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Abstract /1
This study aimed to develop crackers by combining marine and poultry
proteins to enhance nutritional value and consumer acceptability. Crackers

were formulated using five chicken-to-fish ratios (0:100, 40:60, 50:50, 60:40, Article History

and 100:0) through standard processing methods including grinding, mixing, Received: 09 March 2026
steaming, drying, and frying. Proximate composition (moisture, protein, Accepted: 9 April 2026
fat, ash, and carbohydrate), physical properties (oil absorption, linear

expansion, and water activity), and sensory attributes were evaluated. Data Keywords

were analyzed using analysis of variance (ANOVA) followed by Duncan’s Chicken Meat:

multiple range test. The results showed that chicken substitution significantly Fish Cracker: '

(p < 0.05) influenced chemical composition, physical characteristics, and Nutritional Quality:
sensory attributes. Formulations with 50:50 and 60:40 ratios showed Product Formulation;
favorable properties, including protein content exceeding 9%, moisture Sensory Quality.

content below 10%, and moderate fat levels, in accordance with national
quality standards. These formulations also exhibited higher expansion and
lower oil absorption, indicating improved texture characteristics. Sensory
evaluation by 30 trained panelists showed higher scores for appearance,
taste, and texture in balanced formulations, which may be associated with
improved flavor balance and reduced fishy odor. In conclusion, partial
substitution of fish with chicken (40-60%) has the potential to enhance both
nutritional quality and consumer acceptability of crackers. This approach
may contribute to the development of value-added snack products and
improved utilization of locally available fish and chicken resources.
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Introduction

Indonesia is an archipelagic country with abundant
marine resources, among which fish is one of the
most widely utilized commodities. Fish serves
as an important source of animal protein and is
commonly consumed both as a main dish and as
a processed ingredient in various food products. In
addition to protein, fish provides essential nutrients,
particularly for children and pregnant women who
require high nutritional intake. Fish consumption
is recommended at least twice a week because
it supplies long-chain polyunsaturated fatty acids,
proteins, peptides, amino acids, vitamins, and
minerals."? Immunoglobulins in fish also contribute
to the body’s defense against bacterial and viral
infections. Fish lipids, especially eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), play
a crucial role in cardiovascular health and brain
development.® Fish generally contains 5-20% fat,
65—-80% water, 0.5-2% ash, and 16—-21% protein.*®
In Indonesia, various processing methods have
been developed to increase the utilization and
economic value of fish. For instance, tuna viscera
have been processed into flour for biscuit production
to address nutritional deficiencies.® while tilapia has
been utilized to produce fish oil, collagen, gelatin,
protein, and calcium concentrates.” In addition,
many communities process fish into traditional
foods, medicinal products, or dried products such
as shredded fish (abon) and crackers. Crackers are
among the most popular snack foods consumed by
people of all ages and income groups in Indonesia.?
They can be made from rice, vegetables, soybeans,
noodles, meat, or fish.® As a prominent local culinary
product, crackers hold significant potential for
industrial development. The Indonesian government
actively promotes culinary innovation to enhance
community income and expand market access at
both national and international levels.™

Crackers made from fish and tapioca flour are known
to be rich in protein and carbohydrates.!® Several
studies have explored the development of protein-
enriched crackers using different raw materials.
Substituting wheat flour with jellyfish (Lobonema
smithii) at concentrations of 20-40% has been
reported to significantly improve protein content
and consumer preference." Similarly, tilapia-based
crackers influence product appearance, color, and
aroma,'? while catfish—tapioca formulations in a
1:1 ratio have demonstrated desirable chemical
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characteristics, including 24.38% protein, 1.6% fat,
5.5% moisture, and 44.69% starch content."

