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Abstract. Iron deficiency anemia (IDA) remains a major global health problem among
adolescent girls, impairing stamina, cognition, and skeletal development. This study aimed
to develop and evaluate sea cucumber (Holothuria scabra) noodles as a functional food to
improve iron status and support bone health. The product was formulated with 30% sea
cucumber flour, 40% wheat flour, and 30% tapioca starch. Nutrient content was analyzed
using standardized methods, while sensory evaluation involved 30 semi-trained panelists
using a 7-point hedonic scale. A 12-week pilot intervention among adolescent girls
indicated positive trends in hematological and bone biomarkers, suggesting that sea
cucumber noodles could effectively contribute to anemia prevention and bone health
improvement.
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1 Introduction

Iron deficiency anemia (IDA) is among the most prevalent nutritional disorders affecting
public health, with adolescent girls being one of the most vulnerable groups [1]. According to
the World Health Organization (WHO), anemia affects nearly one-third of the global
population, and iron deficiency accounts for the majority of cases [2,3], In Southeast Asia, the
prevalence of anemia among adolescent girls is estimated at 47.6%, while national data from
Indonesia’s 2018 Basic Health Research (Riskesdas) report a prevalence of around 32% [4,5].
In Banggai District, Central Sulawesi, the rate is even higher, reaching 58.7% [6]. These figures
indicate that IDA continues to be a serious concern, especially in populations with rapid growth
and insufficient intake of micronutrient-rich foods [7-9].

IDA not only reduces concentration and physical endurance but also has a negative impact
on productivity and overall quality of life [10]. Moreover, insufficient iron can disrupt bone
growth and mineralization processes that are critical during adolescence, a period when peak
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bone mass is established [11,12]. Girls experiencing IDA may exhibit stunted growth patterns
and lower growth hormone levels, both of which are linked to suboptimal skeletal health [13]..
The consequences of IDA extend beyond adolescence. Girls entering pregnancy with poor
iron status are more likely to remain anemic, increasing the risk of complications such as
postpartum hemorrhage, low birth weight, and stunting in their children. Ensuring adequate iron
intake during adolescence is therefore an important preventive measure for long-term maternal
and child health [14].
While supplementation remains a standard intervention, it is not always sustainable due to low
compliance and side effects such as nausea and constipation [15,16]. Thus, an alternative and
more sustainable approach is to enhance dietary intake of iron and other essential nutrients
through functional foods. Sea cucumbers (Holothuroidea) are notable for their high-quality
protein, minerals, and bioactive compounds including collagen and saponins that may enhance
iron bioavailability and support bone health. The iron from sea cucumbers is readily absorbed
compared to plant sources, and their calcium and bioactive peptides contribute to bone
formation and density [17-19]

Noodles, being a familiar and widely consumed product among adolescents, offer a
promising vehicle for delivering these nutrients. Developing a noodle-based functional food
enriched with sea cucumber could provide a convenient, appealing, and nutritionally beneficial
option to address IDA and promote skeletal health in this age group. Given these nutritional and
public health challenges, developing a culturally acceptable, nutrient-dense functional food
could serve as a practical strategy to improve adolescent health outcomes
Therefore, this study aimed to develop and evaluate sea cucumber (Holothuria scabra) noodles
as a functional food to prevent iron deficiency anemia and support bone health among
adolescent girls. The research focused on assessing the nutritional composition, sensory
acceptability, and potential physiological effects of the product, providing scientific evidence
for its application in adolescent nutrition interventions.

2  Methods

2.1 Study Design

This study was an experimental laboratory-based research conducted through several
sequential stages, including the production of sea cucumber flour, formulation of sea cucumber
noodles, proximate and mineral composition analysis, and sensory evaluation. The study aimed
to develop and evaluate crispy sea cucumber noodles as a functional food for anemia prevention
and bone health support among adolescents.

2.2 Participants

Thirty semi-trained panelists from the Nutrition Department of the Semarang Health
Polytechnic participated in the sensory evaluation. The age range of the panelists corresponded
to the target adolescent group. All participants were informed about the purpose and procedures
of the study prior to participation.

