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ABSTRACT: Okara is a by-product of soybean processing that remains underutilized. Okara flour requires physical and
chemical modifications to improve its characteristics before it can be used in chicken nuggets. This study aims to determine the
effect of physical and chemical modifications on the functional properties of okara flour and to determine the type and
percentage of okara flour substitution on the characteristics of chicken nuggets. This research used okara flour treated with
various modifications (autoclaving, cooling, acid hydrolysis, and a combination of acid hydrolysis and autoclaving-cooling)
and applied it to a chicken nugget formulation at 5% and 10% flour substitution levels. Flour analysis results showed that
autoclaving-cooling modification tended to improve emulsion stability and oil absorption. Acid hydrolysis modification and
combination tended to increase flour emulsion stability but decreased oil absorption. The results of chicken nugget analysis
showed that physical and chemical modification affected the proximate nutritional value. The type of flour modification tends
to increase the emulsion stability of chicken nuggets but reduces water absorption. The best method, according to this study, is
chicken nuggets, using a combination of methods, such as okara flour.
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INTRODUCTION

Soybean (Glycine max L.) is a legume that can be
processed into products such as tofu, tempeh, soy milk,
and more. Processed soybean products have a distinctive
taste and texture and are high in nutritional value
(Arisandi et al, 2022). The processing of soybean
products produces soybean pulp as a solid waste, that is
not reused in Indonesia. Solid waste that is not reused can
cause serious problems for the surrounding environment,
such as unpleasant, pungent odors from the fermentation
process (Jaya et al., 2018). Okara is a by-product of the
production of soybean-derived products with high
nutritional value, namely protein, dietary fiber, fat,
minerals, monosaccharides, and oligosaccharides (Adiari
etal., 2017).

Okara is a perishable product due to its highwater content;
therefore, proper handling is required to prolong its shelf
life. One way to extend okara's shelf life is to dry and
grind it into okara flour. Wijaya et al. (2023) stated that
the protein content of okara flour is higher than that of
wheat flour, at around 24-35%. Okara flour also has a
high crude fiber content 0f 0.4-0.5% (Fransiska & Deglas,
2017). The production of okara flour involves a drying
process that can damage or alter its quality. Modifying
okara flour is needed to optimize its functional properties.
Physical and chemical modifications such as autoclaving-

cooling, acid hydrolysis, and a combination of both can
improve the functional characteristics of okara flour.

Based on research by Putri & Nita (2018), making
chicken nuggets with increased okara flour will yield a
softer, coarser texture compared to commercial chicken
nuggets. The addition of 25% okara flour to snack bar
products results in a rough, crumbly texture, making the
product less preferred (Rachmayani ef al., 2017). Okara
flour has a low starch content, so the amounts of amylose
and amylopectin will decrease, which can affect the final
product (Handarsari & Syamsianah, 2010). Research on
okara flour modified by autoclaving-cooling and acid
hydrolysis, or by a combination of both methods, has not
been conducted extensively due to limitations in prior
research. Chicken nuggets were produced using modified
okara flour to evaluate the effects on the functional
properties of okara flour and on the characteristics of the
chicken nuggets. Chicken nuggets were chosen as a food
model with a stable emulsion system. Modified okara
flour is used as a binder to increase the stability of a
chicken nugget emulsion. The purpose of this study was
to determine the effect of modification type on the
characteristics of functional properties of okara flour and
to determine the effect of modification type and
flour substitution on the

percentage of okara

characteristics of chicken nuggets produced.
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MATERIALS AND METHODS

Materials

Fresh okara samples were obtained from Loso Tofu
Factory, Semarang City. Ingredients for flour
modification are 1.35% HCI, 1% HCI, 1 N NaOH, and
distilled water. Ingredients for making chicken nuggets
included modified okara flour, chicken thigh fillet, garlic,
broth powder, salt, pepper, ice cubes, breadcrumbs, and
cooking oil. Materials for analysis include corn oil,
distilled water, H>SOy4, boric acid (H3;BO3), NaOH 45%,
HCI 0.1 N, digestion solution, n-hexane solvent, and
methyl red indicator. All chemicals used for analysis are
pro-analysis (PA) chemicals.

