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Abstract /1
Underweight children face high risks of growth disorders. While food
intervention and caregiver education are common, multivariable
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collected at baseline and endline. Multivariable ANCOVA was performed
to identify independent predictors of endline WAZ while controlling for
covariates. Following the intervention, mother’s nutritional knowledge
scores increased significantly by 18.5% (p < 0.001). Total animal-source
protein intake increased to 22.4 + 9.0 g (p < 0.001), driven by high
compliance to milk and egg consumption. Toddler WAZ scores showed
positive trajectories, with 29% of participants shifting from underweight
to normal status. In the adjusted ANCOVA model (R? = 0.288), baseline
WAZ (B = 0.680, p < 0.001), maternal knowledge (B = 0.003, p = 0.030),
and animal-source protein intake (B = 0.006, p = 0.051) were positively
associated with endline WAZ. Conversely, acute respiratory infection
(ARI) duration exhibited a significant negative association with growth (B
=-0.021, p < 0.001). Regional district differences were not statistically
significant (p = 0.413). A six-month package of milk—egg intervention
and mother’s nutrition education was associated with improved mother’s
knowledge, increased animal protein intake, and toddler weight gain.
However, without a parallel control group, these growth trajectories
cannot be definitively isolated from secular trends, seasonal variations,
regression to the mean, or concurrent health activities. This represents
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a promising preliminary community model.

Introduction

Atype of malnutrition known as underweight occurs
when a child weighs less than is typical for their age.
A weight-for-age (WAZ) index is used to assess
this nutritional condition, with a z-score threshold
between -3 SD and less than -2 SD." The 2024
Indonesian Nutritional Status Survey (SSGI)?
reported that the prevalence of underweight among
children in Indonesia was 16.8%. Children with
underweight status are at risk of growth problems.!
Nearly half of deaths among children under five
are attributed to undernutrition, with the majority
of cases occurring in developing nations. This
condition represents a serious global burden with
long-term consequences for development, economic
productivity, and social welfare.® Underweight is
caused by various underlying factors, including
inadequate dietary intake in children.* Children who
consume insufficient food can develop symptoms of
malnutrition within about six months and can become
underweight. This condition can progress to more
severe malnutrition and ultimately lead to loss of
appetite and other health impacts.

Other factors contributing to underweight in children
include low mother’s nutritional knowledge, mother’s
age during pregnancy, limited access to basic health
services, risk of infection, and poverty.>¢ When

children do not receive adequate nutrition during
critical growth periods, it can result in physical
and cognitive impairments.* Malnourished children
can experience negative effects on brain and
motor development, which can lead to long-term
consequences such as poor educational outcomes
and economic hardship in adulthood.” Underweight
can be addressed through several approaches,
including consuming nutritious foods, adequate
hydration, and supplementation.* One common
nutritional intervention is supplementary feeding
(PMT). This nutritional intervention is designed to
supplement rather than replace main meals.

Astudy conducted in Ecuador® discovered that eating
one egg a day for six months improved weight-for-
age z-scores by 0.61 points in children between the
ages of six and nine months who were not suffering
from severe acute malnutrition. Another study®
reported that providing one egg daily for 30 days
increased the weight of underweight toddlers aged
6-59 months by 0.3 kg. Furthermore, an intervention
providing toddlers' lunch and fortified powdered milk
three times a week for three months' and mothers'
nutrition education improved nutritional status, with
5.7% of underweight children regaining normal
weight and a 27.3% increase in the proportion of
children with normal nutritional status.
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Delivering mother’s nutrition education alongside
food interventions for toddlers can increase
children's WAZ by 0.49 points." Additionally,
children's eating habits are influenced by their home
environment.'? Mothers and children's behavior and
eating habits are positively impacted by nutrition
education.”™ The provision of 16 weeks of nutrition
education significantly increased the HEI score
approximately 11.4%."

Supplemental feeding is one method to improve
toddlers' nutritional status by boosting nutrient intake,
in addition to nutrition education. In order to sustain
future growth and avoid long-term negative effects,
underweight children need to consume enough
energy and protein. Combining milk and eggs
provides a highly complementary nutritional profile:
milk supplies energy, carbohydrates, and essential
micronutrients' such as calcium and phosphorus
for bone development'®, while eggs contribute
high-quality protein and fat."” A previous 90-day
intervention showed that combined milk and egg
consumption significantly improved overall nutrient
intake in toddlers but did not lead to significant
improvements in nutritional status.'® Therefore,
there remains a need to evaluate the longer-term
impact of a sustained, combined food intervention
and nutrition education. This study addresses this
gap by examining changes in nutritional status,
nutritional knowledge, nutrient adequacy, and diet
quality following six months of combined milk—
egg intervention and nutrition education among
underweight toddlers. A hypothesis proposed was a
six-month milk—egg intervention package combined
with mother’s education would be associated with
significant positive shifts in mother’s knowledge,
animal-source protein intake, and toddler weight-
for-age z-scores (WAZ).

Materials and Methods

A quasi-experimental single-group pre—post
design was utilized to observe changes in dietary
consumption and growth indicators over a six-
month period. Between July and December 2025,
the intervention was implemented in three districts:
Pasuruan, Batang, and Karawang. The Health
Research Ethics Committee of Muhammadiyah
University of Semarang's Faculty of Nursing and
Health has granted ethical approval for this study

(No. 382/KE/05/2025). All participating children's
parents or legal guardians are required to provide
informed consent prior to study participation.

Children in the three districts of Karawang, Batang,
and Pasuruan who were underweight and between
the ages of 12 and 48 months made up the study
population. Non-probability sampling was the method
employed, and the District Health Office provided
the data. The required sample size for the mean
difference between two dependent means (matched
pairs) was determined using G*Power 3.1."° Based
on previous study of similar characteristics that
involved a 90-day milk-egg intervention among
toddlers™®, the sample size estimate was calculated
using an effect size of 0.6, an alpha level of 0.05,
and a power of 85%.

These presumptions meant that 42 children were
the minimal sample size needed. However, a total of
276 children were enrolled and given the intervention
for six months in order to improve population
representativeness and preserve the external validity
of the study findings. A larger group was initially
enrolled to improve population representativeness
across the three districts and to buffer against
expected participant attrition over the six-month
follow-up. Due to the demanding nature of a daily
feeding intervention, some toddlers discontinued the
study because of family relocation, non-compliance
with daily milk and egg consumption (e.g. taste
fatigue), or failure to attend the final anthropometric
measurement sessions. Ultimately, 276 toddlers
successfully completed the entire six-month protocol
with complete anthropometric, dietary, and maternal
knowledge records at both baseline and endline.
A complete-case analysis was applied to this final
cohort of completers, with no statistical imputation
or intention-to-treat (ITT) analysis performed for any
incomplete records. Children that are suitable the
following requirements are eligible to participate:

1. Children between 12 and 48 months of age.

2. Children without comorbid conditions who have

a WAZ (weight-for-age z-score) of -3 SD < WAZ

< -2 SD are classified as underweight.

Children who are not allergic to eggs or milk.

4. Children are not receiving nutritional intervention
support from other programs.

w
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Intervention

The intervention consisted of nutrition education
and the provision of supplementary foods (milk and
eggs). Nutrition education sessions were aimed at
mothers of toddlers and community health volunteers
(Posyandu cadres). Nutrition education sessions
were conducted three times during the intervention
period (once every two months), with each session
lasting approximately 60 — 120 minutes. Educational
sessions were delivered three times during the
intervention period to the mothers of toddlers invited
within their respective regions. The first session
focused on 'Nutritional Problems and Child Dietary
Patterns,' the second covered 'Healthy Snacks for
Children and Ensuring Food Safety," and the third
addressed 'Clean and Healthy Lifestyle Practices'
(commonly referred to in Indonesia as PHBS). In
addition to the child-focused intervention, mothers
of underweight toddlers also received a nutrition
education intervention to support feeding practices.
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Providing one serving of milk and one egg daily to
an underweight toddler was implemented with the
following considerations:

1. The intervention consisted of one serving of
powdered milk (approximately 170 mL after
adding water) and one egg per day.

2. In order to evaluate the effectiveness of the
intervention and reduce the possibility of
continued over-nutrition or undernutrition,
indicators of improvement in children's nutritional
status were regularly examined.

