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Abstract

Background: This study is the first to formulate wet noodles with combined shrimp shell and
head flour of Metapenaeus monoceros, an area that has been rarely explored. These by-products
were chosen for their high protein and calcium content, aiming to enhance nutrition and create
value-added functional food. This study aims to investigate the impact of incorporating Penaeid
shrimp skin and head flour on the protein content, calcium, and physical and organoleptic
properties of wet noodles. Methodolgy: The study used a Completely Randomised Design
(CRD) with four treatments: FI1 (0%), F2 (5%), F3 (8%), and F4 (10%). Organoleptic tests were
conducted by 60 untrained panellists. Data were analysed using parametric (ANOVA) and non-
parametric (Kruskal-Wallis) tests using the SPSS software. Findings: The results of the physical
quality analysis revealed that the addition of flour had no significant effect on cooking loss (P >
0.05). However, they had a substantial impact on cooking time and elasticity (P < 0.05).

Organoleptic tests showed a significant effect (P<0.05) on the colour, aroma, taste, and texture
of wet noodles. The best formulation (F2) compared to the control formulation (F1) showed an
increase in protein content from 9.44% to 10% and calcium from 305.54 mg/kg to 1281.29
mg/kg, or almost four times. Contribution: This research presents a significant innovation by
demonstrating that shrimp heads and shells are not merely industrial waste but can be utilized
as a functional food ingredient. Fortifying noodles with this ingredient offers the dual benefit of
improving nutritional quality while supporting environmental digestion.
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INTRODUCTION

Wet noodles have become a dietary staple in Indonesia, with the country ranking as
the world's second-largest consumer of noodles, with an impressive 14.54 billion
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servings consumed annually (World Instant Noodles Association, 2024). Among
adolescents aged 10 to 24 years, 64.8% to 68.3% consume noodles 1 to 6 times
a week, which highlights their role as a complementary source of carbohydrates
(Riskesdas, 2018). However, conventional wet noodles are nutritionally inadequate,
containing only 9.44 % protein and less than 305 mg/kg of calcium, both of which fall
far below the recommended daily intake for this age group. As a result, 30.8% of
adolescents experience protein deficiency, and 45.4 % suffer from calcium
msufficiency (Permenkes RI No. 28, 2019; Riskesdas, 2018). Deficiencies in protein
and minerals such as calcium during this critical growth period can lead to impaired
bone, muscle, and cognitive development, potentially reducing quality of life and
future productivity. Therefore, the development of functional foods enriched with
protein, calcium, and other bioactive components is crucial as a strategic nutritional
intervention for this age group. Various studies in Indonesia have documented the
successful creation of functional foods based on local ingredients, which have
demonstrated good consumer acceptance sand suitable nutritional profiles. Integrating
functional ingredients into widely consumed wet noodles can serve as an effective
public health strategy to improve nutritional status and health outcomes of Indonesian
adolescents comprehensively.

The utilization of seafood waste as a source of functional food ingredients is a
rapidly growing trend in East Asia, particularly in Japan and South Korea. Seafood
by-products such as fish heads, skins, and shells are intensively processed to extract
high-value bioactive compounds like collagen, protein, astaxanthin, and peptides,
which have well-documented health benefits including antioxidant and anti-
inflammatory activities. Surimi-based products stand as successful examples of
functional foods derived from fishery by-products in this region. Advanced extraction
technologies combined with circular economy principles support waste reduction
while enhancing product value (Ahn et al., 2021; Yin & Park, 2023).

Indonesia’s shrimp industry is the third-largest in the world (FAO, 2023) and
generates approximately 350,000 tonnes of processing waste annually, primarily
consisting of heads and shells. These by-products are rich in high-quality nutrients;
shrimp heads contain 21 % protein, while shells provide 25 — 40 % protein and
45 — 50 % calcium carbonate (Dianiswara et al., 2023). The protein and calcium
content in shrimp waste are highly competitive compared to other commonly
consumed sources of protein and calcium. For example, anchovies contain 16 grams
of protein per 100 grams and approximately 500 mg of calcium per 100 grams
(Sukmawati et al., 2022) clams contain 7-15 grams of protein per 100 grams and 28.97-
39.55% calcium carbonate depending on the species (Birhi et al., 2025); and cow’s milk
contains 3.2-3.5 grams of protein and 122-143 mg of calcium per 100 grams
(Fadila, 2024). Thus, shrimp head and shell waste possess nutritional values that are
not only comparable but excel in calcium content, making them a promising ingredient
for functional food fortification based on wet noodles, which are typically low in
protein and calcium.

Additionally, shrimp shells are a source of astaxanthin, an antioxidant that is
500 times more potent than vitamin E, as well as chitin (20 — 30%), which offers
various health benefits (Hermanto & Nengseh, 2020). Despite their potential, these
resources are often underutilized and discarded as waste. By transforming them into
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flour for food fortification, we could tackle nutritional deficiencies and improve waste
management.

Previous studies have examined the use of shrimp heads and shells separately
(Halimah & Maghfiroh, 2022; Sary, 2024), but none have optimized their combined
application to enhance both protein and calcium content in wet noodles
simultaneously. This study proposes an innovative approach by integrating these two
waste streams, in line with circular economy principles. However, technical challenges
must be addressed, such as sensory trade-offs, which include texture reduction due to
the interaction between chitin and gluten, as well as odor issues caused by
trimethylamine (Maulina et al., 2024). Furthermore, the bioavailability of calcium
carbonate from shrimp shells and its stability during processing need careful evaluation
(Lestari et al., 2021).

This research is focused on creating innovative wet noodle formulations that
incorporate 0—10% shrimp head and shell flour. The study aims to measure the
synergistic effects of protein and calcium, evaluate sensory properties, and determine
the optimal inclusion level to maximize both nutrient retention and consumer appeal.
By successfully implementing this approach, we have the potential to reduce shrimp
waste by 15% while providing 1200 mg/day of their recommended daily calcium
intake for adolescents aged 10-18 years (FAO, 2023). This research effectively bridges
nutrition science with sustainable waste management, offering a promising, scalable
solution that can enhance public health and contribute to Indonesia’s food security
objectives.

