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Abstract. Malnutrition in early childhood is a contributor to stunting in
Indonesia, with prevalence still above the WHO target. One key cause is the
inadequacy of complementary feeding in providing sufficient
micronutrients, especially iron, which is essential for hemoglobin synthesis.
Local food innovations such as soybean flour and dragon fruit peel powder
offer potential as nutrient-dense and antioxidant-rich complementary foods.
This study evaluated the effectiveness of complementary feeding made from
soybean flour and dragon fruit peel powder in improving hemoglobin (Hb)
and iron (Fe) levels. A true experimental pre-test and post-test control group
design was conducted with three groups: negative control (K-, standard
diet), positive control (K+, protein diet), and treatment (P, supplemented
diet). The intervention lasted 28 days. Hemoglobin and serum iron levels
were measured using spectrophotometry and analyzed t-tests and ANOVA
(p<0.05). Results showed significant Hb improvement in all groups (K—
p=0.006; K+ p=0.003; P p=0.000), with the highest increase in the treatment
group. Between-group analysis confirmed significant differences in Hb and
Fe between treatment and controls (p=0.000). In conclusion, complementary
feeding innovation using soybean flour and dragon peel powder effectively
improved Hb and Fe, supporting its role as an agricultural adaptation
strategy to combat malnutrition and stunting.

1 Introduction

Stunting is a chronic form of malnutrition that impairs physical growth and cognitive
development and remains a major public health concern in Indonesia. According to the
Indonesian Nutrition Status Survey (SSGI) 2022, the prevalence of stunting reached 21.6%,
which remains above the WHO target of <20% [1]. One of the major contributing factors is
inadequate intake of essential micronutrients, particularly iron (Fe), which is required for
hemoglobin (HB) synthesis and optimal oxygen transport [2,3]. Iron
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deficiency during early childhood often leads to anemia and impaired developmental
outcomes, thereby increasing the risk of stunting [4,5]. Improving iron status through
appropriate complementary feeding strategies is therefore essential to prevent growth
faltering.

Complementary feeding (CF) serves as an effective approach to addressing micronutrient
inadequacy when breast milk alone is insufficient. However, CF products must be
nutritionally adequate, affordable, and based on locally available ingredients to ensure
sustainability [6,7]. In this context, agricultural adaptation through food innovation plays a
key role.

Soybean flour provides a high-quality plant protein source, while dragon fruit peel—
typically discarded as agricultural waste—contains vitamin C, dietary fiber, and minerals
such as iron and zinc that may support hematopoiesis and antioxidant defense[8.9].
Formulating CF using these two local ingredients represents both a nutritional intervention
and a sustainable resource utilization strategy.

Previous research has shown that complementary foods made from soybean flour and
dragon fruit peel can provide 444—449 kcal/100 g, 15.84-20.05% protein, 27-34 mg/100 g
vitamin C, 13.93-37.66 mg/100 g iron, and 7.11-10.47 mg/100 g zinc, meeting the
Indonesian National Standard (SNI) for complementary foods [10]With such nutrient
content, this formulation has strong potential to enhance Hb and Fe status and support
recovery from growth deficits.

Therefore, developing soybean flour and dragon fruit peel powder—based complementary
foods offers a promising agricultural adaptation strategy to improve child nutrition and
strengthen national efforts in stunting prevention, food security, and public health
improvement in Indonesia [11,12,13].

2 Materials and Methods

2.1 Materials

Soy powder was obtained from CV Cipta Cakrawala Niaga, dragon fruit peel powder from
CV Dua Langkah Kecil Indonesia, and milk powder “Primamil” from PT Frisian Flag
Indonesia. Standard rat feed and low-protein diet ingredients were purchased from local
certified suppliers. Digital balance (Ohaus, USA) was used for body weight measurement.
Hemoglobin concentration was determined using a spectrophotometer (UV-Vis Shimadzu,
Japan), while serum iron (Fe) levels were measured using Atomic Absorption
Spectrophotometry (AAS; Perkin Elmer, USA).