Despite these advantages, fish-based crackers
are not universally preferred due to their strong
fishy odor, which negatively affects consumer
acceptance. Factors such as price, odor, taste,
appearance, and consumption intention have been
identified as determinants of low fish consumption
in Indonesia.' The characteristic odor of marine
fish primarily originates from trimethylamine and
other volatile compounds, including aldehydes,
alcohols, and ketones.'®'” Improper handling can
accelerate lipid oxidation and proteolysis, resulting
in off-flavors and quality deterioration. Various
techniques have been applied to reduce these
issues, including freezing, salting, high-pressure
processing, fermentation, defatting, and the use of
masking agents.'®

Fishy odor can also be minimized through soaking
treatments using NaCl, NaOH, sulfuric acid, or citric
acid solutions.” However, such chemical approaches
may raise safety concerns and increase production
costs. A more practical and natural alternative is
the incorporation of other protein sources, such
as chicken meat. Chicken meat provides easily
digestible protein and energy due to its low collagen
content, favorable fatty acid composition, and the
presence of B vitamins, including pantothenic acid,
thiamine, and vitamin B6.'%?' Furthermore, regular
chicken consumption has been associated with
improved blood pressure control and healthy body
weight.?? Broiler chicken meat is widely available,
affordable, and contains high-quality protein with
relatively low saturated fat and caloric content.?®

However, previous studies have predominantly
focused on fish-based crackers or single protein
sources, with very limited studies specifically
addressing the combined use of marine and
poultry proteins in cracker products, particularly in
relation to optimizing formulation ratios and their
simultaneous effects on physicochemical and
sensory characteristics. To date, no studies have
comprehensively evaluated the use of chicken
substitution as a natural strategy to reduce fishy
odor while maintaining nutritional quality. Therefore,
this study aims to evaluate the effect of different
chicken-to-fish ratios on the chemical, physical, and
sensory properties of crackers in order to identify
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formulations that improve product quality and
consumer acceptability.

Materials and Methods

Materials

The materials used were chicken breast meat
from broilers and tuna fish meat (Thunnus spp.).
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The preparation of crackers was based on SNI
2713.3:2009, which concerns the handling and
processing of fish crackers. The materials used
for making crackers are listed in Table 1, while the
nutritional quality of the raw materials is presented
in Table 2.

Table 1: Composition of Ingredients for Making Crackers

No. Nama bahan Weight
1 Tapioca flour 500 gr
2 A combination of fish and chicken 250 gr
3 Salt 7qgr

4 Flavoring 1.5¢r
5 Garlic 10 gr

Table 2: Chemical Composition And Types Of Raw Materials

Type of meat

Chemical composition (%)

Broiler meat (fillet, with bones and fat removed)

Tuna fish meat (fillet, with skin, bones, fat, and impurities removed)

Moisture:73.01
Protein: 21.56
Fat: 2.56
Ash: 1.62

Moisture: 73.87
Protein: 20.2
Fat: 2.95

Ash: 1.46

Source: personal document

Methods

Cracker Preparation Process

Grind the combination of chicken and fish meat
according to the following ratios:

Treatment 1 = chicken meat: 0%, fish: 100%
Treatment 2 = chicken meat: 40%, fish: 60%
Treatment 3 = chicken meat: 50%, fish: 50%
Treatment 4 = chicken meat: 60%, fish: 40%
Treatment 5 = chicken meat: 100%, fish: 0%

Garlic was ground and mixed with other ingredients
such as tapioca flour, salt, and flavoring.

Place the ground mixture into plastic molds for
shaping the dough.

Steam the dough until cooked at 100°C for 90
minutes. To check whether the crackers are fully
cooked, pierce the steamed dough in the center;
if the dough is elastic and no longer dense, the
steaming process can be stopped.

The cracker dough was left overnight in a refrigerator
to harden, making it easier to slice. The dough was
then thinly sliced and sun-dried for 24 hours at
30-35°C or until completely dry.

The final stage of the process was frying the crackers
using double frying, with deep-frying in hot oil at
180 + 5°C for 15-20 seconds until the crackers
expanded.
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Quality Evaluation of Crackers

Moisture

The determination of moisture content was based
on the difference in sample weight before and after
drying. First, the crucible was dried in an oven at
105 °C for 30 minutes until a constant weight was
obtained, then cooled in a desiccator for 30 minutes
and weighed. Approximately 2 g of sample was
weighed and placed into the crucible and dried in a
non-vacuum oven at 105 °C for 16—24 hours. After
drying, the crucible was cooled again in a desiccator
for 30 minutes and weighed until a constant weight
was achieved. The percentage of moisture content
(wet basis) was calculated using the following
formula.”

