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Introduction

Anemia is one of the common health problems experienced by adolescents, particularly in
developing countries. Such a condition occurs when the body lacks red blood cells or sufficient
hemoglobin levels to transport oxygen throughout the body (Samson, Fischer, & Roche, 2022).
Adolescents are part of a group that is vulnerable to anemia, as they are in a rapid growth period with
high nutritional needs, especially for iron (Bansal et al., 2020).

Factors such as an unbalanced diet, lack of iron intake, extreme diet habits, and menstruation
among adolescent girls may increase the risk of anemia. According to data derived from the World
Health Organization (WHO), around 25% of adolescents in the world experienced anemia, and this
number can even be higher in some regions with high levels of malnutrition. Anemia in adolescents not
only affects physical health, such as fatigue, dizziness, and decreased endurance, but can also impact
concentration, learning achievement, as well as cognitive and emotional development (Samson, Fischer,

& Roche, 2022).

Open acces: jurnal.unipasby.ac.id/embrio 43


mailto:desta@unipasby.ac.id
https://doi.org/10.36456/embrio.v17i1.10211

Desta Ayu Cahya Rosyida (2025)

Iron deficiency anemia is a significant public health issue worldwide. Globally, the prevalence of
anemia in 2019 was 29.9% (95% uncertainty interval (UI) 27.0%, 32.8%) among women of reproductive
age, equivalent to more than half a billion women aged 15-49 years. The prevalence was 29.6% (95%
UI 26.6%, 32.5%) among non-pregnant women, and 36.5% (95% UI 34.0%, 39.1%) among pregnant
women. Asia was ranked second among continents with the highest percentage of anemia cases, at
39.4%, after Africa (WHO, 2021).

In 2019, the prevalence of anemia among adolescents of productive age in Indonesia was 31.2%.
Furthermore, in 2023 and 2024, the prevalence of anemia among women aged 15-24 years remained
constant at 32% (Moh RI, 2024). In Gresik District in 2023, 95% of CHC had many cases of anemia
among adolescents. In the work area of Bungah Community Health Center (CHC), there were 55.27%
cases of anemia. Such findings should be considered, as they relate to adolescent reproductive health
(MoH RI, 2022).

Based on a preliminary study conducted at a high school in the work area of Bungah CHC, all 10
adolescents with anemia (100%) were unaware of the importance of balanced nutrition during their
productive years. The main cause of anemia, especially iron deficiency anemia, is an unbalanced diet.
Such a condition is experienced by many adolescents who did not fully understand the importance of
maintaining a healthy body from an early age. A lack of knowledge regarding the appropriate nutritional
intake led to their ignorance of the body's essential iron requirements. Adolescence is a crucial stage in
growth and development, so special consideration regarding eating patterns is essential to prevent
various health problems, including anemia.

Soybeans are rich in iron, protein, vitamin B complex (especially B12 and folate), as well as
antioxidants. Soybean flour fortification (glycine max) can play a role in increasing hemoglobin (Hb)
levels through several physiological mechanisms, mainly due to its nutritional content that supports the
hematopoiesis process (red blood cell formation) (Buckner et al., 2016). Non-heme iron is contained in
soybeans. Iron is essential for the synthesis of hemoglobin, which is a component of red blood cells that
carry oxygen to the body's tissues and organs. Iron is absorbed in the small intestine (duodenum) and
transported to the bone marrow to help the formation of erythrocytes (red blood cells) (Alamu, Popoola,
and Maziya-Dixon, 2018). Protein in the fortification of soybeans (Glycine max), especially essential
amino acids such as lysine, plays a role in the formation of hemoglobin structures and red blood cells.
It also supports tissue regeneration and the production of important enzymes in iron metabolism. Folate
(vitamin B9) in soybeans is important for erythrocyte maturation in the bone marrow. A lack of folate
and B12 may cause megaloblastic anemia, so that sufficient intake will support an increase in Hb levels
(Alamu et al., 2017). Isoflavones in soybeans are antioxidants, which protect red blood cells from
damage caused by free radicals. Consumption of biscuits made with soybean flour should be balanced
with the consumption of vitamin C to facilitate iron absorption (De Freitas Ortega et al., 2025).

