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Abstract

Moringa oleifera leaf flour is recognized as a local food ingredient rich in essential minerals, particularly magnesium (Mg) and potassium
(K), which play important roles in various physiological functions of the human body. This study was conducted to evaluate the effect of
Moringa oleifera leaf flour supplementation on the magnesium and potassium contents of crackers. The research employed an
experimental approach using a Completely Randomized Design (CRD) consisting of four treatments: 0%, 5%, 10%, and 15% Moringa
oleifera leaf flour supplementation, with two replications for each treatment. Magnesium and potassium contents were quantitatively
determined using the Atomic Absorption Spectrophotometry (AAS) method. The data were analyzed using One-Way Analysis of
Variance (ANOVA) at a significance level of 0.05. The results showed that increasing concentrations of Moringa oleifera leaf flour
tended to increase the magnesium and potassium contents of the crackers, with magnesium levels ranging from 0.06 to 0.09 mg/g and
potassium levels ranging from 0.79 to 1.93 mg/g. However, statistical analysis revealed that the addition of Moringa oleifera leaf flour did
not significantly affect magnesium content (p = 0.377), whereas it had a significant effect on potassium content (p = 0.001). These
findings indicate that magnesium and potassium responded differently to the fortification process. Therefore, Moringa oleifera leaf flour
demonstrates considerable potential as a fortification ingredient, particularly for enhancing potassium content in crackers as a nutritious

snack alternative.
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INTRODUCTION

Balanced nutrition plays a crucial role in providing the
energy, structural nutrients, and regulatory substances
required for the body to perform physiological functions
optimally. However, changes in dietary habits and
modern lifestyles, which increasingly favor convenience
and practicality, have led to higher consumption of
processed and ready-to-eat foods that are generally low
in nutritional value. This trend has the potential to
contribute to various health problems, including obesity
and chronic diseases (Wahdah et al., 2022; Rizqiya et al.,
2023). Crackers are among the most popular snack foods
consumed by Indonesian people, both as a standalone
snack and as an accompaniment to meals. Generally,
crackers are produced from carbohydrate-rich ingredients
such as wheat flour and tapioca flour (Husain et al.,
2025). Various processing modifications and ingredient
additions can be applied during cracker production to
improve their nutritional quality. Despite their popularity
and appealing taste, crackers typically contain relatively
low levels of essential nutrients (Febrianty et al., 2023).

Moringa oleifera leaves represent a local food
resource with considerable potential as a source of
essential micronutrients. This plant is known to contain
various important minerals, including iron (Fe), calcium
(Ca), magnesium (Mg), potassium (K), and zinc (Zn), as
well as vitamins, particularly vitamin C, which plays a
role in supporting immune function and providing
antioxidant protection (Sultana, 2020). In addition,
moringa leaves are rich in bioactive compounds such as
flavonoids and phenolic substances that contribute to
antioxidant activity and may help prevent chronic
diseases. Due to its exceptional nutritional profile,
Moringa oleifera is widely referred to as the “miracle
tree” because of its extensive nutritional and health
benefits (Meireles et al., 2020). The high concentrations
of minerals, particularly magnesium and potassium,
make moringa leaves a promising fortification ingredient
for improving the nutritional quality of food products and
supporting the development of functional foods (Saini et
al., 2016).

Magnesium (Mg) and potassium (K) are essential
minerals that play important roles in muscle and nerve
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function, maintenance of electrolyte balance, regulation
of blood pressure, and cellular metabolic processes.
Magnesium is an essential mineral involved in numerous
enzymatic reactions within the body. It contributes
significantly to vascular homeostasis, metabolic
regulation, and electrical activity, making it closely
associated with cardiovascular health. Magnesium
deficiency has been linked to an increased risk of
cardiovascular disorders, including arrhythmias, stroke,
hypertension, and heart disease (Siddiqui et al., 2024).
Potassium (K*) is the most abundant intracellular cation
in the human body. Approximately 98% of total body
potassium is located within cells at a concentration of
about 140 mEq/L, while the remaining 2% is found in the
extracellular fluid, where concentrations generally range
from 3.8 to 5.0 mEq/L. Potassium plays a crucial role in

maintaining normal cellular function, regulating
membrane  potential, supporting nerve impulse
transmission, facilitating muscle contraction, and

maintaining fluid and electrolyte balance. Disruptions in
potassium homeostasis may lead to abnormalities in
neuromuscular function, gastrointestinal activity, and
cardiac performance. Given the high mineral content of
Moringa oleifera leaves, particularly magnesium and
potassium, their incorporation into food products may
enhance nutritional quality and contribute to improved
dietary mineral intake (Ferreira et al., 2020). Therefore,
this study aimed to evaluate the effect of Moringa
oleifera leaf flour supplementation on the magnesium
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(Mg) and potassium (K) contents of crackers as a
nutritious snack alternative.

