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Abstract. Malnourished children may have compromised immune system. Snake
head fish was well known for its albumin as a potential immunomodulator by
enhancing both humoral and cellular immune response. This research aim to
develop snakehead fish albumin into karageenan that can be accepted. We used
snakehead fish extract as albumin source, strawberry pure to enhance sensory
preference, gelatin and carrageenan as gelling agent, sucrose and honey as
sweetener. Proximate and sensory preference parameters were evaluated to know
the best formula. There is an increase in protein and ash content along with the
increase in the concentration of snakehead fish extract. In terms of sensory
profile, the acceptable snakehead fish candy gummies are P1 texture. So it is
concluded that snakehead fish extract is possible to be developed into karageenan
but further optimization is needed to obtain a more optimal formula and longer
shelf life.
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1 Introduction

The number of malnourished toddlers continues to increase year after year. The high
number of toddlers experiencing malnutrition is feared to be a manifestation of high
stunting rates in the coming years. Malnutrition is an acute nutritional problem, while
stunting is a chronic nutritional problem that occurs due to persistent macro and
micronutrient deficiencies over a long period of time [1, 2]. Chronic malnutrition
affects immune-mediated cells and antibody production in children, increasing the risk
of infectious diseases[3, 4]. Infectious diseases in toddlers trigger a decrease in appetite,
leading to low intake. One source of nutrients that plays a role in the formation of
antibodies to boost the immune system is protein.

Snakehead fish is a freshwater fish rich in albumin, amino acids, Zn, Fe, Cu, and
unsaturated fatty acids, which can act as immunomodulators [4], [5], [6]. Snakehead
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fish extract has been widely used as a functional food for cancer patients during chem-
otherapy, post-op patients, and patients with liver disorders [5, 6] It is administered in
liquid form, such as drinks or capsules, which are difficult for children to accept due to
its similarity to medicine and fishy odor[6—9]. Snakehead fish extract, high in albumin,
has been empirically and scientifically proven to be a therapeutic support for patients
to boost their immunity. Its antioxidant and essential amino acid content can increase
cell activation and inhibit cytokines such as TNF-a and IL-5. Its immunomodulatory
role, through its role in regulating cytokines and scavenging free radicals, can support
the healing of malnutrition in inflammatory conditions. Studies have shown that admin-
istering snakehead fish extract can improve nutritional status and immune parameters
such as albumin levels and reduce neutrophil and lymphocyte counts during inflamma-
tion in children and adults. [6, 8]

Strawberries are a favorite fruit for toddlers, rich in vitamin C and possessing a dom-
inant flavor, aroma, and color. The combination of vitamin C in strawberries and sulfur-
containing amino acids in snakehead fish extract can strengthen the endogenous anti-
oxidant system to combat ROS produced by infection. Meanwhile, albumin, zinc, and
unsaturated fatty acids can form antibodies to strengthen the immune system. Thus,
nutrient intake from food can be focused on growth.

Gummy candy is known as a popular snack for children, but it is usually high in
simple sugars, high in calories, and low in bioactive components. The formulation of
snakehead fish extract combined with strawberries to create gummies is expected to
increase toddler acceptance. The latest formulation of gummies candy fortified with
plant extracts is organoleptically acceptable, low in calories, and has consumer ac-
ceptance [10, 11] The incorporation of Channa striata and strawberries in gummies
could improve compliance and nutritional intake in malnourished children. Therefore,
the aim of this research is to produce a snakehead fish extract gummies product with
good nutritional content and acceptance.

2 Materials And Methods

Snakehead fish (Channa striata) extract was obtained from local supplier CV Striata
(Singosari, Malang, Indonesia). Fresh strawberries were obtained from the organic farm
NT Strawberry (Batu, Indonesia), granulated sugar or sucrose in the form of small white
granules. Pure honey, with no added sweeteners or flavorings, carrageenan in the form
of a fine, unflavored powder, and gelatin in powder form were used.

The process of making karageenan was mixing strawberries, granulated sugar and
honey. The formulation is done based on the ratio of fish juice and strawberries (table
1). The mixture is stirred until homogeneous. Carrageenan and gelatin are added then
heated to a temperature of 80°C. When the temperature reaches 40°C, the snakehead
fish extract is added and stirred until homogeneous. The formulation is molded with a
rubber / silicone mold, waited until it cools slightly, then put in a cold temperature (4°C)
for 20 minutes Then, stir until homogeneous and molded. Store in the refrigerator until
solid. All gummies were prepared in the same procedures.
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Table 1. Ingredients (grams) used in gummy formulation

Ingredients Formulation

(g) PO Pl P2 P3 P4
Fish Extract 0 28 56 84 112
Straweberry 140 112 84 56 28
Sugar 16 16 16 16 16
Honey 20 20 20 20 20
Gelatine 20 20 20 20 20
Karageenan 8 8 8 8 8

Proximate analysis based on AOAC[12] and sensory analysis are conducted with a
hedonic test[13, 14].

