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Abstract: To address the high prevalence of stunting among toddlers in the Lima
Puluh Kota district, this study aimed to formulate and characterize catfish (Pangasius
sp.) nuggets enriched with soybean flour (Glycine max) as a sustainable, nutrient-
dense supplementary food. Using a completely randomized design (CRD), four levels
of soybean flour incorporation were evaluated: FO (0%), F1 (15%), F2 (20%), and F3
(25%). Nutritional quality was assessed through proximate analysis and Atomic
Absorption Spectrophotometry (AAS) for minerals, while sensory attributes (color,
aroma, taste, and texture) were evaluated by 25 semi-trained panelists using a
hedonic scale, followed by Kruskal-Wallis and Mann-Whitney tests. Results indicated
that formula F3 (25% soybean flour) was the most preferred formulation, achieving
the highest median acceptance score of 24 out of 28, with significant differences
observed in aroma, taste, and texture (p < 0.05). Chemical analysis of F3 revealed a
composition of 11.26% protein, 24.50 mg/100 g iron, and 2.46 mg/100 g zinc,
fulfilling the regional regulatory criteria for "high iron" claims. These findings
demonstrate that integrating 25% soybean flour into catfish nuggets successfully
enhances micronutrient density while maintaining organoleptic acceptability.
Consequently, this formulation holds strong potential as an intervention food for
stunting prevention; however, future longitudinal clinical trials are warranted to

evaluate its actual bioefficacy on the anthropometric indices of stunted children.

Introduction
Stunting is a manifestation of chronic growth failure
resulting from an accumulation of prolonged nutritional
deficiencies, typically occurring from pregnancy until the
age of 24 months (1). This condition is often exacerbated
by a lack of adequate catch-up growth during the critical
first 1,000 days of life (2-4). Globally, the prevalence of
stunting was recorded at approximately 22.2% in 2017,
affecting 150.8 million children, with Asia contributing to
55% of this burden (5, 6). In Lima Puluh Kota Regency,
where baseline stunting rates have historically exceeded
national targets due to localized dietary gaps in
micronutrient-dense  complementary foods, targeted
interventions are critical (7, 8). Given that stunting can be
mitigated by increasing the intake of high-quality protein,
iron (Fe), and zinc (Zn) (9, 10), the development of
nutrient-dense food alternatives remains a high priority for
public health improvements in this region.

Traditional approaches to supplementary feeding
have explored various protein-rich products, including

nuggets made from tuna or chicken (11-13). While these
interventions have demonstrated potential in increasing
caloric and protein intake, many existing formulations do
not specifically optimize the density of essential
micronutrients like iron and zinc required for optimal
skeletal and cognitive development in stunted toddlers.
Furthermore, single-ingredient fish  products may
occasionally lack the balanced mineral profile or functional
structural properties required to maintain optimal texture
and sensory appeal for young children (14). Consequently,
there is a clear need to develop composite food matrices
that balance both micronutrient density and consumer
acceptability.

To address these limitations, this study proposes a
composite matrix leveraging the synergy between local
catfish (Pangasius sp.) and soybean flour (Glycine max).
Catfish is highly aquaculture-resilient and widely accessible
in the Lima Puluh Kota region, offering a cost-effective
source of high-biological-value animal protein and lipids
that promote nutrient absorption (15, 16). Concurrently,
soybean flour acts as a potent plant-based fortificant,
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providing a dense source of non-heme iron and zinc that
structurally complements fish-based proteins (17). This
specific plant-animal synergy offers an affordable,
culturally familiar alternative to expensive marine fish,
maximizing local supply chains for sustainable
intervention.

Despite the potential of such food-based strategies,
empirical data regarding the optimization of composite
catfish and soybean matrices remain limited, particularly
concerning compliance with specific mineral-density
regulatory standards. Therefore, the primary objective of
this investigation is to determine the optimal ratio of
catfish to soybean flour. By systematically evaluating the
organoleptic quality and chemical composition across
varying concentrations, this study aims to resolve the
trade-off between nutritional fortification and sensory

preference, providing a viable formula for stunting
prevention.
Methodology

Study Design and Location

This study employed a laboratory-based experimental
design utilizing a Completely Randomized Design (CRD)
with two independent analytical replications per batch. To
ensure analytical precision and minimize experimental
error, all down-stream proximate and mineral
characterizations were executed in analytical triplicates for
each batch, and the resulting mean values were utilized for
statistical testing.

The research was conducted between April and
December 2021. The formulation and sensory evaluations
were carried out at the Food Administration Nutrition
Laboratory, Faculty of Public Health, Andalas University.
Subsequent chemical and micronutrient analyses were
performed at the Non-Ruminant Nutrition Laboratory
(Faculty of Animal Husbandry) and the Water Laboratory
(Faculty of Engineering), Andalas University.