METHOD

This study undertakes an experimental research approach to uncover the truths
within culinary science through a series of carefully conducted experiments. At its core
is the creation of wet noodles, enriched with the innovative incorporation of
Dogol’s shrimp (Metapenaeus monoceros) shells and head flour in precisely measured
ratios. This study employed a Completely Randomized Design (CRD) with four
treatments and three replications each, utilizing shrimp shell to head flour 1:1 ratio on
a dry weight basis. The research examined four distinct treatments that varied the
proportions of shrimp shell, head and wheat flour as follows. The detailed formulations
of each treatment are presented below:

- F1:100% wheat flour

- F2:95% wheat flour and 5% shrimp shell and head flour
- F3:92% wheat flour and 8% shrimp shell and head flour
- F4: 90% wheat flour and 10% shrimp shell and head flour

After crafting the noodles, the products will undergo rigorous physical quality
testing and organoleptic evaluations, focusing on essential attributes such as color,
taste, aroma, and texture. Following these assessments, the most promising product
will be evaluated for its nutritional content, with particular attention to protein and
calcium levels, providing insights into both taste and health benefits.
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Research Subject

The participants in this study were students from Teuku Umar University who
consented to complete the Organoleptic Test questionnaire. The organoleptic
evaluation was carried out using a sample of 60 untrained panelists who had no history
of allergic shrimps, ensuring a diverse representation of opinions and perceptions
related to the sensory characteristics being assessed.

Location and Time of Research

The study was conducted across three distinct locations to ensure a
comprehensive analysis. Organoleptic and sensory evaluations were performed at the
Biomedical Laboratory, while physical property assessments took place at the
Agricultural Product Technology Laboratory of Teuku Umar University.
Additionally, the determination of protein and calcium content was executed at the
Banda Aceh Center for Food and Agricultural Product Testing (BSPJI). This research
was carried out over a specified timeframe from September 10, 2024, to March 18,
2025.

Research Materials and Tools
Research Materials

The ingredients used in making wet noodles with the addition of shrimp shells
and heads are high-protein wheat flour (Cakra Bertembar, Indorasa), shrimp head and
shell flour, chicken eggs, shallots, garlic, salt, cooking oil, and pepper. To test the
protein content, materials are needed in the form of wet noodle samples, 50% NaOH
solution (Merck), Zn (Merck), H.SO, (Merck), KoSOs (Merck), CuSO,s (Merck),
standard hydrochloric acid solution (HCL 0.1 N Merck), phenolphthalein indicator,
and distilled water. Testing the calcium content requires wet noodle sample materials,
distilled water, and HNOj; solution.

Research Tools

The equipment used in this study consisted of wet noodle making tools, namely
a blender (Philips HR2221, Netherlands), a stainless steel basin (Maspion, Indonesia),
a measuring cup (Pyrex, United States), Ampia (Marcato Atlas 150, Italy), a plastic
scale (Camry, China), and an electric stove (Maspion S-301, Indonesia). For cooking
loss testing, tools are needed in the form of measuring cups (Pyrex, United States),
beakers (Pyrex, United States), test tube clamps (DLAB, China), stirring rods (IWAKI,
Japan, filter paper (Whatman, England), analytical balance (Pioneer PA214, United
States), desiccator (Normax, Portugal), porcelain cup (Assistant, Germany), electric
stove (Maspion S-301, Indonesia) Oven (Memmert, Germany), mechanical
thermometer (Zeal, England). For testing the cooking time of wet noodles, tools are
needed in the form of analytical scales Analytical Balance (Pioneer PA214, United
States), digital stopwatch (Casio, Japan), electric stove (Maspion S-301, Indonesia),
Beaker Glass (Pyrex, United States), Thermometer (Hanna, Italy), Stainless Tweezers
(DLAB, China) stainless sieve (Bel-Art). For elasticity testing, a ruler (Joyko) and a
UTM machine are used (MCT-2150, Japan). Next, an acceptance test was conducted
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in the form of an organoleptic test on the color, taste, aroma, texture, and wet noodle
product.

For testing protein levels using the Kjeldahl method (AOAC 960.52), the
following tools were used: Analytical Balance (Pioneer PA214), United States),
Spatula (Pyrex, United States), Dropper Pipette (Pyrex, United States), Burette (Pyrex,
United States), 300 ml Kjeldahl Flask (Pyrex, United States), 500 ml Boiling Flask
(Pyrex, United States), 100 mm Diameter Watch Glass (Pyrex, United States), Beaker
(Pyrex, United States), 75 mm Diameter Glass Funnel IWAKI, Japan), 250 ml
Erlenmeyer Flask (Pyrex, United States), 25 ml and 50 ml Measuring Cups (Pyrex,
United States), Electric Stove (Maspion S-301, Indonesia), Acid Tank (Biobase,
China), and Distillation Circuit (GASTEC model KJ-101, Japan). Calcium content
test using Atomic Absorption Spectrophotometer (AAS) method (AOAC 984.27)
using 30 ml Porcelain Crucible (Pyrex, United States), Desiccator (Nalgene, United
States), Analytical Balance (Pioneer PA214, United States), Muffle Furnace
(Nabertherm, Germany), Filter Paper (Whatman, England), 100 ml Measuring Flask
(Pyrex, United States), 75 ml Pyrex Glass Funnel (United States), 100 and 200 ml
Glass Beaker (Pyrex, United States), Measuring Pipette (Pyrex, United States), and
Atomic Absorption Spectrophotometer (AAS) Machine (Shimadzu, Japan).

Research Procedures

This research consists of 4 main stages, including preparation of raw materials,
formulation of wet noodle product production, identification of physical quality and
acceptability, and identification of protein and calcium content in wet noodles.

Raw Material Preparation

The raw materials used in this study are the ingredients for making wet
noodles, namely Cakra Kembar wheat flour, shrimp skin and head flour, chicken eggs,
shallots, garlic, salt, cooking oil, and pepper.

