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ABSTRACT

Background: Malnutrition remains a significant public
health concern among under-five children, leading to im-
paired growth and development. Locally produced functional
foods using nutrient-dense ingredients may provide a sus-
tainable strategy to improve nutritional status. This study as-
sessed the effect of a multi-nutrient functional snack (TUMIZ)
on growth outcomes in malnourished toddlers.

Methods: A randomized pretest—posttest controlled clinical
trial was conducted among 70 malnourished toddlers who were
recruited without grouping based on severity. Participants were
randomly assigned to receive either daily TUMIZ biscuits plus
maternal nutrition education (intervention group) or nutrition
education alone (control group) for 60 days. Weight, height,
and insulin-like growth factor-1 (IGF-1) levels were measured
before and after the intervention. Growth measurements and
intervention implementation were carried out by different per-
sonnel. Data were analyzed using paired t-test, independent
t-tests and ANCOVA test.

Results: Both groups showed significant improvements in
weight and height; however, gains were significantly greater
in the intervention group (p<0.05). IGF-1 levels increased
significantly in the intervention group (p=0.001), with greater
changes compared to controls (p=0.027).

Conclusion: TUMIZ supplementation effectively improves
weight gain and IGF-1 levels, supporting its potential as a lo-
cally based nutritional intervention for malnourished toddlers.
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INTRODUCTION

Malnutrition remains a significant public health problem in
developing countries, especially among children under 5 years
of age, with impacts on linear growth and cognitive develop-
ment. Food-based interventions have become an important ap-
proach to meeting children’s essential nutritional needs, includ-
ing the use of functional foods rich in bioactive compounds and
micronutrients to support nutritional status and the immune
system. Functional foods are seen as an innovative strategy to
provide additional nutrients and benefits beyond basic energy
requirements, such as amino acids, vitamins, minerals, and an-
tioxidants that contribute to children’s health!2,

Indonesia has a wealth of local food ingredients that have
the potential to be developed into functional foods, including
plant and animal protein sources such as soybeans, mung
beans, carrots, and edible insects such as sago worms. The
use of local ingredients not only increases the availability of
nutritious foods but also supports food security and the sus-
tainability of community-based food systems. Literature re-
views show that edible insects are high in protein and unsat-
urated fatty acids, which can play a role in improving
nutritional status and food security3#.

Despite the availability of many nutritious local food sources,
toddlers in many remote areas still suffer from malnutrition
due to limited access, monotonous diets, and low acceptance
of innovative foods by children. Deficiencies in quality protein
and micronutrients such as vitamin A and iron are also often
reported as major factors in the persistence of malnutrition in
toddlers. These barriers reduce the effectiveness of conven-
tional food interventions in significantly improving children’s
nutritional status®®. Common nutritional solutions that have



OPTIMIZING THE GROWTH OF MALNOURISHED TODDLERS THROUGH THE PROVISION OF MULTIVITAMIN FUNCTIONAL SNACKS

been implemented include vitamin-mineral supplementation,
ready-to-use supplementary food (RUSF) provision, family nu-
trition education, and health-based community programs.
Milk-based or imported ingredient-based RUSF/RUTF pro-
grams have shown results in helping short-term nutritional re-
covery in malnourished children, but are often unsustainable
and underutilize local ingredients’:8.

Previous studies have shown that products based on bean
flour, vegetable flour, and functional supplements can increase
the nutritional value of supplementary foods. For example,
substituting mung bean flour and carrot flour in biscuits in-
creases the protein content and organoleptic value of snack
products, demonstrating the potential of plant-based ingredi-
ents to increase the nutrient density of children’s foods®:®,
Research on the development of locally sourced RUSF, such as
combinations of tubers, nuts, and other ingredients, also
shows that these products can meet most macronutrient re-
quirements and are acceptable to children, although additional
fortification is needed to meet the micronutrient requirements
of children with mild to moderate acute malnutrition®19,

Several local studies have shown the use of functional ingre-
dients for complementary foods, but empirical evidence linking
the consumption of functional snacks based on soybean flour,
mung beans, carrots, and sago worms to the growth of mal-
nourished toddlers is still limited. Further research is needed to
evaluate the impact of innovative functional foods on anthropo-
metric indicators and children’s nutritional status in real-world
community settings. This study proposes the development of
functional snacks made from local ingredients (soybean flour,
mung bean flour, carrot flour, and sago worm flour), which have
not been widely studied in terms of their effect on the growth
of malnourished toddlers. This study aims to examine the effect
of consuming these functional snacks on children’s growth pa-
rameters (weight, height, and nutritional status) and sensory
acceptance of the product, as a sustainable local food interven-
tion innovation relevant to community needs.