3 Results and Discussion

Good quality albumin in snakehead fish extract can be seen from its chewy texture
at room temperature. The chewier the texture at room temperature, the higher the albu-
min content and quality of the snakehead fish extract. Snakehead fish extract is divided
into two types, identified by its color: yellow snakehead fish extract and white snake-
head fish extract. Yellow snakehead fish extract has a chewy texture at room tempera-
ture, a strong, fishy aroma typical of snakehead fish, and blends well when mixed into
a formula. Meanwhile, white snakehead fish extract has a hard texture at room temper-
ature, a strong, rubbery aroma, and is difficult to blend into a formula. Therefore, this
study used yellow snakehead fish extract to produce gummies.

Strawberries have different levels of ripeness. This can be seen in the outer color of
the strawberries. Strawberries with a red-orange ripeness have a sour taste. When added
to a formula, the resulting formula has a sour taste. Strawberries with a red ripeness
have a slightly sour and sweet taste. When added to the formula, the resulting formula
has a sweet taste. Therefore, this study used strawberries with a red ripeness to ensure
the resulting formula matched the desired taste.

The result of proximate analysis were shown on Table 2. The proximate values did
not show a consistent pattern due to the increasing of fish extract added to the parame-
ters of protein, fat, carbohydrate, and water content. But, Ash content increased with
increasing proportion of fish extract added. This indicates that the addition of fish ex-
tract can increase the total minerals in gummy candy.

Table 2. Nutrition value of gummy candies

. Protein Carbohy- Moisture Ash Content
Formulation o, Fat (%) g e ) (%)
PO 14.99 0.18 42.53 41.11 1.21
P1 17.13 0.15 34.01 47.36 1.36
P2 16.75 0.10 40.98 40.63 1.55
P3 16.69 0.13 34.51 47.18 1.51

P4 18.55 0.18 37.15 42.44 1.69
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The recipe was further modified to find the right formula, the ninth recipe. This for-
mula is divided into five recipes, differing in the concentration of snakehead fish extract
and strawberry puree added. The ingredients used include strawberry puree, granulated
sugar, honey, carrageenan, gelatin, water, and yellow snakehead fish extract. The prep-
aration process begins by mixing the strawberry puree, granulated sugar, honey, and
carrageenan until homogeneous. Heat with regular stirring until boiling, and gelatin
dissolved in water is added until all components are well combined. The temperature is
then lowered to room temperature and the snakehead fish extract is added. Stir until
homogeneous, mold, and refrigerate until the formula solidifies. The formula is cut into
small cubes or dice-shaped pieces and dried for approximately 24 hours at room tem-
perature to prevent the formula from sticking or becoming moldy due to the wet condi-
tions. The snakehead fish gummies are packaged and ready for consumption by the
public, especially toddlers with malnutrition. The resulting formulation meets expecta-
tions: a dense, soft, and chewy texture. The fishy taste and aroma of the snakehead fish
are masked by the strawberry, and the attractive reddish-brown color is achieved.

The physical properties of the snakehead fish gummies are evident in their texture
and color. The results of the panelists' assessment of the product are presented in Figure
1. The best formula were P0, the gummies candy is reddish-brown in color, while the
texture tends to be dense, soft, and chewy.
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Fig. 1. Hedonic test in gummy candy
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4 Conclusion

Increasing the proportion of fish extract increases the ash content in gummy candy. The
acceptable characteristics of gummy candy made from a combination of gelatin and
carrageenan are PO with a chewy and dense texture, no aroma of snakehead fish juice,
ared color, and a sweet taste with the distinctive fishy taste of snakehead fish juice that
can be disguised.

Acknowledgments. The authors also acknowledge the financial support from Universitas Negeri
Malang. Appreciation is given to the laboratory staff and colleagues in the Faculty Of Mathe-
matics and Natural Sciences for their kind cooperation and encouragement

References

1. Yuliani, I., Widaryanti, R.: Prevention of Stunting with Teenagers ’ First 8000
Days of Life Program Pencegahan Stunting Melalui Program 8000 Hari Per-
tama Kehidupan ( HPK ) oleh Remaja. Prosiding Midwifery Science Session
Prevention. 1-7 (2021).