MATERIAL DAN METHODS

Study Area

This study was conducted at the Chemistry Laboratory,
Faculty of Mathematics and Natural Sciences,
Universitas Tadulako, in April 2026. The research
employed an experimental approach using a Completely
Randomized Design (CRD) consisting of four treatment
levels of Moringa oleifera leaf flour supplementation:
0%, 5%, 10%, and 15%, with two replications for each
treatment. The use of a Completely Randomized Design
was intended to minimize the influence of external
factors and ensure that each treatment had an equal
opportunity to be represented in the experiment. The
magnesium (Mg) and potassium (K) contents of the
cracker samples were determined wusing Atomic
Absorption Spectrophotometry (AAS). Prior to statistical
analysis, the data were subjected to normality and
homogeneity tests to verify compliance with the
assumptions  required for parametric  analysis.
Subsequently, the data were analyzed using one-way
Analysis of Variance (ANOVA) at a significance level of
0.05 to evaluate the effect of Moringa oleifera leaf flour
supplementation on the magnesium and potassium
contents of the crackers.
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Figure 1. Map of the research location in PT. Kelor Organik Indonesia, Central Sulawesi, Indonesia.

Procedures

Preparation of Samples

The primary ingredients used in this study consisted of
tapioca flour and wheat flour supplemented with
Moringa oleifera leaf flour at different concentrations.
Four treatment groups were prepared: PO (control, 0%

Moringa leaf flour), P1 (5% Moringa leaf flour), P2
(10% Moringa leaf flour), and P3 (15% Moringa leaf
flour). The percentages were calculated based on the total
flour weight, and the Moringa leaf flour was incorporated
by partially substituting the wheat flour in each
formulation. The dry ingredients, including tapioca flour,
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wheat flour, and Moringa leaf flour according to the
respective treatment levels, were thoroughly mixed to
ensure uniform distribution. Subsequently, seasonings
consisting of garlic, salt, and flavor enhancer were added,
followed by the gradual addition of water until a
homogeneous dough was obtained. The dough was then
shaped into elongated cylindrical forms, wrapped in
plastic, and steamed for approximately 10 minutes until
fully cooked. After steaming, the dough was cooled in a
freezer and subsequently sliced into thin pieces of
uniform thickness. The slices were dried under direct
sunlight for 1-3 days until completely dehydrated and
then stored in plastic packaging prior to magnesium and
potassium analysis. The equipment used in this study
included a digital balance, knife, tray, steamer, stove,
mortar and pestle, analytical balance, fume hood,
Erlenmeyer flasks, graduated cylinders, funnels, and an
Atomic Absorption Spectrophotometer (AAS).

Sample Digestion Procedure

Sample preparation began by accurately weighing 1 g of
the cracker sample using an analytical balance, and the
sample mass was recorded for subsequent calculations.
The sample was then transferred into an Erlenmeyer
flask, followed by the gradual addition of 3 mL of
concentrated nitric acid (HNOs;) and 1 mL of
hydrochloric acid (HCIl). The mixture was heated on a
hot plate or heating block at 80-90°C for approximately
1-3 hours until a clear solution was obtained, indicating
complete digestion of the sample matrix. After the
heating process was completed, the solution was allowed
to cool to room temperature and then filtered to remove
any insoluble residues. Distilled water was added to the
filtrate to obtain a predetermined final volume, generally
50 mL. The resulting filtrate was subsequently used for
the determination of magnesium (Mg) and potassium (K)
concentrations using Atomic Absorption
Spectrophotometry (AAS).

