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Undernutrition remains a nutritional problem among children under five years of age, particularly in 
populations with inadequate dietary intake. Snakehead fish (Channa striata) floss is a locally available 
animal-source food that may provide additional energy and nutrients to support the nutritional status of 

undernourished toddlers. Objective: This study aimed to determine the effect of snakehead fish floss 
supplementation on body weight, height, and nutrient intake among undernourished toddlers aged 24–59 
months. A quasi-experimental study with a pretest–posttest control group design was conducted among 20 

undernourished toddlers selected by purposive sampling. Participants were divided into an intervention 
group (n=10) and a control group (n=10). The intervention group received 30 g of snakehead fish floss 
daily for 30 consecutive days, while the control group received no fish-floss supplementation. Body weight 

and height were measured before and after the intervention, and dietary intake was assessed using a 24-
hour dietary recall. Within-group changes were analyzed using the Wilcoxon Signed-Rank test, while 
differences in changes between groups were analyzed using the Mann–Whitney U test. Within the 

intervention group, significant increases were observed in body weight from 9.44 ± 1.24 to 9.68 ± 1.11 kg 
(p=0.007), height from 84.77 ± 6.74 to 84.88 ± 6.66 cm (p=0.016), energy intake by 168.20 kcal 
(p=0.005), protein by 4.92 g (p=0.009), carbohydrate by 20.84 g (p=0.005), and calcium by 59.00 mg 

(p=0.009). However, comparison of changes between groups showed significantly greater increases in body 
weight (U=11.0, p=0.002), height (U=25.5, p=0.042), and energy intake (U=7.0, p=0.001) in the 

intervention group. Differences between groups were not statistically significant for protein (p=0.082), fat 
(p=0.307), carbohydrate (p=0.174), or calcium (p=0.112). Daily supplementation with 30 g of snakehead 
fish floss for 30 days was associated with greater improvements in body weight, height, and energy intake 

among undernourished toddlers compared with the control group. However, the intervention did not 
demonstrate statistically significant between-group differences in protein, fat, carbohydrate, or calcium 
intake. Given the small sample size and short intervention period, these findings should be considered 

preliminary evidence of the potential benefit of snakehead fish floss as a locally sourced supplementary 
food. 
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INTRODUCTION 

The problem of malnutrition among under-five 
children remains a public health challenge in many low- 
and middle-income countries, where the prevalence of 

underweight children continues to place a significant 
burden on children’s development and the future 
productive potential of society (Laksono et al., 2024). Over 

the past decade, national nutritional status surveys in 
Indonesia have shown that the problem of under-five 
children with poor nutritional status remains a reality and 

varies between islands and regions; consequently, specific 
and sensitive nutritional interventions remain a priority for 
public health programmes (Laksono et al., 2024; Munira, 

2023). Underweight status in young children not only 
results in temporary weight loss, but is also associated 
with impaired linear growth, reduced immunity, and an 

increased risk of morbidity and mortality in early 
childhood; effective and sustained interventions are 
therefore required to minimise both the short-term and 

long-term impacts (Dewey et al., 2021; Miller et al., 2023).  
One approach that is attracting increasing 

attention is the strengthening of complementary feeding 

practices through improved access to and consumption of 
animal-source foods (ASF), given their high-quality protein 
and micronutrient content, which can support children’s 
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anabolic processes and linear growth (Asare et al., 2022; 
Miller et al., 2023). Systematic reviews and meta-analyses 
indicate that the introduction of animal-sourced foods 

during the complementary feeding period is associated 
with improvements in anthropometric parameters in 
several contexts, although the effects vary across studies 

depending on the quality of the intervention, adherence, 
duration and other contextual factors such as infectious 
morbidity and sanitation (Byrd et al., 2022). From a 

programmatic perspective, ready-to-use fish-based 
products such as fish powder, fish-based complementary 
foods, or high-nutrient local processed foods have been 

explored as a local-food strategy to increase the energy 
and protein density of children’s diets, and several 

evaluations of community-based interventions have shown 
promising results in terms of weight gain and certain 
growth indicators, provided that adherence and socio-

cultural integration are ensured (Chipili et al., 2022).  
In the context of interventions based on local 

food, local fish species rich in protein, such as Channa 

striata (snakehead), are a pragmatic option in tropical 
regions due to their availability, nutritional value and 
potential for added value as processed products that are 

easy to store and distribute (Lee et al., 2022). The 
biochemistry literature states that snakehead fish contain 
proteins and a profile of essential amino acids relevant to 

somatic protein synthesis and healing processes, as well 
as a number of minerals such as calcium, iron and zinc, 
which are important for children’s growth and 

development (Lee et al., 2022; Permatasari et al., 2021). 
Furthermore, several studies on food packaging and 
product formulation have shown that processing fish into 

powdered or ready-to-eat forms (e.g. fish floss, fish 
powder) can preserve its nutritional density whilst 

extending its shelf life and making it easier to incorporate 
into children’s daily diets (Byrd et al., 2022).  

A meta-evaluation of nutritional interventions 

indicates that animal-based products can help reduce the 
prevalence of stunting and underweight; however, 
evidence of the specific effectiveness of locally processed 

fish-based products (e.g. corkfish floss) remains limited in 
terms of the number of controlled studies, adequate 
sample sizes and sufficient follow-up periods to assess 

their effects on medium- to long-term linear growth(Miller 
et al., 2023). For example, a randomised controlled trial 
investigating the use of fish powder during the early 

stages of complementary feeding reported improvements 
in linear growth in certain samples; however, variations in 
results across countries and populations underscore the 

need for context-specific studies that evaluate products 
adapted to local cultural contexts and examine aspects of 

adherence, food safety and family acceptance (Chipili et 
al., 2022). Meanwhile, a review of lipid-supplement-based 
nutritional interventions (SQ-LNS and similar programmes) 

provides evidence that energy- and micronutrient-dense 
supplementation can significantly reduce the prevalence of 
undernutrition; however, the combination of 

supplementation strategies and the integration of local 
food sources remains an active area of research aimed at 

identifying the most effective, affordable and scalable 
intervention models (Dewey et al., 2021).  