3. Implementation of the intervention was
monitored regularly every month.

4. Close coordination was maintained with
local health workers and facilities to ensure
appropriate implementation of the intervention.

5. The nutritional composition of milk and eggs is
presented in Table 1

Table 1: Nutrient composition of milk and eggs

Nutrients Milk Eggs
Nutrient content  RDA (%) Nutrient content RDA (%)

Energy (kcal) 170 12.4 85 6.2

Fat (g) 6 12.6 5.7 12.0
Protein (g) 5 22.2 6.8 30.2
Carbohydrate (g) 23 10.6 0.4 0.2

Iron (mg) 3.30 17.8 1.65 19.4
Phosphorus (mg) 140.0 29.2 141.9 29.6
Calcium (mg) 220.0 26.7 47.3 5.7

Data Collection

Data collection was conducted by trained
enumerators consisting of students or graduates of
Diploma (D3), Applied Bachelor (D4), or Bachelor
(S1) programs in nutritional science. Prior to data
collection, all enumerators received training to
ensure a clear understanding of the questionnaire
and research procedures and to address the
research objectives accurately.

The data analysis used in this study is derived from
a larger main study. The observed variables were
nutrient intake, child and family characteristics, the
frequency of milk and egg consumption, and dietary

quality as measured by the Healthy Eating Index
(HEI). Additionally, the children's nutritional health
and underweight status were evaluated using the
weight-for-age index (WAZ).

Child and Family Characteristics

The study gathered demographic and socioeconomic
data to characterize the traits of the households and
children. In-person interviews using a structured
questionnaire were used to gather this data. Child
age, birth weight, length, sex, history of infectious
diseases (such as diarrhea and acute respiratory
infections), residential area, parental age (father
and mother), mother's age at marriage, parental
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occupation (father and mother), household income,
and family size were among the variables gathered.
Household income was divided into two categories:
(1) non-poor (above the poverty level) and (2) poor
(below the poverty line). This categorization was
based on per capita income compared to the poverty
line set by the World Bank®, which is USD 2.15 per
capita per day, equivalent to approximately IDR
1,044,062 per capita per month.

Mother’s Nutritional Knowledge

Nutritional knowledge was assessed at baseline and
endline. This refers to the nutritional knowledge of
mothers whose toddlers are underweight. Scores
were obtained through a 13-item questionnaire
administered during interviews, with all items having
undergone validity and reliability testing. Prior to the
study, the questionnaire was pilot-tested among a
comparable cohort of mothers in a non-study area to
ensure clarity and appropriateness. The instrument
demonstrated excellent construct validity, and its
internal consistency was highly robust, yielding
a Cronbach's alpha coefficient of >0.8, indicating
a highly reliable scale for assessing nutritional
knowledge. To create a standardized scale, the
knowledge score was determined simply dividing
the total number of items by the number of correct
responses, then multiplying the result by 100.
Subsequently, nutritional knowledge levels were
categorized into three groups based on Khomsan
(2021): (1) Poor (<60), (2) Moderate (60-80), and
(3) Good (>80).2

Frequency of Milk and Egg Consumption

A standardized questionnaire was used in interviews
to gather information on the frequency of milk and
egg consumption. Four categories of ordinal data
were collected to record the frequency of milk
and egg consumption. The categories for milk
consumption were (1) not consuming milk, (2) less
than 2 times per week, (3) 2—3 times per week, and
(4) 4-7 times per week or more. The categories for
egg consumption were (1) no egg consumption, (2)
less than 2 times per week, (3) 2-3 times per week,
and (4) 4-7 times per week. Additionally, a one-day
food recall approach was used to measure actual
milk and egg intake. This technique calculated the
daily intake of eggs (measured in grams), liquid
milk (measured in milliliters), and powdered milk
(measured in grams).

Nutritional Intake

A one-day food recall method was used to gather
data on children's food consumption. The data was
then processed using Microsoft Excel with the aid
of the Indonesian Food Composition Table (TKPI)
database??. The nutritional intake variables analyzed
in this study included energy and macronutrient
(protein, fat, and carbohydrate) intake. Furthermore,
the one-day food recall results are used to categorize
specific protein sources (such as milk, egg, fish,
meat, poultry, and plant-based protein), yielding
data on the amount of food consumed in that
food category, expressed as weight in grams.
Furthermore, the recall results are further subdivided
into animal and plant proteins, which are displayed
as protein intake in grams.

Diet Quality (HEI — Healthy Eating Index)
Further analysis to assess diet quality was conducted
by analyzing children's nutritional intake data
obtained from one-day dietary food recall using
the Healthy Eating Index (HEI) instrument?3. The
Healthy Eating Index is used to evaluate overall diet
quality, with components consisting of adequacy
and moderation. The maximum score for the HEI is
100. Each component receives the maximum score
if the food consumed meets the balanced nutrition
guidelines (Pedoman gizi seimbang or PGS?4). The
standards for the maximum score and the standard
for the minimum score of zero are used, taking into
account the balanced nutrition guidelines (PGS) and
the RDA (AKG?) for children. The detailed score
classifications and cut-offs are presented in the
supplementary files.

Dietary Diversity (IDDS)

Further analysis to assess dietary diversity was
conducted by analyzing children's nutritional intake
data obtained from a one-day food recall using the
Individual Dietary Diversity (IDDS) instrument?.
Cereals and tubers, dark green leafy vegetables,
vitamin A-rich fruits and vegetables, other fruits
and vegetables, organ meats, flesh meats and
seafood, eggs, legumes and nuts, and milk and
dairy products are the nine categories into which the
dietary evaluation divided food intake. Consumption
for each group was recorded using a binary scale
(1 for "'Yes' and 0 for 'No') based on the participants'
intake during the 24-hour period preceding the
interview. The maximum IDDS score is 9 points.
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The supplemental files provide the specific score
classes and cut-offs.

Nutritional Status

Nutritional status was assessed by recording the
children's weight, height, and birth dates, with data
subsequently processed using the World Health
Organizations (WHO) Anthro software. Body weight
was measured using a digital scale. Depending
on the child's age and ability to stand, stature was

measured standing (using a microtoise) or lying down
(using a length board). For measurements taken
contrary to age guidelines (under two years standing,
or over two years lying down), a 0.7 cm correction
factor was applied prior to recording. Measurements
were taken twice to increase validation by trained
enumerators. This study focuses specifically on the
weight-for-age z-score (WAZ)' indicator to evaluate
potential improvements among underweight children
following the intervention.

Table 2: Toddler and Family Characteristics

Characteristics

Total (n=276)

Toddler Profile

Pasuruan / Karawang / Batang (Number of Toddlers in District), n (%)

Age (months), median (IQR)

Birth Weight (kg), median (IQR)

Birth Length (cm), median (IQR)

Gender (Female / Male), n (%)

ARI (Acute Respiratory Infection) History (Yes), n (%)
Diarrhea History (Yes), n (%)

Parental Profile

Father's Age / Mother's Age (years), median (IQR)
Mother’s Age at Marriage (years), median (IQR)
Parental Education Level (Father/Mother), n (%)
No formal education

Primary school or equivalent

Junior high school or equivalent

Senior high school or equivalent

Diploma (D-III)

Bachelor’s degree (D-1V/S1)

Parental Occupation (Father/Mother), n (%)
Unemployed

Entrepreneur

Private sector employee

Government employee

Laborer

Others

Socio-Economic Status

Household Income (IDR), median (IQR)

Poor / Non-Poora, n (%)

Family Size, median (IQR)

111 (40.2) / 58 (21.0) / 107 (38.8)
35.3 (28.9 — 41.6)

2.9(2.7-3.2)

48.0 (47.0 — 50.0)

150 (54.3) / 126 (45.7)

62 (22.5)

19 (6.9)

35.0 (30.0 — 40.0) / 30.0 (26.0 — 35.0)
20.0 (18.0 — 22.0)

2(0.7)/3(1.1)
129 (46.8) / 127 (46.0)
69 (25.0)/ 77 (27.9)
66 (23.9) / 55 (19.9)
2(0.8)/2(0.7)
8(2.9)/ 12 (4.3)

1(0.4)/213 (77.2)
42 (15.2)/ 23 (8.3)
68 (24.6) / 11 (4.0)
3(1.1)/2(0.7)

93 (33.8)/ 1 (0.4)
69 (24.9) / 26 (9.4)

2,800,000 (2,000,000 — 4,079,167)
225 (81.5) / 51 (18.5)
5.0 (4.0 - 6.0)

a Poverty line based on the World Bank (USD 2.15/cap/day).?°

Data Analysis
To achieve proper processing and check data
quality, Microsoft Excel was used for data cleaning.