2. Badan Penelitian dan Pengembangan Kesehatan: Riskesdas 2018. , Jakarta
(2018).
3. Penentuan Kadar Protein Albumin dalam Sampel Brownies yang Diberikan

Kepada Penderita Tuberkulosis. Chimica et Natura Acta. 9, (2021).
https://doi.org/10.24198/cna.v9.n2.34096.

4. Taslim, N.A., Fitriana, N., Suprapti, N.L.E., Marsella, C.P., Bukhari, A., Ra-
syid, H., Aminuddin, A., As’ad, S., Aman, A.M., Madjid, M.: Effects of
Channa striata Extract on Albumin Serum and Neutrophil-to-Lymphocyte Ra-
tio in Hyperglycemic Rats with Wound Injury: A Randomized Control Study.
Open Access Maced J Med Sci. 10, 450-455 (2022).
https://doi.org/10.3889/0amjms.2022.8179.

5. Rosyidi, R.M., Januarman, J., Priyanto, B., Islam, A.A., Hatta, M., Bukhari, A.:
The Effect of Snakehead Fish (Channa striata) Extract Capsule to the Albumin
Serum Level of Post-operative Neurosurgery Patients. Biomedical and Phar-
macology Journal. 12, 893—-899 (2019). https://doi.org/10.13005/bpj/1714.

6. Mustafa, A., Khoirunnisa, A.A., Rahman, N.: Effect of Giving Snakehead Fish
Extract (Channa striata) on Albumin, Neutrophil, and Lymphocyte Levels in
Hypoalbuminemia Patients. Journal of Local Therapy. 1, 56 (2022).
https://doi.org/10.31290/j1t.v1i2.3457.

7. D,R., A, R, N, M., HR, P., K, N., A, E.: Nanoparticle preparation and charac-
terization of Haruan fish (<em>Channa striata</em>) exctract contains albu-
min from south Kalimantan with ionic gelation method. International Journal
of Drug Delivery. 9, 47 (2017). https://doi.org/10.5138/09750215.2070.

8. Mustafa, A., Widodo, M., Kristianto, Y.: Albumin and zinc content of snake-
head fish (Channa striata) extract and its role in health. IEESE International
Journal of Science and Technology. 1, (2012).



10.

11.

12.

13.

14.

Formulation of High Protein Albumin Karageenan for Malnourished ... 117

Taslim, N.A., Fitriana, N., Suprapti, N.L.E., Marsella, C.P., Bukhari, A., Ra-
syid, H., Aminuddin, A., As’ad, S., Aman, A.M., Madjid, M.: Effects of
Channa striata Extract on Albumin Serum Neutrophil-to-Lymphocyte Ratio in
Hyperglycemic Rats Wound Injury: A Randomized Control Study. Open Ac-
cess Maced J Med Sci. 10, 450-455 (2022). https://doi.org/10.3889/0am-
jms.2022.8179.

Aurelia, J., Trifena, F., Levi, K., Marcella, M., Septiyani, Agustinah, W.:
Dragon Fruit Peel Extract and Encapsulated Catfish Oil Formulation in Gummy
Candy with Potential In Vitro Antihyperglycemia Properties. Journal of Func-
tional Food and Nutraceutical. 71-81 (2022).
https://doi.org/10.33555/jffn.v3i2.87.

Nurhasanah, S., Muhaimin, Pyopyash, S.A., Zaida, Pangawikan, A.D.P.: En-
hancing Functional Foods with Plant Extracts: A Study on Gummy Candies
Containing Sungkai Leaf Extract. Advance Sustainable Science Engineering
and Technology. 7, 02502024 (2025). https://doi.org/10.26877/tjdgyw23.
Association of Analytical Chemists: Official method of analysis of the AOAC
(16th ed). , Washington DC (1995).

Romo-Zamarron, K.F., Pérez-Cabrera, L.E., Tecante, A.: Physicochemical and
Sensory Properties of Gummy Candies Enriched with Pineapple and Papaya
Peel  Powders. Food Nutr  Sci. 10, 1300-1312  (2019).
https://doi.org/10.4236/fns.2019.1011094.

Mahdi, S.A., Astawan, M., Wulandari, N., Muhandri, T.: Sensory profiling of
tempe functional drink powder using rate-all-that-apply method. Food Res. 7,
19-26 (2023). https://doi.org/10.26656/{r.2017.7(S2).3.



118 A. Nirbaya et al.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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