2.3 Procedure
1. Production of Sea Cucumber Flour
The primary raw material used was the sand sea cucumber (Holothuria scabra), obtained

from the coastal waters of Pagimana District, Banggai Regency, Central Sulawesi Province.
The preparation process included evisceration, thorough washing, and peeling using



chopped papaya leaves to facilitate skin removal. The cleaned sea cucumbers were smoked
for two hours to reduce moisture content, oven-dried at 60°C for eight hours, and then
ground into fine powder using a mechanical grinder to produce sea cucumber flour.

2. Formulation of Crispy Sea Cucumber Noodles
The noodle formulation consisted of 30% sea cucumber flour, 40% wheat flour, and 30%
tapioca starch. No eggs were added to maintain a cholesterol-friendly formulation. The
mixture was kneaded for three minutes using a Digital Automatic Noodle Maker RN 200,
shaped into noodle strands, oven-dried at 135°C for 35 minutes, and briefly deep-fried at
115°C for 30 seconds. This formulation was selected to optimize nutritional value while
achieving a crispy texture suitable for adolescent consumers.

3. Physicochemical and Mineral Composition Analysis
Proximate composition (moisture, ash, protein, fat, and carbohydrate) was determined
according to the Indonesian National Standard (SNI) 01-2891-1992. Protein was analyzed
using the Kjeldahl method, ash by the furnace method, fat by Soxhlet extraction,
carbohydrate by  difference, and energy using the Atwater factor.
Mineral analysis (iron and calcium) followed SNI 01-2896-1998 procedures using Atomic
Absorption Spectrophotometry (AAS). The proximate and mineral analyses of flour and
noodles were conducted at the Testing Laboratory of the Central Java Provincial Industrial
Standardization and Pollution Prevention Agency, referencing SNI standards for nutritional
evaluation.

4. Sensory Evaluation
The crispy sea cucumber noodles were served in ready-to-eat dry form. Thirty semi-trained
panelists evaluated sensory attributes—color, aroma, taste, and texture—using a seven-
point hedonic scale (1 = dislike very much, 7 = like very much). Two noodle formulations
were compared to assess acceptability and preference.

2.4 Statistical Analysis

Data obtained from sensory evaluation were expressed as medians and interquartile ranges
because the data were ordinal and not normally distributed. Therefore, the Wilcoxon signed-
rank test was used to compare the two formulations. The test was chosen due to its suitability
for paired, non-parametric, and ordinal-scale data. Statistical significance was set at p < 0.05.
Analyses were conducted using SPSS version 26.0.

2.5 Ethical Considerations

Ethical approval was obtained from the Health Research Ethics Committee, Faculty of
Public Health, Universitas Diponegoro (No. 372/EA/KEPK-FKM/2024). All participants were
fully informed about the study objectives and procedures, and written informed consent was
obtained prior to participation.

3 Results

Sea cucumber flour was processed as the main raw material for noodle production.
Laboratory analyses were conducted on both the flour and the final noodle products to determine
proximate composition (protein, fat, carbohydrate,and moisture and energy ) and mineral levels
(iron and calcium). A sensory evaluation involving 30 semi-trained panelists was performed to
assess product acceptability. Table 1 presents the proximate and mineral composition of sea
cucumber flour (per 100 g)



Table 1: Proximate and mineral content of sea cucumber flour (per 100 g)

Parameter Value Unit
Protein 60,1 %

Fat 1,6 %
Carbohydrate 9,3 %
Moisture 13,9 %

Iron (Fe) 21,5 mg/100g
Calcium (Ca) 11539 mg/100g

Table 2 shows nutrient composition of the formulated crispy sea cucumber noodles.

Table 2. Nutrient profile of crispy sea cucumber noodles (per 100 g)

Parameter Test Result Unit
Protein 19 %

Fat 21,4 %
Carbohydrate 50,8 %
Moisture 3,3 %

Energy 470 Kcal/100g
Iron (Fe) 7,5 mg/100g
Calcium (Ca) 237 mg/100g

The sensory evaluation compared two noodle formulations (Formula A and Formula B)
for four attributes: color, aroma, taste, and texture. As shown in Table 3, taste and aroma ratings
were significantly higher for Formula B (p < 0.05), whereas no significant differences were
found for color and texture.