IBM SPSS Statistics 26 was used for the statistical
analysis. A complete-case analysis was applied.
Follow-up measures, including repeat invitations for



KHOMSAN et al., Curr. Res. Nutr Food Sci Jour., Vol. 14(2) 837-855 (2026)

measurement, were undertaken to minimize missing
data. Subjects who ultimately failed to attend were
excluded, and no imputation or intention-to-treat
analysis was conducted for incomplete records. This
study used both descriptive and inferential statistics.
For every measured variable, frequency distributions
are displayed as descriptive data. Inferential analysis
was utilized to evaluate changes before and after
the six-month milk-egg intervention using the paired
t-test for normally distributed data and the Wilcoxon
signed-rank test for non-normally distributed data.
Additional statistical analysis was selected based
on the data's normalcy. For normally distributed
data, the Pearson product-moment correlation
test was employed; for non-normally distributed
data, the Spearman rank test was employed. The
independent t-test or the Mann-Whitney U-test
were employed for two-group comparisons. For
non-normally distributed data, the Kruskal-Wallis
test was employed; for data with more than two
normally distributed groups, the one-way ANOVA
test was utilized. Furthermore, to address the
multifactorial etiology of pediatric underweight, a

843

multivariable Analysis of Covariance (ANCOVA)
was performed to determine the independent
predictors of endline Weight-for-Age Z-scores
(WAZ). Statistical significance for all analyses was
established at p < 0.05.

Results

Data on toddler and family characteristics included
demographic and socioeconomic variables. A total
of 276 toddlers participated in this study. Complete
baseline characteristics of the toddlers and their
families, based on demographic and socioeconomic
variables, are presented in Table 2.

Furthermore, the relationship between baseline
Weight-for-Age (WAZ) Z-scores and toddler-family
characteristics was investigated. This analysis
aimed to explore the association between WAZ
and toddler features, household characteristics,
and nutritional consumption data in order to identify
factors associated with variations in underweight
levels among toddlers prior to the intervention.

Table 3: Factors Associated with WAZ Before the Intervention

Variables Statistics p-value
Toddler and Family Characteristics

Toddler Age (months) p=-0.012 0.8472
Birth Weight (kg) p=0.177 0.003*@
Birth Length (cm) p =0.075 0.2122
Father’s Age (years) p=0.018 0.7622
Mother’s Age (years) p =0.021 0.7322
Mother’s Age at Marriage (years) p =0.023 0.7072
Father’s Education H = 5.000 0.544°
Mother’s Education H=1.790 0.877°
Father’s Occupation H =8.040 0.430°
Mother’s Occupation H=2.344 0.886°
Household Income (IDR) p =0.032 0.5944
Family Size p =-0.064 0.2892
Infectious Diseases

Acute Respiratory Infection (ARI) Z=-0.885 0.376°
Diarrhea Z=-1.780 0.075¢°
Dietary Intake

Energy Intake (kcal) p =-0.078 0.1952
Protein Intake (g) p =-0.045 0.4562
Fat Intake (g) p=-0.144 0.017*
Carbohydrate Intake (g) =-0.030 0.624

aSpearman’s rank correlation; b Kruskal-Wallis Test; ¢ Mann-Whitney Test; *Significant if p-value < 0.05.
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Variables related to nutritional status and milk—
egg consumption at baseline and end line of the
intervention are presented in Table 4. This table

provides a descriptive frequency distribution of
toddler nutritional status based on weight-for-age
(WAZ), milk consumption, and egg consumption.

Table 4: Distribution of Mother’s Nutritional Knowledge, Milk—-Egg Consumption, Toddler
Nutritional Status, and Infectious Diseases from Baseline to End line

Variables Baseline End line % of Reduced
or Increased

n % n %

Mother’s Nutrition Knowledge

Poor (<60) 44 159 27 938 1 6.2

Moderate (60 — 80) 104 37.7 70 254 1123

Good (>80) 128 46.4 179 64.9 118.5

Milk Consumption

Not consuming milk 43 156 1 0.4 1 15.2

<2 times per week 52 18.8 2 0.7 1181

2-3 times per week 41 149 4 1.4 1 13.4

4-7 times per week 140 50.7 269 97.5 146.7

Egg Consumption

Not consuming eggs 1 0.4 1 0.4 -

<2 times per week 18 6.5 2 0.7 158

2-3 times per week 72 261 19 6.9 1 19.2

4-7 times per week 185 67.0 254 92.0 125.0

ARI in the past 2 weeks

Yes 62 225 124 449 1225

No 214 77.5 152 55.1 1225

Diarrhea in the past 2 weeks

Yes 19 6.9 26 94 125

No 257 93.1 250 90.6 125

Weight-for-Age Z-score (WAZ)

—-3SD < Z-score < -2SD (Underweight) 276 100.0 196 71.0 129.0

-2S8D < Z-score < +1SD (Normal) 0 0.0 80 29.0 129.0

A comparison of nutritional, dietary, and infectious
disease variables among toddlers at the baseline
and endline of the study is presented in Table 5.
This table illustrates changes in toddlers' nutritional
status scores, frequency of milk—egg consumption,
nutrient intake, dietary quality, dietary diversity, and
duration of infectious diseases. Statistical tests
were conducted to determine significant differences
between variables before and after the intervention.

Overall, the six-month intervention yielded positive
distributional shifts in mothers' nutritional knowledge,

dietary consumption, and nutritional adequacy
categories at endline compared to baseline.
Significant increases in average energy, protein,
fat, and carbohydrate intakes were accompanied
by a significant improvement in overall diet quality,
as assessed by the Healthy Eating Index (HEI),
reflecting a marked enhancement in toddlers' dietary
patterns. Although dietary diversity (IDDS) exhibited
a positive upward trend, this change did not reach
statistical significance. This positive nutritional
trajectory was highly consistent with the significant
improvements in toddler Weight-for-Age Z-scores
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(WAZ) and weight gain, indicating clinical recovery  observed among toddlers during the six-month
from underweight status after the intervention period.  intervention period, highlighting the need for targeted
However, a concurrent increase in the duration and  sanitation and infection control strategies alongside
reporting of acute respiratory infections (ARI) was  dietary interventions.

Table 5: Baseline-Endline Changes in Mother’s Nutritional Knowledge, Milk-Egg Consumption,
Nutrient Intake, and Toddler Nutritional Status from Baseline to Endline

Variables Baseline® Endline® A? p-value®
Mother’s Nutritional Knowledge Score 74.6 £17.7 82.2+17.1 7.6+13.9 <0.001*
Powdered Milk Consumption (g) 10.5 £ 28.1 40.2 £29.2 29.7 £38.5 <0.001*
Liquid Milk Consumption (ml) 69.8+121.5 41.0+£82.2 -28.8+131.7 <0.001*
Egg Consumption (g) 51.2+48.0 66.1 £45.9 14.9+61.5 <0.001*
Energy Intake (kcal) 1043.0+377.8 1202.0+3184 159.0+417.3 <0.001*
Protein Intake (g) 34.6+14.0 39.3+127 4.7+17.2 <0.001*
Plant-based protein intake (g) 3.3+59 1.9+£32 -1.4+£6.5 0.002*
Animal-source protein intake (g) 19.5£11.5 224+9.0 29+134 <0.001*
Fat Intake (g) 41.2+19.4 451 +15.4 3.9+223 0.004*
Carbohydrate Intake (g) 130.8 £51.9 163.2 +63.5 324709 <0.001*
Healthy Eating Index (HEI) 54.3+10.9 589+ 11.6 45+147 <0.001*
Dietary Diversity (IDDS) 59+15 6.1+15 0.2+21 0.172
Weight-for-Age Z-score (WAZ) -24+0.2 2204 0.2+0.3 <0.001*
Weight (kg) 10.3+1.2 11.4+13 1.1+05 <0.001*
ARI duration in the past 2 weeks (days) 0.8+1.8 23+34 1.4+3.8 <0.001*
Diarrhea duration in the past 2 weeks (days) 0.2+0.9 0.2+0.8 0.0+1.2 0.547

aData presented as mean +* standard deviation; bWilcoxon Signed Rank-Test; *Significant if p-value < 0.05.