Preparation of Magnesium (Mg) Calibration Curve

A magnesium (Mg) standard solution with a
concentration of 1000 ppm was diluted to 100 ppm in a
25 mL volumetric flask, and the volume was adjusted to
the calibration mark with distilled water. Aliquots of 0,
0.5, 1.0, 1.5, 2.0, and 2.5 mL of the 100 ppm working
solution were then transferred into separate 10 mL
volumetric flasks and diluted to volume with distilled
water to obtain standard solutions with concentrations of
0, 5, 10, 15, 20, and 25 ppm, respectively. The
absorbance of each standard solution was measured using
Atomic Absorption Spectrophotometry (AAS) at a
wavelength of 285.3 nm. The absorbance data obtained
were subsequently used to construct a calibration curve
and determine the linear regression equation using
Microsoft Excel.
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Preparation of Potassium (K) Calibration Curve

A potassium (K) standard solution with a concentration
of 1000 ppm was diluted to 100 ppm in a 25 mL
volumetric flask, and the volume was adjusted with
distilled water to the calibration mark. Aliquots of 0, 0.5,
1.0, 1.5, 2.0, and 2.5 mL of the 100 ppm solution were
then transferred into separate 10 mL volumetric flasks
and diluted to volume with distilled water, resulting in
standard solutions with concentrations of 0, 5, 10, 15, 20,
and 25 ppm, respectively. The absorbance of the standard
solutions was measured using Atomic Absorption
Spectrophotometry (AAS) at a wavelength of 766.5 nm.
The absorbance values obtained were used to construct
the calibration curve and calculate the corresponding
linear regression equation using Microsoft Excel.

Data Analysis
The measurement data obtained from the series of
standard solutions were subsequently used to construct
magnesium and potassium calibration curves using the
calibration curve method. According to Noftia et al.
(2019), the preparation of a standard calibration curve is
based on the relationship between concentration (C) and
absorbance (A), which is used to determine the slope and
intercept values of the linear regression equation. The
concentration of the sample can then be calculated by
substituting the measured absorbance value into the
regression equation in Beer—Lambert Law:

Y =ax + b
Where:
Y = sample absorbance value
X = sample concentration
a = slope of the regression line
b = intercept of the regression line

Based on the results of the linear regression analysis,
the concentration of the sample was subsequently
determined using the following equation:

(CxV xDF)
Metal Content (mg/g) = —w
Where:
C = concentration of the sample obtained from the
regression equation (mg/L)
V = final volume of the sample solution (mL)

DF = dilution factor
W = sample weight (g)

RESULTS AND DISCUSSION

Magnesium and Potassium Calibration Curves

The measurement results of the magnesium standard
solutions  obtained using Atomic  Absorption
Spectrophotometry (AAS) were presented in the form of
a calibration curve. Six standard magnesium solutions
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with different concentrations were prepared for
quantitative analysis using AAS. The absorbance values
recorded were 0.248 at 0.1 ppm, 0.844 at 0.5 ppm, 1.589
at 1.0 ppm, 2.333 at 1.5 ppm, 3.078 at 2.0 ppm, and
3.823 at 2.5 ppm. The results demonstrated that
absorbance increased with increasing magnesium
concentration, indicating a direct relationship between
the two variables. Based on the concentration and
absorbance data, a linear regression equation of y =
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0.0669x + 0.6714 was obtained for the magnesium
standard solutions, with a correlation coefficient (R?) of
0.9996. This high coefficient of determination indicates
an excellent linear relationship between magnesium
concentration and absorbance. The calibration curve
therefore satisfies the requirements of the Beer—Lambert
law, which states that absorbance is directly proportional
to analyte concentration within a specific concentration
range (Figure 2).

Standard Curve Mg Absorbance 285.2

0,3
0,25
0,2
0,15
0,1
0,05

Absorbance

y =-0,0669x + 0,6714
R?=0,9996

10 12
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Figure 2. Magnesium (Mg) calibration curve.

The measurement results of the potassium standard
solutions using Atomic Absorption Spectrophotometry
(AAS) were presented in the form of a calibration curve.
Six potassium standard solutions with different
concentrations were prepared for quantitative analysis.
The absorbance values obtained were 0.020 at 0.1 ppm,
0.187 at 0.5 ppm, 0.396 at 1.0 ppm, 0.605 at 1.5 ppm,
0.815 at 2.0 ppm, and 1.024 at 2.5 ppm. These results
indicate that absorbance increased as the concentration of
potassium increased, demonstrating a direct proportional
relationship between concentration and absorbance.

Based on the concentration and absorbance data, the
linear regression equation for the potassium standard
solutions was determined to be y = 0.0506x + 2.3918,
with a correlation coefficient (R?) of 1.0000. This value
indicates a perfect linear relationship between potassium
concentration and absorbance, confirming excellent
calibration linearity. The observed relationship is
consistent with the Beer—Lambert law, which states that
absorbance is directly proportional to analyte
concentration within a given concentration range (Figure
3).
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Figure 3. Potassium (K) calibration curve.

