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Abstract. Stunting is a health issue in Indonesia, with a relatively high
prevalence rate, and remains a focus of national programs. Children that are
stunted are more likely to develop anemia. Long-term effects of this
condition include malnutrition, which impairs a child's growth and may have
an influence on adulthood. Children with stunted growth can benefit from
supplemental food that is sufficiently nutrient-dense. It is well established
that complementary foods with a high protein content greatly enhance
children's growth. A high-protein supplemental food called “PROTIAS” is
made from rice flour and catfish meat flour. With 32.75% protein, PROTIAS
has a comparatively high protein level. The research was quasi-
experimental, with a one-group pretest-posttest design. Ten children with
stunting and anemia were given the "PROTIAS" supplemental food.
Anthropometric measurements, including weight, body length, MUAC
(mid-upper arm circumference), chest circumference, and head
circumference, were taken after the three-month intervention. Statistical
testing utilizing paired t-tests revealed a significant difference in stunted
children's weight (p-value = 0.002), body length (p-value = 0.000), head
circumference (p-value = 0.034), and chest circumference (p-value =
0.036). However, the MUAC value of stunted children did not significantly
change (p-value = 0.963). It can be concluded that the PROTIAS
intervention can improve the anthropometry of children with stunting and
anemia.

1 Introduction

Stunting remains a major public health issue in Indonesia, with prevalence rates among the
highest in Southeast Asia. According to the Ministry of Health of Indonesia [1], the
prevalence of stunting in children under five was 21.6% in 2022. Stunting is associated not
only with impaired linear growth but also with adverse cognitive development, reduced
immunity, and increased risk of chronic diseases later in life [2].
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Anemia, particularly iron deficiency anemia, often coexists with stunting. UNICEF
(2022) estimates that over 40% of children aged 6—59 months globally are anemic, and
national surveys indicate that the prevalence among Indonesian children under five exceeds
30% [3-4]. The coexistence of stunting and anemia represents a double burden of
malnutrition that further compromises child survival, growth, and development [5-6].

The complementary feeding period is a critical window for preventing growth faltering.
The World Health Organization (WHO, 2021) emphasizes the importance of adequate
complementary feeding that is energy- and nutrient-dense, with particular emphasis on
protein and micronutrients [7]. Animal-source proteins are especially valuable because of
their high biological value, amino acid profile, and contribution to the synthesis of growth
factors such as IGF-1 [8].

Several recent trials demonstrate that nutrient-rich complementary foods can improve
child growth and reduce anemia. ~ For example, the provision of eggs and animal protein
in early complementary feeding was shown to significantly improve height-for-age z-scores
and hemoglobin levels [8-9]. A systematic review also confirmed that fortified
complementary feeding interventions are effective in reducing anemia in low- and middle-
income countries [6].

In Indonesia, locally developed high-protein complementary foods remain underutilized
in addressing both stunting and anemia. To fill this gap, a high-protein complementary food
product named PROTIAS (Protein Intervention for Anak Stunting-Anemia) was developed
using rice flour and catfish (Clarias gariepinus) flour. This formulation contains 32.75%
protein, making it highly suitable for addressing protein-energy deficiency and micronutrient
insufficiency in undernourished children.

The present study applied PROTIAS as an intervention in children under five with
stunting and anemia. Using a quasi-experimental one-group pretest—posttest design, the
intervention evaluated the effects of PROTIAS consumption for three months on
anthropometric indicators including body weight, body length, mid-upper arm circumference
(MUACQ), chest circumference, and head circumference.

This study aims to assess the effectiveness of PROTIAS high-protein complementary
feeding intervention on the growth outcomes of stunted and anemic children under five years
of age in Indonesia.

Hypothesis: The consumption of PROTIAS for three months will significantly improve
anthropometric indicators (weight, length, head circumference, and chest circumference) of
stunted and anemic under-five children compared to their baseline measurements.

2 Materials and Methods

2.1. Materials

The ingredients in making complementary food include rice flour, catfish flour, skim milk,
sugar flour, tempeh flour, dry carrots, dry spinach, and dry celery. The tools used in making
complementary food, PROTIAS porridge, include: scales, blenders, flour grinders,
containers, filters, spoons, knives, baking paper, and ovens.

