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Abstract: Brownies are a popular bakery product, but their nutritional profile is generally low, especially in iron content.
This condition contrasts with the high prevalence of anemia among adolescent girls in Indonesia. This study aims to
investigate the effect of substituting wheat flour with moringa leaf flour (Moringa oleifera) as an alternative natural
fortification to increase iron levels in brownies, while also determining the optimal formulation. The method used was an
experiment with a Completely Randomized Design (CRD), and data were analyzed using Analysis of Variance (ANOVA)
followed by Duncan's test. The results showed that the addition of moringa leaf flour had a significant effect on increasing
iron levels, as well as affecting other chemical characteristics (water, ash, protein, fat, and carbohydrate content). The best
formulation was the T5KS5 treatment (75% substitution of moringa leaf flour), which produced the highest iron content of
1376.58 ppm, along with a measurable macro composition (water content: 12.26%, ash: 0.94%, protein: 7.39%, fat: 20.83%,
carbohydrate: 57.16%). Fundamentally, these findings imply the success of natural food fortification using local raw
materials. These results are relevant for the development of functional food products as an acceptable food-based nutritional
intervention strategy in addressing anemia in adolescents, as well as providing an important contribution to health education

and nutritional literacy.
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Introduction

Brownies are one type of family cake that is popular
and has a characteristic brown color and does not expand, the
texture is soft and moist (moist) on the inside, while the top
feels dry. Brownies have a sweet taste and a strong
characteristic aroma of chocolate [1]. Most of the brownies
on the market tend to focus more on taste and texture,
without considering their nutritional value. This is an
opportunity to develop brownies with higher nutritional
content.

Nutritional problems, especially anemia due to iron
deficiency, are a significant health issue, especially in
developing countries such as Indonesia. Based on data from
the Ministry of Health, the prevalence of anemia, especially
in adolescent women of childbearing age, continues to be a
major concern. Anemia in adolescent girls is a condition
where the Hemoglobin (Hb) level in red blood cells is below
the normal limit, namely <12 g/dL [2]. Based on Basic
Health Research Data 2018, the proportion of anemia with
the age group of 15-24 years was 32% in 2018 where anemia
in women was higher at 27.2%, while in men it was 20.3%
[3]. Anemia has an impact on growth with symptoms of
weakness and fatigue [4].

Iron deficiency anemia can be prevented by
improving diet, namely by consuming local foods that are
rich in iron [5]. Domestically produced local food
ingredients can improve nutritional quality in product
development [6]. One way to overcome this problem is to
develop food products based on local ingredients that are rich
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in iron, namely moringa plants (Moringa oleifera) [7].One of
the innovations to extend the shelf life of moringa leaves is
by processing them into flour [8]. In 100 g of moringa flour
has an iron content of 28.2 g [9]. The high iron content in
moringa leaves can provide efforts to treat anemia increasing
iron [10]. The use of moringa leaves in the form of flour as a
substitute ingredient in making brownies can be an
innovative alternative to increase iron content without
reducing the taste and texture expected from the product.

Research Methods
Research Location and Time

This research was conducted at the Food Technology
Laboratory, Faculty of Technology and Health, Bali, and the
Integrated Services Laboratory, Faculty of Agricultural
Technology, Udayana University, Bali. This research was
conducted in March-May 2025

Materials and Tools

The ingredients used in making brownies are medium
protein wheat flour (Blue Triangle), Moringa leaves obtained
from the market, cocoa powder (Cocoa Powder), chocolate
bar (Galetto dark), Butter Margarine (Royal Palmia),
chicken eggs, powdered sugar (Rose Brand), Vanilla
(Koepoe Koepoe), Salt and vegetable oil (Bimoli). Materials
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used in proximate analysis and iron (Fe) brownies are
aquadest, alcohol, hexan solvent, H2SO4, NaOH 50%, HCI,
boric acid, HCIO4, HNO3, and demineralised water.

Tools used in brownie-making research include
digital scales, a flour sieve, a basin, a mixer, a plastic spatula,
a spoon, an oven, a brownie pan, a napkin, aluminium foil, a
stove, glass, plastic, baking paper, and label paper. Tools
used in proximate analysis and iron (Fe) brownies are a
porcelain cup, oven, analytical scales (Kern and Shon ACJ
200-4M), desiccator, furnace, Soxhlet flask, Kjedahl flask,
Erlenmeyer (Duran), measuring cup, dropper pipette, beaker,
burette, and Atomic Absorption Spectroscopy (AAS).