B C
moisture content(%) = B A X100

Where

A = weight of empty crucible (g)

B = weight of crucible + sample before drying (g)
C = weight of crucible + sample after drying (g)

Fat Content Analysis (BSN, 2006)

Fat analysis was performed using a modified solvent
extraction method. First, an empty round-bottom
flask was weighed (A g). Approximately 2 g of sample
(B) was weighed and placed into the extraction
thimble, which was inserted into the Soxhlet
extractor, and the Soxhlet apparatus was assembled
properly. Extraction was carried out using n-hexane
at 60 °C for 8 hours. After extraction, the fat—n-
hexane mixture collected in the round-bottom flask
was evaporated to dryness. The flask containing the
extracted fat was then placed in an oven at 105 °C for
approximately 2 hours to remove residual n-hexane
and moisture. Subsequently, the flask was cooled
in a desiccator for 30 minutes and weighed again
until a constant weight was obtained (C g). The fat
content was calculated using the following formula.?

C—A
Fat content (%) = 5 X 100%

Where:

A = weight of empty round-bottom flask (g)

B = weight of sample (g)

C = weight of round-bottom flask with extracted fat (g)
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Protein Analysis

Protein content was determined using a modified
Kjeldahl method consisting of three stages:
digestion, distillation, and titration. In the digestion
stage, a 100 mL Kjeldahl tube was prepared and
1 g of finely ground cracker sample was added,
followed by 15 mL of H.SOa4 and a catalyst mixture.
The sample was heated at 420 °C for approximately
2 hours until a clear green solution was obtained.
The digestion tube was then cooled and diluted
with distilled water. During the distillation stage, 20
mL of the digested solution was transferred into the
distillation unit and mixed with 20 mL of 40% NaOH
and three drops of phenolphthalein indicator, while
a blank solution was prepared using distilled water.
In the titration stage, the distillate was titrated with
0.1 N HCI until the endpoint was reached, indicated
by a color change from light green to light purple.
The protein content was calculated based on the
Kjeldahl nitrogen determination.?® The minimum
protein content required by the Indonesian National
Standard (SNI) for crackers is 5% by mass.

Ash Content Analysis

Ash content was determined by weighing the
mineral residue remaining after the sample was
incinerated in a muffle furnace at 550 °C for 8 hours.
After heating, the crucible containing the ash was
cooled to approximately 250 °C and then carefully
transferred using tongs into a desiccator to reach
room temperature before weighing. The ash content
was calculated using the following formula.?

Weight of ash

—— x100%
mass of sample

Carbohydrate Analysis

The measurement of carbohydrate content was
carried out using the by-difference method, namely
by subtracting the total percentages of moisture, ash,
protein, and fat from 100%, so that the carbohydrate
content depended on these factors. This is because
carbohydrates greatly influence the presence of
other nutrients.”

Linear Expansion
Crackers were measured for diameter before and
after frying using a 6-inch Carbon Fiber Composite
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Digital Vernier Caliper. Measurements were taken
at four different points.?* The formula for calculating
linear expansion is:

(Li — Lo)

% Linear Expansion (LE): * 100%

Where:
L, = diameter before frying
Li = diameter after frying

Frying was carried out in cooking oil at 180 + 5°C.
The surface area of the sample was measured
before frying, and then remeasured after frying. If the
sample was not perfectly straight, a thread was used
as an aid to measure the length. The comparison of
cracker surface area before and after frying was then
calculated using the formula for the area of a circle.

Sensory Analysis

The sensory analysis was conducted by referring to
the fish cracker Indonesian National Standard (SNI
2713.3:2009) using a 1-9 hedonic scoring system.
They were assessed for appearance, aroma, flavor,
texture and overall acceptability. The sensory
evaluation was accomplished by thirty semi-trained
panelists (15 males and 15 females) of age group
20-35 years. All participants had experience with
sensory evaluation and reported no sensory deficits.
To minimize intra- and inter-reviewer variability
associated with subjective scoring, all panelists
received a brief training prior to evaluation in order
that there was uniformity in their understanding
of the scoring system and evaluation criteria.
Samples were given random three-digit codes and
presented in a random order to eliminate positional
bias. Panelists were instructed to assess samples
individually and in controlled environments. Sensory
evaluation was conducted in accordance with
ethical principles for non-invasive human studies.
All panelists gave informed consent to participate;
Formal ethical approval was not required as the
study adhered to institutional ethical guidelines.