Modification of autoclaving-cooling

Flour was suspended in 20% (w/v) distilled water, then
packed in HDPE plastic and stored in a refrigerator at 4 °C
for 12 hours. The flour was then heated in an autoclave at
121 °C for 15 minutes and cooled to room temperature for
1 hour. The flour was stored again in the refrigerator for
24 hours. Okara flour was dried in a cabinet dryer at 50 °C
for 4 hours, ground in a blender, and sieved through a 60-
mesh sieve (250 microns) (Lehmann ef al., 2003).

Modification of acid hydrolysis

Flour was suspended 10% (b/v) in 1.35% HCI solution,
then heated on a hot plate at 80 °C for 35 minutes. The
suspension was neutralized with 1 N NaOH to a neutral
pH of 7. The suspension was then washed with distilled
water several times, the solids were dried in a cabinet
dryer at 50 °C for 12 hours, ground in a blender, and
sieved through a 60-mesh sieve (Marta et al., 2017).

Modified
autoclaving-cooling

Flour was suspended at 1:4 (b/v) in 1% HCI solution and
incubated in a waterbath at 45 °C for 24 hours. The
suspension was neutralized with 1 M NaOH and stored at

combination of acid hydrolysis and

4 °C for 24 hours. The suspension was then dried, ground,
and sieved. The flour was then suspended 1:4 (b/v) in
distilled water and heated in an autoclave at 121 °C for 30
minutes. The suspension was cooled to room temperature
for 1 hour, dried in a cabinet dryer at 50 °C for 12 hours,
ground, and sieved through a 60-mesh sieve (Ozturk et al.,
2009).

Processing Chicken Nuggets

Chicken nuggets are made by weighing all raw materials
and supporting ingredients according to a predetermined
formulation. Then the chicken meat is ground together
with garlic and ice water to facilitate pulverization in a

chopper. The next step is to mix okara flour (5% or 10%
of the weight of the chicken meat), salt, broth powder, and
pepper until a dough forms. The dough is molded and
steamed for 30 minutes, then cooled (Putri & Nita, 2018).

Sample Analysis

The analysis used on the modified okara flour samples
included emulsion stability and oil absorption capacity.
Emulsion stability analysis refers to the method of Coorey
et al. (2014).

Calculations:

total volume of emulsion after heating (mL)

ES (%) = x 100%

total volume of heated suspension (mL)
Oil absorption capacity (OAC) analysis refers to the
method Diniyah ef al. (2018). Calculations:

(c—a)—-b

0AC (%) = b

x100%
Where:

a = weight of empty tube

b = weight of sample

¢ = weight of sediment + tube

The analysis of chicken nugget samples included
proximate analysis and water-loss analysis. Proximate
analysis includes water content using thermogravimetry,
protein content using the Kjeldahl method, fat content
using the Soxhlet method, ash content using the
gravimetric method, and carbohydrate content by
difference, which refers to the method of AOAC (2005).
Water loss analysis refers to the method Jeong & Han
(2019). This analysis uses a water bath at 80 °C for 30
minutes.

Data Analysis

Test data were analyzed using the Analysis of Variance
(ANOVA) method. Data with differences between
treatments were continued with the DMRT test at the 5%
level. Data analysis using SPSS version 24.0.

RESULTS AND DISCUSSION

Emulsion Stability of Modified Okara Flour

Emulsion stability refers to the ability of an emulsion to
maintain a uniform distribution of the dispersed phase
over time (Adawiyah et al., 2021).

Figure 1 shows that the three types of flour modification
significantly increased the emulsion stability value. AH
modified flour has the highest emulsion stability value
because the use of acid will affect protein solubility.
Adding acid lowers the flour pH to neutral or close to the
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Figure 1. Emulsion stability of okara flour and modified okara flour
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Figure 2. Oil Absorption Capacity of Okara Flour and Modified

Okara Flour

Note: Control (without modification), AC (Modified autoclaving-cooling), AH
(Modified acid hydrolysis), CI (Modified combination of acid hydrolysis and
autoclaving-cooling). Different letter notations indicate significant differences

at the significance level (P<0.05).

isoelectric point, thereby decreasing protein solubility.
When the pH approaches acidic values or moves away
from the isoelectric point, protein solubility increases
(Bravo-Nuiiez et al., 2019). Increasing protein solubility
will improve flour emulsion stability. The emulsion
stability of AC-modified flour is lower than that of AH
flour. This is because the autoclave heating process
denatures proteins, resulting in peptides with lower
molecular weight (Li et al, 2019). The modified
combination is more stable than the control because this
modification involves two processes. The processes
involve lysis of cell membranes in okara flour, releasing
the trapped proteins and thereby forming a more stable
flour emulsion.