Wet Noodle Product Manufacturing Formulation

The formulation of making wet noodles uses a composition of shrimp skin and
head flour of 0%, 5%, 8%, and 10% which is mixed into one dough with other raw
materials, namely Cakra Kembar wheat flour, chicken eggs, shallots, garlic, salt,
cooking oil, and pepper. The shrimp by-product flour was prepared from a mixture of
shells and heads in a 1:1 ratio on a dry weight basis, meaning that 50% of the flour
originated from shrimp shells and 50% from shrimp heads. Then the mixed dough will
be kneaded, then the noodle dough is formed, the noodles that have been formed
lengthwise will be boiled for + 1 minute at a temperature of 1000C, finally the noodles
are cooled and wet noodles are produced with four different treatments, namely F1
(0%), F2 (5%), F3 (8%), and F4 (10%).

Identification of Wet Noodle Products

Wet noodle products will undergo physical quality analysis, including cooking
time, cooking loss, and elasticity. Sensory or organoleptic acceptance analysis,
including color, taste, aroma, and texture of wet noodles, using a hedonic test, which
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is a test conducted to see the level of preference for a product, in this case, a wet noodle
product. Then, the best formulation will be selected from the results of physical and
organoleptic quality tests to conduct protein and calcium content tests.

Identification of Protein and Calcium Content

The final stage is to identify the protein and calcium levels in the selected wet
noodle products. Protein levels are identified using the Kjeldahl method, and calcium
levels are determined using the Atomic Absorption Spectrophotometer (AAS) method
with the DF-AASO1 tool.

Physical Quality Analysis

Physical quality analysis aims to see the physical condition of wet noodles.
Physical quality analysis in this study includes cooking time, cooking loss, and
elasticity.

Cooking Time

Cooking time analysis was carried out to determine the optimal cooking time
for noodles. The procedure for determining the optimum cooking time in this study is
a modified method from Rasper and de Man. The process begins with weighing raw
noodles, which can weigh as much as 5 grams. The noodles are then cut into 5 cm
lengths and cooked in 150 ml of boiling water for 3 minutes in a beaker. Then, the
stopwatch is activated. Every minute, a strand of noodles is taken and then pressed
with two sheets of glass. The optimum cooking time is achieved when a white line is
formed when pressed with two sheets of glass (Situngkir et al., 2019).

Cooking Loss

Cooking loss is the amount of substance that dissolves and is lost with water
during the noodle cooking process. In this test, 75 mL of water is heated in a glass
beaker to a temperature of around 100 °C, then 5 grams of wet noodle sample is put
into it and cooked for approximately 3 minutes. After that, the noodles are drained for
approximately 2 minutes. The remaining water from the cooking process is then dried
using an oven at a temperature of 105 °C for 36 hours for analysis. The calculation of
cooking loss is based on the weight of the residue left behind with the following
equation (Kusumawati et al., 2022).

Remaining weight of dry residue

Cooking Loss (%) = x 100 ....... (1)

/Sample weight before cooking

Elasticity

The elasticity of wet noodles is the elasticity of noodles, which is influenced by
the gluten content in the noodle dough. The higher the wheat flour content in the
dough, the higher the gluten content, so that the noodles become more elastic or chewy
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(Afriliyanti et al., 2023). The elasticity of wet noodles refers to how far the noodles can
be stretched before breaking. The measurement of the elasticity of wet noodles in this
study was carried out using the UTM MCT-2150 Machine. The elasticity of wet
noodles is measured by applying a tensile force to the noodles and measuring how far
the noodles stretch before breaking.

Acceptance Analysis (Organoleptic)

Analysis of the acceptability of wet noodle products using sensory tests or
organoleptic tests, namely a test to evaluate the quality of a product based on
human sensory perception, namely sight, smell, touch, taste, and hearing
(Adawiyah et al., 2024). The organoleptic test used in this study was hedonic. The
parameters tested were color, aroma, and taste. The hedonic test on wet noodles uses
a 5-level scale starting from a scale of 1 very dislike to a scale of 5 very like which refers
to Sucianti (2020), including: 1 = Very Dislike; 2 = Dislike; 3 = Somewhat Dislike; 4
= Like; and 5 = Very Like. For the assessment of texture parameters, it refers to
Rohmalia & Dainy (2023), namely using a scale of 1-5 levels starting from 1 very not
chewy to 5 very chewy, including 1 = Very Not Chewy; 2 = Not Chewy; 3 = Less
Chewy; 4 = Chewy; and 5 = Very Chewy.

Protein Content Analysis

Identification of protein content in wet noodles will be carried out using the
Kjeldahl method (AOAC 960.52). The Kjeldahl method is a method of analyzing
protein content by determining the total amount of nitrogen, where, by multiplying the
resulting nitrogen content by a conversion factor of 6.25, the protein content will be
obtained. The Kjeldahl method test is divided into three stages, namely Destruction,
Distillation, and Titration (Sylvia et al., 2021).

In the destruction stage, 1 gram of the sample was ground. The mixture was
placed in a Kjeldahl flask, followed by the addition of 7.5 grams of K.SOs, 0.35 grams
of CuSO., and 15 mL of concentrated H.SOs. The flask was then shaken until
homogeneous and heated in a fume hood until the liquid became clear. The heating
process was continued for 30 minutes, after which the flask was cooled. Furthermore,
the results of the destruction were transferred to the distillation flask (distillation stage),
and 50 mL of 50 % NaOH, 200 mg Zn, and 100 mL of distilled water were added, then
heated until boiling. The distillate was collected in an Erlenmeyer flask containing 50
mL of 0.1 N HCI and 3-5 drops of phenolphthalein indicator, and the distillation
process was stopped when the distillate was no longer basic.

The final stage of the distillate was titrated with 0.1 N NaOH until a constant
pink color as the endpoint, with duplicate repetitions and blank determination for
calculating nitrogen content. To calculate the amount of nitrogen content, the
following equation 2 is used (Sylvia et al., 2021):

__ (ml NaOH blank—ml NaOH Sample) x N NaOH x 14,008 X
- Sample Grams x 1000

N
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Once the nitrogen content is known, the protein content is then
calculated by multiplying the conversion factor (6.25) as follows equation 3 refers to
Sylvia et al., (2021):

Protein (%) = N X 6,25 ...ooooovieioiieeeeeeeeeeeeeeeeeee e 3)

Calcium Content Analysis

Identification of calcium content in wet noodles will be carried out using the
Atomic Absorption Spectrophotometer (AAS) method or Atomic Absorption
Spectrophotometry (AOAC 984.27). The AAS method is an analysis method used to
measure the Concentration of metal elements in a sample based on the absorption of
radiation by free atoms in the gas phase. The AAS method test is divided
into two stages, namely the sample ashing stage and the sample destruction stage
(Trisna et al., 2023).