At the local level, innovations in processed fish 

products such as corkfish floss can offer context-
appropriate solutions due to their ease of distribution, 
cultural acceptance and potential for integration into 

children’s daily diets; however, to date, there is still 
relatively little and as yet unstandardised empirical 
evidence assessing the direct impact of feeding gabus fish 

floss on anthropometric changes (body weight and height) 
and on improvements in energy and micronutrient intake 
among under-five children with undernutrition (Byrd et al., 

2022; Chipili et al., 2022). Furthermore, existing studies 
often differ in terms of design (e.g. RCTs versus quasi-

experiments), sample size, methods of assessing intake 
(single 24-hour recall versus multi-day recall), and the 
outcome indicators reported; consequently, general 

conclusions regarding the effectiveness of processed fish-
based interventions require further evidence that is more 
methodologically robust and relevant to local policymakers 

(Asare et al., 2022; Weaver & Hodges, 2021).  
Given these limitations in the evidence, research that 

quantitatively assesses the effects of providing cork fish 

floss as a local supplementary food on anthropometric 
parameters and nutrient intake in undernourished under-
fives is important to fill this knowledge gap, whilst also 

providing practical evidence for community-based 
nutritional intervention programmes (Byrd et al., 2022; 
Chipili et al., 2022). It is hoped that studies of this kind will 

not only evaluate changes in body weight and height as 
primary outcomes, but also assess changes in energy and 
micronutrient intake—which act as biological mediators of 

improved nutritional status—and report on aspects of 
adherence, food safety and family acceptance, so that 

policy recommendations can be formulated taking into 
account operational factors in the field (Banudi et al., 
2024; Dewey et al., 2021).  

Based on this research gap, this study aims to 
evaluate whether the provision of corkfish floss over a 
one-month intervention period can improve body weight, 

height, and the intake of energy and selected nutrients 
(protein, calcium, carbohydrates and lipids) in under-
nourished toddlers living within the catchment area of the 

Pontianak City Community Health Centre; The research 
design employed was a quasi-experimental study with pre-
test and post-test measurements in both the intervention 

and control groups to enable the direct estimation of the 
intervention’s effects within the local context. The results 
of this study are expected to provide scientific evidence 

that can be used to recommend a scheme for 
supplementing the diet with locally sourced foods—in this 

case, cork fish floss as one option for nutrition programme 
interventions in areas with a high prevalence of 
undernutrition, provided that the findings are interpreted 

in conjunction with considerations regarding social 
acceptance and food safety guarantees for the product.  
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METHODS 
Research Design 

This study employed a quasi-experimental design 

with a pre-test–post-test control group design. This design 
was used to evaluate changes in anthropometric status 
and nutrient intake following the provision of snakehead 

fish floss (Channa striata) as a dietary supplement to 
under-nourished toddlers. The study involved two groups: 
an intervention group that received snakehead fish floss 

and a control group that did not receive the intervention 
product. Measurements were taken before and after the 
30-day intervention period, and changes in each variable 

were then compared between the two groups to assess 
differences in response to the administration of snakehead 

fish floss. 
 

Research Location and Time 

The study was conducted within the catchment 
area of one of the community health centres in Pontianak 
City, West Kalimantan Province. The study lasted three 

months and comprised a preparation phase, the 
recruitment and selection of participants, a 30-day 
intervention period, and data collection following the 

intervention. The study site was selected based on the 
prevalence of under-five children with poor nutritional 
status within the community health centre’s catchment 

area. 
 
Population and Sample 

The study population comprised all toddlers aged 
24–59 months who were classified as malnourished based 
on the weight-for-age indicator (weight-for-age) and were 

registered within the catchment area of the study health 
centre. The study sample comprised 20 toddlers selected 

usingpurposive sampling, with 10 toddlers assigned to the 
intervention group and 10 to the control group. Inclusion 
criteria included toddlers aged 24–59 months, with 

underweight status according to the 2006 WHO growth 
standards, living with parents or guardians willing to 
participate in the study, and having no history of fish 

allergy. Toddlers with chronic diseases or congenital 
abnormalities that could affect their nutritional status were 
excluded from the study. To enhance methodological 

transparency, the authors should provide the rationale for 
determining the sample size and explain in detail the 
mechanism for allocating participants to the intervention 

and control groups, as this information is not currently 
available in the original manuscript. 
 

Intervention Involving the Distribution of 
Snakehead Fish Flakes 

The intervention group received 30 g of 
snakehead fish floss (Channa striata) per day for 30 
consecutive days. The fish floss was produced using 

snakehead fish as the main ingredient, with the addition 
of catfish (Pangasiussp.) bone meal as a source of calcium 
and kluwih (Artocarpus camansi) as a source of fibre and 

an emulsifier. Additional ingredients used included 
shallots, garlic, galangal, turmeric, ginger, lemongrass, 

candlenuts, coriander, salt and coconut milk. The product 
is packaged in 100 g packs and divided into three portions 
of 10 g each, to be served as a side dish in children’s 

meals. The full list of ingredients, processing procedures, 
and the nutritional content of the product per 100 g and 
per 30 g must be included in the manuscript to ensure that 

the intervention can be replicated and the nutritional 
contribution of the product can be quantified. 
 

Monitoring of Intervention Compliance 
Adherence to the consumption of snakehead fish 

floss was monitored through daily records kept by the 

participants’ parents or guardians. The researchers carried 
out weekly monitoring via home visits to check the 

consumption records and ensure the product was 
consumed in accordance with the prescribed dosage. In 
the final version of the article, the level of compliance 

should be reported quantitatively, i.e. based on the 
proportion of fish floss actually consumed compared to the 
amount that should have been consumed over 30 days. 

Information regarding missed doses, irregular 
consumption, or participants who did not complete the 
intervention should also be reported. 

 
Anthropometric Measurements 

Anthropometric measurements were taken before 

and after the intervention using standardised 
measurement procedures. Body weight was measured 
using digital scales accurate to 0.1 kg, whilst height was 

measured using a microtoise accurate to 0.1 cm. All 
measurements were carried out by enumerators who had 
received training and followed the anthropometric 

measurement procedures recommended by the WHO. 
Measurements were carried out using the same 

procedures and equipment before and after the 
intervention to ensure consistency in the results. 
 