2.2. Methods

This study was a quasi-experimental study with a one-group pretest-posttest design. The
research phase involved preparing complementary food, PROTIAS porridge, for children
under five, followed by administering the porridge to the subjects, whose haemoglobin levels
and anthropometric measurements had been previously measured.
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2.2.1. Making a high protein supplementary food porridge “PROTIAS”

The preparation of making a supplementary food porridge “PROTIAS” starting with making
arice flour and catfish meat flour. All dry ingredients (tempeh flour, dry carrots, dry spinach,
and dry celery) and cooking oil are then weighed and dissolved in mineral water (all dry
ingredients and cooking oil: mineral water = 1:4) and heated while stirring until it reaches a
temperature of 85°C for 10 minutes. The porridge is then spread on a baking sheet and dried
in an oven at 60°C for 12 hours to produce a semi-dry solid. This solid is then stirred and
dried again in an oven at 60°C for 1 hour to dry completely. The dry porridge solid is then
blended and sieved with a flour sieve (40 mesh) to produce a dry porridge powder. This
powder is stored in an airtight container.

2.2.2. The intervention of high protein complementary food porridge “PROTIAS” for
stunted and anemic children

Stunted and anemic children from the Sukorambi Community Health Center in the Jember
Regency served as the study's subjects. The inclusion and exclusion criteria were taken into
account when choosing the subjects. The individuals had to be between 6 and 60 months old,
have a body length or height proportional to their age (PB/U or TB/U) with a threshold of -3
SD to <-2 SD or <-3 SD, be anemic, and be free of physical anomalies in order to be eligible.
Toddlers who were ill and receiving medical attention were excluded.

Ten stunted children were given a high-protein complementary food PROTIAS. Before
the intervention, the ten childrens' anthropometric parameters were measured, such as body
weight, height, arm circumference (MUAC), head circumference, and chest circumference,
to determine the pretest value. The PROTIAS intervention was then carried out for three
months, and the posttest anthropometric values were again measured. The anthropometric
data obtained were then analyzed statistically with the SPSS Ver 25.0 application. The data
obtained will be tested for normality using the Shapiro-Wilk test to determine whether the
data is normal or not normal. The dependent t-test should be used if the data is normal; if not,
the Mann-Whitney should be used. A p-value of less than 0.05 indicates a significant change
between the values before and after the intervention.

3 Results and Discussion

Two analyses were employed in the study: univariate analysis and bivariate analysis. The
purpose of univariate analysis is to determine or explain the characteristics of the subjects in
the form of age, gender, and anthropometric status. Bivariate analysis is used to examine how
stunted and anemic children's anthropometric status changed before and after receiving
complementary food PROTIAS.

3.1. The description of the subject (univariate analysis)
Based on the inclusion and exclusion criteria in the research method, ten stunted and anemic

childrens were selected as study subjects. The characteristics of each individual subject are
listed in Table 1.
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Table 1. The characteristic of subjects

Ngumbl;?c' tOf Age (Months) Gender Z-Score Hemo%:;g;jl) Value
1 14 Female <-2 SD 10.3
2 23 Male <-2 SD 10.2
3 24 Male <-2 SD 10.7
4 18 Female <-2 SD 11
5 13 Female <-3SD 10.5
6 27 Female <-3 SD 10.7
7 15 Male <-3SD 11
8 15 Female <-3SD 10.5
9 30 Male <-3 SD 10.9
10 16 Male <-2 SD 9.6
50% at <-2
Subjects 50% males, SD
Desjcription: 13-30months | 5o0/ ¢mates | 50%at<-3 | 011 &/dL
SD

Source: Primary data

According to Table 1, it is known that the subjects of stunted and anemic toddlers have
an age range of 13 to 30 months with a gender proportion of 50% females and 50% males.
Research by Guja et al. [10] explained that the toddler age period, in the period of 6-23
months, is a critical nutritional transition period with a high prevalence of stunting and
anemia. Birth history, such as low birth weight and short birth length, is associated with an
increased risk of stunting and potentially increases the risk of anemia in the infant/toddler
stage. For the gender criterion, several studies found small differences between females and
males [10].