The first stage of the porcelain cup was heated at 105 °C for 1 hour, then cooled
in a desiccator for 15 minutes and weighed. After that, 10 grams of sample was put
into the cup and burned in a furnace at 550 °C for 4 hours, then cooled again in a
desiccator for 15 minutes. The second stage of the sample ash was then placed in a
beaker, followed by the addition of 30 mL of distilled water and 10 mL of nitric acid.
The mixture was boiled for 10 minutes and then cooled. The solution was filtered and
collected in a 50 mL measuring flask as the stock solution. Add 2.5 mL of distilled
water, then the solution is ready to be analyzed using AAS to determine the calcium
concentration. The calculation of calcium levels is carried out using the following
formula (Sufiani et al., 2022):

. CxIxP
Kalsium (%) = m ......................................... (4)
description :
C = Concentration of reading results of AAS (ppm)
I = Stock solution (ml)
P = Diluent
w = Sample Weight

Data Analysis

The data in this study were analyzed using SPSS 22.0 software (Chicago, IL,
USA). The data obtained in this study will be subjected to statistical tests using
ANOVA (Analysis of Variance) analysis with a significance level of 5% (P < 0.05).
This is done to test the acceptance or rejection of the hypothesis. If the significance
value or p value (probability) <0.05, then it can be concluded that there is a real effect
on the treatment, and if the significance value or p value (probability)> 0.05, then it
can be concluded that there is no real effect on the treatment. If there is a real difference
between the treatments, a further test will be carried out, namely the Tukey Test, to
see which treatment has a more specific difference (Rahim et al., 2021).
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RESULT AND DISCUSSION
Physical Quality Analysis Of Wet Noodles

The physical quality analysis of wet noodles in this study included cooking
time, cooking loss, and elasticity. The results of the physical quality analysis are
presented in Table 1. Based on Table 1, the cooking time analysis showed significant
differences (P<0.05) among treatments. Specifically, significant variations were
observed between F1 and F3, and between F1 and F4, with the longest average
cooking time found in treatment F4 (10%) at 200.2 seconds. This was followed by F3
(176 seconds), F2 (150.6 seconds), and the shortest in F1 (0%) at 144.4 seconds. This
was followed by treatment F3 (8%), with an average cooking time of 176 seconds,
treatment F2 (5%) with 150.6 seconds, and the lowest average cooking time of
treatment F1 (0%), which was 144.4 seconds. This trend aligns with the findings of
Maemunah et al. (2022), who state that higher protein content in noodle dough leads
to longer cooking times. This is attributed to the more complex and dense protein
structure, which takes longer to absorb hot water and achieve complete denaturation.

In conclusion, the addition of shrimp skin and head flour significantly
increases the cooking time of wet noodles, particularly at higher concentrations.
According to Arinachaque et al., (2023), the typical cooking time for wet noodles
ranges from 2 to 4 minutes (120 to 240 seconds). Therefore, the cooking times observed
in this study, ranging from 144.4 seconds to 200.2 seconds, are within acceptable limits
and should not disrupt consumer satisfaction when serving noodle products.

Table 1. Physical Quality Analysis of Wet Noodles with the Addition of Shrimp Skin

and Head Flour
Parameters Treatment P-Value
F1 F2 F3 F4
Cooking Time (s) 1444 + 425* 150,6 £ 5,78®% 176 + 18,04* 200,2 + 5,10 0,000
Cooking Loss (%) 5,66 = 0,26* 5,91 £1,012 5,77 £ 0.55* 6,97 £ 0.42° 0,111
Elasticity (mm) 33,54 £0,71® 31,25+ 1,51* 27,38 +3,54®> 13,21 £0,79° 0,000

* The data presented consists of Mean * Std. Deviation. Different notations in the
same row and column indicate significant differences (P<0.05)

Furthermore, the cooking loss parameters in Table 1 show that the addition of
shrimp skin and head flour to wet noodles did not provide a significant difference
(P>0.05) in the cooking loss of wet noodles. The highest average cooking loss was in
the F4 treatment (10%) which was 6.97%, followed by the F2 treatment (5%) which
was 5.91%, the F3 treatment (8%) which was 5.77%, and the lowest average was in
the F1 treatment (0%) which was 5.66%. According to Kusumawati (2022), high
cooking loss values can cause the loss of food components that should contribute to
the nutritional value of the product, such as protein, minerals, and vitamins. Therefore,
noodles with low cooking loss values are more desirable because they exhibit good
structural resistance and minimize the loss of nutrients needed by the body during the
cooking process.

Finally, the results of the Elasticity parameter test in Table 1 show that
the addition of shrimp skin and head flour to wet noodles gives a significant difference
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(P <0.05) in the elasticity of wet noodles. Significant differences are found in
treatments F1 and F3, F1 and F4, F2 and F4, and F3 and F4, while insignificant
differences are found in treatments F1 and F2 and F2 and F3. The highest average
value is found in treatment F1 (0%) which is 33.54 mm, then continued with F2 (5%)
which is 31.25 mm, F3 (8%) which is 27.38 mm, and the lowest average is found in
treatment F4 (10%), which is 13.21 mm. Based on the analysis results, it is evident that
the higher the composition of shrimp skin and head flour, the lower the elasticity level
of wet noodles, and vice versa. The decrease in elasticity in wet noodles can be
explained by the reduction in the proportion of wheat flour, which is the main source
of gluten that forms the elastic structure in noodle dough. When wheat flour is partially
replaced by shrimp skin and head flour, the amount of gluten in the dough decreases
so that the noodles become more brittle and less flexible.