Soybean flour, as the study intervention, is considered a local ingredient rich in vegetable iron
(non-heme iron), protein, and isoflavones. Additionally, it serves as an alternative supplement that is

more economical and easily accessible, particularly in areas with a high prevalence of anemia (Lane &
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Richardson, 2014). Vitamin C is scientifically proven to increase the absorption of non-heme iron. Such
a combination can be more effective than a single intervention (for example, giving iron without any
additional components) (Rathee ef al., 2025).

Such a finding is in line with a pseudo-experimental study conducted at State High School 19 of
Palembang, which showed that the provision of spritz cookies containing chicken liver and soybean
flour could increase Hb levels among adolescent girls with anemia. The mean increase in Hb levels in
the treatment group was 3.503 g/dL, while the comparative group showed only a 0.004 g/dL increase (p
<0.05).

A study using the One-Group Pre-Test-Post-Test experimental design, conducted in Selorejo
Village, Lamongan, revealed that administering soybeans could increase hemoglobin (Hb) levels among
adolescent girls. The mean Hb levels before and after the administration of soybeans were 11.27 g/dL
and 11.59 g/dl, respectively (p = 0.00).

This study is expected to make a scientific contribution in the field of nutrition and public health,
particularly regarding alternative anemia control among adolescents using local food-based approaches

and supplements.

Methods

This was a quantitative quasi-experimental study with a one-group pre-test and posttest design.
The study population consisted of all adolescent girls at "X" high school in the work area of the Bungah
Community Health Center of Gresik, comprising 78 individuals, who were selected from September 14
to December 17, 2024. The study samples were selected using a purposive sampling technique, covering
adolescents with hemoglobin levels below normal limits or those who had been diagnosed with anemia
by medical personnel (Notobroto, 2020). The sample size was determined using the Slovin formula,
with a 5% margin of error, for a study population of 78 people, or approximately 65 respondents.
Inclusion Criteria: 1) Adolescents aged 12—18 years living in Gresik Regency, 2) Diagnosed with
anemia, 3) Willing to be research respondents, 4) Not consuming iron or vitamin C supplements, 5) No
allergies. Exclusion Criteria: 1) Having a history of chronic diseases such as thalassemia, kidney failure,
or other chronic infections that can affect hemoglobin levels, 2) Having allergies to soy or vitamin C, 3)
Undergoing other medical treatments that can affect Hb levels, 4) Not pregnant.

The stages of fortification involved selecting and cleaning soybeans, ensuring they were free
from dirt and harmful materials, drying the soybeans to remove their water content, and milling the
resulting soybean flour. The composition of fortification biscuits, which applied the F3 Formula,
consisted of 30% soybean flour, with a protein content of 10.71 g and an iron content 0f 9.07 mg (Hamad
& Singh, 2025).

Dosage of soybean flour to increase Hb levels.

Several studies in Indonesia and abroad have observed the effective dose of soybean

fortification in increasing Hb levels among the school-aged population, specifically 25-30 grams/day

for 8 weeks of administration (Uro-chukwu, 2025). In this study, the maximum absorption of iron was
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also supported by the administration of Vitamin C. Respondents were also educated not to consume the
supplement with tea or coffee, as the tannin content could inhibit iron absorption. Hb levels were
assessed using a digital hemoglobinometer (portable). It is essential to adjust the proportion of soybean
flour to achieve fortification, aiming to increase both protein and iron content, while also considering
the organoleptic acceptance by consumers. Additionally, fortification with iron microcapsules is
believed to enhance the iron content in the final product. To implement the intervention in this study,
SOP was also used to assess accuracy when providing the intervention.

Bivariate analysis was applied to analyze the correlation between two variables. A comparison
between the results of fortification and non-fortification, as well as low Hb levels and normal Hb levels,
was applied using the Chi-Square test. A bivariate test was applied to analyze the correlation between
two paired t-test variables. This research was conducted in accordance with the ethics agreement No.

148-KEPK, dated September 14, 2024, at the University PGRI Adi Buana Surabaya.