Appearance:
Score 9: Crackers are intact, neat, clean, uniform
in thickness, and have a bright whitish cream color.
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Score 1: Crackers are intact but less neat, less clean,
uneven in thickness, with a dull whitish cream color.

Odor
Score 9: strong fish aroma
Score 1: no fish aroma, musty, rancid

Taste (After Frying)
Score 9: strong fish flavor
Score 1: no fish flavor, rancid

Texture
Score 9: very dry
Score 1: moist, not crispy

Mold
Score 9: none
Score 1: present

According to the National Standardization Agency
(BSN), Indonesian National Standard (SNI) No.
8646:2018, the quality and safety requirements
for ready-to-eat shrimp crackers specify that the
minimum sensory score must be 7.

Statistical Analysis

The samples consisted of 5 treatments, each
repeated 4 times, using a Completely Randomized
Design (CRD) with a significance level of P < 0.05.
If the treatment showed a significant effect, the
data were further analyzed using Duncan's Multiple
Range Test (DMRT).

Results

All findings presented in tabular or graphical form
shall be described in this section. The data should
be statistically analyzed and the level of significance
stated. Data that is not statistically significant need
only to be mentioned in the text — no illustration is
necessary.

Discussion

Chemical Changes During Cracker Processing
The proximate composition of the crackers shows
significant variation (P < 0.05) across treatments,
confirming that substituting fish meat with chicken
has a substantial influence on the product's chemical
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properties (Table 3). The differences observed  during heating, dehydration, and frying, ultimately
through Duncan’s Multiple Range Test further  shaping the nutritional and structural characteristics
emphasize that each proportion of chicken-to-fish  of the crackers.

protein creates distinct biochemical interactions

Table 3: Chemical Composition of Crackers Produced with Different Chicken-To-Fish Meat Ratios

Treatments  Moisture Protein Fat Ash Carbohydrate
T1 9.51+0.06° 8.76+0.76° 8.57+0.43¢° 5.94+0.64° 67.22+1.08°
T2 8.52+0.31° 8.71+0.022 7.59+0.67°¢ 5.75x0.112 69.43+0.75°
T3 7.33+£0.08° 9.91+0.07¢ 8.41+0.98¢ 6.25+0.02° 68.10+0.99°
T4 8.70+0.45¢ 12.06£0.12¢ 4.56+0.64° 8.93+0.74¢ 65.75+£1.082
T5 8.37+0.06° 12.12+0.15° 4.75+0.42° 7.25+0.84¢ 67.51+£0.95°

Notes: T1 = 0% chicken: 100% fish; T2 = 40% chicken: 60% fish; T3 = 50% chicken: 50% fish; T4 = 60%
chicken: 40% fish; T5 = 100% chicken : 0% fish.

Different superscript letters within the same column indicate significant differences (P < 0.05) according to
Duncan’s Multiple Range Test (DMRT).

Table 4: Physical Quality of Crackers Produced with Different
Chicken-To-Fish Meat Ratios

Treatments Oil absorption Linear Aw

T1 0.32+0.082 20.54 +0.042 0.62+ 0.01°
T2 2.32+0.78° 40.15 £0.56° 0.62+0.02°
T3 2.40+0.85° 40.39 +0.09° 0.61+0.04°
T4 1.80+0.952 54.45+0.78° 0.62+0.08°
T5 0.50+0.212 56.07+0.65° 0.59+0.022

Notes: T1 = 0% chicken: 100% fish; T2 = 40% chicken: 60% fish; T3 = 50% chicken: 50% fish; T4 = 60%
chicken: 40% fish; T5 = 100% chicken : 0% fish.

Different superscript letters within the same column indicate significant differences (P < 0.05) according to
Duncan’s Multiple Range Test (DMRT).