Analysis of Magnesium and Potassium Contents in
Crackers

The magnesium and potassium contents of the Moringa
oleifera leaf crackers were analyzed using two

replications for each sample at every treatment level. The
results of the replicate measurements were averaged to
obtain the mean mineral content for each treatment. The
average magnesium content was 0.06 mg/g in the control
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treatment (P0), increased to 0.08 mg/g in P1, reached
0.09 mg/g in P2, and subsequently decreased slightly to
0.08 mg/g in P3. In contrast, the average potassium
content increased progressively across treatments, from
0.83 mg/g in PO to 1.11 mg/g, 1.49 mg/g, and 1.84 mg/g
in P1, P2, and P3, respectively (Table 1).

Table 1. Magnesium and potassium contents of crackers.

Sample Mg (mg/g) Mean K (mg/g) Mean
Mg) (K)
PO (0%) 0.06 0.06 0.79 0.83
0.06 0.87
P1 (5%) 0.08 0.08 1.13 1.11
0.07 1.08
P2 (10%) 0.09 0.09 1.49 1.49
0.09 1.49
P3 (15%) 0.09 0.08 1.75 1.84
0.06 1.93

Statistical Data Analysis

The statistical analysis was performed using One-Way
Analysis of Variance (ANOVA) to evaluate the effect of
Moringa oleifera leaf flour supplementation on the
magnesium and potassium contents of the crackers. The
results indicated that the significance value for
magnesium was 0.377 (p > 0.05), demonstrating that the

Table 2. One-Way ANOVA for Magnesium (Mg) and Potassium (K).
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addition of moringa leaf flour did not produce a
statistically significant effect on the magnesium content
of the crackers. Although a slight increase in magnesium
concentration was observed across the treatments, the
magnitude of this increase was not sufficient to generate
a significant difference among treatment groups. The
significance value for potassium was 0.001 (p < 0.05),
indicating a statistically significant effect of moringa leaf
flour supplementation on the potassium content of the
crackers. This result confirms that increasing the
concentration of Moringa oleifera leaf flour significantly
enhanced the potassium levels in the final product. The
findings suggest that potassium enrichment was more
responsive to moringa leaf fortification than magnesium
enrichment under the conditions of this study. While the
incorporation of Moringa oleifera leaf flour tended to
increase both magnesium and potassium contents, only
the increase in potassium was statistically significant.
These results support the potential use of moringa leaf
flour as a natural fortification ingredient for improving
potassium content in crackers and enhancing their
nutritional value as a healthy snack alternative, as
presented in Table 2.

ANOVA
Sum of Squares df Mean Square F Sig.
Magnesium Between Groups ,001 3 ,000 1,350 377
Within Groups ,001 4 ,000
Total ,002 7
Potassium Between Groups 1,175 3 ,392 72,660 ,001
Within Groups ,022 4 ,005
Total 1,197 7
Discussion functional foods that are not only acceptable to
The addition of Moringa oleifera leaf flour to crackers consumers but also contribute to meeting daily
was intended to enhance their mineral content, nutritional requirements (Sultana, 2020; Gopalakrishnan

particularly magnesium (Mg) and potassium (K), thereby
improving the nutritional value of the final product
compared with conventional crackers. Moringa oleifera
leaves are known to contain a wide range of essential
nutrients, including minerals, vitamins, proteins, and
antioxidant compounds that provide various health
benefits. As the concentration of moringa leaf flour
incorporated into the cracker formulation increased, the
mineral content of the product also tended to increase.
This finding indicates that moringa leaves have
considerable potential as a natural fortification ingredient
derived from local food resources. The enhancement of
mineral content in the crackers is influenced by the
composition of the ingredients used during the
production process. Furthermore, the utilization of
moringa leaf flour as a supplementary ingredient may
serve as an alternative strategy for the development of

et al., 2016).

The determination of magnesium and potassium
contents in this study was carried out using Atomic
Absorption Spectrophotometry (AAS) due to its high
sensitivity and accuracy in mineral analysis. Prior to
measurement, the cracker samples underwent a digestion
process using a mixture of nitric acid and hydrochloric
acid to dissolve and release the minerals present in the
sample matrix. The resulting digested solutions were
subsequently analyzed wusing AAS at specific
wavelengths corresponding to each mineral. Calibration
curves were employed to establish the relationship
between the concentrations of standard solutions and
their  absorbance values, enabling quantitative
determination of mineral concentrations in the samples.
This analytical method was selected because it provides
accurate results and exhibits excellent linearity over the
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concentration ranges tested. Therefore, AAS was
considered an effective technique for determining the
magnesium and potassium contents of Moringa oleifera
leaf crackers in this study (Gandjar & Rohman, 2018).