2.2 Formulation of complementary feeding

Complementary feeding formulations were prepared from soybean flour, dragon fruit peel
powder, milk powder, and sugar according to Indonesian National Standard (SNI) nutrient
requirements for complementary foods. The mixtures were dried and ground into powder
form for rat administration.

Thirty Wistar rats were randomly assigned into three groups (n=10 per group): negative
control (C-), positive control (C+), and treatment (P). Prior to intervention, C+ and P were
fed a 5% low-protein diet for 21 days to induce malnutrition, while C— received a standard
diet. Following this phase, a 28-day intervention period was implemented: C— and C+
continued with a standard diet, while P received the standard diet supplemented with the
complementary feeding formula (3.6 ml/100 g BW), delivered once daily via gastric gavage
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between 08:30-09:30 AM. Baseline measurements (pre-test) were taken before the
intervention, and post-test measurements were recorded after 28 days.
Group Pre-test intervention post-test

C- —» 01 —» X1 —» 02
Wistar R C+1 —» 01 —» X2 —» 02
- >

P —» 01 —» X3 —» 02

Fig. 1. Study design flowchart.
Note

R: Randomization; C—: Negative control; C+: Positive control; P: Treatment; O1: Pre-test; O2: Post-
test; X1: Standard diet; X2: Low-protein diet; X3: Standard diet + complementary feeding formula

2.3 Analysis

2.3.1. Body weight
Body weight was measured at baseline (day 0), mid-intervention (day 14), and post-
intervention (day 28). Body weight gain was calculated as final minus initial weigh.

2.3.2. Hemoglobin (Hb)

Blood was collected from the tail vein, and Hb concentration was determined using the
cyanmethemoglobin method via UV-Vis spectrophotometry. Measurements were performed
in duplicate, and mean values were used for analysis.

2.3.3. Serum Iron (Fe)
Serum was separated by centrifugation, and Fe levels were analyzed by AAS, with duplicate
measurements performed

2.3.4. Statistical analysis

Data are presented as mean + standard deviation (SD). Paired t-test was applied to evaluate
within-group differences (pre- vs post-intervention), and one-way ANOVA followed by
Tukey’s post-hoc test was used to compare between-group differences. Statistical
significance was set at p < 0.05

3 Results and Discussion

3.1 Body weight

Malnutrition in rats was successfully induced by feeding a 5% low-protein diet for 21 days,
as reflected by significantly lower baseline body weights in the positive control (C+) and
treatment group (P) compared to the negative control (C—) (Table 1, p <0.05). These findings
align with previous evidence demonstrating that short-term protein restriction reliably
induces growth impairment and serves as a standardized animal model for evaluating
nutritional interventions [14,15]

After 28 days of intervention, ANOVA results (Table 2) indicated significant differences
among groups (p < 0.05). The negative control group, which received a standard diet from
the beginning, achieved the highest body weight (161.60 + 2.07 g). The positive control
group, which was initially given a low-protein diet and then switched to a standard diet,
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increased to 133.40 + 3.36 g. Meanwhile, the treatment group, which received a standard diet
supplemented with the soybean—dragon fruit peel-based complementary feeding formula (3.6
ml/100 g BW), reached 142.60 + 2.41 g. These findings suggest that the complementary
feeding formula provided additional benefits beyond the normal recovery achieved with a
standard diet, although body weight did not reach that of the negative control group.This
result is consistent with previous studies, which demonstrated that soybean-based
complementary foods enriched with fiber-rich or fruit-derived ingredients improved protein
intake and supported body weight recovery in malnourished animal models [16]