Research Design

This study was conducted using brownies with
different additions of moringa leaf flour. This study used one
control treatment (100% wheat flour) and five treatments
with ratios of wheat flour (T) and moringa leaf flour (K) in
making brownies: T1K1 (95% wheat flour: 5% moringa leaf
flour), T2K2 (90% wheat flour: 10% moringa leaf flour),
T3K3 (85% wheat flour: 15% moringa flour), T4K4 (80%
wheat flour: 20% moringa leaf flour), and TSKS (75% wheat
flour: 25% moringa leaf). Each treatment was replicated
three times, resulting in a total of 18 experimental units.

Research Procedure
Moringa Leaf Flour Production

The process of producing moringa leaf flour begins
with preparing the tools and ingredients, followed by the
preparation of the moringa leaves. The moringa leaves
selected are uniform in color, neither too old nor too young.
Before separating the leaves from their stems, they are
washed and then drained. The moringa leaves are separated
from the stems and sorted for yellowing, dryness, or visible
dirt. The moringa leaves, separated from the stems, are
arranged on a tray, ensuring no leaves are piled up. Then, the
dehydrator is turned on and set to 50°C. Once the target
temperature has been reached, the moringa leaves are
inserted into the tray and left to sit for 4 hours. Once the
moringa leaves are dry, they are ground using a blender until
they are uniform in size. The ground moringa leaves are then
sieved through an 80-mesh sieve [11].

Making Brownies

The process of making brownies begins with
preparing the dough, which involves mixing 180 grams of
sugar with 3 eggs, then stirring the mixture until it is fluffy
for approximately 12 minutes. Add 5 grams of cocoa
powder, 100 grams of melted chocolate bars, together with
50 ml of vegetable oil and 90 grams of butter margarine, then
stir until the dough becomes homogeneous for = 1 minute.
Then add % teaspoon of vanilla extract, wheat flour, and
moringa leaf flour according to each treatment, and stir until
homogeneous for approximately 3 minutes. Pour the dough
into a baking pan lined with parchment paper and spread it
evenly across the surface. Bake the brownie dough in the
oven at 175°C for £+ 30 minutes [12].
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Testing Stage

The tests conducted in this study included proximate
tests (moisture content, ash content, protein content, fat
content, and carbohydrate content), as well as Fe content
tests. Analysis of moisture content, ash content, protein
content, fat content, carbohydrate content, and Fe content
used the AOAC standard method [13], and analysis of
carbohydrates used the by-difference method.

Data Analysis

The research data from each test were analyzed
using the Statistical Program for Social Science (SPSS). The
research data from each test were analyzed using the
Statistical Program for Social Science (SPSS). The first step
was to check the data distribution or normality. The results
of the normality test were then followed by Analysis of
Variance (ANOVA). If the results were significant at p <
0.05, Duncan's test was used to determine differences
between treatments.

Results and Discussion
Water Content

Based on the ANOVA test results, the treatment had
a highly significant effect on the water content of brownies
(P < 0.01), which ranged from 16.37% to 12.26%. The
average water content of brownies with the addition of
moringa leaf flour can be seen in Table 1, while the results
of ANOVA and Duncan’s test can be seen in Tables 2 and 3.

Table 1. Water Content Test Results

Code Average Water Content (%)
Control 16.37f
T1K1 15.08¢
T2K2 13.67d
T3K3 12.90¢c
T4K4 12.55bc
T5K5 12.26a*

Description: Different notations indicate that the interaction between
treatments has a very significant effect.

Table 1 shows that the highest water content of
brownies with the addition of moringa leaf flour was
obtained in the control treatment, at 16.37%, and the lowest
in the TSKS5 treatment, at 12.26%. Based on the water
content test, according to SNI 01-3840-1995, the range of
quality requirements for semi-wet product water content is a
maximum of 40%, so it can be seen that the results obtained
in brownies with the addition of moringa leaf flour are in
accordance with the specified quality requirements. This
shows that the higher the addition of moringa leaf flour, the
lower the water content in brownies. This is because moringa
leaf flour has a lower water absorption capacity than wheat
flour, so that the higher the substitution of moringa leaf flour,
the lower the water content in the product. The addition of
high-fibre ingredients, such as moringa leaves, can reduce
water content due to their ability to absorb water more
efficiently during the baking process [14].

Baked brownies with the addition of moringa leaf
flour produced the highest water content in treatment A, at
25.21%, and the lowest in treatment F, at 18.35% [15]. This
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is directly proportional to the research, which states that the
higher the addition of moringa leaf flour, the lower the

Table 2. Anova Test Results of Water Content
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resulting water content, because the water content in moringa
leaf flour is lower when compared to wheat flour.