Table 1 also shows that 50% of toddlers who were the subjects of the study had a z-score
of <-2 SD, and the remaining 50% had a z-score of up to <-3 SD. A height/age ratio less than
-2 SD indicates stunting, which is indicative of long-term growth abnormalities. Regarding
table 1, the hemoglobin levels are between 9.6 and 11. According to WHO standards that
have been updated in 203, toddlers aged 6 months to less than 5 years are said to have anemia
if the concentration is below 11 g/dL [11]. Anemia in children is often caused by iron
deficiency disrupting oxygenation capacity, which has an impact on cognitive and motor
development. The combination of stunting and anemia increases the burden of short-term
and long-term morbidity so that understanding the clinical characteristics and social
determinants is important for intervention planning [12].

3.2. The anthropometric analysis of the growth of under-five children with
stunting anemia (bivariate analysis)

Prior to the intervention, pretest data collection was conducted. Afterward, the
complementary food PROTIAS intervention was conducted for 3 months on 10 stunted and
anemic children in the Sukorambi Community Health Center work area. After the
intervention was completed, posttest data measurements were conducted. The parameters
collected in the study were anthropometric data (body circumference, length/height, mid-
upper arm circumference (MUAC), head circumference, and chest circumference). The
following are the results of the anthropometric data measurements from the MPASI
PROTIAS intervention pretest and posttest.
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Figure 2 shows an increase in the average growth of stunted and anemic toddlers across
all anthropometric parameters, including body weight, body height, mid-upper arm
circumference (MUAC), head circumference, and chest circumference. To determine the
significance of the increase in the average for each parameter, the researchers conducted a
statistical analysis using the dependent t-test. The following are the results of the statistical
analysis:

Table 2. The findings of statistical analyses comparing the mean anthropometric development of
children with stunting and anemia before and after the PROTIAS intervention.

Anthropometrics parameter Pretest Posttest p-value
Body weight (kg) 7,86 + 1,35 947 1,57 0,002*
Body height (cm) 75,92 +5,99 80,65 + 5,99 0,000"
Mid-upper arm circumference (MUAC) (cm) 1453 +1.19 1455 + 1.62 0.963

Head circumference (cm) 4528 +2.22 472 + 3,066 0,034*
Chest circumference (cm) 46,41 +2.18 47.6+2.84 0,036°

Source: Primary data;
Note: * significantly different based on the dependent t-test analysis

Statistical tests showed significant results for four anthropometric parameters: weight,
height/length, head circumference, and chest circumference. Based on the statistical results
in table 2, thehigh-protein complementary feeding intervention (PROTIAS)
produced statistically significant improvements in several anthropometric parameters among
stunted children under five. Specifically, there was a significant increase in body weight
(from 7.86 £ 1.35 kg to 9.47 £ 1.57 kg; p = 0.002) and in body length/height (from 75.92 +
5.99 cm to 80.65 £ 5.99 cm; p < 0.001). Head and chest circumferences also increased
significantly. However, mid-upper arm circumference (MUAC) did not change significantly
(p = 0.963). These results indicate a positive catch-up growth response in weight and linear
growth following high-protein complementary feeding among stunted children. High-protein
complementary foods, particularly milk—cereal mixes, have been shown in Randomized
Control Trials research to significantly increase weight and modestly improve length-for-age
when administered during the complementary feeding period (6—12 or 6—24 months) for a
sufficient duration. For example, Taneja et al. (2022) reported improvements in both weight
and some length gains with high-protein milk—cereal blends in India [13].

Although both body weight and length increased significantly following the
intervention, MUAC remained unchanged. Several factors may explain this
discrepancy. First, the distribution of weight gain may have occurred predominantly in
central tissues, adipose stores, or organ mass rather than in peripheral lean body mass,
resulting in minimal changes in upper arm circumference. MUAC tends to respond more
slowly than overall body weight because it primarily reflects muscle mass and subcutaneous
fat in the arm. Second, the relatively short duration of the intervention may not have been
sufficient to produce measurable changes in MUAC. While weight and length can improve
within weeks to months of nutritional supplementation, increases in muscle mass generally
require longer periods of nutritional recovery. Third, measurement variability could have
contributed to the lack of observed change. MUAC measurements are sensitive to factors
such as arm positioning, tape tension, and inter-observer variability, which can mask subtle
changes, especially in small samples [14-17].
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The statistical analysis in this study showed a significant increase in head
circumference from 45.28 + 2.22 cm at baseline to 47.20 + 3.07 cm post-intervention (p =
0.034), and a significant increase in chest circumference from 46.41 + 2.18 cm to 47.60 +
2.84 cm (p= 0.036). These findings suggest that the provision of high-protein
complementary feeding contributed not only to weight and linear growth but also to cranial
and thoracic growth, which are crucial indicators of overall health and development in early
childhood.