Oil Absorption Capacity (OAC) of modified okara flour
Oil Absorption Capacity (OAC) is the ability of food
ingredients to absorb and retain oil or fat (Rahmaniar et
al., 2023). OAC depends on the protein structure of the
material. The protein structure with nonpolar or lipophilic
properties will more readily absorb oil from food
ingredients.

Figure 2 shows that the three types of flour modification
affected the oil absorption ability. The AC flour has the
highest oil absorption value, presumably because the
high-temperature heating process damages the cell tissue
structure, allowing oil-containing deposits (small pores)
to be released. According to Santoso (2008), heating
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Table 1. Proximate Analysis of Chicken Nugget

Sample Moisture (%) Ash (%) Protein (%) Fat (%) Carbohydrates (%)

Control5 64.33+£0.14¢ 247+0.11¢ 1635+020° 1528=+0.34 1.58 £0.23°
Control10  66.24+0.23° 2.68+0.10° 5.75+0.35* 7.89+0.09° 17.44 £ 0.52¢
ACS 62.59+£0.12° 2.29+0.05° 19.36+036% 6.33+0.30° 9.43 £ 0.64°
ACI10 64.01 £0.22¢ 2.08+0.03° 20.17+0.36° 6.03+0.18" 7.71 £ 0.30¢
AHS 62.56+0.17° 2.28+0.08° 16.81+0.55° 14.56+0.31¢ 3.80 £ 0.50°
AHI10 61.82+0.150 2.53+0.04% 14.92+0.47° 12.79 +0.40° 7.94 +0.78¢
CIS 62.71+0.17°  1.91+0.10° 16.08+0.36° 7.56+0.17° 11.74 £ 0.29f
CI10 63.25+£0.23° 220+0.08* 16.51+0.43° 12.68+0.35° 5.36£0.32¢
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Note: Control (without modification), AC (Modified autoclaving-cooling), AH (Modified acid
hydrolysis), CI (Modified combination of acid hydrolysis and autoclaving-cooling), 5 is composition
of okara flour (5%), 10 is the composition of okara flour (10%). Different letter notations in the same
column indicate significant differences at the significance level (p<0.05) with Duncan's test.

coconut meat at high temperatures damages its cell walls,
resulting in wide-open pores that allow trapped molecules
to be released and evaporate. The AH flour has a reduced
ability to absorb oil compared to the control because the
addition of acid causes the breakdown of starch molecules,
or hydrolysis of starch into simpler sugar molecules
(Marta et al., 2017). The hydrolysis of starch molecules
into sugar molecules decreases the tendency to absorb oil,
as sugar has a more hydrophilic structure than starch. The
CI flour also showed a decrease in water absorption
ability because the hydrolysis process ruptured the starch
molecular structure and denatured proteins during heating,
leading to a loss of its tendency to absorb oil.

Proximate Analysis of Chicken Nugget

Proximate analysis of chicken nugget samples includes
moisture, ash, protein, fat, and carbohydrate content. The
proximate analysis is performed on a wet basis. The
results of the proximate analysis of chicken nuggets are
shown in Table 1.

Moisture content is the water content contained in food
ingredients, which is related to the quality of shelf life and
product quality degradation (Apriliyanti et al., 2020).
Table 1 shows that the type of modification and the
percentage of flour substitution significantly affect the
moisture content of chicken nuggets. The AC sample has
a lower moisture content than the control due to changes
in flour components that dissolve under high pressure and
temperature during the modification process (Rahmawati
et al., 2018). The percentage of flour substitution in the
AC sample showed an increase in the moisture content
value as the amount of flour increased. This is thought to
be because the increasing amount of flour will make it
easier to absorb water, and because it interacts with other

ingredients, such as chicken meat, which has a high water
content. The AH sample also showed a decrease in
moisture content compared to the control due to changes
in the molecular size of the chemical structure in flour due
to the hydrolysis, which reduced the flour's water
absorption ability (Raharja et al., 2015). The percentage
of flour substitution in the AH sample decreased the value
of water content as the amount of flour increased. This is
due to the breakdown of molecular size, resulting in low
water absorption and a low moisture content in the sample.
It is assumed that the decrease in water content in CI
samples results from changes in the structure of flour
components during acid hydrolysis and high-temperature,
high-pressure heating.