Table 5: Sensory Evaluation of Crackers Produced with Different Chicken-To-Fish Meat Ratios

Treatments Taste Aroma Texture Appearance Mold Overall
acceptability

T 8.79+0.14¢° 8.65+0.24° 6.75+0.672 7.02+0.65° 8.88+0.14 8.02+0.02
T2 7.58+0.16° 7.45+0.34° 6.90+0.03° 7.45+0.32¢ 8.78+0.32 7.74+0.54
T3 7.15£0.06° 7.39+0.45° 7.64+0.02° 7.86+0.98° 8.65+0.43 7.63+0.44
T4 6.66+0.46° 5.55+0.322 8.76+0.32° 8.01+0.53° 8.56+0.01 7.51£0.43
T5 5.76+0.342 5.40£0.992 8.86+0.94° 8.45+0.54° 8.43+0.03 7.38+0.12

Notes: T1 = 0% chicken: 100% fish; T2 = 40% chicken: 60% fish; T3 = 50% chicken: 50% fish; T4 = 60% chicken: 40%
fish; T5 = 100% chicken : 0% fish.

Different superscript letters within the same column indicate significant differences (P < 0.05) according to Duncan’s
Multiple Range Test (DMRT).
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The moisture content decreased significantly
from 9.51 + 0.06% (T1) to 7.33 + 0.08% (T3) (P
< 0.05), suggesting that chicken inclusion may
enhance water loss during processing. Fish-based
formulations (T1-T2) retained more moisture due
to stronger hydrophilic interactions with myofibrillar
proteins, which form compact gels that trap bound
water during steaming. Tuna proteins, dominated
by actomyosin and collagen, coagulate rapidly and
reduce vapor permeability.?® Conversely, chicken
proteins form softer, less dense gels that facilitate
moisture evaporation and uniform drying.?’ The lower
water retention in T3—-T5 may also reflect greater
surface porosity after dehydration, thereby improving
heat transfer and reducing residual water activity.
The statistical difference between T1 and T3 (P <
0.05) suggests that chicken proteins significantly
alter water-binding dynamics, producing a drier,
more stable matrix.

Protein content increased markedly (P < 0.05) from
8.71 + 0.02% (T2) to 12.12 + 0.15% (T5). This
upward trend suggests higher protein recovery and
thermal stability in chicken-based formulations.
Chicken protein tends to retain its structural integrity
under heat, while fish protein tends to denature and
leach soluble fractions into the cooking medium.?
The presence of reactive amino acids such as lysine
and cysteine in chicken enhances crosslinking with
starch.?® Duncan analysis showed that treatments
T4 and T5 formed a separate homogeneous group
with significantly higher protein values (P < 0.05),
indicating that substitution beyond 50% consistently
elevates protein retention. The relatively similar
protein content observed between T4 and T5 may
be attributed to comparable protein contributions at
higher substitution levels, where increasing chicken
proportion beyond 60% does not substantially
increase overall protein content.

The fat content exhibited a reverse trend, decreasing
significantly from 8.57 + 0.43% (T1) to 4.56 + 0.64%
(T4) (P < 0.05). Tuna contains abundant long-chain
polyunsaturated fatty acids (PUFAs), such as
eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), which increase the measured lipid
fraction but are thermally unstable.*® During frying,
oxidized PUFAs promote oil absorption and darker
coloration. In contrast, chicken lipids are dominated
by monounsaturated and saturated triglycerides that
exhibit greater oxidative resistance. Thus, higher
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chicken proportions may result in lower fat levels
due to both reduced inherent lipid content and lower
oil uptake during frying.®'

The significant group separation between T1 and
T4 in Duncan'’s test suggests that lipid oxidation and
absorption behavior differ statistically among protein
sources. The ash content increased significantly (P <
0.05) from 5.75 + 0.11% (T2) to 8.93 + 0.74% (T4),
indicating enhanced mineral retention with chicken
substitution. Chicken meat contributes higher levels
of phosphorus, potassium, and calcium compared to
tuna.49 Moreover, mineral solubility losses are lower
in chicken-based formulations because fish muscle
fibers release more ionic salts into cooking water
during steaming.®? The Duncan grouping confirmed
that T4 was significantly different (P < 0.05) from all
other treatments, reflecting a synergistic effect of
chicken proteins and minerals that strengthen ionic
crosslinks within the starch—protein matrix, thereby
improving firmness and thermal resilience.

The carbohydrate content, calculated by difference,
ranged from 65.75 + 1.08% (T4) to 69.43 £ 0.75%
(T2), showing moderate variation but statistically
significant differences (P < 0.05) among treatments.
The highest carbohydrate value at T2 corresponds
to the optimal balance between starch and protein,
where partial substitution (40% chicken:60 %
fish) allows efficient starch gelatinization while
maintaining sufficient protein scaffolding. However,
when the protein fraction exceeded 50%, as in T4
and T5, starch expansion was limited, yielding lower
carbohydrate percentages. The Duncan analysis
grouped T2 separately from other treatments,
confirming a statistically higher carbohydrate
retention (P < 0.05).