Measurement of Nutrient Intake 
Nutrient intake was measured using the 24-hour 

dietary recall method over three non-consecutive days—

comprising two working days and one day off—both 
before and after the intervention. Data were obtained by 
recording all food and drink consumed by the toddlers 

based on information provided by their parents or carers. 
The dietary recall data were then analysed using 
nutritional analysis software to calculate the average 

intake of energy, protein, fat, carbohydrates and calcium 
for each toddler. In the final manuscript, the authors 
should specify the name of the software or food 

composition database used and explain whether the 
consumption of cork fish floss was included in the nutrient 

intake calculations. 
 
Data Analysis 

Data analysis was carried out using statistical 
software. Descriptive analysis was used to describe the 
participants’ characteristics and the distribution of 

anthropometric data and nutrient intake. Changes in the 
values of each variable were calculated based on the 
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difference between the post-intervention and pre-
intervention values. Comparisons of changes before and 
after the intervention within each group were analysed 

using the Wilcoxon Signed-Rank Test. Furthermore, 
differences in changes between the intervention group 
and the control group were analysed using the Mann–
Whitney U Test. Analysis of changes between groups 
formed the primary basis for assessing differences in 
response to the administration of snakehead fish floss. The 

level of statistical significance was set at a p value < 0.05. 
Given the small sample size and the fact that several 
outcomes were analysed simultaneously, the research 

results should be interpreted with caution and, where 

possible, supplemented with effect sizes and 95% 
confidence intervals. 
 

Research Ethics 
Research involving toddlers as subjects must be 

carried out after obtaining ethical approval from the 

Research Ethics Committee of the Pontianak Ministry of 
Health Polytechnic (Poltekkes Kemenkes Pontianak), 
registration number 005/KEPK-PK.PKP/V/D/2025, and 

after written consent has been obtained from the 
participants’ parents or guardians prior to the research 
being carried out.  

 
RESULTS AND DISCUSSION 

Table 1.  

Descriptive statistics for body weight, height and nutritional intake before and after the intervention 

Variable Group Before (Mean ± 

SD) 

Post-treatment (Mean 

± SD) 

Difference 

(Δ) 

p (within a 

group) 

Body weight 

(kg) 

Control 8.62 ± 1.56 8.66 ± 1.53 0.04 0.046 

 
Intervention 9.44 ± 1.24 9.68 ± 1.11 0.24 0.007 

Height (cm) Control 79.83 ± 7.86 79.86 ± 7.85 0.03 0.083 
 

Intervention 84.77 ± 6.74 84.88 ± 6.66 0.11 0.016 

Energy (kcal) Control 1185.40 ± 199.77 1223.60 ± 215.27 38.20 0.047 
 

Intervention 1168.20 ± 174.83 1336.40 ± 176.53 168.20 0.005 

Protein (g) Control 23.91 ± 4.21 24.50 ± 4.54 0.59 0.241 
 

Intervention 25.48 ± 4.66 30.40 ± 5.35 4.92 0.009 

Fat (g) Control 39.48 ± 9.74 43.08 ± 10.66 3.60 0.013 
 

Intervention 41.66 ± 12.03 41.90 ± 12.49 0.24 0.859 

Carbohydrates 
(g) 

Control 160.54 ± 24.63 168.30 ± 28.26 7.76 0.013 

 
Intervention 156.88 ± 23.46 177.72 ± 22.73 20.84 0.005 

Calcium (mg) Control 456.58 ± 96.24 471.32 ± 103.12 14.74 0.114 
 

Intervention 460.84 ± 98.17 519.84 ± 105.44 59.00 0.009 

Note: p-value from the Wilcoxon Signed-Rank Test 

Table 1 shows that a per-group analysis using the 
Wilcoxon Signed-Rank Test revealed that, in the 

intervention group, body weight increased significantly 
from 9.44 ± 1.24 kg to 9.68 ± 1.11 kg, a difference of 
0.24 kg (p=0.007), whilst in the control group, the 

increase in body weight was only 0.04 kg (from 8.62 ± 
1.56 to 8.66 ± 1.53 kg) but was still statistically significant 
(p = 0.046). An increase in height was also observed in 

the intervention group, from 84.77 ± 6.74 cm to 84.88 ± 
6.66 cm (Δ0.11 cm; p=0.016), whilst in the control group 
the increase was very small (Δ0.03 cm) and not 

statistically significant (p=0.083). 

Nutrient intake in the intervention group showed a 
significant increase in energy (Δ168.20 kcal; p=0.005), 

protein (Δ4.92 g; p=0.009), carbohydrates (Δ20.84 g; 
p=0.005), and calcium (Δ59.00 mg; p=0.009), whilst fat 
intake did not show a significant change (p=0.859). In the 

control group, a significant increase was only observed for 
energy (Δ38.20 kcal; p=0.047), fat (Δ3.60 g; p=0.013) 
and carbohydrates (Δ7.76 g; p=0.013), whilst protein 

(p=0.241) and calcium (p=0.114) did not change 
significantly. 

These findings confirm that the provision of 

corkfish floss can make a greater contribution to improving 
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the nutritional status of undernourished under-fives 
compared with the group that received no intervention. 

 

Table 2.  

Comparison of changes (Δ) in body weight, height and nutritional intake between groups 

Variable Control (Mean 

Rank) 

Intervention (Mean 

Rank) 

U (Z) p-

value 

Δ Body weight (kg) 6.60 14.40 11.0 (−3.072) 0.002 

Δ Height (cm) 8.05 12.95 25.5 (−2.029) 0.042 

Δ Energy (kcal) 6.20 14.80 7.0 (−3.250) 0.001 

Δ Protein (g) 8.20 12.80 27.0 (−1.739) 0.082 

Δ Fat (g) 11.85 9.15 36.5 (−1.021) 0.307 

Δ Carbohydrates 

(g) 

8.70 12.30 32.0 (−1.361) 0.174 

Δ Calcium (mg) 8.40 12.60 29.0 (−1.587) 0.112 

Table 2 shows the results of a comparison of 

changes between groups using the Mann–Whitney U test, 
indicating that the increase in body weight was 
significantly greater in the intervention group (Mean Rank 

14.40) than in the control group (Mean Rank 6.60), with 
U=11.0, Z=−3.072, and p=0.002. Height also showed a 
significant difference between the groups, with the 

intervention group (Mean Rank 12.95) being taller than 
the control group (Mean Rank 8.05), U=25.5, Z=−2.029, 
p=0.042.  