Results
Table 1. Characteristics of the Study Respondents

Characteristics of Respondents Frequency (n=65) Percentage (%)
Gender

Male 25 38.5%

Female 40 61.5%
Age (years)

15 20 30.8%

16 30 46.2%

17 15 23.0%
Nutritional Status (BMI/Age)

Thin 18 27.7%

Normal 40 61.5%

Fat 7 10.8%
Anemia Category

Mild (Hb 10-10.9 g/dL) 20 30.7%

Moderate (Hb 8-9.9 g/dL) 25 38.6%

Severe (Hb <8g/dL) 20 30.7 %

Source: Primary Data 2024

Based on the table regarding the characteristics of respondents, it was found that the majority of
respondents were female, with 40 respondents (61.5%). Furthermore, regarding age, it was found that
most respondents with anemia were aged 16 years (46.2%). Regarding nutritional status, it was found
that 40 respondents (61.55%) had anemia. In addition, based on the anemia category, most respondents
experienced moderate anemia (Hb 8-9.9 g/dL), with 25 respondents (38.6%) affected.

Table 2. Distribution of Mean Hemoglobin Levels Before and After Intervention (n=65)
Mean (SD) Hb

Time of Assessment Min - Max Hb Anemia Category *  Percentage (%)

(g/dL)
Before Intervention 10.2 (£0.6) 9.1-11.3 Mild Anemia 65 (100%)
After Intervention 11.5 (£0.7) 10.1 - 13.0 Normal 60 (92.3%)

Source: Primary Data 2024

Based on Table 2 regarding the distribution of mean hemoglobin levels before and after
intervention, the mean hemoglobin level before intervention was 10.2 (£ 0.6) g/dl. After the intervention

for two weeks, it was found that the mean Hb level increased to 11.5 (= 0.7) g/dl.
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Table 3. Changes in Anemia Status Before and After Intervention (n = 65)

Hemoglobin Level (Hb) Pre-Test (%) Posttest (%) p-value
Normal (Hb 11.0 — 13.5 gram/dL) 0% 55 (84.9%)
Mild (Hb 10-10,9 g/dL) 20 (30.7%) 5 (7.6%) 0.0001
Moderate (Hb 8-9,9 g/dL) 25 (38.6%) 3 (4.5%) ’
Severe (Hb<8g/dL) 20 (30.7 %) 2 (3%)

Source: Independent t-test

Based on Table 3, which outlines changes in anemia status before and after the intervention, it
was found that before the intervention, most respondents experienced moderate anemia (Hb 8-9.9 g/dL),
with 25 respondents (38.6%) affected. After the intervention, most respondents did not experience
anemia or had normal Hb levels (Hb 11.0-13.5 grams/dL), with 55 respondents (84.9%) affected. The
paired t-test, applied to assess the significant difference in hemoglobin levels before and after
intervention within the same group, yielded a p-value of <0.05, indicating a statistically significant
change in hemoglobin levels.

Table 4. Effect of Soybean Flour Fortification and Vitamin C on the Increase in Hemoglobin Levels

Time of Assessment Mean (g/dL) Deviation Standard (g/dL)  t-value p-value
Pre-Test 10.4 1.2
Posttest 12.3 1.1 10.56 0.0001

Based on Table 4, a p-value of <0.05 was obtained, indicating a significant effect of the

interventions on hemoglobin levels.

Discussion

Based on data, the majority of respondents were female (61.5%). This is in line with various
literature which states that adolescent girls are more susceptible to anemia than adolescent boys.
Physiologically, adolescent girls experience regular menstruation every month, which can cause loss of
iron and decreased hemoglobin levels if not balanced with adequate iron intake. According to the
Ministry of Health of the Republic of Indonesia (2021), around 28% of adolescent girls in Indonesia
experienced anemia, mainly due to loss of iron during the menstrual period and poor nutritional eating
patterns. A study conducted by Sari et al. (2018) also supported this finding, which found that the
prevalence of anemia was higher among adolescent girls due to their higher iron needs during puberty
and menstruation (Muchtar et al., 2025).

