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Abstract. Protein and mineral deficiencies can also contribute to stunting.
Introducing wader-fish, an underutilized-ingredient rich in protein and
minerals, for the development of supplementary-food could offer a
nutritious option for toddlers. This study developed a supplementary food
made from wader-fish and kidney beans for toddlers aged 12—24 months,
using a traditional Indonesian steamed-dish technique called pepes.
Different formulations of wader-fish and kidney-beans (50:50, 70:30, and
90:10) were used to develop supplementary food. The pepes-technique, an
Indonesian steamed-dish wrapped with banana leaves, was chosen to
preserve nutrients and offer convenient single-serving use. Kidney beans
were selected as protein complementors. The ratio of 70:30 was chosen as
the optimal formula. One serving (125 g) contained 23.3% energy, 81.35%
protein, 86.80% calcium, 74.82% iron, and 102.08% zinc.

1 Introduction

Addressing protein and mineral deficiencies through a balanced diet is crucial for preventing
and mitigating stunting [1]. According to the latest Indonesian Individual Food Consumption
Survey, 23.6% of children aged 0-59 months lacked adequate protein intake (consumption is
less than 80% of the RDA for protein) [2]. This is alarming as children with a history of
protein deficiency have an 8.6 times increased risk of stunting [3]. Furthermore, research
conducted in Southeast Asia using The Comprehensive Nutrient Gap Assessment (CONGA)
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revealed a micronutrient gap burden during the period of supplementary feeding, which
implies a shortfall in intake. In Indonesia, the gap is considered as high for calcium and
moderate for zinc and iron [4]. Using underutilised-local ingredients rich in these nutrients
can ensure the accessibility and affordability of nutritious foods for the local population,
thereby improving overall nutrient intake [5].

Wader-fish, a protein- and mineral-rich Indonesian freshwater fish, has started to decline
for common consumption [5]. This fish is plentiful and affordable in Wonogiri, Central Java,
where stunting is prevalent, yet its utilization as a complementary food remains limited.
Wader-fish can be obtained at a relatively low price of IDR 28,833/kg by 2023 [6].
Combining plant-based and animal-based proteins ensures a balanced intake of essential
amino acids, as plant proteins often lack certain amino acids that animal proteins provide.
This synergy supports optimal health and dietary sustainability [19,20]. Combining wader-
fish with plant-based protein sources, such as kidney beans, can enhance their nutritional
profile. Additionally, kidney beans also had a relatively low price of IDR 15,827/kg in 2022
[7]. Kidney beans are a nutrient-dense food rich in protein, iron, zinc, and folate, essential
for supporting growth and cognitive development in infants, while their high fiber content
promotes healthy digestion, making them an ideal ingredient for complementary feeding
[21,22]. This study developed a supplementary food made from wader-fish and kidney beans
for toddlers aged 12—24 months, using a traditional Indonesian steamed-dish technique called
pepes. This technique allows for the maintenance of overall nutrients, provides single-serving
use, and ensures a long shelf life with the addition of a freezing method. The product
development included the assessment on physical, nutritional, and sensory aspects.

2 Materials and methods

This research used a completely randomized design with two replications and three treatment
levels in the form of ratio between wader-fish and kidney beans used to make pepes. Three
formulations of wader-fish and kidney-beans (50:50, 70:30, 90:10) were developed based on
the requirements of Indonesian Food and Drug Authority Regulation No. 1 0f 2022 regarding
nutritional claims for protein and minerals. F0 in this study was excluded from the prototype
development as it did not meet the criteria for protein and mineral content, which are the
primary objectives of this research. The wader-fish procured from Wonogiri-Central Java
were thoroughly washed, boiled (10 min, 100°C), and then roughly mashed. Kidney beans
were washed, soaked (15 min), boiled (12 min, 100°C), and then blended until they were
smooth. Onion and garlic were sautéed, then chicken broth was added, followed by a brief
sauté of the carrots. Rice and chicken broth (1:2) were prepared and added with the spices,
carrots, and chopped spinach, then cooked (20 min). The rice mixture was then combined
with blended kidney beans, shaped onto banana leaves, filled with wader-fish, and steamed
(20 min). The serving size has been determined by referring to dietary recommendations,
such as those provided by the World Health Organization (WHO) to align with daily
nutritional requirements.

