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Abstract

The present study aimed to develop protein-enriched muffins by incorporating walnut okara powder, a
nutrient-rich by-product of walnut milk processing, as a partial replacement for refined wheat flour.
Composite flours were prepared by substituting refined wheat flour with walnut okara powder at 10%,
20%, 30%, and 40% levels, and their functional properties were evaluated. Muffins were analyzed for
physical, textural, proximate, and sensory characteristics. Incorporation of walnut okara significantly (p
< 0.05) reduced the moisture content and bulk density of composite flour while increasing ash content,
water absorption capacity, and oil absorption capacity. The fortified muffins exhibited improved
crumb-to-crust ratio, specific volume, and nutritional quality compared with the control. Sensory
evaluation indicated that muffins containing 20% walnut okara powder achieved the highest overall
acceptability and were comparable to the control in terms of colour, texture, and appearance. The
findings demonstrate that walnut okara powder can be effectively used as a sustainable functional
ingredient to produce protein-enriched muffins, with 20% substitution providing the optimal balance
between nutritional enhancement and sensory acceptability.
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1. Introduction

Bakery products are among the most popular ready-to-eat foods due to their convenience,
affordability and sensory appeal. Among these, muffins are widely accepted because of their
soft texture, pleasant flavour and ease of consumption. However, conventional muffins made
with refined wheat flour are generally rich in carbohydrates and fat but comparatively low in
dietary fibre, protein, and micronutrients [, Therefore, increased consumer awareness of
healthy diets has encouraged the development of functional bakery products by incorporating
nutrient-rich ingredients > - Walnut (Prunus dulcis) is recognized as an excellent source of
high-quality protein, dietary fibre, unsaturated fatty acids, vitamin E and essential minerals,
making it an important functional food ingredient .. The growing demand for plant-based
beverages has substantially increased walnut milk production, generating walnut okara, an
insoluble by-product left after milk extraction. Although walnut okara is rich in protein, fibre
and lipids, it is often discarded or utilized as low-value animal feed, creating environmental
concerns [

The utilization of food processing by-products as functional ingredients has gained
considerable attention as a sustainable strategy for reducing food waste and producing value-
added foods 1. Okara has been reported to improve the nutritional and functional quality of
bakery products due to its high dietary fibre and protein content. Recent studies have
demonstrated that incorporating okara and walnut flour into bakery products produces
products with acceptable sensory properties, highlighting their potential as functional
ingredients in baked foods 7} Soy okara has been successfully incorporated into cookies,
bread and muffins; however, information regarding the application of walnut okara in muffin
formulations remains limited. Considering its favourable nutritional composition and
functional properties, walnut okara offers considerable potential as a sustainable ingredient
for the development of protein-enriched bakery products while promoting the valorization of
walnut processing by-products.
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Therefore, the present study aimed to develop muffins
fortified with walnut okara powder by partially replacing
refined wheat flour at different substitution levels and to
evaluate their physicochemical, functional, textural, and
sensory characteristics to determine the optimum level of
incorporation.

Materials and Methods

Raw materials

Walnuts, refined wheat flour, sugar, butter, eggs, baking
powder, vanilla essence and other ingredients required for
muffin preparation were procured from the local market of
Hisar, Haryana, India. All chemicals and reagents used were
of analytical grade.

Preparation of walnut okara powder

Walnuts were soaked overnight, manually peeled and
blended with water (1:3, w/v). The slurry was filtered
through muslin cloth to separate walnut milk from walnut
okara. The obtained okara was dried in a hot-air oven at 60
+ 2 °C until constant weight, ground into fine powder and
sieved through a 60-mesh sieve before storage in airtight
containers (141

Preparation of composite flour and muffins

Composite flour was prepared by replacing refined wheat
flour with walnut okara powder at 0% (A), 10% (B), 20%
(C), 30% (D), and 40% (E) levels. Muffins were prepared
using the conventional creaming method as described by 8
with slight modifications. Butter and sugar were creamed
until light and fluffy, then eggs and vanilla were added.
Composite flour mixed with baking powder was gradually
incorporated into the batter. The batter was poured into
muffin molds and baked at 180 + 5 °C for 20-25 min. The
baked muffins were cooled to room temperature and packed
in polypropylene pouches for further analysis.

Functional properties of composite flour

Moisture content, ash content, bulk density, water
absorption capacity (WAC) and oil absorption capacity
(OAC) of composite flour were determined according to
standard AOAC methods [® Functional properties were
evaluated following the procedures described by [0

Physical properties of muffins

The specific volume and crumb-to-crust ratio of muffins
were determined using standard methods. Specific volume
was measured by the rapeseed displacement method
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described by 1)

Proximate composition

Moisture, ash, crude protein, crude fat, crude fibre and
carbohydrate contents of muffins were determined
according to the standard methods of the Pl Carbohydrate
content was calculated by difference, while energy value
was estimated using Atwater conversion factors.