The results of the study showed that the provision 
of 30 g of snakehead fish floss (Channa striata) per day 
for 30 days led to greater changes in body weight and 

height in the intervention group compared with the control 
group. These findings suggest potential benefits of fish-
based supplementary feeding for the growth of under-

nourished toddlers. However, the results should be 
interpreted based on the differences in changes between 

the groups, rather than solely on the pre- and post-
intervention changes within each group. This is important 
because an increase in body weight was also observed in 

the control group, suggesting that some of the changes 
may be related to the children’s natural growth or changes 
in food intake during the study period. Previous 

intervention studies have also shown that supplementary 
feeding can increase weight gain, but the magnitude of 
the effect varies according to the type of product, energy 

content, nutrient composition, and the children’s baseline 
condition. In a study of schoolchildren in Kenya, food 
supplementation over 23 months increased weight gain by 

approximately 0.4 kg compared with the control group, 
whilst the addition of meat resulted in a greater increase 
in muscle mass than energy or milk supplementation 

(Grillenberger et al., 2003).  
The increase in body weight in the intervention 

group in this study can be biologically attributed to the 
additional energy and protein obtained from the 
consumption of fish floss. Animal-sourced foods provide 

protein of good amino acid quality and can increase the 

nutrient density of children’s diets. However, the increase 
in body weight cannot be explained solely on the basis of 
protein content, as growth is also influenced by overall 

energy sufficiency. A study in Kenya involving children 
aged 11–40 months showed that the provision of millet-
based porridge supplemented with either milk or meat 

resulted in different growth responses, with the milk group 
exhibiting higher linear growth compared to the meat 
group. These findings indicate that different types of 

animal-sourced foods do not produce uniform growth 
effects and that the response may be influenced by the 
nutritional composition of the product provided (Long et 

al., 2012). Another study of schoolchildren in Kenya also 
showed that supplementation with animal-sourced foods 
can increase weight gain, but the effect on overall height 

was not significant (Grillenberger et al., 2003). 
Consequently, the weight gain observed in this study is 

best understood as a possible result of the additional 
energy and protein provided by the intervention products, 
rather than as an effect of fish protein alone. 

The findings regarding body weight are also 
consistent with several studies on supplementation in 
children with nutritional problems. A randomised 

controlled trial in Mali involving 1,264 children aged 6–35 
months with moderate acute malnutrition showed that the 
administration of ready-to-use supplementary food for 12 

weeks resulted in greater weight gain compared with 
several cereal- and legume-based products. The group 
receiving lipid-based products experienced a higher 

average weight gain than the group receiving other locally 
sourced products (Ackatia-Armah et al., 2015). Another 
study in Tanzania involving children aged 6–59 months 

with moderate acute malnutrition also showed that the 
provision of ready-to-use food for three months resulted 

in higher recovery rates than feeding counselling alone 
(Makori et al., 2024). These findings reinforce the 
possibility that the provision of supplementary food with 
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adequate energy and nutrient density may help to improve 
energy balance in children with insufficient intake. 
However, the product formulation, dosage, duration and 

characteristics of the participants in that study differ from 
those of the gabus fish floss, so the results cannot be 
directly compared. 

The provision of fish as a supplementary food 
source has also been tested in several intervention studies. 
A randomised controlled trial involving infants in Zambia 

showed that the provision of fish powder as a dietary 
supplement for six months improved the length-for-age z-
score and weight-for-age z-score compared with the group 

receiving sorghum powder. These improvements suggest 
that adding fish to a child’s diet can contribute to growth 

when provided regularly over a sufficiently long period 
(Chipili et al., 2022). However, another study using fish-
based complementary foods in Cambodia yielded more 

limited results. In a cluster-randomised controlled trial 
involving 485 infants aged 6–11 months, ready-to-eat fish-
based complementary foods showed no significant 

difference in changes to weight-for-age or height-for-age 
compared with the control group, although there was an 
increase in upper arm circumference(Borg et al., 2020). 

These differing results indicate that the benefits of fish-
based foods are not automatic and are likely to be 
influenced by dosage, consumption levels, energy content, 

product formulation, the child’s age, and baseline 
nutritional status. 

Changes in height in this study showed differences 

between groups, but the increases observed over 30 days 
must be interpreted with caution. Linear growth is a 
cumulative process that takes a longer time, so changes 

in height over a single month are not sufficient to indicate 
the occurrence of catch-up growth. A study in Bangladesh 

using lipid-based nutrient supplementation during the 
early stages of life showed that supplementation can 
enhance linear growth; however, the observed effects 

were more pronounced after the intervention had 
continued for a much longer period. In that study, 
supplementation over a 1,000-day period resulted in an 

increase in the length-for-age z-score in certain groups, 
although the magnitude of the effect was relatively small 
(Dewey et al., 2017). A study in Ecuador, in which 

participants were given one egg a day for six months, also 
showed an increase in the length-for-age z-score and 
weight-for-age z-score, as well as a reduction in the 

prevalence of stunting and underweight (Iannotti et al., 
2017). This difference in duration indicates that the 
changes in height observed in this study should be 

regarded as initial changes and cannot yet be used to draw 
conclusions about the long-term impact on linear growth. 

