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ABSTRACT

Adolescent malnutrition, particularly anemia, remains a major
public health challenge in developing countries, including
Indonesia, as it increases the risk of growth retardation,
developmental disorders, poor pregnancy outcomes, and infec-
tious diseases. Nutritional interventions during adolescence are
crutial for improving health and breaking the intergenerational
cycle of malnutrition. This study aimed to analyze the effect of
Moringa oleifera capsules on hemoglobin (Hb) levels and Mid-
Upper Arm Circumference (MUAC) among adolescent girls in
Semarang. A quasi-experimental study with a pretest-posttest
control group design was conducted in two junior high schools in
Semarang (SMPN 39 and SMPN 8), involving 102 female students
aged 13-15 years, who were selected using purposive sampling.
Participants were assigned to an intervention group (n = 51)
receiving 300 mg of Moringa oleifera capsules twice weekly for 6
months under teacher supervision, and a control group (n = 51)
receiving no supplementation. Data were collected at baseline and
after the intervention, including Hb measurement (Hemocue
analyzer) and MUAC. Data were analyzed using paired t-tests and
independent t-tests. Results showed a significant improvement in
Hb levels in the intervention group (mean pretest 11.58+0.87
g/dL; posttest 13.65+0.89 g/dL; p<0.001), whereas no significant
change was found in the control group (p = 0.132). MUAC also
increased significantly in the intervention group (pretest
25.50£4.06 cm; posttest 26.21+4.94 cm; p = 0.002), with a greater
improvement compared to the control group (p = 0.002). In
conclusion, supplementation with Moringa oleifera effectively
improved Hb levels and MUAC among adolescent girls. This
intervention has potential as a practical and affordable strategy
for preventing anemia and improving nutritional status in
adolescents.
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INTRODUCTION

Adolescent malnutrition is a serious public
health problem in developing countries, include-
ing Indonesia, which causes many unfavourable
long-term consequences.! Malnutrition is de-
fined as malnutrition (thin, dwarf, underweight)
related to micronutrients (lack of essential
vitamins and minerals), as well as overweight,
obesity, Anemia, and diet-related infectious dis-
eases.2 Research has indicated that enhancing
the nutrition and diet of teenage girls can ele-
vate their ambitions and growth. Focusing on
adolescent well-being can lead to three signifi-
cant advantages for today’s youth, their future,
and the generations to come by providing social,
economic, and demographicgains.34

Anemia and malnutrition in adolescence can
lead to stunted growth, developmental disor-
ders, and an increased risk of infectious dis-
eases.>6 Malnutrition is also associated with
lower levels of education and income status
among adults.” When adolescent girls are preg-
nant, a low Body Mass Index (BMI) can increase
the risk of poor pregnancy outcomes, including
stillbirth, premature birth, short gestational age,
and low birth weight.8 Young women have a ten
times greater risk of developing anemia com-
pared to young men.%10 This is due to menstru-
ation experienced by adolescent girls every
month, which results in a decrease in red blood
cells in the body.10

The World Health Organization (WHO) states
that globally, the occurrence of anemia among
adolescents between the ages of 10 and 19 is
between 44% and 88%.1! The prevalence of
anemia in adolescent girls in Southeast Asia is
>25%, and in some Southeast Asian countries it
reaches 50%.2 Based on data from the 2023
Indonesian Health Survey/Survei Kesehatan
Indonesia (SKI), the prevalence of anemia in
Indonesia in the population aged = 10 years
reaches 9.1%.12 According to the Semarang City
Health Office, the cases of pregnant women with
SEZ (Chronic Energy Deficiency) in Semarang
City in 2021 were 10.43%, and the cases of
pregnant women with anemia were 15.4%.13
Anemia that is not treated immediately in
adolescent girls can have an impact during
pregnancy, so that it can cause low birth weight
and stunting in children.14 Initiatives aimed at
addressing anemia in teenage girls should
prioritize a well-rounded diet to enhance

hemoglobin levels and the measurement of
upper arm circumference. In addition, efforts to
treat anemia in adolescent girls can also be done
with food fortification.