Preparation of Soybean Flour

Yellow soybeans were manually sorted to remove
impurities and defective seeds. The selected soybeans
were soaked in water for 3 h to increase moisture content
and facilitate heat conductivity, followed by a blanching
process for 10 min to inactivate the lipoxygenase enzyme
responsible for the beany flavor. After draining, the
soybeans were dried in an oven at 60 °C for 24 h. The
dried soybeans were then milled and passed through a
100-mesh sieve to obtain fine soybean flour.

Formulation and Preparation of Nuggets

Four nugget formulations were developed by substituting
wheat flour with varying concentrations of soybean flour:
FO (0% substitution; control comprising 100 g wheat flour),
F1 (15 g soybean flour, 85 g wheat flour), F2 (20 g soybean
flour, 80 g wheat flour), and F3 (25 g soybean flour, 75 g
wheat flour). The core dough for all formulations
contained 300 g of minced fresh catfish meat, 50 ml of ice
water to maintain protein stability during blending, 1 egg,
15 g of salt, 5 g of pepper, 10 g of sugar, 30 g of shallots,
and 30 g of garlic. The homogenous mixture was placed
into aluminum foil-lined molds and steamed for 30 min.
Once cooled, the steamed dough was cut into
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standardized pieces, dipped in egg white, coated with
breadcrumbs, and fried until golden brown.

Sensory Evaluation

The organoleptic acceptability of the nuggets was
assessed by 25 semi-trained panelists drawn from a
institutional sensory pool. These panelists were utilized
strictly for preliminary consumer preference evaluation
and basic attribute intensity screening rather than formal
Quantitative Descriptive Analysis (QDA), serving as an
initial screening mechanism for the novel food matrix. This
panel size was selected in accordance with established
screening protocols for preliminary consumer preference
testing of modified food matrices. A 7-point hedonic scale
(ranging from 1 = strongly dislike to 7 = strongly like) was
used to evaluate consumer preference indices.
Additionally, a hedonic quality scale was employed to
specify the intensity of specific sensory attributes,
including color (dark to bright), aroma (beany to fragrant),
taste (bland to savory), and texture (dense to soft).

Nutritional Analysis

Proximate composition was determined using standard
laboratory procedures: moisture content via the oven
drying method (100-105 °C) until a constant weight was
achieved; ash content by incineration in a muffle furnace
at 550 °C; crude protein using the Kjeldahl method (N x
6.25); and crude fat using Soxhlet extraction. Carbohydrate
content was calculated by difference. The micronutrient
density, specifically iron (Fe) and zinc (Zn), was quantified
using Atomic Absorption Spectrophotometry (AAS).

Statistical Analysis

Quantitative data were processed using Microsoft Excel
2010 and SPSS 16 software. The sensory preference scores
were analyzed using the non-parametric Kruskal-Wallis
test at a 5% significance level (a = 0.05), with subsequent
post-hoc pair-wise comparisons conducted via the Mann-
Whitney U test. Hedonic quality (intensity) scores were
tabulated as mean intensity indices and evaluated
descriptively to contextualize the flavor and textural
profiles of the formulations.

Results and Discussion

Visual and Physical Transformation of the
Fortified Product

The physical evolution of the nuggets from raw
ingredients to the final processed form is depicted in
Figure 1, illustrating the successful integration of soybean
flour into the fish-based matrix. The fine texture of the
soybean flour (Figure 1A) ensured a homogenous
distribution within the catfish mince during the kneading
process, preventing the formation of large granules that
could negatively impact mouthfeel. In the raw state
(Figure 1B), the F3 formulation exhibited a stable and
cohesive dough, which is critical for maintaining structural
integrity during the steaming phase. Upon thermal
processing (steaming and frying), the nuggets underwent
a Maillard reaction, resulting in a desirable golden-brown
exterior (Figure 1C). This visual transformation aligns with
the sensory findings, where the combination of catfish
protein and soybean carbohydrates contributed to a
product that was visually indistinguishable from
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Figure 1. Visual representation of raw materials and final
product development. (A) Fine soybean flour (Glycine max)
used as a nutritional fortificant; (B) Formulated raw catfish-

soybean nuggets (F3 formulation) prior to thermal
processing; (C) The final catfish-soybean nuggets after
steaming and frying, exhibiting the desired golden-brown
exterior and firm texture.
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commercial variants while being significantly more
nutrient-dense (18). The final product retained its shape
and exhibited a firm yet tender texture, meeting the
physical standards required for supplementary feeding
products targeted at young children.