Table 6: Multivariable ANCOVA Model for Factors Determining Endline Weight-for-Age Z-Score

Predictor / Covariate Unstandardized B Std. Error F-value p-value 95% Confidence
Interval (B)

Baseline WAZ 0.680 0.082 68.682 <0.001* [0.519, 0.842]

ARI duration in the -0.021 0.006 12.717 <0.001* [-0.032, -0.009]

past 2 weeks (days)

Endline Mother’s Nutritional 0.003 0.001 4.785 0.030* [0.000, 0.005]
Knowledge Score

Animal-source protein 0.006 0.003 3.846 0.051 [-0.000, 0.012]
intake (g)

Gender (Female vs Male) -0.118 0.063 11.276 0.001* [-0.242, 0.006]
Districts — — 0.888 0.413 —

Pasuruan -0.050 0.067 — 0.452 [-0.182, 0.081]
Karawang 0.103 0.084 — 0.222 [-0.063, 0.268]

Batang (Reference) 0a — — — —
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Based on a backward elimination approach,
statistically non-significant covariates that did not
improve the explanatory power of the model (such
as partial macronutrient intakes: energy, total protein,
fat, and carbohydrates) were excluded from the
final model. This simplification increased degrees of
freedom and statistical power. Specific grammages
of powdered milk, liquid milk, and eggs were included
as control variables in the model estimation but are
presented cumulatively under the Animal-Source
Protein Intake variable to avoid multicollinearity
among intervention food items.

Discussion

The distribution of study areas across the three
districts was relatively balanced. This cross-
regional distribution reflects the heterogeneity of
social, economic, and cultural contexts, which can
influence children's diets and feeding practices. A
total of 276 toddlers were included in this study, with
a median age of 35.3 months (IQR = 28.9-41.6).
Respondents were in the toddler age group, mostly
aged two to three years. This age range represents
the golden period, considered a critical phase for
children's growth and development, particularly for
physical and brain development.?” A critical phase
of development characterized by rapid development
of sensory abilities, cognitive functions, language
skills, speech, social behavior, and other important
developmental domains?® occurring during the first
1,000 days of life.

The median birth weight of toddlers was 2.9 kg
(IQR = 2.7-3.2), indicating that, on average, they
were not classified as low birth weight (LBW).2°
However, some infants had a birth length <48
cm, with a median birth length of 48.0 cm (IQR
= 47.0-50.0). Gender distribution was relatively
balanced, suggesting minimal potential gender-
related bias in intervention outcomes. A history of
infectious diseases was also assessed, specifically
acute respiratory infections (ARI) and diarrhea. At
baseline, 22.5% of children had an ARI, while 6.9%
had diarrhea.

Family characteristics included father's and mother's
age, education, and occupation, as well as other
socioeconomic indicators such as household income
and family size. The median age of fathers was
35.0 years (IQR = 30.0-40.0), while the median
age of mothers was 30.0 years (IQR = 26.0-35.0),
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indicating that most parents were in the productive
age group.®® The median age of mothers at marriage
was 20.0 years (IQR = 18.0-22.0). This median
is above the legal minimum age for marriage for
women in Indonesia, which is 193!, although some
cases were recorded below this threshold. Mothers
aged 15-19 have reportedly double the risk of
pregnancy-related death compared to women aged
20 and over. This increased risk is associated
with biological factors as well as limited access to
antenatal, delivery, and postnatal care. As a result,
premature birth, complicated deliveries, and low
birth weight are more common in children born to
younger mothers.3? Older mothers’ age at marriage
is associated with later age at childbirth, which may
contribute to improved child nutritional status.®
However, age alone does not determine optimal
parenting and feeding practices.

Adequate education and socioeconomic status are
also important, as they influence household food
choices.* Child care and feeding practices can also
be shaped by cultural and ethnic factors, parental
experience, age at marriage, and educational
attainment, which collectively influence family
practices.®® Furthermore, increasing mothers’
caregiving capacity can improve the provision of
energy and protein intake for children.® The majority
of parents' education levels were elementary school.
Most fathers (46.7%) and mothers (46.0%) had
completed elementary school or its equivalent,
followed by junior high and senior high school. The
proportion of parents with higher education (diploma
and bachelor's degree) was very low (<5%). This
relatively low level of education can impact nutritional
literacy, understanding of proper feeding practices,
and the ability to access health information, as
education is closely related to the absorption of
information and individual skills.®”

In terms of employment, the majority of fathers
worked in the informal and semi-formal sectors,
such as laborers (33.8%), others (such as service
workers) (24.9%), private employees (24.6%), and
entrepreneurs (15.2%). This pattern reflects the
predominance of jobs with unstable incomes and
vulnerability to economic fluctuations. Meanwhile,
the majority of mothers were unemployed or
housewives (77.2%), which may provide advantages
in terms of time devoted to caregiving but remains
highly dependent on the overall economic stability of
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the household. The median household income was
IDR 2,800,000 (IQR: IDR 2,000,000-4,079,167),
and the majority of families (81.5%) were classified
as poor and living below the poverty line according
to World Bank? criteria. This condition indicates
a high level of economic vulnerability in the study
population. Low socioeconomic status is an important
determinant of malnutrition, as it is associated with
limited access to nutritious food, reduced dietary
diversity, and limited access to health services.* The
median family size was 5 members (IQR: 4-6), with
almost half categorized as small families (50.0%),
although a substantial proportion of medium and
large families were also present. Larger family size
can increase the household's economic burden and
influence food distribution within the household*®.
These structural determinants underscore the high
baseline vulnerability of the cohort, moderation by
which must be considered when evaluating program
effectiveness.

Bivariate analysis of baseline determinants showed
that birth weight showed that birth weight has a
significant positive correlation with weight-for-age
z-score (WAZ) (p = 0.177; p = 0.003). Toddlers with
higher birth weights tended to have better nutritional
status. Birth weight is known to be a predictor of
lean body mass, although its association with later
overweight is relatively weak.*® Toddlers with low
birth weight have a higher risk of mortality, and
each 1 kg increase in birth weight is associated with
increased bone mineral concentration and a reduced
risk of cardiovascular death.*' Birth weight was also
associated with triglyceride levels, although not
with LDL, with triglycerides potentially mediated by
BMI in adulthood.*? Overall, higher birth weight was
associated with more favorable metabolic outcomes.
In contrast, birth length did not show a statistically
significant association with nutritional status (p =
0.212). This suggests that birth weight may have a
stronger influence on weight-based anthropometric
indices, such as the WAZ, than birth length.

Other socioeconomic variables (including toddler
age, father’'s and mother’s age, mother’s age at
marriage, parental education, parental occupation,
household income, and family size) did not show a
significant association with underweight. Infectious
diseases also did not show a significant association
with underweight status in this study. Despite the
well-established infection-malnutrition cycle, where
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infectious diseases can impair nutrient absorption,
increase metabolic demands, and reduce appetite,
ultimately contributing to weight loss.*® The
findings of this study did not demonstrate such an
association. This may be because the incidence
of infectious diseases in children is influenced not
only by nutritional status but also by environmental
sanitation, hygiene practices*, access to health
services, and exposure to infectious agents. In terms
of dietary factors, fat intake showed a significant
negative association with underweight (p = -0.144;
p = 0.017). This may reflect an imbalanced diet,
where increased fat intake is not accompanied by
improvements in overall diet quality. One possible
explanation is the high consumption of snack foods
among toddlers, which are typically low in essential
nutrients but high in fat and carbohydrates.* Thus,
even if fat intake increases, it does not necessarily
contribute to better nutritional status due to poor
dietary quality. Meanwhile, no significant bivariate
associations were found between total energy,
protein, carbohydrate intake, and nutritional status.
Children in low- and middle-income countries
(LMICs) face a higher burden of risk factors for
developmental delays compared to children in
high-income countries.*® A comprehensive and
holistic approach is increasingly recognized as
essential for identifying determinants of nutritional
status in children under five years of age.*” Early-
life interventions are crucial; nutrition interventions,
including micronutrient supplementation and
complementary feeding, have demonstrated greater
impact in improving outcomes compared to other
strategies.*® However, further research should
also target broader determinants such as mother’s
education and WASH (water, sanitation, and
hygiene), which are expected to play a critical role
in addressing global child development challenges.*
Achieving optimal nutritional status requires ensuring
adequate nutritional intake from the early stages
of life.