Moringa Oleifera grows in tropical and sub-
tropical regions worldwide.1s The local commu-
nity consumes Moringa as a daily vegetable and
has the potential to serve as a therapeutic and
dietary supplement to overcome nutritional
deficiencies.16 Moringa contains micronutrients
essential for pregnant women, including vitamin
C, vitamin A, calcium, potassium, protein, iron,
sodium, and essential amino acids.1” The use of
Moringa Oleifera to increase HB and Upper Arm
Circumference becomes more practical and
formulated with other food ingredients com-
monly used in the Supplementary Food Plan
(RPP) by referring to the standard procedures of
the Ministry of Health in 2010. This study aims
to determine the effect of giving moringa leaf
biscuits on the increase of Hb and Upper Arm
Circumference in adolescent girls at SMPN
Semarang City.

MATERIAL AND METHOD

This study employed a quasi-experimental
design with a pretest-posttest control group.
The research was conducted at two junior high
schools in Semarang City (SMPN 39 and SMPN 8)
with a total of 102 female students aged 13-15
years selected through purposive sampling.
Participants were allocated into an intervention
group (n = 51), which received Moringa oleifera
capsules, and a control group (n = 51), which
received no supplementation but continued
their usual school and dietary routines.

The inclusion criteria were: (a) students who
were not menstruating at the time of data
collection, (b) not taking vitamins or other
supplements, and (c) willing to participate.
Exclusion criteria included having chronic ill-
nesses that may affect Hb levels (e.g., kidney
failure, spleen disorders, or cancer).

The intervention consisted of 300 mg Moringa
oleifera extract capsules, consumed twice week-
ly (every Tuesday and Friday) for 6 months
under teacher supervision. The extract was
derived from dried Moringa leaves through a
standardized process to preserve nutrient con-
tent. The control group did not receive any
supplementation and continued with their usual
diet and school activities. The dosage was
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determined based on safety and efficacy consid-
erations from previous studies, which demon-
strated that Moringa oleifera supplementation
in various forms (capsules, biscuits, and fortified
foods) effectively increased hemoglobin levels
among adolescent girls with anemia.18-20

Data collection was conducted at baseline and
after 6 months, including measurement of
Hemoglobin (Hb) using Hemocue analyzers,
Mid-Upper Arm Circumference (MUAC), weight,
height, dietary intake (24-hour food recall), and
physical activity (recall questionnaire). All mea-
surement instruments (scales, stadiometers,
hemocue) were calibrated before use to ensure
data accuracy.

This study received ethical approval from the
Health Research Ethics Committee at the Faculty
of Medicine, Universitas Islam Sultan Agung
Semarang, under the approval number No. 250/
VII/2024 /Komisi Bioetik.

RESULTS

Respondent characteristics: The intervention
group and the control group shared similar
characteristics, consisting of junior high school
students in Semarang City aged 13 to 15 years
and enrolled in grades VII to IX. Data collection
was carried out 2 times, namely initial data
collection (pretest) and final data collection
(post-test).

Hemoglobin (Hb) Levels

The data categorization was based on the
total Hb levels present in the blood. According to
the Ministry of Health, a person can be said to be

anaemic if the haemoglobin level in the body is
<12 g/dl, and it is said to be non-anemic or
normal if the Hb level is = 12 g/dL.2! In this
study, it was observed that the intervention
group experienced a decrease in anemia, while
the control group showed an increase in anemia.
This is indeed possible because the control
group received no intervention (Table 1).

Based on the Kolmogorov-Smirnov normality
test, it was determined that the pretest and post-
test data on Hb levels in both groups exhibited a
normal distribution (p-value > 0.05). So, to
analyse the difference in pretest and post-test
data in each group using the Paired Simple T-
test.

After differential test analysis, the inter-
vention group showed a p-value of 0.000
(<0.05). This showed that in the intervention
group, there was a significant difference in Hb
levels between the pretest and post-test.
Meanwhile, in the control group, the p-value was
0.132 (>0.05), indicating that there was no
difference in Hb levels between the pretest and
post-test (Table 2).