The texture characteristics of the pepes were further analysed (CT3-100 Brookfield
texture-analyser) [5]. Chemical analyses were performed to determine the content of moisture
(AOAC 952.10), ash (AOAC 923.03), lipid (AOAC 922.06), protein (AOAC 920.87),
carbohydrate (by-difference) and minerals (AAS). The acceptance rating test was performed
using 32 untrained panellists to evaluate the sensory quality. The hedonic scale has a value
between 1-9 (strongly dislike-strongly like). Data were statistically evaluated using ANOVA,
followed by Duncan's post-hoc test. The best formula was selected based on a combination
of the three aspects of the analysis that had been conducted, i.e. feasibility of processing
technique, nutritional content and sensory evaluation. Subsequently, the contribution of
nutrients in the best formula was compared to the Dietary Reference Intake (DRI).
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3 Results and discussion

The hardness level (N) of the pepes increases from 77.3 N to 85 N as the proportion of wader
fish in the developed formula rises from 50% to 90%. As a member of the Cyprinidae family,
wader-fish also shares the common characteristic of tender meat, although it contains many
fine bones [§]. The greater the ratio of wader fish used in the formula, the more fish bones
are processed into pepes, making its texture rougher. The roughness of pepes can be reduced
by pressure cooking. It has been suggested that the softening of bones by pressure cooking is
linked to the destruction of collagen structure [9].

(@) (b) (©
Fig. 1. Visual appearance of wader-fish Pepes with three different ratios of wader-fish and kidney
beans (a) 50:50, (b) 70:30, (c) 90:10

Based on nutritional analysis, the second formula with a ratio of wader-fish and kidney
beans of 70:30 contained higher protein, calcium, iron, and zinc content compared to other
formulas (Table 1). An increase in the proportion of wader-fish did not consistently enhance
the nutritional value of certain nutrients.

Table 1. Nutritional characteristics of wader-fish Pepes with three different ratios of wader-fish and
kidney beans (wet basis)

Nutrient content Unit F1,50:50 F2,70:30 F3,90:10
Moisture g/100 g 73.04+0.37° 73.90+0.732 73.224+0.66°
Crude minerals /100 g 1.70£0.01° 1.88+0.01°¢ 1.48+0.012
Protein g/100 g 7.75+0.25° 8.46+0.25% 8.13+0.002
Fat g/100 g 1.16+0.01* 1.17+0.04* 1.25+0.06%
Carbohydrate g/100 g 16.35+0.62° 14.58+0.43% 16.43+0.23°
Calcium mg/100 g 228.91+0.29? 347.21+£7.62° 221.30+0.122
Iron mg/100 g 3.87+0.01° 4.19+0.08¢ 3.30+0.022
Zinc mg/100 g 1.48+0.00? 2.45+0.02° 1.494+0.002
Sodium mg/100 g 8.19+0.12° 8.12+0.00° 2.72+0.05%

Note: F1, F2, and F3 represent Pepes with wader-fish to kidney bean ratios of 50:50, 70:30, and 90:10
(w/w), respectively; superscript a—c indicates significant differences at p-value < 0.05, determined by
ANOVA and followed by Duncan's post hoc test.

Furthermore, the sensory evaluation of the second formula resulted in a hedonic rating of
7.13, 7.03, 6.88 and 7.06 out of 9 for overall attribute appearance, aroma, taste and overall,
respectively, indicating a favorable response ("like"). Detailed sensory evaluation results for
the appearance, aroma, taste, and overall hedonic acceptance levels of wader-kidney bean
pepes presented at Figure 2.

