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Abstract: Iron deficiency anemia remains a critical global health challenge,
disproportionately affecting up to 32% of adolescent girls in developing regions due
to inadequate micronutrient intake. Traditional processed fish products, such as otak-
otak, offer a familiar vehicle for nutrient fortification, yet their potential to deliver
therapeutic levels of heme iron remains largely underutilized. This study
demonstrates a novel fortification strategy by substituting Pangasius sp. fish meat
with dried rebon shrimp (Mysis relicta) to optimize iron density and sensory appeal.
Using a completely randomized design across three substitution levels (10 g, 15 g,
and 20 g), we systematically evaluated organoleptic profiles and nutritional
compositions. We find that the 15% substitution formula (T2) achieves a superior
balance between nutritional efficacy and consumer acceptance, and is projected to
contain a significant iron content of 3.8 mg per 100 g serving—representing
approximately 25% of the daily iron requirement for adolescent girls—while
maintaining a desirable savory flavor and "rather chewy" texture. These results
indicate that M. relicta serves as a natural fortificant that increases the iron content
and functional value of indigenous food products. Our findings provide a scalable,
food-based intervention to mitigate iron deficiency, suggesting that bio-fortified
traditional snacks can contribute to public health nutrition strategies for vulnerable
populations.

Introduction

Iron deficiency anemia (IDA) represents a pervasive global
health crisis, persistently affecting the physiological and
cognitive development of millions of individuals in
developing nations (1). This condition, characterized by a
deficit in functional hemoglobin, is particularly acute
among adolescent girls, who face heightened iron
requirements due to rapid pubertal growth and menstrual
blood loss (2, 3). In the Indonesian context, data from the
2018 Basic Health Research (Riskesdas) highlights a
staggering prevalence rate of 32.0% within the 15-24 age
cohort (4). Such statistics underscore an urgent need for
sustainable, food-based interventions that can effectively
deliver bioavailable iron to high-risk populations without
the compliance challenges often associated with
pharmaceutical supplementation.

Current scientific literature emphasizes that food
fortification and the diversification of local diets are the
most culturally appropriate and cost-effective strategies
for long-term anemia mitigation (5-8). Traditional fish-

based products, such as otak-otak, have long served as a
dietary staple in Southeast Asian cuisine, offering a familiar
vehicle for nutrient delivery (9, 10). Research has
historically focused on the use of marine fish like Spanish
mackerel (Scomberomorus commerson) for these products;
however, the rising costs and seasonal availability of such
species have led to an increased interest in freshwater
alternatives (11). Pangasius sp. (patin), in particular, has
emerged as a viable substitute due to its high protein
content, widespread aquaculture, and economic
accessibility for the broader population (12-14).

Despite the successful adoption of Pangasius sp. in
various processed foods, it remains an insufficient source
of iron to meet the therapeutic needs of anemic
individuals when consumed in standard portions (15).
While various studies have explored general fortification
techniques, there is a notable scarcity of research
investigating the integration of highly concentrated,
natural heme-iron sources into traditional fish-based
snacks. Dried rebon shrimp (Mysis relicta), an underutilized
local commodity, possesses an exceptionally high mineral
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density (approximately 6 mg of iron per 100 g) that could
potentially bridge this nutritional gap (16 — 18). However,
the precise substitution levels required to achieve
significant iron enrichment without compromising the
delicate organoleptic profile of the fish cake—specifically
its texture and flavor—remain largely unexplored.

Building upon this critical research gap, the present
study demonstrates a novel formulation of otak-otak by
substituting  Pangasius  sp. meat with  varying
concentrations of dried M. relicta. This research aims to
systematically evaluate the impact of 10%, 15%, and 20%
substitution levels on the product’s nutritional density and
sensory acceptance among the target demographic. The
substitution levels of 10%, 15%, and 20% were selected
based on preliminary kitchen trials, which indicated that
concentrations above 20% severely impaired the cohesive
matrix and standard elasticity of fish cakes. By leveraging a
completely randomized design, we demonstrate that this
synergy not only elevates the iron content to a level
capable of fulfilling significant daily requirements for
adolescent girls but also maintains the traditional culinary
standards of the product. Consequently, this study
provides a scalable, indigenous framework for developing
functional foods that address micronutrient deficiencies
through the optimization of locally available marine and
freshwater resources.