The ANCOVA model revealed that baseline WAZ
(B = 0.680, p < 0.001) was the primary predictor
of endline WAZ, indicating strong physical growth
tracking. Endline mother’s nutritional knowledge
(B = 0.003, p = 0.030) and cumulative animal-
source protein intake (B = 0.006, p = 0.051)
maintained positive associations with endline WAZ
after adjustment. Female toddlers exhibited lower
endline WAZ scores that males (B = -0.118, p =
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0.001). Notably, district-level differences (Pasuruan,
Karawang, Batang) were not statistically significant
(p =0.413), demonstrating that intervention operated
consistently across geographically distinct locations
despite regional socioeconomic variations.

Following the six-month intervention, mother’s
nutritional knowledge showed a significant
improvement after the intervention, with an overall
increase of 18.5%. The proportion classified as
having good nutritional knowledge increased
significantly from 46.4% at baseline to 64.9% after
the intervention. Conversely, the proportion of
mothers with poor nutritional knowledge decreased
from 15.9% to 9.8% (—6.2%). Improved maternal
knowledge correlates with better child weight
management, enhanced dietary selection, and
heightened caregiving awareness. Mothers’
nutritional knowledge also improved significantly,
with an average increase of 7.6 points. Furthermore,
mothers' nutritional knowledge was positively and
significantly associated with children’s body weight.*°
Previous studies have shown that nutrition education
can improve mothers' knowledge, which in turn may
contribute to the prevention of nutritional problems
in children.%® Improving mothers' understanding of
their child’s nutritional status is likely to increase
awareness in providing an appropriate diet and
adequate healthcare.® Furthermore, nutrition
education has been linked to improved mothers’
ability to choose safe and appropriate foods for their
children.® These improvements were subsequently
reflected in children’s dietary intake patterns,
indicating positive changes in food consumption.

This educational advancement accompanied
high intervention adherence. Toddlers consuming
milk 4-7 times per week increased from 50.7%
to 97.5%. Analysis of the aggregate dietary data
across the study population revealed significant
shifts in total consumption between baseline and
endline. Representing the cumulative intake of all
participants, the findings highlight a substantial
increase in the consumption of powdered milk (mean
baseline = 10.5 g; mean endline = 40.0 g) and eggs
(mean baseline = 51.2 g; mean endline = 65.8 g),
which nearly doubled and showed a considerable
elevation, respectively, alongside a positive trend in
fish (mean baseline = 13.3 g; mean endline = 14.9
g) intake. Conversely, aggregate consumption of
meat (mean baseline = 23.1 g; mean endline = 15.9
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g) and liquid milk (mean baseline = 69.8 ml; mean
endline = 41.0 ml) declined, plant-based protein
sources (mean baseline = 20.6 g; mean endline =
21.7 g) and poultry (mean baseline = 16.5 g; mean
endline = 18.1 g) intake remained relatively stable.
The previous data reflects the types of foods
consumed by participants, while the nutritional
analysis shows changes in protein intake over
the study period. Total protein intake increased
significantly from 34.6 + 14.0 g to 39.3 + 12.7
g, with a mean difference of 4.7 + 17.2 g (p <
0.001), representing an increase of approximately
13.6%. The increase in total protein intake was
primarily driven by higher reported consumption of
animal-source protein from milk and eggs, which
increased from 19.5 + 11.5gt0 224 +9.0g (p <
0.001), equivalent to an increase of approximately
14.9%. Conversely, plant protein intake decreased
significantly from 3.3+5.9gt0 1.9+ 3.2 g (p =0.002),
representing a decrease of approximately 42.4%.

These findings indicate a substantial shift in dietary
pattern toward higher-quality protein sources, such
as eggs, milk, fish, meat, and poultry. Animal-based
protein is considered high-quality protein because it
provides a complete range of essential amino acids
with high bioavailability®?, which is important for
supporting child growth, tissue development®3, bone
growth, neurocognitive development®, and overall
nutritional status. Therefore, increased animal-based
protein intake may have positively contributed to the
increase in total protein intake observed in this study.
Meanwhile, the decrease in plant-based protein
intake may indicate that participants relied less on
plant-based protein sources such as tofu, tempeh,
and nuts during the intervention period. This pattern
may reflect increased dietary diversity and increased
access to nutrient-dense foods, particularly animal-
based foods. This marked increase in milk and
egg consumption aligns with the intervention's
six-month daily supplementation protocol and the
accompanying nutritional education sessions.
Overall, increased total protein intake, particularly
from animal sources, may support better growth
outcomes and help reduce the risk of malnutrition
in children.

All aspects of dietary intake improved after the
study. Average energy (+15.2%), protein (+13.6%),
fat (+9.4%), and carbohydrate (+24.8%), while
overall diet quality improved by 8.4% and dietary



KHOMSAN et al., Curr. Res. Nutr Food Sci Jour., Vol. 14(2) 837-855 (2026)

diversity by 2.9%. Despite improvements in dietary
intake, levels remained below the Recommended
Dietary Allowance (RDA), indicating that children's
nutritional needs were not fully met. This indicates
that diet quality gains stemmed from higher
consumption of specific provided nutrient-rich foods
rather than broad diversification across new food
groups. Furthermore, despite post-intervention
increases, total nutritional intake remained below
Recommended Dietary Allowances (RDA). Because
81.5% of households live below the poverty line,
low purchasing power and staple price volatility
continue to constrain full dietary adequacy beyond
intervention-provided foods.

The toddler's nutritional status improved after
the intervention. At the beginning of the study, all
toddlers were classified as underweight, but after the
intervention, there was a positive shift toward normal
nutritional status. Nutritional status improved by 29%
from the beginning of the study, with 80 toddlers
moving to normal status. Despite improvements in
nutrition and child weight (mean gain of 1.1 kg; 29%
moving to normal WAZ status), infectious disease
patterns presented a contrasting dynamic. Acute
respiratory infection (ARI) duration in the preceding
two weeks increased significantly from baseline
to endline (p < 0.001; multivariable B = -0.021,
p < 0.001), whereas diarrhea duration remained
unchanged (p = 0.547). The worsening ARI morbidity
may indicate that participants remained exposed
to risk factors for respiratory infections throughout
the study period. These factors likely include poor
ventilation and inadequate indoor air quality®®, as well
as seasonal variations®, and ongoing community
transmission.®” In contrast, the duration of diarrhea
remained relatively unchanged, suggesting a more
stable pattern of gastrointestinal morbidity.

The frequency of both diarrhea and ARI in the
past 2 weeks increased at endline compared with
baseline. This finding may indicate that participants
remained exposed to infectious risk factors
during the intervention period. The increase in
morbidity could be related to seasonal variation%,
environmental conditions®®, inadequate sanitation®,
or household transmission®’, which were not directly
targeted by the intervention. In addition, nutritional
interventions may require a longer duration to
produce measurable effects on infectious morbidity
outcomes. The multivariable ANCOVA model
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confirms that intercurrent ARI episodes significantly
attenuate weight recovery. Consequently, nutritional
supplementation alone is insufficient to fully
eliminate growth faltering unless complemented by
interventions targeting indoor air quality, hygiene
practices, and infection control.

