increasing substitution
levels of okara flour when compared to the control sample
(100% whole wheat flour). The control chapatti recorded
the highest overall acceptability score (8.16+0.68),
indicating strong consumer preference for the standard
formulation. Among the composite formulations, Sample
1 (10% okara) exhibited sensory attributes comparable
to the control, with high scores for taste (8.2+0.77),
appearance (8.0+0.75), and overall acceptability
(8.01£0.58), suggesting minimal impact on consumer
acceptability at lower substitution levels. Sample 2 (20%

Fig.3: Samples for Sensory Evaluation of Chapatti
prepared with varying levels of okara flour
substitution

Sensory Profile of Chapatti using Varing Levels of Okara
Flour

s C 0D O] Sample 1 (10%) e Sample 2 (20%) Sample 3 (40%)
Taste

8.7
8.2\

Overall Acceptability Appearance

Texture Aroma

Colour

Fig.4: Radar Diagram Illustrating the Sensory
Attribute Scores of Chapatti Prepared with

Varying Levels of Okara Flour Substitution
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okara) showed a moderate reduction in sensory attributes,
particularly in colour (7.46%1.64) and appearance
(7.53£0.83), resulting in a decreased overall acceptability
score (7.6+0.89). Sample 3 (40% okara) recorded the
lowest sensory scores across all evaluated parameters,
with a marked reduction in texture (6.53+0.99) and
appearance (6.53+1.35), leading to the lowest overall
acceptability (6.93+0.90). However, up to 10% substitution
level maintained sensory characteristics comparable to
the control, suggesting that limited incorporation of okara
flour can be successfully utilized without significantly
compromising consumer acceptability (Fig. 4).

Similar results were reported by Montemayor-Mora
et al. (2018) who evaluated wheat flour tortillas
supplemented with soybean residue and reported clear
trends in sensory acceptance. The results showed that
tortillas containing 5—10% soybean residue maintained
sensory scores comparable to the control, indicating good
consumer acceptability at these lower substitution levels.
Panelists did not report major differences in attributes
such as taste and overall acceptability at this range.
However, when the substitution level was increased
beyond 10%, a noticeable decline in sensory quality was
observed, particularly in texture and mouthfeel, which
affected overall acceptability.

Proximate analysis

The proximate composition of the most acceptable
chapatti formulation (10% soy okara substitution) was
compared with the control sample (100% whole wheat
flour) and the results are presented in Table 2.

Table 2 : Proximate Composition of Chapatti

Parameters (%) Control 10% substituted
Chapatti

Moisture 9.02 7.21

Ash 1.66 2.97
Protein 4.97 20.14
Crude fiber 2.02 22.30
Carbohydrate 29.60 28.42

Fat 2.32 2.49

Moisture content decreased from 9.02% in the
control to 7.21% in the 10% substituted chapatti, indicating
improved dry matter concentration in the composite
formulation. Ash content increased from 1.66% to 2.97%,
reflecting a higher mineral contribution from soy okara
flour. A substantial enhancement was observed in protein
content, which increased markedly from 4.97% in the
control to 20.14% in the fortified chapatti, demonstrating
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the high protein enrichment potential of soy okara
incorporation. Similarly, crude fiber content showed a
pronounced increase from 2.02% in the control to 22.30%
in the 10% okara chapatti, indicating significant dietary
fiber enrichment, which is beneficial for gastrointestinal
health. Carbohydrate content showed a slight reduction
from 29.60% to 28.42%, which can be attributed to the
partial replacement of wheat flour with high-fiber okara
flour. Fat content exhibited a marginal increase from
2.32% to 2.49%, likely due to the inherent lipid content
of soy okara.

Overall, the results demonstrate that incorporation
of 10% soy okara flour significantly enhances the
nutritional quality of chapatti, particularly in terms of
protein, dietary fiber, and mineral content, while
maintaining comparable macronutrient balance.

Similar results have been reported by Agu et al.
(2023) that incorporation of soy okara flour in wheat-
based biscuits significantly improved proximate
composition. Protein content increased from 6.5%
(control) to up to 12.0%, while crude fiber increased from
7.0% to 11.3% with composite flour addition. Ash content
also increased from 1.70-1.90% range, indicating higher
mineral enrichment. In contrast, carbohydrate content
decreased from about 59.2% to 56.9%, due to partial
replacement of wheat flour with fiber-rich okara. Fat
content showed minor variation across formulations.

Mineral analysis

The mineral composition of the most acceptable
Chapatti formulation (10% soy okara substitution) was
compared with the control, and the comparative values
for calcium and potassium are illustrated in Fig. 5. A

Mineral Content of Control and 10 percent substituted

700 ) Chapatti
612.4

Content (%)

100 349 2431

Calcium
10 Percent substituted chapatti

Potassium

Control

Fig.5: Graphical representation of Mineral Content of
control and 10 per cent okara flour substituted
chapatti
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marked improvement in mineral content was observed
following incorporation of soy okara flour. Potassium
content increased significantly from 34.90 mg/100 g in
the control sample to 612.40 mg/100 g in the 10%
substituted chapatti, indicating a substantial enhancement
in essential electrolyte minerals due to okara fortification.
Similarly, calcium content showed a pronounced increase
from 24.31 mg/100 g in the control to 113.20 mg/100 gin
the composite chapatti.

Conclusion

The present study systematically evaluated the
functional utilization of soy okara flour as a partial
substitute for whole wheat flour in chapatti formulation.
The findings demonstrated that incorporation of okara
flour significantly influenced both sensory and nutritional
attributes of the product. Sensory evaluation revealed
that the 10% substitution level yielded the most acceptable
formulation, exhibiting overall acceptability scores
comparable to the control, whereas higher substitution
levels (20% and 40%) resulted in a progressive decline
in organoleptic quality, particularly in terms of texture,
appearance, and overall acceptability.

Proximate analysis of the optimized formulation
indicated a substantial improvement in nutritional
composition, with notable increases in dietary fiber and
protein content, along with a corresponding reduction in
carbohydrate levels, thereby enhancing the overall dietary
value of the product. In addition, mineral analysis
confirmed a significant enrichment of calcium and
potassium in the okara-fortified chapatti compared to the
control, highlighting its potential for improving
micronutrient intake through staple food consumption.

Therefore, the findings establish that incorporation of soy
okara flour in chapatti yields a nutritionally enriched and
functionally improved staple, with significant potential to
enhance dietary protein, fiber, and mineral intakwhile
promoting the sustainable utilization of agro-industrial by-
products.
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