Ash is a mixture of several inorganic substances and the
residual combustion process of organic substances
contained in a food ingredient. Ash content is expressed
as the amount of mineral content produced from food
ingredients (Kristiandi et al., 2021). Table 1 shows that
the type of flour modification has a significant effect, but
the percentage of substitution does not affect the ash
content of the samples. The AC sample had a lower ash
content than the control because the high-temperature
heating process volatilizes and decomposes the ash
component (Gunorubon & Kekpugile, 2012). A higher
percentage of AC flour substitution will decrease the ash
content of the sample. This is presumably because AC
modification is a physical modification that does not leave
chemical residue, so the ash content decreases. The AH
sample had lower ash content than the -control,
presumably because the acid solution dissolved mineral
components. Increasing the AH flour substitution rate will
increase the ash content. This is because the use of an acid
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solution will still leave mineral residues that persist
during the precipitation and neutralization with NaOH, in
the form of NaCl (Polnaya et al., 2018). The CI sample
also decreased compared to the control because the
hydrolysis and heating process caused evaporation and
dissolution of the ash component. Increasing the amount
of flour will increase the ash content of the sample due to
hydrolysis, which leaves mineral residues (Faridah ef al.,
2010).

Protein content is determined by changing the nitrogen
content contained in it. Protein content testing can be done
using the Kjeldahl method. Based on Table 1, the results
show that the type of modification and the percentage of
flour substitution significantly affect the protein content
of the sample. The protein content in the 10% control
decreased as the flour substitution increased because
okara flour contains less protein than chicken flour. This
resulted in a lower protein content than with the 5% flour
substitution. The increase in protein content in AC
samples is due to damage to the matrix network structure
in flour during heating, which allows trapped protein
molecules to escape. According to Untailawam & Wijaya
(2021), the heating process at high temperature and
pressure can cause the erosion of proteins trapped in fish
bones, leading to their release from the damaged tissue
structure. The AH sample also showed an increase in
protein content due to the use of an acid solution, which
lysed cells in the flour, allowing trapped protein
molecules to escape. The use of a strong acid, such as HCI,
will cause cell wall degradation, releasing the molecules
trapped within the cell as a result of the damaged cell wall
(Rukmini & Santosa, 2019). The CI samples showed an
increase in protein content due to the involvement of two
modification processes that can release protein molecules
trapped in the damaged tissue structure.

Fat is a source of energy and has an important role in
influencing the characteristics of a food product. Fat
content testing uses the Soxhlet method. Table 1 shows
that both the type of modification and the percentage of
flour substitution affect the fat content of the sample. The
fat content in the nugget samples with 5% okara flour was
higher than in the 10% control due to the lower okara flour
proportion. As the proportion of okara flour added
increases, the fat content of the nuggets decreases because
the proportion of chicken meat used to contribute to the
fat content in the nuggets decreases. The AC sample has
the lowest fat content because lipid degradation during
heating produces smaller components that dissolve more
casily (Rosida et al, 2016). The higher AC flour

substitution rate also decreased the fat content. This is
thought to be due to the heating process, which degrades
lipids. The AH sample also decreased from both the
control and the increasing percentage of substitution. This
is because the use of strong acid HCI will hydrolyze fat.
According to Rahmawati ef al. (2019), the fat content in
fermented sago flour decreased due to the presence of
lipase enzymes that break down fat into fatty acids and
glycerol. The hydrolysis process can also be broken down
by hydrochloric acid. The use of strong acids hydrolyzes
triglyceride bonds (fat bonds) into fatty acids and glycerol.
The CI samples also showed a decrease in fat content,
presumably because both modification processes can
potentially break down fat, leading to lower fat content.