After Cooking

Figure 2. Wet noodles F1 (0%), Wet noodles F2 (§%), Wet noodles F3 (8§%), and Wet
noodles F4 (10%)

This finding is consistent with the results of Pratiwi (2021), which states that
noodle elasticity is highly dependent on the gluten content in the flour. The higher the
gluten content in the dough, the better the tensile strength of the resulting noodle
product. Conversely, additional ingredients that do not contain gluten, such as shrimp
skin and head flour, are added; the proportion of gluten decreases, so that the ability
of the tissue to withstand tensile forces and return to its original shape also decreases.
This is also supported by research by Amalia et al., (2024), which states that the gluten
content influences noodle elasticity in the ingredients. The main source of gluten in
wet noodles in this study was wheat flour, so the lower the Concentration of wheat
flour, the elasticity of the wet noodles will also decrease. This decrease in elasticity is
also related to the increase in cooking loss values. In this study, although statistically
not significantly different (P>0.05), when compared numerically, there was an
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increase in cooking loss in each treatment with the highest formulation, namely F4
(10%) of 6.97%, compared to F1 (0%) of 5.66%. In the research of Amalia et al., (2024),
it is also explained that the decreasing amount of gluten makes the dough formed
unstable, resulting in many particles of ingredients being released when cooked. When
the elasticity and strength of the noodle structure decrease due to the reduction of
gluten, the noodles tend to be more easily damaged or broken during the cooking
process, which causes more nutrients to dissolve into the boiling water.

Acceptance Analysis of Wet Noodles (Organoleptic Test)

The acceptability analysis of wet noodles was conducted based on several
parameters, including color, aroma, taste, and texture. The results of the analysis are
presented in Table 2. Based on Table 2, there was a significant difference in the level
of panelist preference for the color parameter (P<0,05). The level of preference that is
significantly different among the panelists is in the treatments F1 and F2, F1 and F3,
and F1 and F4. At the same time, the level of preference of the panelists that is not
significantly different is in the treatments F2 and F3, F3 and F4, and F4 and F2. The
results of the assessment of the color aspect by the researchers showed that the highest
average level of preference of the panelists was in the F1 treatment (0%) which was
4.07, followed by the F2 treatment (5%) of 3.27, in the F3 treatment (8%) of 3.27, and
the lowest average was in the F4 treatment (10%) which was 2.75. The higher
percentage of shrimp skin and head flour added resulted in a more concentrated
brownish color in the wet noodles, which is thought to reduce their appeal according
to the panelists' preferences.

Table 2. Analysis of the Acceptability of Wet Noodles with the Addition of Shrimp

Skin and Head Flour
Parameters Treatment P-Value
F1 F2 F3 F4
Color 4,07 £1,02> 327+091* 327+0,95 2,75+1,18
Aroma 4,18 +0,93* 3,70 +0,92* 3,57 +0,89* 3,20 % 1,24° 0.00
Taste 4,03+0,84> 3,30+0,88 3,18+0,94* 2,83+ 0,99° ’
Texture 4,14 +0,77° 3,57+0,72* 3,43+0,85* 3,05+1,18

* The data presented consists of Mean * Std. Deviation. Different notations in the
same row and column indicate significant differences (P<0.05)

The color change in wet noodles is due to shrimp skin and head flour having
an antixanthin color pigment (Halimah & Maghfiroh, 2022). In addition, according to
Ramadhani et al., (2022), the brownish color in products that are given additional
shrimp flour is also caused by the Maillard reaction that occurs during the heating
process. The Maillard reaction is the relationship between reducing sugars and free
amine groups of amino acids or proteins during heating. Reducing sugars will react
with primary or secondary amine groups, forming dark-colored melanoidin
compounds that cause color changes in food ingredients (Ishak et al., 2024). This
difference in visual expectations has a direct effect on sensory acceptance by panelists,
which confirms that increasing nutritional content must be balanced with an
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assessment of visual aspects and consumer preferences. Thus, it can be concluded that
the use of shrimp skin and head flour at high levels is less preferred in terms of color,
so that in the development of wet noodle formulations, it is necessary to pay attention
to the optimal limit to maintain a balance between nutritional benefits and the visual
appeal of the product.

Furthermore, the aroma parameter results presented in Table 2 also show a
significant difference in panelists' level of preference (P <0.05). The significant
differences were found in treatments F1 and F2, F1 and F3, and F1 and F4. At the
same time, the level of panelist preference that did not differ significantly was in
treatments F2 and F3, F3 and F4, and F4 and F2. The results of the aroma aspect
assessment by the panelists showed that the highest level of aroma preference was in
treatment F1 (0%) which was 4.18, followed by treatment F2 (5%) which was 3.70, in
treatment F3 (8%) which was 3.57, and the lowest average was F4 (10%) which was
3.20. These results indicate that the higher the composition of shrimp skin and head,
the lower the level of panelist preference. This is thought to be due to the increasing
shrimp aroma in wet noodles, along with the increase in the addition of shrimp skin
and head flour. This is reinforced by the statement of Halimah & Maghfirah (2022)
that the higher the percentage of shrimp skin and head flour added to wet noodles, the
stronger the shrimp aroma produced by the wet noodles.

This decrease in the level of preference is closely related to the increase in the
intensity of the distinctive shrimp aroma, which is getting stronger as the
Concentration of shrimp skin and head flour increases. According to Pratiwi (2021),
the distinctive aroma of shrimp can appear due to enzymatic and microbiological
activity in raw materials and during processing, which produces aldehyde, ketone, free
amino acid, and volatile fatty acid compounds. The higher the Concentration of
shrimp skin and head flour, the higher the content of these compounds, so that the
aroma becomes more pungent or unusual for consumers who are not used to it.
Although the aroma of shrimp at a certain concentration (such as 5%) is still
acceptable, at higher concentrations the aroma becomes more dominant. It has the
potential to reduce consumer preference, especially for those who prefer a neutral or
typical noodle aroma. Thus, although the addition of shrimp skin and head flour
provides added nutritional value, changes in aroma need to be a major concern in the
formulation.