Kidney beans contribute significant amounts of protein and minerals, particularly iron
(Fe) and zinc (Zn). The nutritional content of Fe and Zn based on Food Composition Table
(TKPI) in 100 g of fresh kidney beans (3.7 mg and 1.4 mg, respectively) is more than that of
wader-fish (1.0 mg and 1.3 mg, respectively) [10]. Plant-based protein sources, such as
kidney beans, are associated with lower quality compared to animal-based sources because
of the lower digestibility of their protein content, which is affected by the presence of anti-
nutritional components [11]. Nevertheless, the anti-nutrient content can be reduced through
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heat treatment, such as boiling, or other treatments, such as soaking, as applied during the
early processing stage [12].
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Fig. 2: Sensory evaluation results for the appearance, aroma, taste, and overall hedonic acceptance
levels of wader-kidney bean pepes

Based on available data from TKPI, wader-fish is more prominent in contributing for the
protein and calcium (Ca) content, 100 g of wader-fish (17.0 g and 500.0 mg, respectively)
contains far more nutrient when compared to kidney beans (11.0 g and 293.0, respectively)
[10]. Previous studies have indicated that the addition of wader-fish can improves the
nutritional profile of food products. According to research conducted in 2023, a multi-mixed
food made from locally sourced, nutrient-rich foods (such as cowpea, green beans, wader
fish, and cow's milk) can help bridge nutritional gaps, which frequently persist even after
optimizing complementary feeding, particularly in terms of calcium and amino acids [13].

Steaming as the primary method used in the processing of pepes provides various
nutritional advantages, including enhanced protein digestibility and improved mineral
bioaccessibility compared to frying or grilling method [14]. Steaming generally uses lower
heat than those two methods. The advantage in terms of sensory aspects is that the natural
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flavor of the food can be preserved [15]. Additionally, the use of banana leaves for wrapping

helps impart a sweet aroma to food [16].

Table 2. Nutritional contribution of developed wader-fish pepes to the Dietary

Reference Intake (DRI) of toddler aged 12—24 months per serving (125 g)

Nutrient contribution Unit DRI Content %DRI
Protein g 13 10.58 81.35
Fat g ND 1.46 -
Carbohydrate g 130 18.23 14.02
Calcium mg 500 434.00 86.80
Iron mg 7 5.24 74.82
Zinc mg 3 3.06 102.08
Sodium mg 1,000 10.15 1.02

Note: ND, Not Defined

Consuming the wader-fish and kidney beans pepes can be considered as a suitable
breakfast option for toddler aged 12—24 months. This is because one serving (125 g) of the
product contributes to 23.3% of the daily energy requirement, surpassing the minimum
breakfast energy-adequacy threshold of 15%. The energy contribution of one serving of
pepes was calculated based on the energy reference from complementary feeding according
to the WHO recommendation, 550 kcal/d [17]. Therefore, mothers are advised to continue
breastfeeding along with providing pepes to enhance their total energy intake during
breakfast or other main meals. The nutrient adequacy levels of pepper per 125 g, including
protein, Ca, Fe, and Zn, were 81.35%, 86.80%, 74.82%, and 102.08% of recommended daily
needs, respectively (Table 2) [18].

4 Conclusions

The formula with a 70:30 ratio of wader-fish to kidney beans is suitable to create a protein-
rich complementary food that is enriched with calcium (Ca), iron (Fe), and zinc (Zn). Further
research should focus on the nutritional impact, bioavailability, economic feasibility, and
comparative studies to comprehensively optimize its potential in combating stunting in
toddlers.

Acknowledgements

We  gratefully  acknowledge the  National Research  Grant  number
522/1T3.D10/PT.01.03/P/B/2023 entitled “Development of Local Community Institutions
Using the Community of Practice (COP) Model in Stunting Prevention Programs” from IPB
University to support this research.