Magnesium and potassium are essential minerals that
play important roles in maintaining normal physiological
functions of the human body. Magnesium is involved in
numerous enzymatic activities, supports muscle and
nerve function, and contributes to the maintenance of
bone health and cardiovascular function. Potassium, on
the other hand, is essential for maintaining fluid balance,
facilitating nerve impulse transmission, and regulating
blood pressure within the normal range (Gandjar &
Rohman, 2018). The presence of magnesium and
potassium in Moringa oleifera leaf crackers indicates that
this product has the potential to serve as a nutritious
snack that can contribute to meeting daily mineral
requirements. Adequate intake of magnesium and
potassium is essential for maintaining optimal metabolic
function, whereas deficiencies of these minerals may
lead to various health problems, including muscle
weakness, cardiac arrhythmias, hypertension, and
nervous system disorders. Therefore, the utilization of
moringa leaves as a food fortification ingredient is
expected to improve the nutritional quality of local food
products (Ferreira et al., 2020; Siddiqui et al., 2024).

The magnesium and potassium contents of the
crackers were influenced by several factors, particularly
the processing conditions applied during the study and
the concentration of Moringa oleifera leaf flour
incorporated into the formulation. Moringa leaves are
recognized as a rich source of essential minerals,
including magnesium and potassium. Previous studies
have reported that dried Moringa leaf powder contains
substantial amounts of magnesium and potassium,
making it a valuable ingredient for enhancing the
nutritional quality of food products. As the proportion of
Moringa leaf flour increased in the cracker formulation,
the mineral contribution from the leaves also increased,
resulting in higher magnesium and potassium contents in
the final product. This trend is consistent with the
findings of the present study, where treatments
containing higher levels of Moringa leaf flour generally
exhibited greater mineral concentrations than the control
treatment. However, the magnitude of the increase
differed between magnesium and potassium. Potassium
showed a more pronounced increase, whereas
magnesium increased to a lesser extent and did not differ
significantly among treatments. This difference may be
attributed to the lower retention of magnesium during
processing and its interaction with antinutritional
compounds such as phytates and oxalates, which can
reduce mineral availability. Processing stages such as
steaming, heating, drying, and frying may also result in
partial mineral losses through leaching or thermal effects.
In contrast, potassium is relatively stable during thermal
processing and therefore tends to be retained more
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effectively in the final product. Furthermore, the
uniformity of cracker size and shape may influence
mineral retention, as variations in heat exposure can
affect nutrient stability among treatments. Therefore,
maintaining consistency in formulation and processing
conditions is essential to ensure reliable and accurate
experimental results (Rousseau et al., 2019; Melse-
Boonstra, 2020).

Crackers supplemented with Moringa oleifera leaf
flour can be classified as a nutritious snack because they
contain essential minerals that are beneficial to human
health, particularly magnesium and potassium. The
crackers function not only as a snack food but also as a
functional food product that may contribute to meeting
daily mineral requirements. The incorporation of
moringa leaf flour into crackers represents an effort to
develop healthier local food products with greater
nutritional value than conventional crackers, which are
generally composed primarily of carbohydrates. In
addition to minerals, moringa leaves contain vitamins,
proteins, and antioxidant compounds that further support
human health. Moringa-based food products therefore
have considerable potential as healthy snack alternatives
that are acceptable to consumers due to their favorable
sensory characteristics and the wide availability of raw
materials. Consequently, the utilization of moringa
leaves as a food fortification ingredient may contribute to
the diversification of local food products while
simultaneously improving community nutritional status
in a sustainable manner (Saini et al., 2016; Sultana,
2020).

CONCLUSIONS

The addition of Moringa oleifera leaf flour exhibited
different effects on the magnesium (Mg) and potassium
(K) contents of the crackers. Statistical analysis revealed
that the supplementation of moringa leaf flour did not
have a significant effect on magnesium content, with a
significance value of 0.377 (p > 0.05), although a
descriptive increase in Mg levels was observed across
treatments. In contrast, potassium content increased
significantly, as indicated by a significance value of
0.001 (p < 0.05). This increase demonstrates that higher
concentrations of Moringa oleifera leaf flour resulted in
greater potassium levels in the cracker products.
Therefore, Moringa oleifera leaf flour shows
considerable potential as a fortification ingredient for
improving the nutritional quality of crackers, particularly
by enhancing their potassium content and supporting
their development as a nutritious snack alternative.
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