The weight gains and WAZ improvements observed
in this trial align with existing global literature on
animal-source food supplementation. A study
showed egg consumption can increase fat and
protein intake'’, and that a 90-day combined
milk—egg intervention can significantly improve
overall nutritional intake in toddlers.’ This finding
is particularly important given that the intervention
included nutrition education and the daily provision of
milk and eggs. However, the majority of participating
households (82%) were below the poverty line,
which may have limited their ability to access a wide
range of foods beyond those provided through the
intervention. Low income growth and inadequate
control of staple food prices can lead to an inability
to access, purchase, make, or prepare food.®'
Lack of access to nutritious and affordable food is
associated with poor diet quality and an increased
risk of nutrition-related diseases.®? Consequently,
while the intervention may have improved specific
aspects of diet quality, broader dietary adequacy
and diversity remain constrained by underlying
socioeconomic conditions.

All dietary intake variables showed significant
improvements following the intervention, with the
exception of dietary diversity. Dietary diversity did not
change significantly during the intervention period;
however, a positive trend was observed. In contrast,
overall diet quality improved significantly, indicating
that although the variety of foods consumed did not
increase substantially, the nutritional value and quality
of the diets improved. Given the limited changes in
dietary diversity, the observed increase is most likely
explained by increased consumption of nutrient-
rich foods rather than food group diversification.

In turn, these dietary changes were accompanied
by improvements in nutritional status, as evidenced
by changes in WAZ and body weight. Interventions
in the form of providing eggs and milk as well as
nutritional education linked to 29% of toddlers to
achieve normal nutritional status. The toddler's
weight increased significantly, with an average
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increase of 1.1 kg at the end of the intervention.
These results are consistent with previous research.
A study among schoolchildren in China’” showed that
consuming one egg per day improved underweight
status. Similarly, a study in Ecuador® of toddlers aged
6—9 months found that daily egg consumption for
six months increased WAZ by 0.61 and decreased
underweight prevalence by 74%. Furthermore,
children in the intervention group showed higher
egg consumption and reduced intake of sweets
compared to the control group. Overall, egg
consumption is an effective, accessible, and
nutrient-rich intervention, particularly for children
experiencing chronic malnutrition.”

Other studies have reported similar findings.
Research among toddlers in Karawang showed
that providing food and milk three times a week for
three months improved nutritional adequacy and
nutritional status in underweight children™. Milk
supplementation for 45 days in stunted toddlers
aged 1-3 years® was also shown to significantly
increase weight gain by 185 g, while a 16-week milk
intervention in toddlers without nutritional problems
(normal nutritional status) aged 3.5 — 4 years®
improved nutrient intake and growth compared to
a non-intervention group with increased weight
gain by 1.3 points and an increase in WAZ by 0.64
points. Animal-source foods, particularly milk, play a
crucial role in addressing malnutrition in children.%?
Milk and dairy products provide energy, protein, and
essential micronutrients that support growth and
development.'s Furthermore, milk consumption has
been shown to significantly improve bone health,
particularly in the forearm, highlighting its potential
as a strategic dietary intervention to support skeletal
development in children.®

Milk and eggs represent accessible, high-density
source foods containing essential protein,
micronutrients, and energy vital for skeletal and
tissue development. However, because this study
utilized a single-group pre-post design without a
randomized parallel control group, the observed
physical growth trajectories cannot be attributed
exclusively to the intervention. Uncontrolled factors,
such as normal child developmental growth velocity,
regression to the mean, and secular seasonal
trends, may also have contributed to the observed
anthropometric improvements. Overall, these
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findings indicate that integrating daily milk and egg
provision with maternal education is associated
with improved nutrient adequacy, dietary quality,
and weight recovery in underweight toddlers within
socioeconomically vulnerable environments.

Several methodological limitations must be
acknowledged when interpreting these findings.
Most prominently, as a quasi-experimental single-
group pre—post-trial lacking a randomized parallel
control group, this study cannot definitively establish
direct causality. Consequently, the observed
anthropometric and dietary trajectories (including
improvements in toddler weight, WAZ scores,
and maternal knowledge) cannot be completely
isolated from external confounding influences.
These include underlying secular trends in childhood
growth and regression toward the mean among
severely underweight children occurring during the
six-month period. Additionally, dietary intake was
assessed using 24-hour dietary recalls, which may
be subject to recall bias and social desirability bias
from participating mothers.

Conclusion

In conclusion, a six-month combined intervention
package consisting of daily milk and egg
supplementation alongside maternal nutrition
education was associated with positive shifts in
maternal nutritional knowledge, animal-source
protein consumption, overall diet quality, and toddler
weight recovery. An adjusted multivariable ANCOVA
model confirmed that endline nutritional status was
independently predicted by baseline WAZ, maternal
knowledge, and animal protein intake, while
intercurrent acute respiratory infections exerted a
significant negative counter-effect on growth.

These findings suggest that community-based
egg and milk provision combined with maternal
education represents a promising strategy for
targeted malnutrition programs in vulnerable rural
communities. However, given the non-controlled
design of this pre—post-trial, these results should
be considered preliminary before being applied in
other locations. Future research should prioritize
rigorously designed randomized controlled trials
(RCT), and integrated water, sanitation, and hygiene
(WASH) components to effectively decouple
nutritional intervention effects from seasonal
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trends, health-system activities, and environmental
morbidity burdens.

Acknowledgement

The authors would like to thank the PT Nestlé
Indonesia, research team, local health workers, and
all participants in Karawang, Batang, and Pasuruan
Districts who supported the implementation of this
study.

Funding Sources

This research was supported by PT Nestlé
Indonesia under Service Agreement No. NI/\V/2025/
NHWProgram5143, dated 13 May 2025.

Conflict of Interest
The author(s) do not have any conflicts of interest.

Data Availability Statement
This statement does not apply to this article.

Ethics Statement
This study was approved by the Health Research
Ethics Committee of the Faculty of Nursing and
Health, Universitas Muhammadiyah Semarang (No.
382/KE/05/2025).

Informed Consent Statement
Informed consent was obtained from the parents or
legal guardians of all children involved in this study.

Clinical Trial Registration
This research does not involve any clinical trials.

Permission to reproduce material from other
sources
Not Applicable.

Author Contributions

¢ Ali Khomsan: Conceptualization, Supervision,
Methodology, Writing — Original Draft.

¢ Dzakiyyatul Fikrah ‘Arifah: Visualization, Data
Collection, Writing — Original Draft.

o Nabila Sukma Priyatnasari: Visualization,
Project Administration, Data Collection.

¢ Arrumaisha Khansa Kirana Puspaindria:
Visualization, Data Collection.

¢ Jennifer Handaja: Conceptualization, Funding
Acquisition, Resources, Supervision.

¢ Yunita Purnama Sari: Funding Acquisition,
Resources, Supervision.

o Charisma Dilantika: Funding Acquisition,
Resources, Supervision.

o Ida Susilaksmi: Project Administration, Data
Collection, Resources of Sampling.

* Joko Prasetijo: Project Administration, Data
Collection, and Resources of Sampling.

¢ Hendriawan Sulistiyo: Project Administration,
Data Collection, and Resources of Sampling.

o Mandumah: Project Administration, Data
Collection, and Resources of Sampling.

o Nurmala Hasanah: Project Administration,
Data Collection, and Resources of Sampling.

 Ekawati Agustiana: Project Administration,
Data Collection, and Resources of Sampling.

References

1. Ministry of Health of the Republic of Indonesia.
Regulation of the Minister of Health of the
Republic of Indonesia Number 2 of 2020
Concerning Child Anthropometry Standards.
Jakarta: Ministry of Health of the Republic of
Indonesia; 2020. [in Indonesian]

2. Ministry of Health of the Republic of Indonesia.
Indonesian Nutritional Status Survey (SSGI)
in Figures 2024. Jakarta: Ministry of Health
of the Republic of Indonesia; 2025. [in
Indonesian]

3. WHO. Fact Sheets - Malnutrition. who.
int. https://www.who.int/news-room/fact-

sheets/detail/malnutrition/. Published 2024.
Accessed March 17, 2026.

4. Uzogara SG. Underweight, the Less
Discussed Type of Unhealthy Weight and Its
Implications: A Review. Am J Food Sci Nutr
Res. 2016;3(5):126-142.

5. Manoochehri S, Faradmal J, Poorolajal
J, Asadi FT. Risk factors associated with
underweight in children aged one to two
years : a longitudinal study. BMC Public
Health. Published online 2024:1-10.
doi:10.1186/s12889-024-19147-9

6. Id MH, Abdulla F, Id AR. Prevalence and



10.