Then, the taste parameter results presented in Table 2 also show significant
differences in the panelists' level of preference (P <0.05). The significant differences
were in treatments F1 and F2, F1 and F3, and F1 and F4. At the same time, the level
of panelist preference that did not differ significantly was in treatments F2 and F3, F3
and F4, and F4 and F2. The results of the assessment of the taste parameters showed
that the highest average level of panelist preference was in treatment F1 (0%) which
was 4.03, followed by treatment F2 (5%) which was 3.30, in treatment F3 (8%) which
was 3.18, and the lowest average was F4 (10%) which was 2.83. These results indicate
that the higher the composition of shrimp skin and head flour used, the lower the level
of panelist preference for the taste of wet noodles. The decrease in the level of
preference for the taste of wet noodles with the addition of shrimp skin and head flour
can be associated with the chemical composition of shrimp skin and head flour,
especially the content of flavor compounds, such as free amino acids. According to
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Halimah & Maghfirah (2022), the dominant amino acid in shrimp skin and head is
glutamic acid, which is the main component of umami taste. According to the United
States Department of Agriculture (USDA), shrimp skin and head contain amino acids
such as methionine (sulfuric and meaty taste), cysteine (sulfuric), and tryptophan
(which gives a bitter and slightly sweet taste). The combination of these compounds
can cause a distinctive taste that is different from ordinary noodles. At low
concentrations (eg, 5%), the distinctive taste of shrimp may still be acceptable and even
provide added value as a savory or seafood taste. However, at higher concentrations
(8-10%), the intensity of the taste may be too strong, deviating from consumer
expectations of the taste of noodles in general, and ultimately reducing the level of
preference. Overall, the results of the study showed that the Concentration of shrimp
skin and head flour greatly influences the taste of wet noodles. Therefore, to produce
wet noodle products with a formulation that has high nutritional value while still being
preferred, it is necessary to determine the optimal formulation level, where the
nutritional value increases without sacrificing the taste characteristics expected by
consumers.

Lastly, the wet noodle texture parameters shown in Table 2 also indicate
significant differences in panelists' preferences across the different treatments (P
<0.05). The significant differences were in treatments F1 and F2, F1 and F3, and F1
and F4. Meanwhile, the panelist preference levels that did not differ significantly were
in treatments F2 and F3, F3 and F4, and F4 and F2. The results of the assessment of
the texture parameters showed that the highest average level of panelist preference was
in treatment F1 (0%) which was 4.14, followed by treatment F2 (5%) which was 3.57,
in treatment F3 (8%) which was 3.43, and the lowest average was F4 (10%) which was
3.05. These results indicate that the higher the composition of shrimp skin and head
flour used, the lower the level of panelist preference for the texture of wet noodles. This
is because if the amount of wheat flour in the dough decreases, the wet noodles will
experience a decrease in elasticity. After all, the gluten content that makes the noodle
texture more chewy also decreases (Halimah & Maghfiroh, 2022).

The decrease in the panelists' preference for this texture is closely related to the
results of the physical test of noodle elasticity. In treatment F1 (0%), the highest
elasticity (33.54 mm) provides a good chewy sensation, so that panelists prefer it.
Conversely, in treatment F4 (10%), which has the lowest elasticity (15.05 mm), the
noodles tend to break and are not elastic when bitten, so the texture feels less pleasant.
Thus, the addition of excessive shrimp skin and head flour has the potential to reduce
the preference for the texture of wet noodles, so it is important to determine a balanced
formulation between increasing nutritional value and consumer sensory preferences.

Analysis of Protein and Calcium Content

Analysis of Protein and Calcium Content was conducted on selected wet
noodle formulations, namely F1 and F2, where F1 is a control formulation with 0%
shrimp skin and head flour content and F2 is a formulation with 5% shrimp skin and
head flour content. The results of the Protein and Calcium content test on wet noodles
in the selected formulation can be seen in the following graph:
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Figure 3. Average comparison graph of wet noodle protein content in selected
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Figure 4. Average comparison graph of calcium content of wet noodles in selected
formulations

The results of the protein content analysis in Figure 3 showed that there was
no significant difference between treatments (P>0.05), so it can be concluded that Ha
was rejected on protein content because the addition of shrimp skin and head flour did
not significantly affect the protein content in wet noodles. The results of the calculation
of protein content in treatment F1 were 9.44% while in treatment F2, it was 10%.
However, the results of the statistical test showed no significant difference; in this case,
there was an increase in protein content in wet noodles with the addition of shrimp
skin and head flour by 0.56%. The results of this study are reinforced by the research
of Halimah & Maghfirah (2022), which states that the higher the percentage of shell
flour addition, the higher the protein content contained in wet noodles. This is because
the protein content in shrimp skin and head flour is higher than that of wheat
flour. In addition, the results of the protein content test on wet noodles have met the
requirements for wet noodle protein content according to
Badan Standarisasi Nasional (2015), which is a minimum of 9%.

The results of the calcium content test in Figure 4 showed that the calcium
content in the F1 (0%) treatment was 305.54 mg/kg, while in the F2 (5%) treatment it
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was 1281.29 mg/kg. These results indicate a very high increase in calcium levels in
wet noodles with the addition of shrimp skin and head flour, with a difference of 975.75
mg/kg or an increase of 4 times higher. In this case, the higher the percentage of shrimp
skin and head flour addition, the higher the calcium content of wet noodles. The results
of this study are supported by the research of Sary (2024), which states that the addition
of shrimp skin and head flour is in line with the increase in calcium levels in wet
noodles, so that the higher the composition of shrimp skin and head flour in wet
noodles, the higher the calcium content. According to Permenkes (2019) on Number
28, it is stated that the Adequate Nutritional Intake (AKG) for daily calcium
requirements for men and women aged 10-18 years is 1200 mg/day and for those aged
19-49 years 1000 mg/day, meaning that the addition of shrimp skin and head flour to
wet noodles is sufficient to meet daily calcium nutrition.

CONCLUSION

Based on the results of the study, it can be concluded that the addition of
shrimp skin and head flour to wet noodles affects the physical quality of the product.
The higher the concentration added, the longer the cooking time, and the elasticity of
the noodles decreased, although the cooking loss value did not change significantly.
From the organoleptic side, increasing the concentration resulted in a darker brownish
noodle color, a stronger shrimp aroma and taste, and a texture that tended to be less
chewy. Based on the overall results, the best formulations were F2 (5%). The 5%
formulation (F2) was optimal, as it enhanced protein and calcium contents while
maintaining consumer acceptance. Specifically, F2 increased protein content from
9.44% to 10% and calcium from 305.54 mg/kg to 1281.29 mg/kg, demonstrating that
greater addition of shrimp shell and head flour leads to higher protein and calcium
levels in wet noodles. This study provides a low-cost functional food fortification
strategy using shrimp by-products, with potential applications in school feeding
programs and SME noodle industries, while also supporting waste reduction.