Methodology

Research Design

This study employed an experimental laboratory-based
approach using a Completely Randomized Design (CRD).
The primary intervention involved the substitution of
Pangasius sp. (patin fish) meat with dried rebon shrimp (M.
relicta) at three distinct concentration levels: T1 (80 g fish:
20 g shrimp), T2 (85 g fish: 15 g shrimp), and T3 (90 g fish:
10 g shrimp). Each treatment was conducted in three
independent production batches to ensure statistical
reliability and reproducibility of the results.

Materials and Formulation

The main raw materials consisted of fresh Pangasius sp.
and dried rebon shrimp, sourced and prepared to meet
specific nutritional targets for iron (Fe) fortification.
Supporting ingredients included tapioca flour as a binding
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agent, coconut milk for lipid content, and a standardized
spice blend (shallots, garlic, sugar, salt, and pepper) to
maintain  flavor consistency. The formulation was
specifically calculated to meet approximately 3 mg of iron
per serving, which corresponds to 20% of the
Recommended Dietary Allowance (RDA) for Indonesian
adolescent girls (15 mg/day) as can be seen in Table 1.

Production Procedure

The processing of otak-otak followed a systematic
sequence: preparation of raw materials, thorough mixing
of fish and shrimp mince with spices and flour, manual
shaping, and wrapping in banana leaves. The samples
were then subjected to steam-cooking followed by a brief
grilling process to develop the characteristic aroma and
texture of traditional otak-otak.

Organoleptic Evaluation and Sensory Analysis
Sensory attributes, including color, aroma, taste, and
texture, were evaluated using a standardized organoleptic
scoring test. The sensory evaluation was conducted with a
panel of 25 semi-trained individuals. The inclusion criteria
required panelists to be healthy undergraduate Food
Technology students aged 18-25 years, non-smokers, and
free from food allergies, particularly regarding seafood.
Prior to the sensory session, all panelists were fully briefed
on the nature of the study and signed a written informed
consent form. Since this study utilized only standard, non-
toxic, and edible food ingredients, formal institutional
ethical clearance was not required for this sensory panel
evaluation. Furthermore, a hedonic test (preference test)
was implemented to determine the overall consumer
acceptance of the fortified product, utilizing a 5-point
scale from "Strongly Dislike" to "Strongly Like".

The sensory evaluation was conducted in a
standardized sensory laboratory equipped with individual
testing booths under controlled white lighting (6500K) and
room temperature (24-25 °C) to eliminate environmental
bias. Panelists underwent a 1-hour familiarization training
session regarding the score sheets and attribute
descriptors prior to testing.

Data Analysis and Nutritional Calculation
Data collected from the sensory evaluations were analyzed
descriptively based on percentage distributions to identify

Table 1. Formulation calculation for patin fish and rebon shrimp cake (Otak-Otak).

Ingredients

Patin Fish (g)

Dried Rebon Shrimp (g)
Tapioca Flour (g)
Coconut Milk (ml)
Shallots (g)

Garlic (g)

Salt (9)

Sugar (g)

Pepper (g)

Formula

T1 T2 T3
80 85 90
20 15 10
50 50 50
18 18 18
3.6 3.6 3.6
3.6 3.6 3.6
1.8 1.8 1.8
45 45 45
1 1 1
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the most preferred formulation. For the selected optimal
product, a comprehensive nutritional profile—comprising
macronutrients (energy, protein, fat, carbohydrates) and
micronutrients (iron)—was calculated based on the
Indonesian  Food Composition Table (TKPI). This
quantitative approach allowed for a comparative
assessment of the product’s potential as a functional food
intervention for anemia prevention. Data were analyzed
using the Kruskal-Wallis test followed by post-hoc Mann-
Whitney tests to determine significant differences (p <
0.05) between formulations.