Carbohydrates are polysaccharide compounds that are the
main source of calories and play a role in determining the
physical characteristics of food ingredients (Putri et al.,
2023). Carbohydrate content can be determined using the
by-difference method. Based on Table 1, the results show
that the type of modification and the percentage of flour
substitution significantly affect the carbohydrate content
of the sample. Carbohydrate content is influenced by
other nutrients, such as moisture, protein, ash, and fat.
This is one of the causes of increases or decreases in
carbohydrate content. The AC sample shows a decrease
in carbohydrate content because the autoclaving process
ruptures starch molecules, and amylose retrogrades
during cooling. The rupture of starch molecules results in
simpler carbohydrate molecules that are easier to digest,
thereby decreasing carbohydrate levels (Mushollaeni et
al., 2021). The decrease in carbohydrate content in the
AH sample is due to carbohydrate degradation, which can
hydrolyze the protein matrix, releasing carbohydrate
granules (Haryani ef al., 2021). Carbohydrate degradation
changes carbohydrates into simpler molecules that are
easily hydrolyzed, which decreases carbohydrate levels
(Xu et al., 2021). The CI sample also decreased because
the two modification processes have an interrelated effect,
as both degrade carbohydrates into simpler molecular
components.

Water loss of chicken nugget

Emulsion stability is defined as the ability to maintain
moisture content, fat content, and meat moisture during
the cooking process (Jeong & Han, 2019). The water loss
value indicates the amount of water that comes out of the
nugget sample after the steam process.

Figure 3 shows that the type of modification and the
percentage of flour substitution significantly affected the

IFNP, Vol 23. No. 1(2026)



Research Article 16

Indonesian Food and Nutrition Progress

20 A

17.99f 17.99f

18 -
16 -
14 -
12 -
10 -

Water loss (%)

AT

0 r

15.99¢

% 5%

-10%

. AIIIHHHThhTY

Control C

o&\\\\\\\\\\\\\\\\\\\\\\\\%

Figure 3. Analysis of water loss in chicken nugget treatment

Note: Control (without modification), AC (Modified autoclaving-cooling), AH (Modified acid
hydrolysis), CI (Modified combination of acid hydrolysis and autoclaving-cooling). Different
letter notations indicate significant differences at the significance level (P<0.05).

water loss of the samples. The AC sample showed an
increase in water loss compared to the control,
presumably due to the low water absorption ability of AC
flour so that it is less able to hold water molecules during
the cooking process. A higher percentage of AC flour can
reduce water loss. The chicken nugget sample with 5%
control had a higher water loss value because it had a
lower flour proportion than the 10% control. The low
flour proportion meant it was less able to retain water
during cooking, even though the control flour had a high
water absorption capacity. This is because the heating
during nugget cooking causes the fat to melt and wrap the
product, holding the water that comes out as the amount
of flour increases (Ismanto et al., 2014). The percentage
of AH flour substitution also decreased the value of water
loss due to depolymerization due to the addition of acid
so that it changes the size and weight of the molecules and
tends to make it easier for water to enter to help stabilize
the emulsion that occurs (Dewi et al., 2012). The CI
samples also decreased as the flour substitution
percentage increased. This is thought to be because CI
flour has an emulsion stability that tends to increase,
thereby reducing water loss. The involvement of two
processes reduces water loss from the sample, so the
emulsion formed tends to stabilize. According to the
results, the modification and formulation that provides the
best stability for chicken nuggets is acid hydrolysis
modification at 10%. This result is due to reduced water
loss resulting from improved emulsion stability. The
addition of acid in the modification causes the hydrolysis

of starch, and after hydrolysis, the starch undergoes
depolymerization, which reduces its molecular weight.
Reducing the molecular weight tends to make it easier for
water to penetrate, thereby helping to stabilize the
emulsion that occurs.

CONCLUSION

Physically and chemically modified okara flour
significantly influenced functional properties and
characteristics. Autoclaving-cooling modification tended
to improve flour emulsion stability and oil absorption.
Acid hydrolysis and combination modification tended to
improve flour emulsion stability, but both decreased flour
oil absorption. Physical and chemical modification of
okara flour,
substitution,

along with the percentage of flour
significantly affected the
nutritional value and improved the emulsion stability of

proximate

chicken nuggets. Based on research, a combination
method is considered a better sampling method because it
provides results with increased proximate values and
improved nugget texture without reducing the level of
preference during organoleptic testing. Further research is
needed on total dietary fiber and soluble protein content
to determine the detailed effects on the composition of
chicken nuggets.
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