Texture profile analysis

Texture profile analysis (TPA) was carried out using a
texture analyzer to determine hardness, cohesiveness,
springiness, chewiness, gumminess and resilience according
to the procedure described by [

Sensory evaluation

Sensory evaluation was conducted using a semi-trained
panel comprising 30 members. Samples were evaluated for
colour, appearance, flavour, taste, texture and overall

acceptability using a 9-point hedonic scale as described by
[13].

Statistical Analysis

All experiments were performed in triplicate. Data were
expressed as mean + standard deviation and analyzed by
one-way analysis of variance (ANOVA). Significant
differences among treatment means were determined using
Duncan's Multiple Range Test (DMRT) at p < 0.05 in SPSS.

Results and Discussion

Functional properties of composite flour

The functional properties of composite flour are presented
in Table 1. Incorporation of walnut okara powder
significantly (p < 0.05) affected all functional properties of
the composite flour. Moisture content and bulk density
decreased with increasing levels of walnut okara, whereas
ash content, water absorption capacity (WAC) and oil
absorption capacity (OAC) increased. The reduction in
moisture content may improve storage stability, while the
higher ash content reflects the mineral-rich nature of walnut
okara. Increased WAC and OAC can be attributed to the
high dietary fibre and protein contents of walnut okara,
which enhance water and oil binding capacity and improve
batter functionality. Similar trends have been reported for
okara-enriched bakery products and other fibre-rich
composite flours [ 14 These findings indicate that walnut
okara can effectively improve the functional properties of
composite flour and its suitability for bakery applications.

Table 1: Physicochemical properties of composite flour

Treatments Moisture content (%) Ash content (%) Bulk density(g/ml) WAC(g/9) OAC (g/9)
A 13.04+0.08° 0.81+0.022 0.53+0.01¢ 0.56+0.012 0.58+0.012
B 12.660.07¢ 0.98+0.02° 0.51+0.01¢ 0.57+0.00° 0.61+0.00°
C 10.62+0.03° 1.18+0.01° 0.46+0.01° 0.59+0.02° 0.63+0.00°
D 8.61+0.03" 1.40+0.01¢ 0.43+0.01° 0.63+0.01¢ 0.65+0.01¢
E 6.44+0.06% 1.58+0.02¢ 0.41+0.01° 0.66+0.01¢ 0.67+0.01°

Where, A = control muffins; B = muffins with 10% incorporation of okara; C = muffins with 20% incorporation of okara; D = muffins with
30% incorporation of okara; E = muffins with 40% incorporation of okara

crumb-to-crust ratio and specific volume increased
progressively with increasing levels of walnut okara
powder. The crumb-to-crust ratio increased from 3.09:1 in

Physical properties of muffins
The effect of walnut okara powder incorporation on the
physical properties of muffins is presented in Table 2. The
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the control to 4.18:1 in muffins containing 40% walnut
okara, indicating improved crumb development. Likewise,
the specific volume increased significantly (p < 0.05) from
1.56 to 1.90 mL/g as substitution levels increased. The
improvement in these parameters may be attributed to the
higher protein and dietary fiber contents of walnut okara,
which enhance batter viscosity and gas retention during
baking, resulting in improved expansion and crumb
formation. Similar improvements in specific volume and
baking quality following okara incorporation have been
reported by [ 151 Comparable observations for bakery
products enriched with functional ingredients were also
reported by ® and [*61. These findings demonstrate that
walnut okara positively influences muffin structure and
improves physical quality without adversely affecting
product characteristics.

Table 2: Physical properties of muffins
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okara. The improvement in protein and fat contents is
attributed to the naturally high protein and lipid composition
of walnut okara, thereby enhancing the nutritional quality of
the muffins. Similar increases in protein and mineral
contents following okara incorporation have been reported
14 These findings demonstrate that walnut okara can
effectively improve the nutritional value of muffins without
compromising product quality.

3.4 Texture profile analysis

The textural properties of muffins fortified with walnut
okara powder are presented in Table 4. Incorporation of
walnut okara significantly (p < 0.05) influenced the texture
profile of muffins. Compared with the control, muffins
containing walnut okara exhibited reduced hardness and
chewiness, indicating a softer crumb structure.