Research findings on height also indicate that 
animal-sourced foods do not always have the same effect 
on all growth indicators. A study in Kenya involving 

children aged 11–40 months who were given porridge 
supplemented with either milk or meat for five months 
showed that linear growth in the milk group was higher 

than in the meat group (Long et al., 2012). Another study 
of schoolchildren in Kenya showed that dietary 

supplementation increased body weight, but did not have 
a significant overall effect on height or the height-for-age 
z-score (Grillenberger et al., 2003). Therefore, the 

differences in height observed in this study should not be 
interpreted as evidence that snakehead fish specifically 
accelerate linear growth. This effect is likely the result of 

an interaction between energy intake, protein, diet quality, 
the children’s baseline condition, and environmental 
factors that influence growth. 

The increase in energy intake in the intervention 
group is a key finding as it provides a more direct 
mechanism to explain changes in body weight. Dried fish 

flakes were provided as a supplementary food, thereby 
increasing the amount of energy available for the children 

to consume. A study in Bangladesh involving children aged 
6–18 months showed that the regular provision of 
supplementary food can improve energy and nutrient 

adequacy without completely replacing household food 
consumption. In that study, supplementation helped to fill 
the gaps in nutrient intake that were not met by household 

food (Campbell et al., 2018). An intervention study in 
Kenya also showed that supplementary food containing 
animal-sourced foods can increase total energy intake and 

dietary quality, particularly when the supplementary food 
does not entirely replace the energy provided by 
household meals (Murphy et al., 2003). These findings 

provide a relevant basis for explaining why the increase in 
energy intake among the intervention group in this study 
may have contributed to weight gain. 

Although there was an increase in the intake of 
protein, fat, carbohydrates and calcium in the intervention 
group, the differences in changes between the groups 

were not statistically significant. These results must be 
interpreted with caution, as significant changes in one 

group do not necessarily mean that these changes are 
statistically different from those in the control group. 
Consequently, this study has not yet provided sufficient 

evidence that cork fish floss specifically increases the 
intake of protein, fat, carbohydrates and calcium 
compared to the non-intervention condition. A 

supplementation study in Bangladesh showed that dietary 
supplements can improve micronutrient adequacy, but the 
extent of the benefits for each nutrient varies and is 

influenced by household food consumption (Campbell et 
al., 2018). This indicates that changes in nutrient intake 
should be assessed on the basis of differences between 

groups, rather than solely on the basis of changes in 
values before and after the intervention. 

The lack of significant differences in the intake of 

protein and other macronutrients may also be influenced 
by variations in daily food consumption. As the children 

continued to consume home-cooked meals throughout the 
study, the contribution of fish floss to their total daily 
intake may have varied between participants. Research in 

Kenya has shown that the addition of animal-sourced 
foods can improve dietary quality, but changes in total 
energy intake are greatly influenced by whether these 

supplementary foods replace or supplement the 
consumption of home-cooked meals (Murphy et al., 2003). 
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Research in Bangladesh has also shown that 
supplementary food can improve nutrient intake without 
leading to a significant reduction in household food 

consumption (Campbell et al., 2018). Therefore, in this 
study, the greater change in energy intake observed in the 
intervention group may be one of the most relevant 

findings for explaining changes in body weight, whilst the 
findings regarding protein, fat, carbohydrates and calcium 
should be regarded as inconclusive evidence. 

The calcium content of the product also needs to 
be carefully considered. The study product used catfish 
bone meal as one source of calcium, but this study did not 

measure the children’s biological calcium status. 
Therefore, an increase in calcium intake cannot be 

equated with an improvement in calcium status or bone 
mineralisation. A food intervention study in Kenya 
involving animal-based foods showed that 

supplementation with meat and milk can increase the 
intake of calcium and several micronutrients, but changes 
in intake do not always result in corresponding changes in 

biomarkers for all nutrients (Siekmann et al., 2003). 
Consequently, if future research aims to substantiate the 
biological mechanisms of corkfish floss, the calcium 

content of the product and indicators of mineral status will 
need to be measured directly. 

The form of the product is also a factor that can 

influence the effectiveness of the intervention. Abon has 
different characteristics to fresh fish, fish meal or lipid-
based supplementary foods used in previous studies. 

Research in Cambodia on ready-to-eat fish-based 
supplementary food products showed that acceptance and 
the actual amount of product consumed by children are 

important factors in determining the potential benefits of 
the intervention. In acceptance trials, the amount of 

energy actually consumed from fish-based products may 
vary even though the amount of product offered is the 
same (Borg et al., 2019). These findings suggest that the 

success of a food intervention is determined not only by 
the nutritional content of the product, but also by 
children’s acceptance, adherence to consumption, texture, 

taste, method of administration, and consistency of 
consumption throughout the intervention. 

Consumption compliance is a key aspect in 

interpreting the results of this study. The product was 
provided at a rate of 30 g per day; however, the amount 
provided may not necessarily correspond to the amount 

actually consumed by each child. Intervention studies on 
food supplements have shown that actual consumption 
can vary between children and that these differences can 

affect the extent of exposure to the intervention nutrients. 
A study on the uptake of fish-based products in Cambodia, 

for example, showed variations in the proportion of the 
food consumed by children even though the products were 
provided in predetermined quantities (Borg et al., 2019). 

Therefore, the compliance rate in this study needs to be 
reported quantitatively so that the relationship between 
the provision of abon and changes in outcomes can be 

better assessed. 

The findings of this study also need to be 
compared with those of studies which did not find a 
consistent effect on growth from animal-sourced foods. A 

study of 441 children aged 6–36 months in Peru who 
received fish protein isolate for six months did not show 
that the addition of fish protein automatically led to 

improvements in all growth indicators compared with a 
standard diet (Ochoa et al., 2017). Similarly, a study in 
Cambodia on fish-based supplementary foods found no 

significant differences in several key growth indicators 
compared with the control group (Borg et al., 2020). These 
differing results are significant because they demonstrate 

that the inclusion of fish in the diet does not, in itself, 
guarantee improved growth. The effect of the intervention 

is more likely to be determined by the overall contribution 
of energy and nutrients, the intake level, the duration of 
the intervention, baseline nutritional status, adherence, 

and the environment in which the child is growing up. 
The findings of this study are also consistent with 