Increases in head and chest circumference are clinically meaningful. Head circumference
catch-up during the complementary feeding window is associated with improved cognitive
trajectories later in life, particularly when combined with micronutrient sufficiency [Prado et
al., 2021]. Similarly, increased chest circumference indicates improved musculoskeletal and
respiratory development, which is critical for resilience against infections and overall health
in early childhood [18]. These findings reinforce the importance of high-protein
complementary feeding as part of stunting and anemia interventions. Providing balanced
protein, energy, and micronutrients during this critical growth period may simultaneously
support somatic, neurocranial, and thoracic growth, contributing to holistic child
development.

3.3. The use of catfish flour as a protein source in complementary feeding to
catch-up growth in stunting and anemia children

Children with stunting often have low protein intake, particularly of high biological value
protein, because their diets rely heavily on carbohydrates with limited animal-source foods.
The addition of catfish flour to supplementary food provides high-quality animal protein in
a culturally acceptable and affordable form, thereby closing the nutrient gap. Protein intake
during the complementary feeding period is a critical determinant of growth, particularly
among children suffering from chronic undernutrition such as stunting. One promising
strategy to increase protein density in complementary foods is the incorporation of locally
available, animal-based protein sources, such as catfish flour (Clarias sp.), into children’s
diets.

Catfish is rich in high-quality animal protein containing all essential amino acids required
for tissue synthesis and linear growth. It also provides important micronutrients, including
iron, zinc, calcium, and omega-3 fatty acids, which support growth and cognitive
development. Processing catfish into flour form increases its shelf life, ease of
incorporation into porridge or other complementary foods, and nutrient density per serving.
The developed catfish-based complementary food products and found that catfish flour
significantly increased the protein content of complementary feeding and was
organoleptically well accepted by children and caregivers. The adding of 10-15% catfish
flour to complementary porridge significantly improved protein, calcium, and iron content,
making it suitable for combating stunting in low-resource settings [19-20].

High-protein, nutrient-dense supplemental foods can hasten weight gain and, in the right
circumstances, result in small improvements in stunted children's linear development
(length/height). These foods are best provided as part of an energy-protein and micronutrient
package. Multi-nutrient supplements, including protein along with iron and other
micronutrients, are more likely to increase hemoglobin and enhance growth than protein
alone when anemia (usually iron deficiency or mixed cause) and stunting co-occur. However,
compared to weight, effects on linear growth are usually less pronounced and more context-
specific; results are moderated by infection burden, ambient intestinal dysfunction, total
calorie intake, and adherence [21].
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Adequate intake of high-quality protein supplies essential amino acids required for tissue
accretion (muscle and bone) and stimulates anabolic hormones such as IGF-1, which promote
chondral and linear bone growth. Several recent reviews and mechanistic studies link higher
protein intake (particularly from animal-source foods or high-biological-value proteins) to
increased circulating IGF-1 and favorable growth trajectories in infancy [22]. Synergy with
micronutrients and energy, protein alone is insufficient if total dietary energy or key
micronutrients are lacking. Protein utilization for growth depends on adequate calories and
cofactors (zinc, iron, vitamin A), which is why multi-nutrient supplements are more effective
than isolated protein alone [23].

Moreover, protein is a critical component for muscle and connective tissue synthesis, and
adequate intake can support respiratory muscle development and chest wall growth [23].
Therefore, the significant post-intervention increase in chest circumference in this study
likely reflects generalized catch-up growth, including thoracic skeletal and muscular
development, in response to improved protein and energy intake. The integration of catfish
flour into complementary food can be implemented through fortification home product,
community-based nutrition programs, or small-scale commercial production, making it
adaptable to different settings. Regular use can contribute to increased protein intake,
support linear growth, and reduce the risk of stunting progression.

4. Conclusion

The study examined the effect of PROTIAS, a high-protein complementary food made from
rice flour and catfish flour, on the growth of stunted and anemic children under five. After
three months of intervention, significant improvements were observed in weight, height, head
circumference, and chest circumference, although MUAC did not change. These findings
suggest that PROTIAS effectively supports catch-up growth in undernourished children by
providing nutrient-dense, high-quality animal protein.
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