After 28 days of intervention, body weight differed significantly among groups (p <
0.05). Rats in the treatment group supplemented with soybean—dragon fruit peel
complementary feeding achieved greater weight recovery (142.60 + 2.41 g) compared to the
positive control (133.40 + 3.36 g), although not reaching the level of the negative control
(161.60 £2.07 g) (Table 2). The paired t-test also showed greater weight gain in the treatment
group (~27 g) compared to the positive control (~16 g). This improvement suggests that the
complementary feeding formulation contributed additional nutritional benefits beyond
standard diet recovery, consistent with studies reporting improved growth performance when
plant-based protein ingredients are included in complementary food formulations. Kristanti
et al. reported that complementary feeding enriched with soybean and tempe flour
significantly improved growth and body weight in malnourished animal models [17]. In
addition, studies on functional foods containing anthocyanins from dragon fruit peel
highlighted their role in enhancing nutrient absorption and mitigating oxidative stress, which
further supports improved growth outcomes [18]. Nutritional analysis of soybean—dragon
fruit peel complementary feeding reported by Suryana et al. (2022) revealed protein levels
ranging from 15.8-20.0% and iron levels of 13.9-37.7 mg/100 g, along with vitamin C and
anthocyanins from dragon fruit peel, which play roles in enhancing iron absorption and
antioxidant defense.[16]. Other studies also support the use of soybean as a complementary
food base to improve protein intake, support growth, and enhance nutritional status.[17]

Overall, he results demonstrate that the complementary feeding formula effectively
supported body weight recovery in malnourished rats and may offer a promising strategy for
addressing growth faltering in resource-limited settings.

The body weight of the rats (gram)
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Fig. 2. Histogram of mean body weight gain in Wistar rats after 28 days of treatment with
soybean—dragon fruit peel-based complementary food powder formulations
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3.2 Hemoglobin

Feeding a low-protein diet successfully induced anemia in C+ and P groups, as indicated by
significantly reduced baseline hemoglobin levels compared with C— (Table 1, p <0.05). This
confirms the model’s suitability for evaluating interventions targeting hematological
improvement [14,15]. Vidyadharan et al. (2024) reported that a 5% protein diet for 21 days
induced body weight reduction and anemia as markers of malnutrition [14]. Saeed et al
(2025) also found that a 28-day protein-deficient diet significantly reduced hemoglobin,
hematocrit, and red blood cell counts in rats, supporting its use as a malnutrition-induced
anemia model [15]. More recently, Park et al. (2020) emphasized that protein restriction not
only triggered anemia but also suppressed the expression of genes related to erythropoiesis
in rats [19]. Thus, the present findings are consistent with prior studies that validated low-
protein diets as a standard model to induce malnutrition and anemia, making it appropriate
for testing the effectiveness of nutritional interventions in stunting prevention. Following the
28-day intervention, Hb levels differed significantly across groups (p < 0.05). The treatment
group demonstrated substantial Hb improvement (14.47 + 0.48 g/dl), approaching normal
levels and significantly higher than the positive control.

The paired t-test analysis (Table 3) revealed significant changes in hemoglobin levels
across all groups (p < 0.05). The negative control group (C—) showed a slight but significant
decrease from 15.20 £ 0.35 g/dl to 14.99 £ 0.28 g/dl (—0.21 g/dl). Similarly, the positive
control group (C+) also exhibited a small decline from 9.35 £ 0.17 g/dl to 9.16 = 0.15 g/dl
(—0.19 g/dl). In contrast, the treatment group (P) demonstrated a remarkable increase, rising
from 9.44 + 0.10 g/dl at baseline to 14.47 + 0.48 g/dl after intervention (+5.03 g/dl). These
results indicate that while hemoglobin levels slightly declined in both control groups, only
the treatment group exhibited substantial recovery.

After 28 days of intervention, hemoglobin levels differed significantly among groups (p
<0.05). The treatment group exhibited a marked increase in hemoglobin concentration (14.47
+ (.48 g/dl), approaching normal levels and significantly exceeding both control groups. The
paired t-test confirmed that only the treatment group showed a substantial improvement
(+5.03 g/dl), while hemoglobin levels in both control groups remained unchanged. This
finding indicates that supplementation with soybean flour and dragon fruit peel powder was
more effective than standard diet recovery alone in restoring hemoglobin status.