METHODS
Study Design

This study used a randomized pretest—posttest controlled
clinical trial design. Families with malnourished toddlers, in-
cluding those classified as stunted, wasted, or underweight
based on height-for-age, weight-for-height, and weight-for-
age indices, were screened for eligibility. Baseline assess-
ments included measurements of body weight, height, and di-
etary intake. Eligible participants were randomly assigned to
either an intervention or a control group using simple ran-
domization. The intervention group received daily Tumiz func-
tional biscuits in addition to maternal nutrition education,
while the control group received nutrition education only. The
intervention was implemented over a two-month period, com-
prising 60 consecutive feeding days, to evaluate the effect of
Tumiz supplementation on child growth outcomes.

Sample

The study sample consisted of mothers with toddlers (aged
1-5 years) who were malnourished and classified as stunted,
wasted, or underweight (z-score < —2 SD), living in the work-
ing area of the Paccerakkang Community Health Center in
Makassar City, Indonesia. Participants were recruited regard-
less of the classification of the severity of malnutrition and
age classification. A total of 35 participants were recruited for
each group using a random sampling method.

This approach reflects common malnutrition conditions at
the Posyandu level and enables comprehensive evaluation of
intervention effectiveness in undernourished children under
five. Stratification by malnutrition type was not performed
due to limited sample sizes, which could reduce statistical
power and increase type II error risk. Therefore, analysis fo-
cused on overall intervention effects.

Data Collection

Data collected in this study encompassed maternal child-
feeding practices, Tumiz biscuit consumption, child growth,
and toddler nutritional status. Information on feeding prac-
tices was obtained through structured interviews using stan-
dardized questionnaires. Tumiz biscuit consumption was mon-
itored daily using a consumption control sheet with a checklist
format. Child growth was evaluated using anthropometric in-
dicators, including changes in body weight, height, and in-
sulin-like growth factor-1 (IGF-1) levels. Body weight was
measured using a digital scale with a precision of 0.1 kg,
while height was measured using a microtoise. Child age was
verified using birth records provided by parents or docu-
mented on the child health card (KMS). All measurements
were conducted by trained personnel, including nutrition staff
from public health centers and enumerators with a D4 quali-
fication in nutrition.

Data were collected by independent field officers who were
not involved in the intervention or subject allocation and were
blinded to group assignments to minimize measurement bias.
Due to the open-label design, participants and implementers
could not be blinded. All officers received prior training and
standardization in anthropometric procedures. Weight and
height were measured twice, with repeat measurements if
discrepancies exceeded 0.1 kg or 0.5 cm. Age was calculated
in months to determine WHO Z-scores.

Data Analysis

All collected data were entered into statistical software for
analysis. Univariate and bivariate analyses were performed.
Univariate analysis involved calculating means and standard
deviations (SD) for variables such as, body weight, body
height/length, and IGF-1 levels. Bivariate analysis was con-
ducted to evaluate changes in growth indicators before and
after the intervention within each group. Furthermore, a co-
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variate analysis (ANCOVA) was performed to control for the
influence of morbidity history variables in the baseline data on
increases in weight, height, and IGF-1 levels. Statistical sig-
nificance was determined at a 95% confidence level.

Ethical Considerations

The study was carried out after obtaining ethical approval
from the Health Research Ethics Committee of Poltekkes
Kemenkes Makassar (No. 1133/M/KEPK-PTKMS/VII/2024).

Table 1. Education level and occupation of parents

Prior to data collection, including interviews and blood sam-
pling, written informed consent was obtained from all partici-
pating mothers.