Most respondents were aged 16 years (46.2%), which corresponds to a period of rapid growth,
during which there is an increase in iron needs to support physical and cognitive development. At this
time, inadequate nutritional intake may increase the risk of anemia. MOH RI (2018) explains that
adolescent boys and girls aged 15-18 years have an iron need of about 15 mg/day and 26 mg/day,
respectively. An unmet requirement may have a direct impact on blood hemoglobin levels (M. He et al.,
2024).

Most respondents with anemia had a normal nutritional status, with as many as 40 respondents
(61.55%) reporting this. Such findings indicated that anemia did not only occur among adolescents with
malnutrition, but could also be experienced by adolescents with normal nutritional status. Furthermore,
anemia is not only influenced by body weight or height, but also by the quality of nutrient consumption,

including micronutrients such as iron and vitamin C. A study conducted by Rahmawati et al. (2020)
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found a significant relationship between nutritional status and Hb levels; however, anemia can also
occur among adolescents with a normal BMI and low iron intake (Kirana & Laili, 2025).

The anemia status of respondents revealed that most respondents had moderate anemia (Hb 8-9.9
g/dL), with 25 respondents (38.6%) affected. This condition indicated that most respondents
experienced anemia, which necessitated nutritional intervention. According to the WHO (2015), anemia
should be treated immediately, as it may reduce concentration, endurance, and learning achievement in
adolescents. The administration of food fortification, such as protein-rich soybean flour and non-heme
iron, as well as vitamin C, which enhances iron absorption, is an effective approach to increase Hb levels
(De Freitas Ortega et al., 2025).

The distribution of mean hemoglobin levels showed an increase in mean hemoglobin levels
among adolescents with anemia after a two-week intervention involving soybean flour fortification and
vitamin C administration. The mean Hb content increased from 10.2 £ 0.6 g/dL to 11.5 £ 0.7 g/dL. Such
an increase indicated a positive effect of the intervention on the hemoglobin status (Lane & Richardson,
2014).

The increase in Hb levels, both biologically and clinically, can be explained through several
scientific mechanisms. Soybean flour is a good source of vegetable iron (non-heme) and contains high-
quality protein that supports the formation of red blood cells (Belhaj et al., 2025). However, iron from
vegetable sources has a low bioavailability compared to heme iron. Therefore, fortification with vitamin
C becomes an important strategy because vitamin C functions as an enhancer of non-heme iron
absorption in the body (T. He et al., 2024).

Vitamin C acts by reducing ferrions (Fe*") into ferro ions (Fe®*), which are more easily absorbed
by the intestinal mucosa. Additionally, vitamin C can form a water-soluble complex with iron, which
increases its solubility and absorption in the digestive tract (Hurrell & Egli, 2010). Thus, the
combination of soybean flour, a source of iron, and vitamin C, an absorption enhancer, provides a
synergistic effect in increasing hemoglobin levels (Maggiore & Sciveres, 2024).

The study's findings align with those from several previous studies. A study conducted by
Sulistyowati et al. (2018) revealed that supplementing iron with vitamin C among adolescents with
anemia resulted in a significant increase in hemoglobin levels within two weeks. Likewise, a study
conducted by Fair (2024) found that local food interventions enriched with iron and combined with
vitamin C could be an effective solution for managing anemia in adolescents (Pecher et al., 2024).

It is essential to recognize that the adolescent age group is a population vulnerable to anemia due
to high iron needs during the rapid growth phase, especially among adolescent girls who experience
menstrual blood loss. Therefore, an intervention approach that utilizes local food sources, such as
soybean flour, which is easily accessible and combined with vitamin C, is a very effective step in
sustainable anemia control programs.

Overall, the results of this study support the hypothesis that soybean flour fortification and

vitamin C supplementation can significantly increase hemoglobin levels in the short term. The
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application of local food-based interventions that integrate the principles of scientific nutrition is highly

recommended as part of adolescent health programs in various regions.

Conclusions

Soybean flour fortification (Glycine max) combined with vitamin C administration was shown to
have a positive effect on increasing hemoglobin (Hb) levels in adolescents with anemia. The content of
vegetable iron in soybeans, which can be increased in bioavailability by vitamin C, may help
significantly improve hemoglobin status. These findings suggest that a local food-based nutritional
intervention, combined with essential micronutrients, could be an effective and affordable strategy for

managing anemia in adolescents.