Hemoglobin levels in rat blood (g/dl)
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Fig. 3. Histogram of mean Hemoglobin levels in rat blood after 28 days of treatment with soybean—
dragon fruit peel-based complementary food powder formulations

3.3 Iron

The results of the Fe level analysis before treatment (Table 1) showed that rats in the positive
control (C+) and treatment (P) groups had much lower Fe levels compared to the negative
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control (C-). The mean Fe level in C- was 115.91 + 3.68 pg/dl, while C+ and P were only
66.89 + 2.07 pg/dl and 67.09 £+ 2.47 pg/dl. This difference was statistically significant (p =
0.000). The post-hoc test (Table 1) confirmed that C+ and P were significantly different from
C-, but not significantly different from each other. This finding is consistent with the rat
malnutrition model using a low-protein diet (5%) for 21 days, which is widely used as a
standard to replicate conditions of nutritional deficiency and anemia in animal studies.
Several recent studies support the validity of this model. For instance, Kitada et al. (2018)
reported that a 5% low-protein diet for three weeks significantly reduced hemoglobin and
serum Fe levels in rats compared to normal rats [20].

After 28 days of intervention, the ANOVA test of Fe levels (Table 2) revealed a clear
improvement in the treatment (P) group. Fe levels in P increased to 99.78 = 3.17 pg/dl, higher
than C+ (65.16 + 2.91 pg/dl) and approaching C- (116.34 + 6.56 ng/dl). The post-hoc test
(Table 2) indicated that all groups were significantly different from one another (p < 0.05).
This improvement demonstrates that the complementary feeding formulation made from
soybean flour and dragon fruit peel had a positive effect on iron status. Soybeans are known
to be rich in plant-based protein and non-heme iron, while dragon fruit peel contains bioactive
compounds such as antioxidants (betacyanin, flavonoids, polyphenols) that may enhance Fe
absorption by reducing intestinal oxidative stress. Studies by Zivanovi¢ et al. (2025) and
Harahap et al. (2023) also reported that combining plant-based protein with natural
antioxidants improved iron bioavailability and hemoglobin levels in anemic rat models [21],
[22].

The paired-sample test (Table 3) showed that the negative control group (C-) did not
experience significant changes (p = 0.912) since it was normal from the beginning, while the
positive control (C+) also showed no improvement (p = 0.461) despite returning to a standard
diet. In contrast, the treatment (P) group showed a significant increase (p = 0.000), indicating
a marked improvement in Fe levels due to the complementary feeding intervention.

At baseline, serum Fe levels were significantly reduced in C+ and P compared with C—,
confirming successful induction of nutritional deficiency. After intervention, the treatment
group exhibited the greatest improvement (+32.69 + 3.00 pg/dl), significantly higher than
both controls (p < 0.05), reflecting enhanced Fe status beyond standard diet recovery (Table
4). This is consistent with previous findings suggesting that combining plant protein and
antioxidant-containing ingredients may support better Fe utilization. The sharp elevation in
Fe in the treatment group provides visual evidence of the efficacy of the soybean flour and
dragon fruit peel-based complementary feeding formulation. However, this study’s findings
differ slightly from Ahmed Salem et al. (2021), which showed that supplementation with
plant protein alone (without antioxidants) only moderately improved iron status [23]. This
suggests that the synergy between soybean protein and dragon fruit peel antioxidants played
a key role in enhancing Fe levels in this study
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Fig. 4. Histogram of mean Serum Iron levels in rats after 28 days of treatment with soybean—dragon
fruit peel-based complementary food powder formulations

Table 1. The mean and standard deviation of body weight, hemoglobin, and serum iron levels of rats
before treatment (pre-test)

Group Body Weight (g) Hemoglobin (g/dl) Iron(ng/dl)
C- 129.00 +1.58* 15.19 £0.352 11591 +3.68%
C+ 116.60 £2.97° 9.35+0.17° 66.89 £2.07°
P 115.00 £2.55° 9.44 £0.10° 67.09 +£2.47°

Note: Superscript letters (a, b) denote statistical significance: identical letters indicate no significant
difference, whereas different letters indicate a significant difference. Comparisons of body weight,
hemoglobin, and serum iron across groups were performed using anova and post hoc.