evidence that dietary intervention has different effects 

depending on the outcome. Research in Kenya has shown 
that dietary supplementation provides more pronounced 
benefits in terms of body weight and muscle mass than in 

terms of height (Grillenberger et al., 2003). Research in 
Bangladesh has shown that supplementation can improve 
linear growth, but the effect is relatively small and does 

not always occur in all intervention groups (Dewey et al., 
2017). Meanwhile, research in Cambodia has shown that 
fish-based supplementary food products offer limited 

benefits in terms of certain growth indicators (Borg et al., 
2020). This pattern indicates that the findings of this 
study—namely, differences in body weight, height and 

energy intake, but not in all components of nutrient 
intake—still fall within the range of responses observed in 

previous dietary intervention studies. 
From a nutritional programme perspective, the 

use of corkfish floss has potential as a locally sourced food 

supplement, as the product can be administered in a 
relatively practical form and in measured doses. However, 
the findings of this study are not yet sufficient to conclude 

that the product is effective for widespread 
implementation. Research in Indonesia on multi-nutrient 
biscuit interventions for underweight children has shown 

that the provision of food-based products, particularly 
when combined with nutrition education, can increase 
weight gain and reduce the prevalence of underweight 

children (AHMAD et al., 2020). This suggests that 
supplementary food can form part of a strategy to tackle 
undernutrition, but the best outcomes are likely to require 

an approach that also takes into account feeding 
behaviours and household circumstances. Research in 

Indonesia on nutrition education also highlights the 
importance of improving knowledge and feeding practices 
in interventions to tackle child undernutrition (Mardani et 

al., 2024).  
Several limitations should be taken into account 

when interpreting the results of this study. The sample size 

of only 20 children limits the statistical power and the 
generalisability of the results. The 30-day duration of the 
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intervention is also relatively short to assess linear growth 
with certainty. Furthermore, the quasi-experimental 
design and the lack of clarity regarding the method of 

participant allocation to groups may increase the risk of 
selection bias. Dietary intake, assessed using 24-hour 
dietary recall, may also be influenced by variations in daily 

consumption and the ability of parents or carers to recall 
the foods consumed by the children. Other factors, such 
as infectious diseases, socio-economic status, dietary 

patterns outside the intervention, and the consumption of 
other foods or supplements, may also influence growth 
and have not been fully controlled for. Therefore, the 

study results should be regarded as preliminary evidence 
and should not be broadly generalised without further 

research involving a larger sample size and a design that 
stronger. 

 

CONCLUSION 
The administration of 30 g/day of snakehead fish 

floss (Channa striata) for 30 days showed potential in 

supporting improvements in the nutritional status of 
under-five children with undernutrition, particularly 
through increased body weight and energy intake 

compared with the control group. Changes in height also 
showed a more favourable trend in the intervention group; 
however, the relatively short duration of the intervention 

did not allow for conclusions to be drawn regarding any 
effects on long-term linear growth. Meanwhile, changes in 
protein, fat, carbohydrate and calcium intake did not show 

significant differences between the groups; therefore, 
these cannot be attributed specifically to the 
administration of snakehead fish floss. Given the small 

sample size, the limited duration of the intervention and 
the study design, these findings should be regarded as 

preliminary evidence of the potential of snakehead fish 
floss as a locally sourced supplementary food, rather than 
as definitive proof of its effectiveness. Further research 

with a larger sample size, a longer duration, monitoring of 
consumption adherence, and a stronger experimental 
design is required to confirm the effectiveness of the 

intervention on the growth and nutritional status of young 
children. 

REFERENCES 

Ackatia-Armah, R. S., McDonald, C. M., Doumbia, S., 
Erhardt, J. G., Hamer, D. H., & Brown, K. H. (2015). 
Malian children with moderate acute malnutrition 

who are treated with lipid-based dietary supplements 
have greater weight gains and recovery rates than 
those treated with locally produced cereal-legume 

products: a community-based, cluster-randomized 
trial. The American Journal of Clinical Nutrition, 

101(3), 632–645. [Crossref] [Publisher] 
AHMAD, A., MADANIJAH, S., DWIRIANI, C. M., & 

KOLOPAKING, R. (2020). Effect of Nutrition 

Education and Multi-Nutrient Biscuit Interventions on 
Nutritional and Iron Status: A Cluster Randomized 
Control Trial on Undernourished Children Aged 6–23 

Months in Aceh, Indonesia. Journal of Nutritional 

Science and Vitaminology, 66(Supplement), S380–
S390. [Crossref] [Publisher] 

Asare, H., Rosi, A., Faber, M., Smuts, C. M., & Ricci, C. 

(2022). Animal-source foods as a suitable 
complementary food for improved physical growth in 
6 to 24-month-old children in low- and middle-

income countries: a systematic review and meta-
analysis of randomised controlled trials. British 
Journal of Nutrition, 128(12). [Crossref] [Publisher] 

Banudi, L. B. La, Leksono, P., & Anasiru, M. A. (2024). 
Effect of Fish-Based Diet on Malnourished Children: 
A Systematic Review. Iranian Journal of Medical 
Sciences, 49(3). [Crossref] [Publisher] 

Borg, B., Mihrshahi, S., Griffin, M., Sok, D., Chhoun, C., 

Laillou, A., & Wieringa, F. T. (2019). Acceptability of 
locally‐produced Ready‐to‐Use Supplementary Food 
(RUSF) for children under two years in Cambodia: A 

cluster randomised trial. Maternal & Child Nutrition, 
15(3). [Crossref] [Publisher] 

Borg, B., Sok, D., Mihrshahi, S., Griffin, M., Chamnan, C., 

Berger, J., Laillou, A., Roos, N., & Wieringa, F. T. 
(2020). Effectiveness of a locally produced ready‐to‐
use supplementary food in preventing growth 

faltering for children under 2 years in Cambodia: a 
cluster randomised controlled trial. Maternal & Child 
Nutrition, 16(1). [Crossref] [Publisher] 

Byrd, K. A., Shieh, J., Mork, S., Pincus, L., O’Meara, L., 
Atkins, M., & Thilsted, S. H. (2022). Fish and Fish-
Based Products for Nutrition and Health in the First 

1000 Days: A Systematic Review of the Evidence 
from Low and Middle-Income Countries. American 
Society for Nutrition, 13, 2458–2487. [Crossref] 

[Publisher] 
Campbell, R. K., Hurley, K. M., Shamim, A. A., Shaikh, S., 

Chowdhury, Z. T., Mehra, S., Wu, L., & Christian, P. 
(2018). Complementary Food Supplements Increase 
Dietary Nutrient Adequacy and Do Not Replace Home 

Food Consumption in Children 6–18 Months Old in a 
Randomized Controlled Trial in Rural Bangladesh. 
The Journal of Nutrition, 148(9), 1484–1492. 