RESULTS
Characteristics of Parents

Table 1 shows that most mothers in both control (47.1%) and
intervention (51.4%) groups had completed senior high school.
Although a higher proportion of mothers with incomplete ele-

Control Intervention
Variable p-value
n % n %
Mother’s Education:
Higher Education 1 11.8 5 8.6
Senior High School 15 47.1 14 51.4
Junior High School 1 2.9 1 2.9 0.488
Primary School 14 26.5 4 11.4
Did not finish primary 4 10.9 11 25.8
Father’s Education
Higher Education 1 2.9 5 14.3
Senior High School 15 42.9 14 40.0
Junior High School 1 2.9 1 2.9 0.037
Primary School 14 40.0 4 11.4
Did not finish primary 4 11.4 11 31.5
Mother’s Occupation
Civil Servant 0 0 1 2.9
Employee 1 2.9 1 2.9 0.560
Housewife 34 97.1 33 94.2
Father’s Occupation
Unemployed 0 0 1 3.0
Laborer/Driver 23 63.9 26 78.8
0.169
Trader 0 0 2 6.0
Employee 11 31.1 4 12.2
Family Members (people) 5.23 +£1.21 4.80 + 1.49 0.192
Number of toddlers (people) 1.71 £ 0.79 1.46 + 0.61 0.180
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mentary education was observed in the intervention group, the
difference was not statistically significant (p = 0.488). Most fa-
thers also had a senior high school education; however, signifi-
cantly more fathers with incomplete elementary education were
found in the intervention group (p = 0.037). The majority of
mothers were housewives (p = 0.560), and most fathers
worked as laborers or drivers (p = 0.169). Family size and num-
ber of toddlers were comparable between groups.

Child’s Health Condition

As presented in Table 2, the prevalence of illness in the past
month was significantly higher in the intervention group
(77.1%) than in the control group (54.3%) (p = 0.036). While
iliness frequency did not differ significantly between groups
(p = 0.155), children in the intervention group exhibited a
longer duration of illness compared with controls (p = 0.061).

Child’s Dietary Pattern

Table 3 shows that most children in both groups were not
given prelacteal feeding and started complementary feeding
at six months, with no significant differences between groups

Table 2. Child's health condition before intervention

(p = 0.673; p = 1.000). Most children consumed three meals
per day, and this pattern was comparable between groups
(p = 0.263). Furthermore, there were no statistically signifi-
cant differences in portion adequacy or in the consumption of
balanced and diverse foods between the two groups.

Child growth

Both groups experienced significant gains in body weight
and height; however, the increases were consistently greater
in the intervention group (p=0.000). Increases in IGF-1 lev-
els were statistically significant only in the intervention group
following the intervention (p=0.001), whereas changes in the
control group were not significant (p=0.202). As shown in
Table 4, there was a significantly higher increase in growth in-
dicators in the intervention group compared to the control
group, particularly in terms of weight gain (p=0.001) and
IGF-1 levels (p=0.027). In contrast, there was no significant
difference in height gain between the intervention group and
the control group (p=0.342).

Covariance analysis (ANCOVA) showed that the frequency
of illness had no significant effect on weight gain (p = 0.189),

Control Intervention
Variable p-value
n % n %
Child sick in the last month
No 16 45.7 8 22.9
0.036
Yes 19 54.3 27 77.1
Frequency of illness
>3 times 1 5.3 0 0
3 times 0 0 1 3.6
0.155
2 times 4 21.1 13 46.4
1 time 14 73.7 14 50.0
Duration of illness
>3 days 3 15.8 14 50.0
3 days 8 42.1 8 28.6
0.061
2 days 8 42.1 5 17.9
1 day 0 0 1 3.6
Birth weight (kg) 2.98 + 0.33 2.93 £ 0.49 0.608
Birth length (cm) 48.51 + 1.04 48.00 + 2.81 0.313
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Table 3. Child’s dietary pattern before the intervention