References

1. R.E. Black, 67 CG, S.P. Walker, Z.A. Bhutta, P. Christian, M. de Onis, et al. Maternal
and child undernutrition and overweight in low-income and middle-income countries.
Lancet. 382, 9890 (2013). https://doi.org/10.1016/S0140-6736(13)60937-X


https://doi.org/10.1016/S0140-6736(13)60937-X

BIO Web of Conferences 153, 03012 (2025) https://doi.org/10.1051/bioconf/202515303012
ICNF 2024

2. E.A AritonangA. Margawati, F.F. Dieny. Analisis pengeluaran pangan, ketahanan
pangan dan asupan zat gizi anak bawah dua tahun (baduta) sebagai faktor risiko stunting.
Journal of Nutrition College. 9, 1 (2020). https://doi.org/10.14710/jnc.v9i1.26584

3. JM. White, E. Drummond, V. Bijalwan, A. Singhkumarwon, A. Betigeri, J.
Blankenship. Micronutrient gaps during the complementary feeding period in seven
countries in Southeast Asia: a Comprehensive Nutrient Gap Assessment. Maternal and
Child Nutrition. 19, S2 (2023). https://doi.org/10.1111/men.13577

4. E. Palupi, F. Anwar, I. Tanziha, M.A. Gunawan, A. Khomsan, F. Kurniawati, et al.
Protein sources diversity from Gunungkidul District, Yogyakarta Province, Indonesia.
Biodiversitas Journal of  Biological Diversity. 21, 2 (2020).
https://doi.org/10.13057/biodiv/d210248

5. E. Palupi, N.M. Nurdin, G. Mufida, F.N. Valentine, R. Pangestika, R. Rimbawan, et al.
High-fiber extruded purple sweet potato ([pomoea batatas) and kidney bean (Phaseolus
vulgaris) extends the feeling of fullness. Polish Journal of Food and Nutrition Science.
74, 1 (2023). https://doi.org/10.31883/pjfns/183995

6. [BPS] Badan Pusat Statistik Kabupaten Semarang. 2024. Rata-Rata Harga Ikan Air
Tawar Dirinci Menurut Jenis Ikan di Kabupaten Semarang (Rupiah/Kg), 2023.
https://semarangkab.bps.go.id/indicator/56/468/1/rata-rata-harga-ikan-air-tawar-
dirinci-menurut-jenis-ikan-di-kabupaten-semarang-.html

7. [Pusdatin] Pusat Data dan Sistem Informasi Pertanian. Statistik Harga Komoditas
Pertanian Tahun 2023 (Kementerian Pertania, Jakarta, 2023)

8.  Mahrudin, R. Irianti, Z.S. Zuhroh, N.A. Rahma, N.A. Puteri, N.A. Fajeriati. Diversity of
fish species of cyprinidae family in Nagara River, Daha Utara sub-district, Hulu Sungai
Selatan District. Jurnal Prosiding Seminar Nasional Lingkung Lahan Basah. 6, 2 (2021).
https://snllb.ulm.ac.id/prosiding/index.php/snllb-lit/article/view/456

9. D.P. Utami, E. Rochima, Iskandar, R.I. Pratama. Perubahan karakteristik ikan nilem
pada berbagai pengolahan suhu tinggi. Jurnal Perikanan dan Kelautan. 10, 1 (2019).
http://journal.unpad.ac.id/jpk/article/view/23039

10. [Kemenkes] Kementerian Kesehatan Republik Indonesia. Tabel Komposisi Pangan
Indonesia (Kemenkes, Jakarta, 2018)

11. Sa AGA, Y.M.F. Moreno, B.A.M. Carciofi. Plant proteins as high-quality nutritional
source for human diet. Trends in Food Science and Technology. 97, 170-184 (2020).
https://doi.org/10.1016/j.tifs.2020.01.011

12. Z. Zhang, C. Liu, S. Wu, T. Ma. The non-nutritional factor types, mechanisms of action
and passivation methods in food processing of kidney bean (Phaseolus vulgaris L.): a
systematic review. Foods. 12, 19 (2023). https://doi.org/10.3390/foods12193697