Results and Discussion

Sensory Evaluation and Organoleptic
Characteristics

The sensory acceptability of fortified food products is a
critical determinant of their long-term market viability and
ultimate success as sustainable nutritional interventions.
The comprehensive organoleptic evaluation methodically
assessed the perceptible impact of varying M. relicta (dried
rebon shrimp) substitution levels—T1 (20 g), T2 (15 g), and
T3 (10 g)—on the key quality attributes of color, aroma,
taste, texture, and overall acceptability of the Pangasius sp.
fish cakes (otak-otak) (see Figure 1).

Color Profile and Enzymatic Browning

Visual appearance significantly influences initial consumer
perception and purchasing decisions. The evaluation
revealed that 100% of the panelists categorized the T1
formulation as "dark beige," while T2 and T3 were
predominantly rated as "beige" (66.7%), with the Kruskal-
Wallis test showing a significant difference in color
preferences among the formulations (p < 0.05). The
darkening effect directly corresponding to higher shrimp
concentration is attributed to two primary phenomena
that occur simultaneously during manufacturing. First,
shrimp shells contain astaxanthin, a carotenoid derivative
that releases a reddish-orange pigment when separated
from protein bonds during processing (19, 20). Second,
the presence of Polyphenol Oxidase (PPO) enzymes in
shrimp catalyzes oxidation, leading to enzymatic browning
and product decolorization (21, 22). While sodium chloride
generally inhibits PPO activity (23), the pre-treatment
washing and roasting of the dried shrimp in this study
reduced its intrinsic sodium content (24), thereby allowing
PPO-induced browning to occur more prominently in the
shrimp-dense T1 formulation.
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Aroma and Odor Masking

Aroma evaluation indicated that T1 yielded a “slightly
fishy" odor (66.7%), whereas T2 and T3 successfully
achieved a "non-fishy" profile (66.7% and 100%,
respectively). Statistical analysis confirmed that the aroma
scores of T2 and T3 were significantly preferred over T1 (p
< 0.05). The fishy odor in marine and freshwater products
is primarily driven by trimethylamine (TMA), formed
through the enzymatic reduction of trimethylamine-oxide
(TMAO) by bacterial action (25-27). Although acidic pre-
treatments using acetic acid and lime juice were applied to
convert TMA into odorless trimethylammonium (28), the
intrinsic and potent aroma of the dried rebon shrimp
overpowered these masking agents at the 20%
substitution level (T1).

Taste Characteristics

Despite the variations in shrimp substitution, the taste
profiles across all three formulations were uniformly rated
as "slightly savory" by the majority of panelists, showing
no statistically significant differences between the groups
(p > 0.05). This uniformity indicates that the intrinsic
umami compounds—specifically glutamates—naturally
present in both Pangasius sp. meat and M. relicta
complement each other without causing sensory
imbalance. Furthermore, the standardized incorporation of
spices across all formulations successfully homogenized
the flavor profile, serving their fundamental role as
appetite stimulants and flavor enhancers.

Textural Dynamics and Starch Gelatinization

Texture analysis revealed a significant mechanical
difference supported by statistical analysis (p < 0.05): T1
was predominantly rated as "not chewy" (66.7%), while T2
and T3 achieved the desired "slightly chewy" texture
(100% and 66.7%, respectively). This textural variation
highlights a competitive hydration phenomenon within
the food matrix. The chewiness of traditional fish cakes
relies heavily on the amylose and amylopectin fractions of
tapioca flour, which govern gel strength and elasticity,
respectively (29, 30). However, shrimp protein exhibits a
profoundly  high water-binding capacity through
hydrophilic hydrogen bonding (31). Consequently, the
elevated shrimp concentration in T1 absorbed the
available moisture, restricting the hydration and

subsequent swelling of tapioca starch granules. This
inhibition of complete starch gelatinization directly

/
P ASA

Figure 1. Raw Materials and Final Product of Otak-Otak. (A) Patin fish (Pangasius sp.) as the primary protein source; (B)
Dried rebon shrimp used as a natural flavor enhancer; (C) The finished grilled Otak-Otak product made from a mixture of
patin and rebon, served with peanut sauce and chili sauce.
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resulted in a loss of elasticity and a non-chewy texture
(32).