The superior texture observed in the mixed
formulations (T3-T4) may be attributed to
interactions between chicken and fish proteins,
although this was not directly evaluated in this
study. Chicken myofibrillar proteins (myosin—actin)
form a potent elastic gel, while fish collagen and
gelatin provide flexibility and moisture retention.*!
Their interaction during heating creates a hybrid
network that acts as a protein skeleton, maintaining
snap and crispness even at low moisture levels.
Partial unfolding of myosin allows hydrogen and
hydrophobic bonding with gelatin, reinforcing
the matrix and preventing microcracks during



DARMAWAN et al., Curr. Res. Nutr Food Sci Jour., Vol. 14(2) 1047-1060 (2026)

dehydration.?*3* This hybrid structure balances
rigidity and elasticity, ensuring uniform expansion
and clean fracture upon frying. Similar inter-protein
interactions enhancing mechanical strength have
been reported in restructured fish—-meat gels.>>3¢ The
co-structured network thus stabilizes the starch-
protein framework, yielding a light yet cohesive
texture consistent with the high expansion, moderate
oil absorption, and low Aw observed in T3-T4.

Collectively, the statistical and chemical data
converge to show that moderate substitution (50—
60% chicken) produces a balanced chemical profile:
reduced moisture and fat, elevated protein and
ash, and stable carbohydrate levels. The statistical
significance across treatments (P < 0.05) validates
that each ratio induces measurable compositional
shifts rather than random variation. These changes
reflect molecular interactions—protein denaturation,
lipid oxidation control, and starch gelatinization—
that co-occur during thermal processing. The data
substantiate that optimizing the chicken-to-fish ratio
not only modifies the nutritional composition but also
governs the physicochemical stability of the product
matrix, which underpins its improved sensory and
visual qualities. These results are in agreement with
earlier studies indicating that variations in protein
source significantly influence moisture retention,
lipid stability, and protein—starch interactions during
thermal processing.

Physical Properties and Structural Dynamics
of Crackers at Different Chicken-to-Fish Ratios
The physical performance of the crackers,
particularly oil absorption, linear expansion, and
water activity (Aw), varied significantly (P < 0.05)
among treatments, indicating that differences in
chicken-to-fish ratios markedly influenced the
structural response of the product during thermal
processing (Table 4).

Oil absorption differed significantly (P < 0.05)
among treatments, ranging from 0.32 + 0.08% in
T1 to 2.40 = 0.85% in T3. Crackers made solely
from fish (T1) showed the lowest oil uptake, due to
a compact protein network formed by myofibrillar
and collagenous proteins that limited oil penetration
during frying. Similar structural constraints have been
described in protein-rich matrices where excessive
crosslinking reduces pore connectivity.>” Conversely,
intermediate formulations (T2-T3) exhibited higher
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oil absorption because partial substitution of chicken
disrupted the compact fish protein matrix, allowing
the formation of a more porous structure. This
porosity may facilitate oil migration into voids created
by vapor escape, as also reported in expanded
starch-protein systems.**¥ However, when chicken
content exceeded 60% (T4-T5), oil absorption
decreased again. The variability in oil absorption
among treatments may be influenced by differences
in pore structure and moisture distribution during
frying, which affect oil penetration into the cracker
matrix. These results suggest that oil absorption
is not solely dependent on protein ratio but also
influenced by microstructural changes during
thermal processing. The more cohesive protein
network and reduced residual moisture restricted
capillary flow, yielding denser and less permeable
structures. Statistical grouping using Duncan's test
showed that T1 and T5 did not differ significantly (P
>0.05), whereas T2-T3 formed a distinct group with
significantly higher oil uptake (P < 0.05).