Table 3: Proximate composition of control and optimized muffins

Treatment Crumb to crust ratio Specific Volume Parameter Control Optimized muffins (20% AOP)
A 3.091:1 1.56+0.01?2 Moisture (%) | 20.81 £ 0.15° 19.79 + 0.022
B 4.020:1 1.65+0.01° Ash (%) 0.77 £ 0.022 2.82 £0.02°
C 4.080:1 1.72+0.02° Protein (%) | 10.85 £ 0.092 14.81 +0.13"
D 4.120:1 1.81+0.024 Fat (%) 18.38 £ 0.26* 22.89 +0.09>
E 4.180:1 1.90+0.01¢

Where, A = control muffins; B = muffins with 10% incorporation
of okara; C = muffins with 20% incorporation of okara; D =
muffins with 30% incorporation of okara; E = muffins with 40%
incorporation of okara

3.3 Proximate composition of optimized muffins

The proximate composition of the optimized muffins is
presented in Table 1. Incorporation of 20% walnut okara
significantly (p < 0.05) affected the chemical composition
of the muffins. Moisture content decreased slightly, whereas
ash, protein and fat contents increased significantly
compared with the control. The lower moisture content may

The decrease in hardness may be attributed to the higher
water absorption capacity and dietary fibre content of
walnut okara, which improved moisture retention within the
muffin matrix. In contrast, cohesiveness and resilience
increased with increasing levels of walnut okara, suggesting
enhanced internal bonding and structural integrity of the
crumb, while springiness showed only minor variation
among the formulations. Similar improvements in the
textural characteristics of bakery products enriched with
okara and other fibre-rich ingredients have been reported by
[14, 15, 18] These findings indicate that walnut okara can be
successfully incorporated into muffins to improve textural

contribute to improved storage stability, while the increased quality ~ while  maintaining  desirable  structural
ash content reflects the higher mineral content of walnut characteristics.
Table 4: Texture analysis of muffins
Treatment Hardness (g) Springiness Cohesiveness Resilience
A 305.67 £0.71¢ 0.87+0.012 0.56 +0.01° 0.41+0.012
B 280.23 +0.51¢ 0.96 +0.01b 0.83+0.01b 0.49 +0.01¢
C 255.17 £ 0.49¢ 0.99+0.01¢ 0.85+0.01¢ 0.48 +0.01b
D 196.50 + 0.66Y 0.98+0.01¢ 0.88+0.01¢ 0.50 +0.01¢
E 119.63 £ 0.40 0.97+0.01¢ 0.92+0.01¢ 0.52+0.01¢

Where, A = control muffins; B = muffins with 10% incorporation of okara; C = muffins with 20% incorporation of okara; D = muffins with
30% incorporation of okara; E = muffins with 40% incorporation of okara

Sensory analysis

The sensory attributes of muffins prepared with different
levels of almond okara powder are presented in Table 4.10.
Sample C (20% almond okara) received the highest overall
acceptability score (7.91), comparable to the control, with
desirable colour, appearance, taste, and texture. Sensory
scores declined with increasing levels of almond okara,
particularly beyond 30% substitution, due to reduced taste,

texture, and overall acceptability. Although fibre enrichment
slightly increased hardness, muffins containing up to 30%
almond okara remained acceptable. These findings indicate
that 20% almond okara is the optimum substitution level,
producing nutritionally enriched muffins with good sensory
quality. Similar observations have been reported by M who
found that moderate dietary fibre incorporation did not
adversely affect the sensory quality of muffins.
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Table 5: Sensory scores of muffins prepared with different levels of walnut okara powder

Treatment Taste Appearance Texture Colour Overall acceptability
A 8.22 £0.22¢ 8.11 £0.204 7.66 £0.334 7.77 £0.274 7.94 +0.25¢
B 6.66 = (0.23¢ 6.55+0.33¢ 6.88 + 0.26° 6.33 £0.23¢ 6.66 £ 0.26°
C 7.77+0.27¢ 8.11 £0.20¢ 7.77+0.27¢ 8.00 £ 0.23¢ 7.91£0.19¢
D 5.77 £ 0.22b 5.66 +0.23b 5.66 +0.16° 5.66 +0.16° 5.68 £0.19°
E 5.11 £0.26 4.88 +0.262 4.66 +0.232 4.55+0.242 4.80+£0.242

Where, A = control muffins; B = muffins with 10% incorporation of okara; C = muffins with 20% incorporation of okara; D = muffins with
30% incorporation of okara; E = muffins with 40% incorporation of okara
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Fig 1: Sensory analysis of muffins substituted by walnut okara
Conclusion 1785.

The present study demonstrated that walnut okara powder
can be successfully utilized as a sustainable functional
ingredient for the development of protein-enriched muffins.
Incorporation of walnut okara significantly improved the
functional properties of composite flour by increasing ash
content, water absorption capacity, and oil absorption
capacity while reducing moisture content and bulk density.
Fortified  muffins  exhibited  enhanced  physical
characteristics, improved protein and mineral contents, and
desirable textural properties. Although higher substitution
levels (30-40%) adversely affected sensory quality, muffins
containing 20% walnut okara powder achieved the highest
overall acceptability while providing superior nutritional
value. Therefore, 20% walnut okara powder can be
recommended as the optimum substitution level for
producing nutritionally enriched muffins with desirable
physicochemical, textural, and sensory characteristics. The
use of walnut okara also offers an effective approach to
value-add to walnut processing by-products, contributing to
waste reduction and sustainable food product development.
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