Table 2. The mean and standard deviation of body weight, hemoglobin, and serum iron levels of rats
before treatment (post-test)

Group Body Weight (g) Hemoglobin (g/dl) Iron(ug/dl)
C- 161.60 £2.07° 14.99 £0.28* 116.34 £6.562
C+ 133.40 £ 3.36° 9.16 £0.15° 65.16 £2.91°

P 142.60 £2.41°¢ 14.47 £0.48* 99.78 £3.17¢

Note: Superscript letters (a,b,c) denote statistical significance: identical letters indicate no significant
difference, whereas different letters indicate a significant difference. Comparisons of body weight,
hemoglobin, and serum iron across groups were performed using anova and post-hoc

Table 3. The pre-test and post-test comparison results within groups

Group Body Weight (g) Hemoglobin (g/dl) Iron(ug/dl)
C- P=0.000%* P=0.006* P=0912
C+ P=0.000* P=0.003* P=10.461
P P =0.000* P =0.000* P =0.000*

Note: *Significant difference at p < 0.05. Pre-test and post-test comparisons within each group for body
weight, hemoglobin, and serum iron were conducted using paired t-test

Table 4. The discrepancy of pre- to post-test changes in body weight, hemoglobin, and serum iron
levels of rats

Group Body Weight (g) Hemoglobin (g/dl) Iron(ug/dl)
C- 32.60 +0.89° 0.19 +£0.082 5.59 £5.29%
C+ 16.80 + 0.45b 0.19 £0.072 3.44 +£3.352

P 27.60 +£0.55° 5.04 +0.43b 32.69 +3.00P

Note: Superscript letters (a,b,c) denote statistical significance: identical letters indicate no significant
difference, whereas different letters indicate a significant difference. Comparisons of body weight were
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performed using kruskall wallis and post-hoc. Comparisons hemoglobin, and serum iron across groups
were performed using anova and post-hoc

This study has several limitations. First, the use of a rat model restricts direct
generalization to human infants due to physiological differences. Second, the intervention
duration was relatively short, and longer-term evaluation may be needed to assess sustained
effects. Third, only hemoglobin and serum iron were measured; additional biomarkers such
as ferritin, transferrin saturation, and inflammatory markers would provide stronger
mechanistic insight. Finally, the study did not include sensory or acceptability testing, which
is essential for real-world implementation of complementary feeding products. Future studies
should incorporate more comprehensive biochemical assessments, explore dose-response
effects, and evaluate practical application in human trials.

4 Conclusion

This study demonstrated that a 5% low-protein diet for 21 days successfully induced
malnutrition in Wistar rats, evidenced by significant reductions in body weight, hemoglobin,
and serum iron. After 28 days of intervention, rats receiving the soybean—dragon fruit peel
complementary feeding formula (3.6 ml/100 g BW) showed significantly greater
improvements in body weight, hemoglobin, and serum iron levels compared with both
control groups. Hematological recovery in the treatment group approached normal levels,
while the positive control group (standard diet alone) showed limited improvement,
indicating that diet normalization without targeted supplementation was insufficient. The
improvements observed may be linked to the combined nutritional contribution of soybean
protein, non-heme iron, and vitamin C, which support iron absorption and erythropoiesis.
Overall, the complementary feeding formulation effectively improved growth and iron status
in malnourished rats. In conclusion, this formulation demonstrates promising potential as a
locally sourced complementary feeding strategy to support recovery from malnutrition and
anemia. While findings are based on an animal model, they provide a scientific basis for
further development and evaluation in human complementary feeding programs, particularly
in regions facing stunting and micronutrient deficiency..
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