[Crossref] [Publisher] 
Chipili, G., Graan, A. van, Lombard, C. J., & Evette, V. N. 

(2022). The Efficacy of Fish as an Early 

Complementary Food on the Linear Growth of 
Infants Aged 6–7 Months: A Randomised Controlled 
Trial. Nutrients, 14(11). [Crossref] [Publisher] 

Dewey, K. G., Mridha, M. K., Matias, S. L., Arnold, C. D., 
Cummins, J. R., Khan, M. S. A., Maalouf-Manasseh, 
Z., Siddiqui, Z., Ullah, M. B., & Vosti, S. A. (2017). 

Lipid-based nutrient supplementation in the first 
1000 d improves child growth in Bangladesh: a 

cluster-randomized effectiveness trial. The American 
Journal of Clinical Nutrition, 105(4), 944–957. 
[Crossref] [Publisher] 

Dewey, K. G., Stewart, C. P., Wessells, K. R., Prado, E. L., 
& Arnold, C. D. (2021). Small-quantity lipid-based 
nutrient supplements for the prevention of child 

malnutrition and promotion of healthy development: 
overview of individual participant data meta-analysis 

https://doi.org/10.36568/gelinkes.v24i3.570
https://doi.org/10.3945/ajcn.113.069807
https://www.sciencedirect.com/user/error/ATN-9?errorContext=arp-19cd8da5-59c0-4a82-a6b6-1857b71cb7d1
https://doi.org/10.3177/jnsv.66.S380
https://www.jstage.jst.go.jp/article/jnsv/66/Supplement/66_S380/_article
https://doi.org/https:/doi.org/10.1017/S0007114522000290
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/animalsource-foods-as-a-suitable-complementary-food-for-improved-physical-growth-in-6-to-24monthold-children-in-low-and-middleincome-countries-a-systematic-review-and-metaanalysis-of-randomised-controlled-trials/6427FFE371BAAC054742E8EBE8147B1D
https://doi.org/https:/doi.org/10.30476/ijms.2023.96986.2863
https://ijms.sums.ac.ir/article_49484.html
https://doi.org/10.1111/mcn.12780
https://onlinelibrary.wiley.com/doi/epdf/10.1111/mcn.12780
https://doi.org/10.1111/mcn.12896
https://onlinelibrary.wiley.com/doi/10.1111/mcn.12896
https://doi.org/https:/doi.org/10.1093/advances/nmac102
https://www.sciencedirect.com/science/article/pii/S216183132300087X?via%3Dihub
https://doi.org/10.1093/jn/nxy136
https://www.sciencedirect.com/science/article/pii/S0022316622164011?via%3Dihub
https://doi.org/https:/doi.org/10.3390/nu14112191
https://www.mdpi.com/2072-6643/14/11/2191
https://doi.org/10.3945/ajcn.116.147942
https://www.sciencedirect.com/science/article/pii/S0002916522048419?via%3Dihub


Puspita W. L., Suaebah, Sopiyandi. (2026). An Intervension Using gabus Fish Flakes to Improve Body Weight, Height and 
Nutrient Intake in Undernourished Toddlers. Gema Lingkungan Kesehatan, 24(3), 553-561 
.https://doi.org/10.36568/gelinkes.v24i3.570  

 

561 

 

and programmatic implications. The American 
Journal of Clinical Nutrition, 114(1), 3–14. [Crossref] 
[Publisher] 

Grillenberger, M., Neumann, C. G., Murphy, S. P., Bwibo, 
N. O., van’t Veer, P., Hautvast, J. G. A. J., & West, C. 
E. (2003). Food Supplements Have a Positive Impact 

on Weight Gain and the Addition of Animal Source 
Foods Increases Lean Body Mass of Kenyan 
Schoolchildren. The Journal of Nutrition, 133(11), 

3957S-3964S. [Crossref] [Publisher] 
Iannotti, L. L., Lutter, C. K., Stewart, C. P., Gallegos 

Riofrío, C. A., Malo, C., Reinhart, G., Palacios, A., 

Karp, C., Chapnick, M., Cox, K., & Waters, W. F. 
(2017). Eggs in Early Complementary Feeding and 

Child Growth: A Randomized Controlled Trial. 
Pediatrics, 140(1). [Crossref] [Publisher] 

Laksono, A. D., Izza, N., Trisnani, T., Paramita, A., 

Sholikhah, H. H., Andarwati, P., Rosyadi, K., & 
Wulandari, R. D. (2024). Determination of 
appropriate policy targets to reduce the prevalence 

of stunting in children under five years of age in 
urban-poor communities in Indonesia: a secondary 
data analysis of the 2022 Indonesian national 

nutritional status survey. BMJ Open, 14(9), e089531. 
[Crossref] [Publisher] 

Lee, V. L. L., Choo, B. K. M., Norazit, A., Noor, S. M., & 

Shaikh, M. F. (2022). Channa striatus in 
inflammatory conditions: A systematic review. 
Frontiers in Pharmacology, 13. [Crossref] [Publisher] 

Long, J. K., Murphy, S. P., Weiss, R. E., Nyerere, S., Bwibo, 
N. O., & Neumann, C. G. (2012). Meat and milk 
intakes and toddler growth: a comparison feeding 

intervention of animal-source foods in rural Kenya. 
Public Health Nutrition, 15(6), 1100–1107. [Crossref] 