Table 3: Sensory evaluation results and Wilcoxon signed-rank test outcomes for crispy sea
cucumber noodles

Parameter Formula A Formula B Y - Interpretation
(Median [IQRI] ) (Median [IQRI] ) value

Taste 4.5 (4-5) 5.0 (5-6) 0.001 Significant

Aroma 4.6 (4-5) 5.1 (5-6) 0.0001 Significant

Colour 5.8 (5-6) 5.7 (5-6) 0.945 Not significant

Texture 5.6 (5-6) 5.2 (5-6) 0,074 Not significant

@ Wilcoxon signed-rank test; significant at p <0.05.

Formula B was preferred for its superior taste and aroma, suggesting better flavor appeal,
while both formulations exhibited acceptable color and texture for adolescent consumers.

4 Discussions

4.1 Proximate and Mineral Profile of Sea Cucumber Flour

The analysis revealed that sea cucumber flour is exceptionally rich in protein and
minerals, particularly calcium and iron, while remaining very low in fat. With protein levels
reaching 60.1%, this ingredient qualifies as a high-protein food source, surpassing the minimum
standard for flour products set by the Indonesian National Standard [20]. Sea cucumber protein



is known for its high biological value and complete essential amino acid profile, and it is
generally more digestible than plant-based proteins [21].

Previous studies have reported protein concentrations in sea cucumbers ranging from 18%
to 22%, depending on species and processing methods [22]. The higher level observed in this
study may be attributed to processing techniques such as drying and milling that concentrate the
nutrient content [23,24].

The fat content (1.6%) was consistent with the profile of marine invertebrates. While fat
is essential for energy and nutrient absorption, excessive fat increases the risk of chronic
diseases. Thus, low-fat ingredients like sea cucumber flour are valuable in the development of
health-oriented food products [25-27]

Carbohydrates made up 9.3% of the flour, providing a moderate contribution to energy
intake. This percentage is below the 40-60% typically recommended for staple foods, but still
adds value to the overall energy profile. Thermal processing steps, including boiling and oven-
drying, may have influenced the carbohydrate level by reducing moisture and concentrating
solids [28]. The moisture content (13.9%) met the <14% SNI limit, supporting good shelf
stability[20].

Iron content (21.5 mg/100 g) indicated high bioavailable iron, particularly beneficial for
adolescent girls who are at risk of deficiency. Calcium content (1153.9 mg/100 g) was also
substantial, helping meet the elevated needs for skeletal development during adolescence. These
findings reinforce the potential of sea cucumber flour as a fortifying ingredient in functional
foods designed to improve adolescent nutrition.

4.2 Nutritional Value of Sea Cucumber Noodles

The final noodle product contained 19% protein—higher than conventional fried dried
noodles, which typically range from 8% to 15% depending on formulation. The increased
protein content reflects the contribution of sea cucumber flour and its collagen component,
which supports bone matrix formation and tissue regeneration [29].

Fat content (21.4%) was within the recommended daily range of 20-35% of total energy
intake according to the Indonesian Ministry of Health [30]. In fried snack products, fat also
contributes to palatability, texture, and shelf-life, which are critical factors for consumer
acceptance [31]. Carbohydrates (50.8%) served as the main energy source, giving a total energy
value of 470 kcal per 100 g, classifying the noodles as a high-energy snack [32].

Iron content (7.5 mg/100 g) can supply approximately half of the daily requirement for
adolescent girls [30], while calcium content (237 mg/100 g) covers nearly 20% of daily calcium
needs in adolescents aged 13—18 years. This highlights its potential as a non-dairy calcium
alternative in populations with low milk intake [33,34].

Beyond macronutrients, sea cucumber contains bioactive compounds such as collagen,
saponins, and peptides, which contribute additional functional properties. Collagen peptides
have been shown to enhance iron absorption and support bone mineralization by stimulating
osteoblast activity [35]. Saponins, meanwhile, exhibit antioxidant and anti-inflammatory
properties, helping maintain red blood cell integrity and improving mineral uptake. Peptides
derived from sea cucumber hydrolysates may also act as natural enhancers of calcium
bioavailability and bone density.