Sum of Squares df Mean Square F Sig.
Water Content Between Groups 38.927 5 7.785 185.701 .000
Within Groups 503 12 .042
Total 39.430 17

Table 3. Duncan Test Results of Water Content Subset for alpha=0.05

Code N 1 3 4 5
T5K5 3 12.2699
T4K4 3 12.5514 12.5514
T3K3 3 12.9014
T2K2 3 13.6766
TIK1 3 15.0839
Control 3 16.3700
Sig. 118 .058 1.000 1.000 1,000

Ash Content

Based on the ANOVA test results, the treatment had
a highly significant effect on the ash content of brownies (P
< 0.01), with values ranging from 0.94% to 2.33%. The
average ash content of brownies with the addition of moringa
leaf flour can be seen in Table 4, while the results of
ANOVA and Duncan’s test can be seen in Tables 5 and 6.

Table 5. Anova Test Results of Ash Content

Table 4. Ash Content Test Results

Code Average Ash Content (%)
Control 0.94%a*
TIK1 1.22%a
T2K2 1.56%b
T3K3 1.85%c
T4K4 2.09%cd
T5K5 2.33%d

Description: Different notations indicate that the interaction between
treatments has a very significant effect.

Sum of Squares df Mean Square F Sig.
Ash Content Between Groups 4.169 5 .834 32.173 .000
Within Groups 311 12 .026
Total 4.480 17

Table 6. Duncan Test Results of Ash Content Subset for alpha=0.05

Code N 1 2 3 4
Control 3 9489

TIK1 3 1.2239

T2K2 3 1.5619

T3K3 3 1.8583

T4K4 3 2.0976 2.0976

T5K5 3 2.3339

Sig. .058 1.000 .094 .097

Table 4 shows that the highest ash content in the
brownies with the addition of moringa flour was obtained in
the T5K5 treatment, at 2.33%, and the lowest in the control
treatment, at 0.94%. Table 5 shows that the highest ash
content in the brownies with the addition of moringa flour
was obtained in the T5KS treatment, at 2.33%, and the lowest
in the control treatment, at 0.94%. Based on Ash content
testing, according to SNI 01-3840-1995, the range of ash
content quality requirements for semi-wet products is a
maximum of 1% so it can be seen that the treatment that
meets the SNI quality requirements based on the water
content test in brownies is in the control treatment, which is
0.94%.

The low ash content in the control treatment is due to
the absence of mineral-rich raw materials, such as moringa
leaf flour, in the addition. Treatments T1K1 (1.22%), T2K2
(1.56%), T3K3 (1.85%), T4K4 (2.09%), and T5KS5 (2.33%)
have not met the SNI quality requirements. Based on the ash

content quality requirements for semi-wet products (SNI 01-
3840-1995), the maximum allowed content is 1%. This
means that brownies with the addition of moringa leaf flour
for all treatments have not met the SNI quality standards.

Table 4 shows that the higher the use of moringa leaf
flour, the higher the ash content of the resulting brownies.
The increase in ash content is due to the raw material used,
namely, moringa leaf flour, which has a high ash content
[16]. Determining ash content is closely related to the
mineral content in food ingredients, as it enhances the purity
and cleanliness of the resulting ingredients. The lower the
ash content, the better the processing. The amount of ash
content in food products depends on the mineral content of
the ingredients used [17]. This occurs because the basic
ingredients for making brownies have mineral content in 100
grams of dried moringa leaves contain 20.03 mg of calcium
and 28.2 mg of iron [18].
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Protein Content

Based on the ANOVA test results, the treatment had
a significant effect on the protein content of brownies (P <
0.01), with values ranging from 5.82% to 7.39%. The
average protein content of brownies with the addition of
moringa leaf flour can be seen in Table 7, while the results
of ANOVA and Duncan’s test can be seen in Tables 8 and 9.

Table 8. Anova Test Results of Protein Content
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Table 7. Protein Content Test Results

Code Average Protein Content (%)
Control 5.82¢
T1K1 6.02¢
T2K2 6.71b
T3K3 6.82b
T4K4 7.19a
T5K5 7.39a*
Description:  Different notations indicate that the interaction between

treatments has a very significant effect.