Control Intervention
Variable p-value
n % n %
Prelacteal feeding
No 31 88.6 33 94.3
0.673
Yes 4 11.4 2 5.7
Age of starting solid food
4 months 1 2.9 0 0
1.000
0 months 34 97.1 35 100
Frequency of eating daily
>3 times 1 2.9 5 14.3
3 times 28 80.0 23 65.7
0.263
2 times 5 14.3 6 17.1
1 time 0 0 1 2.9
Meal balance
Balanced 23 21
0.554
Imbalanced 12 14
Table 4. Changes in Child Growth Indicators Before and After Intervention
Indikator Grup Pretest Posttest Sig* Changes Sig**
Control 11.4 £ 1.97 12.00 + 2.08 0.000 0.56 + 0.42
Body weight (kg) 0.001
Intervention 10.0 + 1.84 10.91 + 1.88 0.000 0.91 £+ 0.66
Control 84.53 £ 7.16 85.35 + 7.65 0.000 0.82 £ 0.55
Height (Cm) 0.342
Intervention 81.04 + 8.46 81.98 + 8.54 0.000 0.94 £ 0.62
Control 12.17 + 6.74 13.79 £ 8.80 0.202 1.62 £ 6.92
IGF-1 levels 0.027
Intervention 9.48 + 6.55 15.64 + 7.31 0.001 6.16 + 8.46

* Significance in the paired t-test; Significance in the two-sample independent t-test.

height (p = 0.840), or IGF-1 levels (p = 0.281). After con-
trolling for illness frequency, the Tumiz Biscuit intervention
group experienced a significant increase in weight compared
to the control group (F = 9.140; p = 0.004). In addition, the
increase in IGF-1 levels was also significant in the interven-
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tion group (F = 6.170; p = 0.016), indicating an improvement
in hormonal growth response. However, there was no signifi-
cant difference in height increase (p = 0.431). These findings
indicate the effectiveness of the intervention on short-term
growth, but it has not yet had an impact on linear growth.
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Table 5. ANCOVA Analysis Results of the Effect of Mortality
Frequency and Intervention on Weight Gain, Height, and IGF-1

Variabel .

dependen Source F Sig

Frequency of illness 1.758 0.189
Weight gain

Research group 9.140 0.004
Increase Frequency of illness 0.041 0.840
in height Research group 0.628 0.431
Increased Frequency of illness 1.185 0.281
IGF-1 levels | pesearch group 6.170 0.016

DISCUSSION

The significantly greater weight gain observed in the inter-
vention group confirms the effectiveness of Tumiz functional
biscuits in improving short-term growth outcomes among
malnourished children. The nearly twofold higher average
weight gain compared with the control group highlights the
role of energy- and protein-dense supplementation in accel-
erating weight recovery!!, This finding aligns with previous
studies demonstrating that protein-energy supplementation
significantly improves body weight in children with malnutri-
tion and wasting!2. Adequate energy intake is fundamental
for restoring positive energy balance, promoting tissue accre-
tion, and improving overall nutritional status3. These results
reinforce the importance of nutrient-dense complementary
foods in community-based nutrition programs.

In contrast, no significant difference in height gain was ob-
served. Linear growth is biologically slower and reflects long-
term cumulative processes rather than short-term nutritional
changes!. Bone elongation depends on chondrocyte prolifer-
ation and differentiation at the epiphyseal growth plate, reg-
ulated by hormonal signals, sustained nutritional adequacy,
and absence of chronic inflammation®®. Although IGF-1 is a
central mediator of linear growth, short-term elevations in cir-
culating IGF-1 may not immediately translate into measurable
height increments because growth plate activity requires pro-
longed hormonal and nutritional stimulation!>16, Thus, the
60-day intervention period may have been insufficient to
demonstrate significant changes in stature.

Chronic malnutrition and inflammation may further blunt
linear growth responses. Evidence indicates that prolonged
undernutrition can induce partial resistance in the GH/IGF-1
axis, limiting anabolic signaling despite improved dietary in-
take!?. Inflammatory cytokines may suppress hepatic IGF-1
synthesis and modify IGF-binding proteins (IGFBPs),
thereby reducing IGF-1 bioavailability at target tissues?8,
These mechanisms help explain why improvements in nutri-

ent intake do not always produce immediate linear growth
acceleration.