REFERENCES

Adawiyah, I. D. R., Dase Hunaefi, S. T. P, St, M. F., & Nurtama, I. B. (2024). Sensory
Evaluation of Food Products. Jakarta: Bumi Aksara. [In Indonesian language]

Afriliyanti, P., Hendrawan, H., & Hodjijat, A. (2023). The Effect of Substituting Mocaf
Flour for Wheat Flour on the Characteristics of Wet Noodles. Jurnal Dimamu,
3(1), 1-7. [In Indonesian language]

Ahn, S., Lee, W. ., Jang, D., & Kang, D. . (2021). Current Status and Evaluation of
Fisheries By-products: Major Options to Marine Bioindustrial Application. Ocean
and Polar Research, 43(3), 149-164.

Amalia, A. ., Sumartini, S., Azka, A., Ratrinia, P. W., Suryono, M., Saputra, E. N.,
& Hasibuan, N. E. (2024). The physicochemical characteristics of wet noodles
made from different types of fish vary with the addition of egg white powder.
Jurnal Pengolahan Hasil Perikanan Indonesia, 27(11), 1021-1034. [In Indonesian

language]
Arinachaque, F., Suyanto, A., & Hersoelistyorini, W. (2023). Physical and Sensory

Nurfita et al., (2025). Shrimp Shell and Head Flour Formulation in Wet Noodle Products as ... | 1029



Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 11 (3): 1015 - 1032, September 2025 e-ISSN: 2685-7332

Characteristics of Wet Rice Flour Noodles Modified with the Addition of
Xanthan Gum. Prosiding Seminar Nasional Unimus, 6, 1156-1167. [In Indonesian
language]

AOAC. (1995). Official methods of analysis of AOAC international. 17th edition.
Gaithersburg, MD, USA: Association of Official Analytical Chemists, Arlighton.

Badan Standarisasi Nasional. (2015). SNI 2987:2015. Quality Requirements for Wet
Noodles. Jakarta: Badan Standardisasi Nasional. [In Indonesian language]

Birhi, D. N., Abi, F. D. Y. P., & Laka, A. F. (2025). Pilsbryoconcha exilis: A Study of
Structure, Components and Nutrition, and Its Use in Water Pollution Treatment.
Jurnal Sains Dan Edukasi Sains, 8(2), 173-184. [In Indonesian language]

Dianiswara, A., Nurmawati, N., Harahap, R. G., Putri, D. L., Wirawan, M. K., &
Huda, A. C. (2023). Innovation in Shrimp Shell Waste Processing in RT. 34,
Karang Joang Village, North Balikpapan. Sinar Sang Surya: Jurnal Pusat
Pengabdian Kepada Masyarakat, A1), 109.
https://doi.org/10.24127/sss.v711.2551 [In Indonesian language]

Fadila, A. R. (2024). The effect of magnetic field exposure on inhibiting the growth of
Escherichia coli bacteria and its impact on the protein, carbohydrate and calcium content
of soy milk. Undergraduate Theses of Physic Program, Universitas Islam Negeri
Maulana Malik Ibrahim. http://etheses.uin-
malang.ac.id/66040/1/200604110010.pdf. Accessed on 19Th May 2025. [In
Indonesian language]

FAO. (2023). US shrimp imports decline in 2023. https://www.fao.org/in-
action/globefish/news-events/news/news-detail /us-shrimp-imports-declined--
in-2023/en. Accessed on 14Th May 2025. [In Indonesian language]

Halimah, I. N., & Maghfiroh, K. (2022). Optimisation of Protein Enhancement and
Organoleptic Quality of Wet Noodles Through Fortification with Rebon Shrimp
Flour (Acetes erytharaeus). Journal of Natural Sciences and Learning, 1(1), 22-29.
https://doi.org/10.30742/jnsl.v1i1.19 [In Indonesian language]

Hermanto, E. mustikawati P., & Nengseh, K. N. A. (2020). Utilisation of Shrimp
Waste (Shrimp Heads and Shells) as MSG Substitute Stock Powder in Medalem
Village, Sidoarjo.  Jurnal  Abadimas  Adi  Buana, @ 3(2), 7-10.
https://doi.org/10.36456/abadimas.v3.12.a2165 [In Indonesian language]

Ishak, H. K., Naiu, A. S., & Mile, L. (2024). The Effect of Substituting Mackerel
Fishmeal (Rastrelliger kanagurta) with Yellow Squash Flour (Cucurbita
moschata) on the Characteristics of Spritz Cookies. Media Teknologi Hasil
Perikanan, 12(2), 135-144. [In Indonesian language]

Kusumawati, R., Palupi, N. S., & Budijanto, S. (2022). Antioxidant Activity of Black
Rice Macaroni and Pigmented Nuts Using the Cold Extrusion Method.
AgriTECH, 42(3), 195. https://doi.org/10.22146/agritech.56064 [In Indonesian
language]

Lestari, F. W., Mariani, & Artanti, G. D. (2021). The Effect Of Shrimp Waste Flour
Substitution On Cheese Stick With Consumer Acceptability. Jurnal Gizi Pangan,
Klinik Dan Masyarakat, 1(2), 1-12. [In Indonesian language]

Maemunah, S., Hutomo, G. S., Noviyanty, A., & Rahim, A. (2022). Physicochemical,
Functional and Sensory Characteristics of Prebiotic Noodles Made from Sago
Starch (Metroxylon sp.) Resulting from Double Modification. Jurnal Pengolahan

Nurfita et al., (2025). Shrimp Shell and Head Flour Formulation in Wet Noodle Products as ... | 1030



Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 11 (3): 1015 - 1032, September 2025 e-ISSN: 2685-7332

Pangan, 7(2), 80-91. [In Indonesian language]

Maulina, D. E., Nurwati, & Hasdar, M. (2024). Shrimp Waste as Powdered Broth:
Analysis of Moisture Content, Water Activity, and Organoleptic Evaluation
Using the Roasting Method. JTFP, 4(2), 18-29. [In Indonesian language]