1.

12.

13.

14.

KHOMSAN et al., Curr. Res. Nutr Food Sci Jour., Vol. 14(2) 837-855 (2026) 852

risk factors of underweight among under-5
children in Bangladesh : Evidence from a
countrywide cross-sectional study. PLoS
One. 2023;18(4):1-15. doi:10.1371/journal.
pone.0284797

Chen JH, Jin M. The effectiveness of an
egg-based intervention on improving the
nutrition of poor school-age children in
China: A quasi-experimental assessment.
Nutrition. 2023;109:111994. doi:10.1016/].
nut.2023.111994

lannotti LL, Lutter CK, Stewart CP, et al.
Eggs in Early Complementary Feeding and
Child Growth: A Randomized Controlled
Trial. Pediatrics. 2017;140(1). doi:10.1542/
peds.2016-3459

Utami DRRB, Haryoto, Husain F, Utomo
CW, Maryatun. The Effect of One Egg a
Day Program on Weight with Stunting in
Jetis Village. 6th Int Conf Heal Sci Technol.
2025;2025:393-398.

Khomsan A, Rifayanto RP, Firdausi A, et al.
Supplemental feeding and nutrition education
to reduce stunting in Indonesian toddlers
- The DASHAT programme. Prog Nutr.
2024;26(1). doi:10.23751/pn.v26i1.15270
Paudel R, Gurung YB, Khatri B, et al.
Impact of a Community-based Intervention
Program on Nutritional Status of Children
Aged Under 5 Years With Undernutrition
in Western Rural Nepal. J Nutr Educ
Behav. 2025;57(7):602-613. doi:https://doi.
org/10.1016/j.jneb.2025.03.003

Nepper MJ, Chai W. Parents’ barriers
and strategies to promote healthy eating
among school-age children. Appetite.
2016;103(2016 Aug 1):157-164. doi:10.1016/j.
appet.2016.04.012

Yabanci N, Kisac¢ I, Karakus SS. The
Effects of Mother’s Nutritional Knowledge
on Attitudes and Behaviors of Children
about Nutrition. Procedia - Soc Behav
Sci. 2014;116(5th World Conference
on Educational Sciences):4477-4481.
doi:10.1016/j.sbspro.2014.01.970
Cusquisiban-Alcantara Y, Toledo-Garrido
C, Calizaya-Milla YE, Carranza-Cubas SP,
Saintila J. Impact of a Nutrition Education
Intervention on Knowledge, Healthy Eating
Index, and Biochemical Profile in a Rural
Community in Peru. J Multidiscip Healthc.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

2024;17(December 2023):1111-1125.
doi:10.2147/JMDH.S440195

Lally P, van Jaarsveld CHM, Potts HWW,
Wardle J. How are habits formed: modelling
habit formation in the real world. Eur J Soc
Psychol. 2010;40(6):998-1009. doi:10.1002/
ejsp.674

Zhao Z fu, Li B yan, He Q, et al. Impact of
dairy supplementation on bone acquisition
in children’s limbs: a 12-month cluster-
randomized controlled trial and meta-
analysis. Arch Osteoporos. 2024;19(1):65.
doi:10.1007/s11657-024-01422-2

Caswell BL, Arnold CD, Lutter CK, et al.
Impacts of an egg intervention on nutrient
adequacy among young Malawian children.
Matern Child Nutr. 2021;17(3):1-16.
doi:10.1111/mcn.13196

Farisita DH, Khomsan A, Ekayanti |, Dewi
M, Ekawidyani KR. Nutrition Interventions
for Improving Nutritional Status of Toddlers
in Cirebon Regency Indonesia. Indian J
Public Heal Res Dev. 2021;12(3):339-346.
doi:10.37506/ijphrd.v12i3.16083

Gpower. G-Power 3.1 Manual Book.; 2023.
https://www.psychologie.hhu.de/fileadmin/
redaktion/Fakultaeten/Mathematisch-
Naturwissenschaftliche Fakultaet/
Psychologie/AAP/gpower/GPowerManual.
pdf. Published 2023. Accessed March 17,
2026.

World Bank Group. World Bank Updates
Global Poverty Lines: Indonesia. worldbank.
org. Published 2025. https://www.worldbank.
org/in/news/factsheet/2025/06/13/updated-
global-poverty-lines-indonesia

Khomsan A. Nutrition Knowledge
Measurement Techniques. Bogor: IPB Press;
2021. [in Indonesian]

Ministry of Health of the Republic of Indonesia.
Indonesian Food Composition Table. Vol 2.
Jakarta: Ministry of Health RI; 2018. [in
Indonesian]

National Cancer Institute. Developing the
Healthy Eating Index. epi.grants.cancer.gov.
https://epi.grants.cancer.gov/hei/developing.
html#2020c. Published 2020. Accessed
March 17, 2026.

Ministry of Health of the Republic of Indonesia.
Regulation of the Minister of Health of the
Republic of Indonesia Number 41 of 2014



25.

26.

27.

28.

29.

30.

31.

32.

33.

KHOMSAN et al., Curr. Res. Nutr Food Sci Jour., Vol. 14(2) 837-855 (2026) 853

concerning Guidelines for Balanced Nutrition.
Jakarta: Ministry of Health RI; 2014. [in
Indonesian]

Ministry of Health of the Republic of Indonesia.
Regulation of the Minister of Health of
the Republic of Indonesia Number 28 of
2019 concerning Recommended Dietary
Allowances for the Indonesian People.
Jakarta: Ministry of Health RI; 2019. [in
Indonesian]

FAO. Guidelines for Measuring Household
and Individual Dietary Diversity. Rome:
European Union; 2010. www.foodsec.org
Oumer A, Girum T, Fikre Z, Bedewi J, Nuriye
K, Assefa K. Stunting and Underweight, but
not Wasting are Associated with Delay in
Child Development in Southwest Ethiopia.
Pediatr Heal Med Ther. 2022;Volume 13:1-
12. doi:10.2147/PHMT.S344715

Budiati B, Hardiany DR, Haryani S. Optimizing
Golden Period Through Early Detection
Of Language Skills And Multilanguage
Stimulation. Philos J Bahasa, Sastra,
dan Budaya. 2021;4(2):98. doi:10.35473/
po.v4i2.1425

Cutland CL, Lackritz EM, Mallett-Moore T,
et al. Low birth weight: Case definition &
guidelines for data collection, analysis, and
presentation of maternal immunization safety
data. Vaccine. 2017;35(48 Pt A):6492-6500.
doi:10.1016/j.vaccine.2017.01.049
BPS-Statistics Indonesia. Analysis of
Indonesia's Population Profile. Jakarta: BPS-
Statistics Indonesia; 2022. https://www.bps.
go.id/ [in Indonesian]

BPS-Statistics Indonesia. Prevention of
Child Marriage Acceleration that Cannot be
Delayed. Jakarta: BPS-Statistics Indonesia;
2020. [in Indonesian]

Gray N, Azzopardi P, Kennedy E, Willersdorf
E, Creati M. Improving adolescent
reproductive health in Asia and the Pacific:
Do we have the data? A review of DHS
and MICS surveys in nine countries. Asia-
Pacific J Public Heal. 2013;25(2):134-144.
doi:10.1177/1010539511417423

Rathi SK, Mayavanshi J. A Cross-Sectional
Study for Measuring Undernutrition Through
Composite Index of Anthropometric Failure
(CIAF) Among Indian Children. Curr Res
Nutr Food Sci J. 2024;12(3):1172-1183.

34.

35.

36.

37.

38.

39.

40.

41.