This study utilized post-test data from both
groups to determine if there was a difference
between the group that received the
intervention and the group that did not. Hb post-
test data in both groups were normally
distributed. The analysis results showed a p-
value of 0.001, indicating that the intervention
had a significant impact on the Hb data in the
intervention group compared to the control
group (Table 3).

Table 1. Distribution of Hb Levels Pretest and Post-test in The Intervention Group and Control Group

Pretest Post-test
Hb Level n=51 % n=51 %

Intervention Group

Anemia 8 15.6 6 11.7

Normal 43 84.4 45 88.3
Control Group

Anemia 12 23.5 14 27.4

Normal 39 76.6 37 72.6

Source: Primary Data, 2024

Table 2. Analysis of Differences in Hb Levels Pretest and Post-test in The Intervention Group and Control Group

Hb Mean/SD p-value (Paired Simple T-test)
Intervention Group
Pretest 11.58/0.87
Post-test 13.65/0.89 0.000
Control Group
Pretest 12.51/1.31
Post-test 12.23/1.59 0.132

Source: Primary Data, 2024
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Table 3. Analysis of Differences in Hb Levels of
The Intervention Group and Control Group

p-value
Hb Mean/SD (Independent T-
test)
Intervention 13.65/0.89
Group Post-test
Control Group 12.23/1.59 0.001

Post-test
Source: Primary Data, 2024

Upper Arm Circumference or Lingkar Lengan
Atas (LILA)

Data categorization is based on the size of the
LILA at the time of measurement. According to
the Ministry of Health, a person can be said to be
a Chronic Energy Deficiency (CED) if the upper
arm circumference of the woman's average is
<22cm. In this study, both the intervention and
control groups experienced an increase in upper
arm circumference in adolescent girls. It is
possible that increasing the circumference of the
upper arm may take a relatively longer time
(Table 4).

Based on the Kolmogorov-Smirnov normality
test, it was determined that the pretest and post-

test data for Upper Arm Circumference/LILA in
both groups exhibited a normal distribution (p-
value > 0.05). So, to analyse the difference in
pretest and post-test data in each group using
the Paired Simple T-test. After a differential test
analysis, the intervention group showed a p-
value of 0.002 (<0.05). This indicates that in the
intervention group, there is a difference in LILA
between the pretest and post-test. Meanwhile,
the control group also experienced a difference,
although not as significant as the intervention
group; the p-value was 0.000 (Table 5).

This study utilized post-test data from both
groups to determine if there was a difference
between the group that received the inter-
vention and the group that did not. The data on
the upper arm circumference of the post-test in
both groups were normally distributed. The
analysis results showed a p-value of 0.002,
indicating that the intervention had a significant
impact on the upper arm circumference data in
both the intervention and control groups (Table
6).

Table 4. Distribution of Upper Arm Circumference Frequency Pretest and Post-test in the Intervention
Group and Control Group

. Pretest Post-test
Upper Arm Circumference (LILA) % n=51 %

Intervention Group

Normal 84.3 45 88.3

Chronic Energy Deficiency (CED) 15.7 6 11.7
Control Group

Normal 78.4 42 82.3

Chronic Energy Deficiency (CED) 21.6 9 17.7

Source: Primary Data, 2024

Table 5. Analysis of Differences in Upper Arm Circumference Pretest and Post-test in the Intervention
Group and Control Group

Upper Arm Circumferenc (LILA) Mean/SD p-value (Paired Simple T-test)
Intervention Group
Pretest 25.50/4.06
Post-test 26.21/4.94 0.002
Control Group
Pretest 24.02/3.47
Post-test 24.70/3.42 0.000

Source: Primary Data, 2024

Table 6. Analysis of Differences in Upper Arm Circumference Between The Intervention Group and
Control Group

Upper Arm Circumferenc (LILA) Mean/SD p-value (Independent T-test)
Intervention Group Post-test 26.21/4.94 0.002
Control Group Post-test 24.70/3.42 '

Source: Primary Data, 2024
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DISCUSSION