Overall Acceptability and Optimal Formulation
Selection

Based on the integrated sensory profiles, formulations T2
and T3 emerged as the most preferred, both receiving a

"Like" rating from 66.7% of the panel, which was
statistically higher than T1 (p < 0.05). T1 was the least
preferred (“Slightly Like") due to its darker color,

perceptible fishy aroma, and compromised texture.
Between the two preferred variants, T2 (15 g M. relicta, 85
g Pangasius sp. ) was selected as the optimal formulation.
This decision was driven by its theoretically calculated
nutritional yield; T2 provides a higher estimated iron
concentration than T3 while maintaining an equivalent
level of consumer acceptance.

Nutritional Profile and Implications for Anemia
Prevention

The primary objective of this formulation was to establish
an iron-enriched dietary vehicle tailored for adolescent
girls. Based on calculations derived from the Indonesian
Food Composition Table (TKPI), the selected T2
formulation is theoretically estimated to contain 396.9 kcal
of energy, 24.7 g of protein, 12.6 g of fat, 46.5 g of
carbohydrates, and 5.4 mg of iron per standard batch. The
comprehensive nutritional profiles for all formulations are
detailed in Table 2.

Translated to a realistic consumption volume, a 100 g
serving of T2 (approximately 5 pieces) delivers 3.8 mg of
estimated iron and 17.6 g of protein. According to the
2019 Recommended Dietary Allowances (RDA), adolescent
girls require 15 mg of iron daily. Therefore, a single serving
of the T2 fish cake successfully fulfills approximately 25%
of the daily iron requirement and 27% of the daily protein
requirement. This positions the product as a potential
functional snack (contributing the recommended 20-25%
nutrient density for between-meal interventions) to
combat iron deficiency anemia.

Comparative Analysis and Economic Feasibility

When compared to traditional commercial otak-otak
formulations that strictly utilize Spanish mackerel
(Scomberomorus commerson), the Pangasius-Mysis synergy
in T2 exhibits a vastly superior nutritional density. The
fortified T2 variant provides 54 mg of iron per batch,
compared to a mere 2.3 mg found in standard mackerel
fish cakes, alongside higher overall macronutrient yields.
Furthermore, the economic analysis confirms the viability
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of this substitution strategy. Utilizing highly available
freshwater aquaculture (Pangasius sp. ) and underutilized
local shrimp bycatch (M. relicta) drastically reduces
production costs. The estimated production cost of Rp 6,
500 per serving allows for a highly competitive market
price compared to premium marine fish alternatives,
ensuring that this bio-fortified intervention remains
economically accessible to vulnerable, lower-income
demographics.

Study Limitation

It must be explicitly noted that the nutritional and mineral
values reported in this study are derived from theoretical
calculations using the Indonesian Food Composition Table
(TKPI) rather than empirical chemical assays. Consequently,
these values do not account for potential nutrient
retention or loss during thermal processing (steaming and
grilling), fat rendering, or regional raw material variations.
While these theoretical estimates provide a valuable
preliminary framework for product development, they
represent a significant limitation in confirming the final
absolute nutrient yield.

Conclusion

In conclusion, utilizing underutilized local resources like
dried rebon shrimp offers a cost-effective and culturally
appropriate solution for micronutrient fortification. These
preliminary results suggest that iron-enriched traditional
snacks could serve as a potential dietary option for
nutritional improvement. Future research should focus on
the long-term shelf-life stability, the in vivo bioavailability,
and empirical laboratory validation to verify the actual
post-processing micronutrient and macronutrient content
of the fortified product and to further validate their
therapeutic efficacy.
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