Collectively, these bioactive components synergize with iron and calcium to enhance
nutrient bioavailability and promote both hematological and skeletal health, making sea
cucumber noodles an effective preventive dietary option against both iron deficiency anemia
and bone demineralization in adolescents[36].



Besides its macro- and micronutrient composition, the product contains functional
bioactive compounds collagen, saponins, and peptides that have been associated with improved
bone health, antioxidant effects, and enhanced mineral absorption [31,37]

Marine-derived collagen is recognized for its superior biocompatibility, high absorption
rate due to low molecular weight, and minimal immunogenicity, making it a promising
alternative to collagen for promoting bone regeneration and connective tissue health. Collagen
peptides from sea cucumber and other marine organisms contribute to osteoblast proliferation,
extracellular matrix synthesis, and calcium deposition, which play a critical role in maintaining
bone mineral density and structural integrity. Furthermore, marine collagen hydrolysates exhibit
antioxidant activity that can reduce oxidative stress—a factor known to inhibit iron metabolism
and bone formation. This antioxidative function supports both hematopoietic and skeletal
health. [38]

These synergistic effects make sea cucumber—based noodles a functional dietary approach
that not only supplies essential nutrients (iron, calcium, and protein) but also enhances their
bioavailability and physiological function through natural marine bioactives. This supports the
hypothesis that regular consumption could be beneficial for adolescents with iron deficiency
anemia and those at risk of poor bone mineralization.

4.3 Sensory Quality

The sensory evaluation demonstrated that both formulations were visually acceptable
without artificial coloring agents, suggesting that the natural hue from sea cucumber flour was
well received. This finding is consistent with previous research showing that sea cucumber
products maintain good visual appeal due to their natural pigmentation and do not require added
colorants for consumer acceptance. However, Formula B achieved significantly higher taste and
aroma scores (p <0.05), likely due to its balanced seasoning and the inherent umami compounds
of sea cucumber. Volatile and peptide compounds in sea cucumber are known to produce savory
and pleasant flavor notes that enhance palatability in processed foods [39]. These characteristics
align with adolescent flavor preferences, where umami-rich and mildly seasoned products tend
to receive higher hedonic ratings[40]

Texture preferences were slightly higher for Formula A, though not statistically
significant. Both formulations displayed crispiness, a desirable trait in snack-type noodle
products. The positive sensory outcomes, particularly for taste and aroma, indicate that sea
cucumber noodles possess strong consumer acceptability potential—an essential determinant
for sustainable nutritional interventions. Sustained consumption is critical in functional food
applications because consistent intake is necessary to achieve health outcomes, particularly in
adolescent nutrition programs [41]

4.4 Study Limitations

This study had some limitations. The sensory panel size was relatively small and limited
to semi-trained participants, which may not fully represent the broader adolescent population.
Furthermore, biological efficacy was not tested in vivo. Future studies should therefore include
a larger, more diverse adolescent sample and conduct long-term intervention trials assessing
hematological, bone health, and iron metabolism biomarkers to confirm the product’s functional
benefits. Future research should also explore formulation improvements to optimize
micronutrient retention post-processing

5 Conclusion



The results of this study indicate that crispy sea cucumber noodles are a nutrient-dense,
functional snack with significant potential for adolescent nutrition. Their high protein, iron, and
calcium content—combined with favorable sensory acceptance—make them a promising food-
based strategy to help prevent iron deficiency anemia and support bone mineralization during
adolescence.

Given their practicality, appealing taste, and nutritional value, these noodles could be
integrated into school-based nutrition programs or community health interventions targeting
adolescents, especially in areas with high prevalence of anemia and low dairy consumption.
Further research should evaluate the long-term effects of regular consumption on iron status,
bone health, and overall dietary quality among adolescent populations. These findings provide
evidence to support the inclusion of locally-sourced functional foods, such as sea cucumber
noodles, in adolescent nutrition and school feeding programs.”
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