The marked increase in IGF-1 levels in the intervention
group suggests that Tumiz supplementation positively influ-
enced endocrine regulation of growth. The fourfold greater
increase compared with the control group reflects improved
hormonal recovery among malnourished children. Adequate
high-quality protein intake stimulates IGF-1 production, which
is closely associated with somatic growth'®. Previous studies
confirm that nutritional supplementation can significantly ele-
vate IGF-1 levels in malnourished and stunted children?®, and
higher IGF-1 concentrations are correlated with greater gains
in weight and height during rehabilitation?® Improvements in
IGF-1 also reflect enhanced nutritional status and metabolic
recovery, supporting the role of functional food—based inter-
ventions in growth promotion2t.

Although paternal educational levels differed between
groups, the intervention remained effective. Evidence sug-
gests that well-designed, targeted, and consistently imple-
mented nutrition programs can yield positive outcomes re-
gardless of socioeconomic or parental education differences?2.
Integrated and community-based nutrition strategies have
been shown to significantly improve child nutritional status
across diverse family backgrounds?. These findings suggest
that the biological impact of adequate nutrient intake may out-
weigh certain social disparities when interventions are properly
structured.

Interestingly, children in the intervention group had higher
morbidity before the program but still experienced significant
growth improvements. Frequent illness is a recognized risk
factor for malnutrition; however, appropriate nutritional sup-
port can mitigate its adverse effects?3. Nutritional supplemen-
tation enhances immune function, reduces infection severity,
and accelerates recovery?*, Even in populations with high dis-
ease burden, balanced nutrient intake allows growth improve-
ment to occur. Poor baseline health does not necessarily hin-
der intervention success when nutritional requirements are
adequately addressed?>. Comprehensive nutritional strategies
have been shown to improve both health status and anthro-
pometric outcomes among children with recurrent illness3!.

Despite generally unbalanced baseline diets, functional
food supplementation effectively improved nutritional out-
comes. Deficiencies resulting from inadequate daily intake
can be compensated through targeted supplementary feed-
ing?”. Evidence indicates that supplementation remains ben-
eficial even when habitual diets are suboptimal?®, and forti-
fied foods can enhance nutrient intake and health indicators
among children with poor dietary diversity30. This supports
the practicality of food-based interventions in resource-lim-
ited settings.

Iliness frequency during the intervention was not significantly
associated with anthropometric or IGF-1 changes, possibly be-
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cause reported episodes were acute and insufficient to disrupt
the GH/IGF-1 axis substantially3!. Nonetheless, chronic inflam-
mation is known to impair linear growth through growth hor-
mone resistance and reduced tissue responsiveness to IGF-132,
Therefore, inflammatory burden should be considered when
evaluating long-term growth responses.

Physiologically, energy-protein supplementation via Tumiz
biscuits likely improved macronutrient status, enhanced
growth hormone regulation, and increased circulating IGF-1,
promoting catch-up weight gain. However, achieving meas-
urable linear growth likely requires longer intervention dura-
tion and concurrent strategies addressing infection and in-
flammation, which may otherwise constrain growth axis
responsivenessi4,

These findings support the use of locally based, multivita-
min-fortified snacks as part of stunting prevention strategies.
Integration of Tumiz into community health platforms such
as Posyandu, local supplementary feeding programs, and
family nutrition education may enhance sustainable growth
improvements.

This study has several limitations, including differences in
baseline anthropometric data, IGF-1 levels, and prior morbid-
ity, particularly higher disease frequency in the intervention
group, which may have influenced post-intervention changes.
The heterogeneity of malnutrition status, the short duration
of the intervention (60 days), and implementation in a single
location also limit generalizability. Future studies with longer
follow-up periods, stratified sampling, and strict allocation
concealment are needed.

CONCLUSION AND RECOMMENDATIONS

The administration of Tumiz functional biscuits can increase
weight gain and IGF-1 hormone levels, but not children’s
height. This is evidenced by the increase in weight and IGF-1
hormone levels in the intervention group that consumed
Tumiz biscuits.

Further research is recommended using a randomized clin-
ical trial design with a longer intervention duration and larger
sample size. Evaluation of the long-term impact on linear
growth, cognitive development, and cost-effectiveness is also
needed to strengthen the evidence for implementing TUMIZ
in stunting prevention programs.
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