Sensory Characteristics

Sensory attributes are critical determinants of food
acceptability, particularly for supplementary feeding
products targeted at toddlers (19). The incorporation of
soybean flour significantly influenced the organoleptic
profile of the catfish nuggets (see Figure 2). While the
hedonic evaluation for color showed no significant
difference across all formulations (p > 0.05), the addition
of soybean flour yielded significant improvements in
aroma, taste, and texture (p < 0.05). The F3 formulation
(25% substitution) received the highest median preference
score of 6.00 ("like"). The improved savory taste (umami) is
attributed to the naturally high glutamic acid content in
soybeans, which acts as a flavor enhancer (20).
Furthermore, the soybean flour contributed to a softer
texture, likely due to the superior water-holding capacity
of legume proteins compared to wheat-based fillers (21).
Notably, the "beany" aroma (bau langu), typically caused
by the lipoxygenase enzyme, was effectively mitigated
through initial blanching and subsequent thermal
processing, aligning with established methods for
improving the palatability of soy-integrated products (22).

Proximate Composition
The substitution of wheat flour with soybean flour
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50%

Strongly like 40% Dislike
30%
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mF1
mF2
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Figure 2. Sensory evaluation of catfish (Pangasius sp.) nuggets with varying concentrations of soybean flour substitution.
The radar chart illustrates median scores based on a 7-point hedonic scale for (A) Color, (B) Aroma, (C) Taste, and (D)
Texture. FO represents the control group (0% soybean flour), while F1, F2, and F3 represent substitution levels of 15%,

20%, and 25%, respectively. Significant differences (p < 0.05) were observed in aroma, taste, and texture attributes, with

F3 yielding the highest overall acceptability.
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substantially altered the macronutrient composition of the
nuggets, reflecting a shift toward a more nutrient-dense
profile. The protein content exhibited a progressive
increase from 8.74% in FO to 11.26% in F3, correlating with
the inherently high protein concentration of soybean flour
(35.9 g/100g) (see Table 1). This elevation is strategically
important for stunting interventions, as the high biological
value of combined fish and legume proteins provides a
more complete amino acid profile necessary for linear
growth in children (23). All formulations comfortably
exceeded the minimum protein requirement of 5.0%
stipulated by the Indonesian National Standard (SNI 7758:
2013), suggesting that even at lower substitution levels,
the product remains a viable protein source.

Physicochemical properties also shifted; moisture
content decreased sequentially from 41.07% (FO) to
39.03% (F3). This reduction is likely due to the higher
water-binding capacity of soybean proteins which traps
moisture within the protein matrix during processing (24),
yet the final levels remained well below the SNI maximum
limit of 60.0%, which is beneficial for inhibiting microbial
growth and ensuring shelf-life stability. Ash content
increased slightly to 1.6% in F3, indicating a higher
concentration of inorganic minerals contributed by the
soybean flour. This increase in mineral density is critical, as
ash content serves as a proxy for the total mineral
availability required to support bone mineralization in
malnourished toddlers (25).

However, fat content increased alongside soybean
concentration, reaching 17.50% in F3, which slightly
exceeds the SNI limit of 15%. While high fat content can
impact oxidative stability, it serves as a concentrated
energy source that is often encouraged in supplementary
feeding for stunted children to overcome energy gaps
(26). Finally, carbohydrate content decreased from 34.55%
in FO to 30.89% in F3. This reduction is a favorable
outcome in the context of stunting, as it indicates a
"nutrient density swap" where low-nutrient-density refined
carbohydrates from wheat are replaced by the superior
protein and mineral matrix of soybeans (27).

Micronutrient Density (Iron and Zinc)
Addressing the primary physiological deficits associated
with stunting, the micronutrient density of the nuggets
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improved concurrently with soybean flour substitution.
The iron (Fe) concentration increased significantly from
18.15 mg/100 g in FO to 24.50 mg/100 g in F3. The
remarkably high baseline iron content observed in the
control formulation (FO) is primarily attributable to two
factors: first, the use of commercially available wheat flour
which is mandatorily fortified with iron (=50 mg/kg) under
Indonesian regulations, and s, potential exogenous iron
migration from the cast-iron grinding machinery and
municipal water infrastructure utilized during small-scale
product manufacturing. This environmental and regulatory
baseline explains why the initial formulation matches the
mineral density of iron-rich organ meats. Similarly, the zinc
(Zn) content elevated from 1.2 mg/100g in the control to
2.46 mg/100g in F3. These findings indicate that the F3
formulation exhibits an elevated micronutrient density
under laboratory conditions. According to the Indonesian
Food and Drug Authority (BPOM RI) regulations, the high
iron and zinc concentrations achieved in F3 satisfy the
criteria for "high-iron" and "high-zinc" nutritional claims,
providing at least 20% of the Daily Value (DV) per serving
(28).