42.

doi:10.12944/CRNFSJ.12.3.14

Ogundijo DA, Tas AA, Onarinde BA. Age, an
Important Sociodemographic Determinant
of Factors Influencing Consumers’ Food
Choices and Purchasing Habits: An English
University Setting. Front Nutr. 2022;9(May):1-
10. doi:10.3389/fnut.2022.858593

Dheasari AE. Dynamics of Early Childhood
Parenting: Issues and Solutions. J Kaji Anak.
2024;5(02):207-218. doi:10.24127/j-sanak.
v5i02.4941. [in Indonesian]

Mar’ah Has EM, Sabela A, Qona’ah A,
et al. Maternal Caregiving Capabilities
are Associated with Energy-Protein
Adequacy of Children with Stunting in
Central Java, Indonesia. Curr Res Nutr Food
Sci J. 2024;12(1):157-165. doi:10.12944/
CRNFSJ.12.1.13

Mauludyani AVR, Khomsan A, Riyadi H,
Nurhidayati VA, Fatchiya A. Determinants
of children’s nutritional status in rural and
urban areas of West Java, Indonesia. Nutr
Clinica y Dietética Hosp. 2025;45(2):20-26.
doi:10.12873/452ali-khomsan

Rahman MA, Halder HR, Rahman
MS, Parvez M. Poverty and childhood
malnutrition: Evidence-based on a nationally
representative survey of Bangladesh. PLoS
One. 2021;16(8 August):1-18. doi:10.1371/
journal.pone.0256235

Ibrahim IA, Faramita R. Hubungan faktor
sosial ekonomi keluarga dengan kejadian
stunting anak usia 24-59 bulan di wilayah
kerja Puskesmas Barombong Kota Makassar
tahun 2014. Al-Sihah Public Heal Sci J.
2015;7(1):63-75. doi:https://doi.org/10.24252/
as.v7i1.1978

Wells JCK, Chomtho S, Fewtrell MS.
Programming of body composition by
early growth and nutrition. Proc Nutr
Soc. 2007;66(3):423-434. doi:10.1017/
S0029665107005691

Belbasis L, Savvidou MD, Kanu C, Evangelou
E, Tzoulaki I. Birth weight in relation to health
and disease in later life: an umbrella review of
systematic reviews and meta-analyses. BMC
Med. 2016;14(1):147. doi:10.1186/s12916-
016-0692-5

Pehkonen J, Viinikainen J, Kari JT, et
al. Birth weight, adult weight, and
cardiovascular biomarkers: Evidence from



43.

44,

45.

46.

47.

48.

49.

50.

KHOMSAN et al., Curr. Res. Nutr Food Sci Jour., Vol. 14(2) 837-855 (2026) 854

the Cardiovascular Young Finns Study.
Prev Med (Baltim). 2022;154:106894.
doi:10.1016/j.ypmed.2021.106894
Sigdel A, Sapkota H, Thapa S, Bista A, Rana
A. Maternal risk factors for underweight
among children under-five in a resource
limited setting: A community based case
control study. Gopichandran V, ed. PLoS One.
2020;15(5):e0233060. doi:10.1371/journal.
pone.0233060

Irawan IR, Sudikno S, Aditianti A. Risk Factors
for Underweight among Children Aged 6-59
Months in Indonesia. In: Developing a Global
Pandemic Exit Strategy and Framework for
Global Health Security. Masters Program in
Public Health, Universitas Sebelas Maret;
2021:772-785. doi:10.26911/ICPHmaternal.
FP.08.2021.15

Rembet TG, Nugroho KPA, Mangalik
G. Overview of sugar, salt and fat (oil)
consumption in school children. J limu
Kesehat Masy. 2021;10(04):230-237.
doi:10.33221/jikm.v10i04.877. [in Indonesian]
Pitchik HO, Tofail F, Rahman M, et al.
A holistic approach to promoting early
child development: a cluster randomised
trial of a group-based, multicomponent
intervention in rural Bangladesh. BMJ Glob
Heal. 2021;6(3):e004307. doi:10.1136/
bmjgh-2020-004307

Setyawan FEB, Lestari R. Holistic-
comprehensive approaches to improve
nutritional status of children under five years.
J Public health Res. 2021;10(2). doi:10.4081/
jphr.2021.2183

Park JJH, Fang ML, Harari O, et al. Association
of Early Interventions With Birth Outcomes
and Child Linear Growth in Low-Income
and Middle-Income Countries. JAMA Netw
Open. 2019;2(7):e197871. doi:10.1001/
jamanetworkopen.2019.7871
Angeles-Agdeppa I, Monville-Oro E,
Gonsalves JF, Capanzana M V. Integrated
school based nutrition programme improved
the knowledge of mother and schoolchildren.
Matern Child Nutr. 2019;15(S3). doi:10.1111/
mcn.12794

Prasetyo YB, Permatasari P, Susanti HD. The
effect of mothers’ nutritional education and
knowledge on children’s nutritional status:
a systematic review. Int J Child Care Educ

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Policy. 2023;17(1):11. doi:10.1186/s40723-
023-00114-7

Sarker T, Ahmed S, Rahman S, Chakraborty
B. Maternal misperception of under-five
children weight status and associated factors:
A cross-sectional study. Matern Child Nutr.
2024;20(4). doi:10.1111/mcn.13674
Elmadfa I, Meyer AL. Animal Proteins
as Important Contributors to a Healthy
Human Diet. Annu Rev Anim Biosci.
2017;5(1):111-131. doi:10.1146/annurev-
animal-022516-022943

Escobedo-Monge MF, Parodi-Roman J,
Escobedo-Monge MA, Marugan-Miguelsanz
JM. The Biological Value of Proteins for
Pediatric Growth and Development: A
Narrative Review. Nutr . 2025;17(13):1-23.
doi:10.3390/nu17132221

Parikh P, Semba R, Manary M, et al.
Animal source foods, rich in essential amino
acids, are important for linear growth and
development of young children in low- and
middle-income countries. Matern Child Nutr.
2022;18(1):1-12. doi:10.1111/mcn. 13264
Hidayanti R, Yetti H, Putra AE. Risk Factors
for Acute Respiratory Infection in Children
Under Five in Padang, Indonesia. J Matern
Child Heal. 2019;4(2):62-69. doi:10.26911/
thejmch.2019.04.02.01

Caballero MT, Bianchi AM, Nufo A, et al.
Mortality Associated With Acute Respiratory
Infections Among Children at Home. J Infect
Dis. 2019;219(3):358-364. doi:10.1093/infdis/
jiys17

Buckee C, Noor A, Sattenspiel L.
Thinking clearly about social aspects of
infectious disease transmission. Nature.
2021;595(7866):205-213. doi:10.1038/
s41586-021-03694-x

Lisovski S, Hoye BJ, Klaassen M. Geographic
variation in seasonality and its influence on
the dynamics of an infectious disease. Oikos.
2017;126(7):931-936. doi:10.1111/0ik.03796
Polgreen PM, Polgreen EL. Infectious
Diseases, Weather, and Climate. Clin Infect
Dis. 2018;66(6):815-817. doi:10.1093/cid/
cix1105

Freeman MC, Garn J V, Sclar GD, et al. The
impact of sanitation on infectious disease
and nutritional status : A systematic review
and meta-analysis. Int J Hyg Environ Health.



61.

62.

KHOMSAN et al., Curr. Res. Nutr Food Sci Jour., Vol. 14(2) 837-855 (2026) 855

2017;220(6):928-949. doi:http://dx.doi.
org/10.1016/j.ijheh.2017.05.007

Okpala EF, Manning L, Baines RN.
Socio-Economic Drivers of Poverty and
Food Insecurity : Nigeria a Case Study
Socio-Economic Drivers of Poverty and
Food Insecurity : Nigeria. Food Rev Int.
2021;00(00):1-11. doi:10.1080/87559129.2
021.2012793

Odoms-young A, Brown AGM, Agurs-
collins T, Glanz K. Food Insecurity ,
Neighborhood Food Environment , and
Health Disparities : State of the Science ,
Research Gaps and Opportunities. Am J Clin

63.

64.

Nutr. 2024;119(3):850-861. doi:10.1016/j.
ajcnut.2023.12.019

Megananda YB, Nana Usnawati, Tutiek
Herlina, Rahayu Sumaningsih, Reyes CI.
Effectiveness of Milk Supplementation on
Weight and Height/Length in Stunted Toddles.
Int J Adv Heal Sci Technol. 2024;4(3).
doi:10.35882/ijahst.v4i3.346

Estorninos E, Lawenko RB, Lebumfacil JD,
et al. Impact of a pre-school milk on nutrient
status, intake and growth in children aged
3-5 years old: a 16-week randomized,
parallel clinical study. Front Nutr. 2025;12.
doi:10.3389/fnut.2025.1680946