Linear expansion increased markedly with higher
chicken proportions, from 20.54 + 0.04% in T1
to 56.07 + 0.65% in T5, indicating significant
differences among all treatments (P < 0.05). This
trend may reflect the functional differences between
fish and chicken proteins. Fish protein forms a rigid
gel upon heating, limiting starch swelling and vapor
expansion. Chicken protein produces a more elastic
network that allows internal vapor pressure to expand
the matrix before rupture.®4° The greater flexibility of
the chicken—starch matrix thus enhanced expansion,
resulting in lighter, more porous crackers. The
morphological changes observed visually-larger air
cells and lighter surfaces—corroborate this statistical
result. Treatments T4 and T5 formed a separate
group in Duncan's analysis (P < 0.05), confirming
that expansion increases proportionally with chicken
substitution. This expansion pattern aligns with
previous findings demonstrating that high expansion
correlates with efficient starch gelatinization
and controlled moisture loss during frying.

Water activity (Aw) showed a significant decline
(P < 0.05) from 0.623 + 0.01 in T1 to 0.587 + 0.02
in T5. This reduction suggests improved product
stability due to more complete dehydration during
processing. Fish-based formulations (T1-T2)
retained higher Aw values because of the stronger
hydrophilic binding capacity of fish proteins, which
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limits water removal.?” As chicken content increased,
the protein matrix became less hydrophilic and
more cohesive, facilitating water evaporation and
resulting in lower Aw. The lowest Aw in T5 suggests
that higher chicken ratios promote structural
consolidation and water release, producing a
physically stable product with minimal risk of
microbial spoilage. Products with Aw below 0.60
remain chemically stable during storage due to
inhibited lipid oxidation and microbial activity.*'#2

The interplay among these parameters reveals a
coherent physical mechanism. The intermediate
ratios (T3-T4) balanced the competing effects of
expansion and oil absorption-forming a structure
porous enough for desirable crispness but sufficiently
dense to prevent excessive oil uptake. Excessive
protein (T5) reduced porosity, while high fish
content (T1) suppressed expansion, producing
compact and less palatable textures. The statistical
correlations (P < 0.05) among oil absorption, linear
expansion, and Aw confirm that physical quality is
governed by the microstructural rearrangement of
the starch-protein-water system under heat stress.
This phenomenon supports prior findings that
the optimal frying behavior of composite crackers
depends on the balance between protein elasticity,
starch gelatinization, and water vapor pressure.*#
This observation supports previous findings that
optimal expansion and oil absorption are governed
by the balance between protein elasticity, starch
gelatinization, and moisture vaporization during frying.

Sensory Evaluation and Consumer Perception
Variations in the ratio of chicken to fish meat
produced perceptible differences in the sensory
attributes of the crackers, with most parameters
showing statistically significant changes (P < 0.05)
across treatments (Table 5). These differences
illustrate how the chemical composition and physical
structure jointly shape flavor, aroma, and texture
perception during mastication.

Taste emerged as the most discriminating attribute,
declining sharply from 8.79 + 0.14 in T1 (100 %
fish) to 5.76 £ 0.34 in T5 (100 % chicken). The high
acceptance of T1 may reflect the dominance of
umami-active compounds, including glutamic acid,
glycine, and inosine monophosphate, which are
naturally abundant in marine fish.*® These molecules
activate the umamireceptor T1R1/T1R3 and enhance
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mouthfeel, explaining the superior palatability of fish-
based products. However, excessive lipid oxidation
in tuna generates aldehydes and trimethylamine,
compounds responsible for the characteristic “fishy”
note that may polarize consumer response.* The
statistical grouping shows that T2 and T3, with partial
chicken substitution, significantly (P < 0.05) reduced
this intensity without eliminating the desirable
savory tone. This result demonstrates the sensory
synergy between marine and poultry proteins:
chicken contributes neutral flavor precursors and
dilutes marine volatiles, resulting in a milder but still
flavorful profile.

Aroma followed a similar pattern, decreasing
progressively with higher chicken content (P <
0.05). The high aroma score may be associated
with volatile aldehydes and ketones generated
from the oxidation of polyunsaturated fatty acids
(PUFAs) during frying.*#® While these volatiles
enhance perceived freshness at low levels, their
accumulation produces an off-odor that reduces
liking. Treatments T2 and T3 achieved significantly
better aromatic balance, as supported by Duncan's
analysis, which separated them from both extremes.
Chicken's lower PUFA fraction and slower oxidation
rate limited volatile formation, thereby stabilizing the
aroma matrix.