Sum of Squares df Mean Square F Sig.
Protein Content ~ Between Groups 5.850 5 1.170 27.633 .000
Within Groups .508 12 .042
Total 6.359 17

Table 9. Duncan Test Results of Protein Content Subset for
alpha=0.05
Code
Control 3
TIK1 3
T2K2 3
T3K3 3
3
3

N 1 2 3
5.8399
6.0243

6.7120

6.8261

7.1956

7.3948
.259

T4K4
TS5KS
Sig.

270 510

Table 7 shows that the highest protein content in
brownies with the addition of moringa leaf flour was
obtained in the treatment with code TS5KS, at 7.39%. The
lowest protein content was observed in the control treatment,
at 5.82%. Based on SNI 01-3840-1995, the quality
requirement range for semi-wet product protein content is a
maximum of 9%, so in this study, the protein content of
brownies with the addition of moringa leaf flour met the
specified requirements. This indicates that the higher the
addition of moringa leaf flour, the higher the resulting
protein content. The protein content of the brownies in this
study came largely from moringa leaf flour and the use of

eggs.

Table 11. Anova Results of Fat Content

Moringa leaves can be used as an alternative source
of protein because they contain three times more protein than
full cream milk powder, so the addition of Moringa leaf flour
to the product can affect the increase in the protein content
of the product [15].

Fat Content

Based on the ANOVA test results, the treatment had
a highly significant effect on the fat content of brownies (P
< 0.01), ranging from 17.68% to 20.83%. The average fat
content of brownies with the addition of moringa leaf flour
can be seen in Table 10, while the results of ANOVA and
Duncan’s test can be seen in Tables 11 and 12.

Table 10. Fat Content Test Results

Code Average Fat Content (%)
Control 17.68¢
T1K1 18.20d
T2K2 19.75¢
T3K3 19.95bc
T4K4 20.23b
T5K5 20.83a*

Description: Different notations indicate that the interaction between
treatments has a highly significant effect.

Sum of Squares df  Mean Square F Sig.
Fat Content Between Groups 22.451 5 4.490 81.805 .000
Within Groups .659 12 .055
Total 23.110 17
Table 12. Duncan Results of Fat Content Subset for alpha=0.05
Code N 1 2 3 4 5
Control 3 17.6987
TIK1 3 18.2090
T2K2 3 19.7542
T3K3 3 19.9550 19.9550
T4K4 3 20.2325
T5KS 3 20.8344
Sig. 1.000 1.000 315 173 1.000

Table 10 shows that the highest fat content of
brownies with the addition of moringa leaf flour was
obtained from the T5KS5 treatment, at 20.83%, and the lowest
was in the control treatment, at 17.68%. Based on SNI 01-
3840-1995, the maximum fat content requirement for semi-

moist products is 25%. Therefore, in this study, the fat
content of brownies with the addition of moringa leaf flour
met the specified quality requirements. The high fat content
of the brownies in this study was influenced by several
factors, one of which was the addition of moringa leaf flour,
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which has a higher fat content of approximately 2.74%
compared to wheat flour, which contains approximately 1%
[16].

On steamed brownies made from moringa leaf flour
found the highest fat content was found in treatment E (100%
moringa leaf flour: 50% wheat flour), which was 27.97%,
while the lowest fat content was in treatment A (75%
moringa leaf flour: 75% wheat flour), which was 19.91%.
This shows that the addition of moringa leaf flour can
increase the fat content in steamed brownies [19].

Carbohydrate Content
Based on the ANOVA test results, the treatment had
a highly significant effect on the carbohydrate content of

brownies (P < 0.01), with values ranging from 59.16% to

Table 14. Anova Test Result of Carbohydrate Content
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57.16%. The average carbohydrate content of brownies with
the addition of moringa leaf flour can be seen in Table 13,
while the results of ANOVA and Duncan’s test can be seen
in Tables 14 and 15.

Table 13. Carbohydrate Content Test Results

Code Average Carbohydrate Content(%)
Control 59.16d
T1K1 59.45d
T2K2 58.29bc
T3K3 58.45¢
T4K4 57.92b
T5KS 57.16a*

Description: Different notations indicate that the interaction between
treatments has a highly significant effect.