[Publisher] 
Makori, N., Masanja, H., Masumo, R., Rashid, S., Jumbe, 

T., Tegeye, M., Esau, D., Muiruri, J., Mchau, G., 

Mafung’a, S. H., Moshi, C., Shosho, N., Kwara, V., 
Mshida, H., & Leyna, G. (2024). Efficacy of ready‐to‐
use food supplement for treatment of moderate 

acute malnutrition among children aged 6 to 59 
months. Maternal & Child Nutrition, 20(2). [Crossref] 
[Publisher] 

Mardani, R. A. D., Wu, W.-R., Hajri, Z., Thoyibah, Z., 
Yolanda, H., & Huang, H.-C. (2024). Effect of a 
Nutritional Education Program on Children’s 

Undernutrition in Indonesia: A Randomized 
Controlled Trial. Journal of Pediatric Health Care, 
38(4), 552–563. [Crossref] [Publisher] 

Miller, V., Webb, P., Cudhea, F., Zhang, J., Reedy, J., Shi, 
P., Erndt-Marino, J., Coates, J., Micha, R., 

Mozaffarian, D., Bas, M., Ali, J. H., Abumweis, S., 
Krishnan, A., Misra, P., Hwalla, N. C., Janakiram, C., 
Liputo, N. I., Musaiger, A., … Hakeem, R. (2023). 

Children’s and adolescents’ rising animal-source food 
intakes in 1990–2018 were impacted by age, region, 
parental education and urbanicity. Nature Food, 

4(4), 305–319. [Crossref] [Publisher] 
Munira, S. L. (2023). Hasil Survei Status Gizi Indonesia 

(SSGI) 2022. Disampaikan pada Sosialisasi Kebijakan 
Intervensi Stunting. Jakarta. [Publisher] 

Murphy, S. P., Gewa, C., Liang, L.-J., Grillenberger, M., 

Bwibo, N. O., & Neumann, C. G. (2003). School 
Snacks Containing Animal Source Foods Improve 
Dietary Quality for Children in Rural Kenya. The 
Journal of Nutrition, 133(11), 3950S-3956S. 
[Crossref] [Publisher] 

Ochoa, T. J., Baiocchi, N., Valdiviezo, G., Bullon, V., 

Campos, M., & Llanos-Cuentas, A. (2017). Evaluation 
of the efficacy, safety and acceptability of a fish 
protein isolate in the nutrition of children under 36 

months of age. Public Health Nutrition, 20(15), 
2819–2826. [Crossref] [Publisher] 

Permatasari, T. A. E., Ernirita, E., Kurniaty, I., & Widakdo, 
G. (2021). Nutritional and Microbiological 
Characteristics of Snakehead Fish Flour (Channa 

Striata) and Its Modification as Weight Enhancing 
Supplements for Children with Tuberculosis. Food 
Science and Technology, 9(3), 45–57. [Crossref] 

[Publisher] 
Siekmann, J. H., Allen, L. H., Bwibo, N. O., Demment, M. 

W., Murphy, S. P., & Neumann, C. G. (2003). Kenyan 

School Children Have Multiple Micronutrient 
Deficiencies, but Increased Plasma Vitamin B-12 Is 
the Only Detectable Micronutrient Response to Meat 

or Milk Supplementation. The Journal of Nutrition, 
133(11), 3972S-3980S. [Crossref] [Publisher] 

Weaver, C. M., & Hodges, J. K. (2021). Designing, 

Conducting, and Documenting Human Nutrition 
Plant-Derived Intervention Trials. Frontiers in 
Nutrition, 8. [Crossref] [Publisher] 

 
 

 

 
 

 
 

https://doi.org/10.36568/gelinkes.v24i3.570
https://doi.org/https:/doi.org/10.1093/ajcn/nqab279
https://www.sciencedirect.com/science/article/pii/S0002916522005469?via%3Dihub
https://doi.org/10.1093/jn/133.11.3957S
https://www.sciencedirect.com/science/article/pii/S0022316623025610?via%3Dihub
https://doi.org/10.1542/peds.2016-3459
https://publications.aap.org/pediatrics/article-abstract/140/1/e20163459/37999/Eggs-in-Early-Complementary-Feeding-and-Child?redirectedFrom=fulltext
doi:10.1136/bmjopen-2024-089531
https://bmjopen.bmj.com/content/bmjopen/14/9/e089531.full.pdf
https://doi.org/10.3389/fphar.2022.1076143
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.1076143/full
https://doi.org/10.1017/S1368980011002746
https://www.cambridge.org/core/journals/public-health-nutrition/article/meat-and-milk-intakes-and-toddler-growth-a-comparison-feeding-intervention-of-animalsource-foods-in-rural-kenya/6153A43A6DFBE232131FCA737D66877A
https://doi.org/10.1111/mcn.13602
https://onlinelibrary.wiley.com/doi/10.1111/mcn.13602
https://doi.org/10.1016/j.pedhc.2024.02.006
https://www.jpedhc.org/article/S0891-5245(24)00047-6/abstract
https://doi.org/10.1038/s43016-023-00731-y
https://www.nature.com/articles/s43016-023-00731-y
https://ayosehat.kemkes.go.id/materi-hasil-survei-status-gizi-indonesia-ssgi-2022
https://doi.org/10.1093/jn/133.11.3950S
https://www.sciencedirect.com/science/article/pii/S0022316623025609?via%3Dihub
https://doi.org/10.1017/S136898001700163X
https://www.cambridge.org/core/journals/public-health-nutrition/article/evaluation-of-the-efficacy-safety-and-acceptability-of-a-fish-protein-isolate-in-the-nutrition-of-children-under-36-months-of-age/10A6EE2B64DE43551318403B28F80361
https://doi.org/10.13189/fst.2021.090301
https://www.sciencedirect.com/science/article/pii/S0022316623025634?via%3Dihub
https://doi.org/10.1093/jn/133.11.3972S
https://www.sciencedirect.com/science/article/pii/S0022316623025634?via%3Dihub
https://doi.org/10.3389/fnut.2021.782703
https://www.frontiersin.org/journals/nutrition/articles/10.3389/fnut.2021.782703/full