Texture exhibited the opposite trend: scores
increased from 6.75 + 0.67 (T1) to 8.86 + 0.94 (T5),
with significant differences (P < 0.05) among all
treatments. The panelists described the chicken-
rich crackers as lighter, crisper, and less rubbery—
an observation consistent with the higher linear
expansion and lower moisture recorded in Table
4. Chicken proteins, containing lower collagen and
more soluble sarcoplasmic fractions, may form
a more flexible network that promotes uniform
expansion and crisp fracture.® In contrast, fish
proteins coagulate rapidly, generating dense
matrices that hinder air-cell growth and result in
chewy textures.* The statistical correlation between
texture and linear expansion (r = 0.91; P < 0.01)
supports the notion that structural porosity governs
perceived crispness.

Appearance improved markedly with the substitution
of chicken, rising from 7.02 + 0.65 (T1) to 8.45 +
0.54 (T5) (P < 0.05). The enhanced visual quality
is attributed to reduced Maillard browning and



DARMAWAN et al., Curr. Res. Nutr Food Sci Jour., Vol. 14(2) 1047-1060 (2026)

lipid oxidation, producing a lighter, more uniform
surface color. Chicken's lipid profile, dominated by
monounsaturated fats, undergoes fewer oxidative
reactions than fish oil rich in EPA and DHA.*!
Consequently, crackers with higher chicken ratios
exhibited a golden-white color, a trait strongly
associated with consumer preference for fried
snhacks.’? Duncan’s analysis separated T4-T5 as a
distinct group with significantly higher appearance
scores, aligning visual appeal with chemical stability.
The mold parameter, assessing visible spoilage
or discoloration, showed no significant difference
(P > 0.05) across treatments, maintaining high
scores (8.43-8.88). This uniformity suggests that
all samples achieved adequate drying and water
activity below 0.60, which suppresses microbial
growth and pigment deterioration.*' Regarding
overall acceptability, the composite score decreased
slightly from 8.02 + 0.02 (T1) to 7.38 + 0.12 (T5),
yet Duncan's grouping revealed no significant
difference between T2 and T3 (P > 0.05). These
mid-ratio formulations integrated the umami
intensity of fish with the crispness and mildness of
chicken, achieving balanced sensory harmony. The
multivariate analysis (principal component loadings
> 0.80) identified taste and texture as the dominant
contributors to overall liking, underscoring that flavor
integration and structural crispness outweigh single-
attribute performance in determining consumer
acceptance. These findings are consistent with
recent studies showing that composite protein-based
shacks can enhance sensory balance by integrating
multiple protein sources. This leads to improved
acceptability and texture characteristics.%®5
Additionally, low water activity has been widely
reported to contribute to improved shelf stability and
microbial safety in similar food systems. %%

Collectively, the statistical evidence (P < 0.05) across
taste, aroma, texture, and appearance suggests that
compositional adjustment may influence not only the
chemical basis of flavor release but also the physical
mechanisms of perception. The intermediate
ratios (40-50 % chicken) produced the most
favorable combination of sensory cues, pleasant
aroma intensity, balanced taste, crisp texture, and
appealing appearance, suggesting that moderate
substitution may enhance acceptability through
biochemical and structural equilibrium rather than
dominance of a single raw material. Similar trends
have been reported in previous studies, where partial
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substitution of protein sources improved sensory
acceptability by reducing undesirable odors while
maintaining desirable flavor and texture attributes.

Conclusion

This study suggests that variations in chicken-to-fish
ratios influence the chemical, physical, and sensory
characteristics of crackers. Moderate substitution of
fish with chicken (40-60%) was associated with more
balanced formulations, including favorable protein
content, lower moisture, reduced oil absorption,
and greater linear expansion. These changes may
contribute to improved crispness, lighter appearance,
and higher sensory scores without compromising
overall product quality. From a scientific perspective,
these findings highlight the role of protein—starch
interactions in determining the structural and
functional properties of composite crackers.
From an industrial perspective, the incorporation
of chicken meat offers a practical strategy for
improving product acceptability while utilizing
locally available marine and poultry resources.
Further studies are recommended to explore
microstructural characteristics and shelf-life stability
to better understand the underlying mechanisms
and long-term quality of the developed products.
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