There 1is a Difference Between The
Hemoglobin (Hb) Levels Between The
Intervention Group and The Control Group

This study demonstrated a significant differ-
ence in hemoglobin (Hb) levels between the pre-
test and post-test within the intervention group,
with a p-value of 0.000 (<0.05). When com-
paring Hb levels between the intervention and
control groups, a statistically significant differ-
ence was also observed (p = 0.014). These
findings are consistent with those of Astuti et al.,
who reported a significant increase in Hb levels
following the administration of moringa leaf
extract.22 The study also showed that moringa
leaves were effective in increasing haemoglobin
levels in adolescent girls.23 Furthermore, this
study aligns with the findings of Khofifah et al,,
which demonstrated a significant difference in
Hb levels before and after the consumption of
moringa leaf extract. Moringa leaves are rich in
iron, which plays a major role in hemoglobin,
and vitamin C, which increases the absorption of
non-heme iron by converting ferric iron (Fe**)
into ferrous iron (Fe®*), which is more easily
absorbed.2* The essential amino acid content
also supports the erythropoiesis process, while
bioactive compounds such as flavonoids,
polyphenols, and beta-carotene, which are an-
tioxidants, protect red blood cells from damage
caused by oxidative stress.24 Important minerals
such as zinc, copper, and calcium also play a role
in enzymatic processes that support red blood
cell formation and metabolism, so that overall,
moringa contributes to increased hemoglobin.25

Differences Between Upper Arm
Circumference/ Lingkar Lengan Atas (LILA)
Between The Intervention Group and The
Control Group

This study revealed a significant difference
between the LILA scores in the pretest and post-
test in the intervention group, with a p-value of
0.002 (<0.05), and in the control group, with a p-
value of 0.000 (<0.05). This study is in line with
the research conducted by Kasim et al. which
showed that there was a significant difference
between the measurement of upper circumfer-
ence before and after the intervention, and
moringa leaf biscuit could increase upper arm
circumference, weight and protein intake in
pregnant women with a chroniclack of energy in
Bontoramba Municipality.13 In addition, this

study is also in line with research conducted by
Frianti et al. which showed that the adminis-
tration of moringa capsule, there was a signifi-
cant increase in hemoglobin levels, body weight,
and LILA in the intervention group compared to
the control group. The increase in LILA indicates
an improvement in the nutritional status of
pregnant women who received moringa leaf
capsule and the combination of moringa leaf
capsule and iron supplementation proved to be
more effective than iron supplementation alone.

Future research should focus on more recent
innovations and more variables. The findings of
this research can be applied to other groups,
such as non-adolescent women of childbearing
age, pregnant women, or children, to determine
if the effect is consistent across different anemia-
prone groups. Expanding the scope of research
to these populations is important, as anemia is
not limited to adolescents but also highly
prevalent among pregnant women and young
children, where the consequences can be more
severe, such as increased risk of maternal
mortality, low birth weight, and impaired
cognitive development in children. Investigating
the effectiveness of Moringa oleifera in these
groups could provide a broader understanding
of its role as a sustainable nutritional inter-
vention.

CONCLUSION AND RECOMMENDATION

This study demonstrated that the interven-
tion using Moringa oleifera capsules effectively
increased blood Hemoglobin (Hb) levels and
mid-upper arm circumference (LILA). This was
evidenced by significant differences in Hb levels
(p = 0.001) and MUAC (p = 0.002) between the
intervention and control groups. In this study,
the increase in Hb levels observed in the
intervention group was consistent with the
improvement in MUAC within the same group.

Based on the findings of this study, the use of
Moringa oleifera capsules is recommended as a
nutritional intervention to enhance hemoglobin
levels and improve overall nutritional status
among adolescent girls. Future studies with
larger sample sizes, longer intervention
durations, and additional variables are needed
to validate the long-term efficacy and safety of
Moringa oleifera supplementation. Moreover,
further research involving other anemia-prone
groups such as adult women, pregnant women,
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and children would help determine the consis-
tency of its effects and provide a broader
understanding of its potential as a sustainable
and evidence-based nutritional intervention.
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