13. N.N. Wirawan, U. Fahmida, R.C. Purwestri, I.S. Timan, B. Hegar. Development of food
multi-mix using a linear programming approach to fill the nutrient gap of amino acids
and micronutrients for stunted non-wasted children. Foods. 12, 1 (2023).
https://doi.org/10.3390/foods12010064

14. S. Jiang, X. Feng, F. Zhang, R. Wang, M. Zeng. Effects of cooking methods on the
Maillard reaction products, digestibility, and mineral bioaccessibility of Pacific oysters
(Crassostrea gigas). LWT. 141, 110943 (2021).
https://doi.org/10.1016/j.1wt.2021.110943

15. O.N Pratiwi. Karakteristik fisikokimia dan organoleptik pepes daging itik petelur afkir

yang dilumuri bubuk daun nangka. Buletin Peternakan Tropis. 2, 2 (2021).
https://doi.org/10.31186/bpt.2.2.131-141


https://doi.org/10.14710/jnc.v9i1.26584
https://doi.org/10.1111/mcn.13577
https://doi.org/10.13057/biodiv/d210248
https://doi.org/10.31883/pjfns/183995
https://semarangkab.bps.go.id/indicator/56/468/1/rata-rata-harga-ikan-air-tawar-dirinci-menurut-jenis-ikan-di-kabupaten-semarang-.html
https://semarangkab.bps.go.id/indicator/56/468/1/rata-rata-harga-ikan-air-tawar-dirinci-menurut-jenis-ikan-di-kabupaten-semarang-.html
https://snllb.ulm.ac.id/prosiding/index.php/snllb-lit/article/view/456
http://journal.unpad.ac.id/jpk/article/view/23039
https://doi.org/10.1016/j.tifs.2020.01.011
https://doi.org/10.3390/foods12193697
https://doi.org/10.31186/bpt.2.2.131-141

BIO Web of Conferences 153, 03012 (2025) https://doi.org/10.1051/bioconf/202515303012

ICNF 2024

16. S.K Thangarasu, A. Tony Thomas, A. Shanmugam, V.G. Pratheep, T. Tamilarasi.
Design and fabrication of automatic banana leaf cutting machine. Materials Today:
Proceedings. 81, 2 (2021). https://doi.org/10.1016/j.matpr.2021.04.235

17. Y. Rahmawati, T.H.W. Handayani. The development of wader fish rasbora popiah as an
appetizer dish to support the Gemarikan program. Proceedings of Culinary and Fashion
Design Education. 15, 1 (2020).
https://journal.uny.ac.id/index.php/ptbb/article/view/36631

18. National Academies of Sciences, Engineering, and Medicine. Dietary reference intakes
for energy. (The National Academies Press, Washington, DC, 2023)

19. S. van Vliet, N.A. Burd, L.J.C. van Loon. The skeletal muscle anabolic response to
plant- versus animal-based protein consumption. J Nutr. 145, 9 (2015).
https://doi.org/10.3945/jn.114.204305

20. F. Mariotti, C.D. Gardner. Dietary protein and amino acids in vegetarian diets—A
review. Nutrients. 11, 2661 (2019). https://doi.org/10.3390/nul 1112661

21. [FAO] Food and Agriculture Organization. Pulses: Nutritive Values and Health Benefits.
2016.

22. K.G. Dewey. Nutrition, growth, and complementary feeding of the breastfed infant.

Pediatric Clinics of North America. 60, 1 (2013).
https://doi.org/10.1016/j.pcl.2012.10.007


https://doi.org/10.1016/j.matpr.2021.04.235
https://journal.uny.ac.id/index.php/ptbb/article/view/36631
https://doi.org/10.3945/jn.114.204305
https://doi.org/10.3390/nu11112661
https://doi.org/10.1016/j.pcl.2012.10.007