The substantial increase in iron is particularly
noteworthy, as iron deficiency is a leading co-morbidity of
stunting that impairs cognitive development and immune
function in toddlers (29). The synergy between the heme
iron from catfish and the non-heme iron from soybean
flour, although the latter is generally less bioavailable,
creates a composite food matrix that can significantly
contribute to the Recommended Dietary Allowances (RDA)
for children under five. Furthermore, the simultaneous
increase in zinc is critical; zinc acts as a catalytic
component for over 300 enzymes, including those
responsible for DNA synthesis and cell division (30), which
are the fundamental biological processes stunted in
growth-restricted children.

The achieved mineral levels in F3 suggest that this
product could serve as a sustainable, food-based
intervention to combat "hidden hunger" in regions like
Lima Puluh Kota. Compared to synthetic fortification, using
soybean flour as a natural fortificant provides minerals in a
complex food matrix that may include other beneficial
phytonutrients, which support overall metabolic health
(31). Thus, while the F3 formulation meets regional

Table 1. Nutritional composition of catfish nuggets with varying levels of soybean flour.

Nutrients FO (Control)

Macronutrients

Energy (kcal) 330.66
Protein (%) 8.74
Fat (%) 17.14
Carbohydrate (%) 34.55
Physicochemical Properties

Water Content (%) 41.07
Ash Content (%) 1.10
Micronutrients (Minerals)

Iron / Fe (mg/100g) 18.15
Zinc / Zn (mg/100g) 1.20

F1 (15%) F2 (20%) F3 (25%)
329.98 329.28 326.10
10.15 10.37 11.26
17.38 17.48 17.50
3274 32.12 30.89
40.58 40.03 39.03
1.30 1.40 1.60
21.03 23.36 24.50
1.39 1.63 2.46
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regulatory standards for nutritional claims, clinical
evaluation is required to determine its efficacy in bridging
dietary micronutrient gaps under field conditions.

Optimal Formulation Selection and Practical
Implications

The selection of the optimal formulation was determined
through a rigorous cumulative assessment of sensory
preference and nutritional density. The F3 formulation
(25% soybean flour substitution) emerged as the superior
product, achieving the highest median acceptance score of
24.00 and an aggregate nutritional score of 48.83. This
balance is critical, as the success of any food-based
intervention—particularly for the vulnerable toddler
demographic—is predicated not only on its nutrient
concentration but also on its palatability, which ensures
long-term  compliance and consumption (32). By
effectively merging a highly acceptable organoleptic
profile with a dense matrix of protein, iron, and zinc, F3
represents a highly viable and sustainable supplementary
feeding alternative for the prevention and mitigation of
stunting.

The utilization of catfish and soybean flour as core
ingredients aligns with the global shift towards "food-
based approaches" that leverage locally available
biodiversity to combat malnutrition (33). Unlike synthetic
supplements, these fortified nuggets provide nutrients in
their natural form, which may offer better metabolic
integration and higher community acceptance in regions
like Lima Puluh Kota. Furthermore, the cost-effectiveness
of these local raw materials suggests that the F3
formulation could be easily scaled for regional
supplementary feeding programs (PMT), providing a
robust tool for local health authorities to address the
multi-dimensional challenges of stunting. Consequently,
this study confirms that a 25% substitution level optimizes
the trade-off between nutritional fortification and sensory
appeal, fulfilling the requirements for a functional food
capable of supporting the physiological needs of growth-
restricted children (34).

Conclusion
This study demonstrates that the integration of soybean
flour into catfish nuggets significantly enhances

micronutrient density and organoleptic acceptability, with
the F3 formulation (25% substitution) emerging as the
optimal variant. The F3 product successfully satisfies the
regulatory criteria for "high-iron" claims with a
concentration of 24.50 mg/100g, while maintaining
superior sensory scores for taste, aroma, and texture. The
combination of catfish protein and soybean-based
minerals provides a nutrient-dense food matrix with high
consumer acceptability among the evaluation panel,
thereby presenting a candidate formulation for future
supplementary feeding assessments. Future research
should focus on conducting in vivo efficacy trials or
longitudinal clinical interventions to quantify the actual
biological impact of these fortified nuggets on improving
anthropometric indices and hemoglobin levels in stunted
children. Additionally, while the F3 formulation provides a
dense energy source, its fat content (17.50%) slightly
exceeds the national standard threshold of 15%.
Consequently, comprehensive shelf-life analysis and
packaging stability studies are essential to evaluate lipid
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oxidation kinetics and guarantee product stability during
community-level distribution.
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