Acknowledgments

The authors extend sincere gratitude to PGRI Adi Buana University of Surabaya for financial
support during the implementation of the study. Sincere gratitude is also extended to all participants
who voluntarily contributed their time and made valuable contributions during the data collection
process. The current study would not have been implemented well without their support and

participation.

References

Alamu, E. O., Oyeyinka, S. A., Bolarinwa, I. F., & Popoola, I. (2017). Assessment of nutritional
characteristics of products developed using soybean (Glycine max (L.) Merr.) pipeline and
improved  varieties. Cogent Food &  Agriculture, 3(1), Article 1398042.
https://doi.org/10.1080/23311932.2017.1398042

Alamu, E. O., Popoola, 1., & Maziya-Dixon, B. (2018). Effect of soybean (Glycine max (L.) Merr.) flour
inclusion on the nutritional properties and consumer preference of fritters for improved household
nutrition. Food Science & Nutrition, 6(7), 1811-1816. https://doi.org/10.1002/fsn3.751

Bansal, R., Singh, A., Sharma, M., & Verma, P. (2020). Prevalence and factors associated with anemia
among pregnant women attending antenatal clinic. Adesh University Journal of Medical Sciences
& Research, 2(1), 42—48. https://doi.org/10.25259/aujmsr 8 2020

Belhaj, R., Tazi, 1., Barkat, A., & Lamsyah, H. (2025). Study of clinical manifestations and etiologies
of megaloblastic anemia in children. Transfusion Clinique et Biologique, 32, 1-5.
https://doi.org/10.1016/j.tracli.2025.01.006

Buckner, C. A., Lafrenie, R. M., Dénommée, J. A., Caswell, J. M., & Want, D. A. (2016). Liveness
detection in  biometrics. In  Advanced  Biometric  Technologies.  IntechOpen.
https://www.intechopen.com/books/advanced-biometric-technologies/liveness-detection-in-
biometrics

Muchtar, F., Ruwiah, Lestari, R., Effendy, D. S., Bahar, H., Insana, N., Mardini, Wanti, S. (2025).
Pemeriksaan Hemoglobin Darah Remaja Putri Sebagai Upaya Deteksi Dini Anemia Di Desa
Wawatu.  Indonesian  Journal  of  Community  Dedication,  3(1), 101-109.
https://jurnal.academiacenter.org/index.php/IJCD/article/view/654

De Freitas Ortega, N., Silva, T. A., Oliveira, M. B., & Gomes, R. T. (2025). Effect of encapsulating
agents and spray nozzle diameters on vitamin C retention in microcapsules of Campomanesia
adamantium fruits by spray drying. Food and Bioprocess Technology, 17, 1-12.
https://doi.org/10.1007/s11947-024-03708-2

EMBRIO: Jurnal Kebidanan (2025), Volume 17, Number 1 49


https://doi.org/10.1080/23311932.2017.1398042
https://doi.org/10.1002/fsn3.751
https://doi.org/10.25259/aujmsr_8_2020
https://doi.org/10.1016/j.tracli.2025.01.006
https://www.intechopen.com/books/advanced-biometric-technologies/liveness-detection-in-biometrics
https://www.intechopen.com/books/advanced-biometric-technologies/liveness-detection-in-biometrics
https://jurnal.academiacenter.org/index.php/IJCD/article/view/654
https://doi.org/10.1007/s11947-024-03708-2

Desta Ayu Cahya Rosyida (2025)

Hamad, A., & Singh, P. (2025). Boosting nutritional value: The role of iron fortification in meat and
meat products. BioMetals, 38(2), 337-355. https://doi.org/10.1007/s10534-024-00659-1

He, M., Zhang, Y., Liu, R., & Wang, T. (2024). Status and determinants of anemia in postpartum women
and its influence on offspring. Preprints, 1-13. https://doi.org/10.20944/preprints202411.1476.v1