PERMENKES RI No. 28. (2019). Regulation of the Minister of Health of the Republic of
Indonesia Number 28 of 2019 concerning Recommended Nutrient Adequacy Levels for the
Indonesian  Population. Departemen  Kesehatan Republik Indonesia.
https://peraturan.bpk.go.id/Details/ 138621 /permenkes-no-28-tahun-2019.
Accessed on 14Th May 2025. [In Indonesian language]

Pratiwi, V. (2021). Substitution of Dried Rebon Shrimp Flour for Wheat Flour on
Organoleptic  Quality, Protein Content, and Acceptability of Wet Noodles.
Undergraduated Theses of Nutrition Study Program, Politeknik Kesehatan
Kemenkes Padang. https://pustaka.poltekkes-pdg.ac.id/index.php?p=fstream-
pdf&fid=2606&bid=7145. Accessed on 19Th May 2025. [In Indonesian
language]

Rahim, V. S., Liputo, S. A., & Maspeke, P. N. (2021). Physicochemical and
Organoleptic Properties of Wet Noodles with Modified Black Glutinous Rice
Flour Substitution Using Heat Moisture Treatment (HMT). Jambura Journal of
Food Technology, 3(1), 43-56. https://doi.org/10.37905/jjft.v3i11.7295 [In
Indonesian language]

Ramadhani, W., Indrawan, 1., & Seveline. (2022). Formulation of Mocaf Crackers
with the Addition of Rebon Shrimp Flour and Its Characteristics. Jurnal
Bioindustri, 4(1), 93—108. ttps://doi.org/10.31326/jbio.v4i2.1238 [In Indonesian

language]
Riskesdas. (2018). National Health Survey Report of 2018. Ministry of Health of the
Republic of Indonesia.

https:/ /repository.badankebijakan.kemkes.go.id/id/eprint/3514/1/Laporan
Riskesdas 2018 Nasional.pdf. Accessed on 14Th May 2025. [In Indonesian
language]

Rohmalia, D., & Dainy, N. C. (2023). Acceptability and Nutritional Content of Wet
Noodles Made from Chicken Liver Flour and Bogor Taro Flour. Muhammadiyah
Journal  of  Nutrition  and  Food  Science  (MJNE), 4(1), 1.
https://doi.org/10.24853/mjnf.4.1.1-13 [In Indonesian language]

Sary, Y. (2024). The Effect of Adding Vaname Shrimp (Litopenaeus Vannamei) Shell and
Head Flour on the Chemical and Organoleptic Characteristics of Wet Noodles.
Undergraduated Theses of Fisheries Science Program, Universitas Sumatera
Selatan.
https://repositori.uss.ac.id/id/eprint/351/1/Ratna_20542470020_01_front.pdf
. Accessed on 14Th May 2025. [In Indonesian language]

Situngkir, R. U., Sarungallo, Z. L., & Sarungallo, R. S. (2019). Physical and
Organoleptic Properties of Dry Noodles with the Addition of Sweet Potato Flour
and Soybean Flour. Agritechnology, 212), 78.
https://doi.org/10.51310/agritechnology.v2i2.46 [In Indonesian language]

Sucianti, G. (2020). The Effect of Substituting Rice Bran Flour on the Physical and
Chemical Properties of Wet Noodles. Jurnal Teknologi Pangan Dan Ilmu Pertanian
(Jipang), 2(1), 10-20. https://doi.org/10.36526/jipang.v2i1.1210 [In Indonesian
language]

Nurfita et al., (2025). Shrimp Shell and Head Flour Formulation in Wet Noodle Products as ... | 1031


https://doi.org/10.31326/jbio.v4i2.1238

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 11 (3): 1015 - 1032, September 2025 e-ISSN: 2685-7332

Sufiani, N., Kurniasih, R., & Suharto, S. (2022). The Effect of Extraction Duration
Using NaOH on the Nanocalcium Characteristics of Cuttlefish Bone (Sepia sp.).
Journal of Fisheries and Marine Research, 6 (1), 130-141. [In Indonesian language]

Sukmawati, S., Nadimin, N., Tamrin, A., & Luftiannisa, R. (2022). Acceptability,
Protein Content and Calcium Content of Snack Bars Substituting Anchovy Flour
and Red Bean Flour. Jurnal Kesehatan Manarang, 8(3), 223-231. [In Indonesian
language]

Sylvia, D., Apriliana, V., & Rasydy, L. O. A. (2021). Analysis of Protein Content in
Guava Leaves (Psidium guajava L.) Using the Kjeldahl Method and UV-Vis
Spectrophotometry. Jurnal Farmagazine, 8(2), 64.
https://doi.org/10.47653/farm.v8i2.557 [In Indonesian language]

Trisna, M., Oktriyanti, M., & Purba, A. U. B. (2023). Analysis of Ca, Cu, K and Mg
Elements in Oil Palm Leaves Using Atomic Absorption Spectrophotometry
(AAS). Jurnal Inovasi Teknik Kimia, §(4), 298-305. [In Indonesian language]

World Instant Noodles Association. (2024). Global instant noodle demand surges to record
123 billion servings. https://instantnoodles.org/en/noodles/demand/table/.
Accessed on 14Th July 2025

Yin, T., & Park, J. (2023). Comprehensive review: by-products from surimi production
and better utilization. Food Sci Biotechnology, 32(14), 1957-1980.

How To Cite This Article, with APA style :

Nurfita., Safrida., Iskandar, W., & Febriansyah, M. 1. (2025). Shrimp Shell and Head
Flour Formulation in Wet Noodle Products as Source of Protein and
Calcium. Jurnal Pembelajaran dan Biologi Nukleus, 11(3), 1015-1032.
https://doi.org/10.36987/jpbn.v11i3.7764

Conflict of interest : The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Author contributions : All authors contributed to the study's conception and design.
Material preparation, data collection and analysis were
performed by all authors. The first draft of the manuscript was
submited by [Safrida Safrida]. All authors contributed on
previous version and revisions process of the manuscript. All
authors read and approved the final manuscript.

Nurfita et al., (2025). Shrimp Shell and Head Flour Formulation in Wet Noodle Products as ... | 1032