Sum of Squares df Mean Square F Sig.
Carbohydrate Content ~ Between Groups 10.422 5 2.084 42.720 .000
Within Groups .586 12 .049
Total 11.008 17

Table 15. Duncan Test Results of Carbohydrate Content Subset for alpha=0.05

Code N 1 2 3 4
T5K5 3 57.1671

T4K4 3 57.9229

T2K2 3 58.2953 58.2953

T3K3 3 58.4592

Control 3 59.1691
TIK1 3 59.4589
Sig. 1.000 .061 381 .134

Table 15 shows that the highest carbohydrate content
of brownies with the addition of moringa leaf flour was
found in the control treatment (100% wheat flour), at
59.16%, and the lowest in the TSKS5 treatment (75% wheat
flour: 25% moringa flour), at 57.16%. Based on SNI 01-
3840-1995, the range of requirements for the carbohydrate
content of brownies is a minimum of 40%, so in this study,
the carbohydrate content of brownies with the addition of
moringa leaf flour met the specified quality requirements.

The reduction in carbohydrate content was due to the
addition of moringa leaf flour in each treatment. Moringa
leaf flour has a higher fiber and protein content than wheat
flour, resulting in a lower carbohydrate proportion in the
dough (around 30-35%), and a higher content of other
nutrients such as protein, crude fiber, minerals, and iron [16].
The addition of moringa leaf flour not only reduced
carbohydrate content but also increased the content of
functional nutrients such as fiber, protein, and iron, resulting
in a shift in the chemical composition of the brownies [15].

Fe Content

Based on the results of the ANOVA test, the
treatment had a highly significant effect on the Fe content of
brownies (P < 0.01), with values ranging from 378.33 ppm
to 1376.58 ppm. The average Fe content of brownies with
the addition of moringa leaf flour can be seen in Table 16,
while the results of ANOVA and Duncan’s test can be seen
in Tables 17 and 18.

Table 16. Fe Content Test Results

Code Average Fe Content (ppm)
Control 378.33a
T1K1 461.59b
T2K2 581.25¢
T3K3 678.21d
T4K4 859.88b
T5KS5 1376.58a*

Description: Different notations indicate that the interaction between
treatments has a highly significant effect.

Table 16 shows that the highest Fe content in
brownies with the addition of moringa leaf flour was
obtained in the TSKS5 treatment, at 1376.58 ppm, and the
lowest in the control treatment, at 378.33 ppm. This indicates
that the higher the addition of moringa leaf flour, the greater
the resulting Fe content. The increase in Fe content in the
making of brownies in this study is in line with the increase
in the resulting ash content, where the lowest Fe content in
the control treatment was 378.33 ppm, while the highest Fe
content was in the T5KS treatment, namely 1376.58 ppm.

The iron content in moringa leaves ranges from 252-
424 ppm in powder form, while fresh moringa leaves contain
2,137-3,633 ppm [20]. This increase is closely related to the
high natural iron content in moringa leaves (Moringa
oleifera), where every 100g of dried moringa leaves contains
approximately 28.29 mg of iron [21]. The addition of
moringa leaf flour to brownies significantly increases the
iron content of the product. This suggests that moringa leaf
flour has significant potential for enhancing iron intake.
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Table 17. Anova Test Result of Fe Content
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Sum of Squares df Mean Square F Sig.
Fe Content Between Groups 1965387.963 5 393077.593 8373250.494 .000
Within Groups .563 12 .047
Total 1965388.526 17
Table 18. Duncan Test Result of Fe Content Subset for alpha=0.05
Code N 1 2 3 4 5
Control 3 378.3300
T1K1 3 461.5900
T2K2 3 581.2500
T3K3 3
T4K4 3 678.2133
T5K5 3 1376.5767
Sig. 1.000 1.000 1.000 1.000 1.000
Based on the Recommended Dietary Allowance References

(RDA) as recommended by the Ministry of Health of the
Republic of Indonesia, Regulation Number 28 of 2019, the
iron requirement for adolescent girls aged 15-24 years is 15
mg/day. In this study, the T5KS5 treatment (75% moringa leaf
flour: 25% wheat flour), Fe content reached 1376.58 ppm,
equivalent to 137.6 mg in brownies, thus meeting the daily
needs of adolescent girls aged 15-24 years [22].

Conclusion

Overall, this study concluded that the addition of
Moringa oleifera leaf flour significantly increased the iron
content of brownies. The best approach to achieve maximum
iron fortification while maintaining a good nutritional profile
was to substitute 75% of wheat flour with Moringa leaf flour
(TSKS). These findings have important implications,
particularly in the context of health education and product
development. From a food technology perspective, this
demonstrates the potential of Moringa as a local functional
food ingredient for natural fortification and bakery product
diversification. The learning implications are also highly
relevant; this product can serve as a practical learning model
for nutritional literacy, demonstrating that popular foods can
be modified to address community nutritional issues such as
anemia in adolescents, making it an attractive and acceptable
food-based nutrition intervention.
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