He, T., Li, Y., Xu, Z., & Huang, Z. (2024). LACCI1 deficiency leading to juvenile arthritis and anemia.
Clinical Immunology, 265, 110290. https://doi.org/10.1016/].clim.2024.110290

Kirana, R., & Lalili, F. J. (2025). Hubungan kejadian anemia pada ibu hamil dengan kejadian stunting
di wilayah kerja Puskesmas Pekapuran Raya. Jurnal Kesehatan Masyarakat, 1(8), 1136-1143.
https://doi.org/10.59837/jpnmb.v1i8.209

Lane, D. J. R., & Richardson, D. R. (2014). The active role of vitamin C in mammalian iron metabolism:
Much more than just enhanced iron absorption! Free Radical Biology and Medicine, 75, 69—83.
https://doi.org/10.1016/j.freeradbiomed.2014.07.007

Maggiore, G., & Sciveres, M. (2024). Giant cell hepatitis associated with autoimmune hemolytic
anemia: More evidence for B-cell depletion therapy for a rare immune-mediated disease of
infancy. Clinics and Research in Hepatology and Gastroenterology, 48(8), 102435.
https://doi.org/10.1016/j.clinre.2024.102435

Ministry of Health of the Republic of Indonesia. (2022). Indonesia health profile 2021. Pusdatin
Kemenkes RI. https://www.kemkes.go.id/downloads/resources/download/pusdatin/profil -
kesehatan-indonesia/Profil-Kesehatan-2021.pdf

Notobroto, H. B. (2020). Statistika kedokteran dan kesehatan. Unair Press.

Pecher, A. C., Nguyen, L. T., Schiffer, L., & Wulffraat, N. M. (2024). Anemia and iron deficiency in
pregnant women with rheumatic diseases. Joint Bone Spine, 91(1), Article 105650.
https://doi.org/10.1016/1.ibspin.2023.105650

Rathee, S., Arora, M., Kumar, M., & Sharma, V. (2025). Decoration of Fe304-vitamin C nanoparticles
on alginate-chitosan nanocomplex: Characterization, safety, bioaccessibility boost and iron
nanofortification in A2 goat milk gels. Food Chemistry, 470, 142711.
https://doi.org/10.1016/j.foodchem.2024.142711

Samson, K. L. L., Fischer, J. A. J., & Roche, M. L. (2022). Iron status, anemia, and iron interventions
and their associations with cognitive and academic performance in adolescents: A systematic
review. Nutrients, 14(1), Article 224. https://doi.org/10.3390/nu14010224

Uro-chukwu, H. C. (2025). Anti-inflammatory effects of a cocoyam-bambara groundnut-soya bean flour
blend in streptozotocin-induced diabetic rats. South Asian Research Journal of Nursing and
Pharmacology, 8(1), Article 184. https://doi.org/10.9734/sarjnp/2025/v811184

World Health Organization. (2021). Global anaemia estimates, 2021 edition: Global anaemia estimates
in women of reproductive age, by pregnancy status, and in children aged 6—59 months. WHO.
https://www.who.int/data/gho/data/themes/topics/anaemia_in_women_and_children

EMBRIO: Jurnal Kebidanan (2025), Volume 17, Number 1 50


https://doi.org/10.1007/s10534-024-00659-1
https://doi.org/10.20944/preprints202411.1476.v1
https://doi.org/10.1016/j.clim.2024.110290
https://doi.org/10.59837/jpnmb.v1i8.209
https://doi.org/10.1016/j.freeradbiomed.2014.07.007
https://doi.org/10.1016/j.clinre.2024.102435
https://www.kemkes.go.id/downloads/resources/download/pusdatin/profil-kesehatan-indonesia/Profil-Kesehatan-2021.pdf
https://www.kemkes.go.id/downloads/resources/download/pusdatin/profil-kesehatan-indonesia/Profil-Kesehatan-2021.pdf
https://doi.org/10.1016/j.jbspin.2023.105650
https://doi.org/10.1016/j.foodchem.2024.142711
https://doi.org/10.3390/nu14010224
https://doi.org/10.9734/sarjnp/2025/v8i1184
https://www.who.int/data/gho/data/themes/topics/anaemia_in_women_and_children

