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Abstract. Plants in nature offer numerous benefits to humans, such as
bidara (Ziziphus mauritiana) and lemongrass (Cymbopogon citratus).
Bidara possesses significant anti-inflammatory, antibacterial, antioxidant,
cytoprotective, and antiulcer properties. Similarly, lemongrass is utilized in
aromatherapy and has antibacterial and antioxidant benefits, among others.
Both of these natural ingredients can be incorporated into a cream. The aim
of this study was to evaluate the antioxidant and antibacterial properties of
bidara leaf extracts and lemongrass oil for use in cream formulations. The
methods included extracting bidara leaves, preparing the cream, testing its
stability, assessing its antioxidant capacity, evaluating its antibacterial
properties, and conducting statistical analysis. The results indicated that both
bidara leaf extract and the cream containing bidara leaf extract exhibited
weak antioxidant properties. This may be due to the low concentrations of
the extracts, which were insufficient to effectively neutralize DPPH free
radicals. In terms of antibacterial activity, the extracts exhibited very low
effectiveness against Escherichia coli but demonstrated strong activity
against Staphylococcus aureus. This disparity may arise from the structural
differences between the bacteria, as E. coli is a gram-negative bacterium
with a more robust cell wall that can resist damage from the extracts.
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1. Introduction

Exogenous antioxidants can be sourced from natural ingredients, such as the bidara plant
(Ziziphus mauritiana). This plant has the potential to scavenge free radicals and has been
found to provide significant anti-inflammatory, antibacterial, antioxidant, cytoprotective, and
antiulcer properties, according to [1]. Additionally, bidara leaves act as immunostimulants
and offer cardiovascular benefits. The bidara plant is rich in total protein, reducing sugars,
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flavonoids, ascorbic acid, polyphenols, carotenes, and tannins. Due to its various beneficial
properties, bidara has been recognized as a potent antioxidant and an effective scavenger of
hydrogen peroxide (H20»).

In addition to bidara, the essential oil extracted from lemongrass (Cymbopogon citratus)
is also valuable. Lemongrass is used in aromatherapy and serves as an antibacterial and
antioxidant agent. [2] note that C. citratus possesses antibacterial, antifungal, antiprotozoal,
anticancer, anti-inflammatory, antioxidant, cardioprotective, antitussive, antiseptic, and
antirheumatic properties. Natural antioxidants, such as these, can be incorporated into creams
to help combat free radicals. The aim of this study was to evaluate the antioxidant and
antibacterial properties of bidara leaf and lemongrass extracts for use as ingredients in a
cream.

2. Methods

This research was conducted from July to October 2025 at the Centre Laboratory and the
Pharmacy Laboratory of Universitas Islam Malang. Research methods are as follows:

2.1. Extraction

The extraction process was conducted using the Ultrasound-Assisted Extraction (UAE)
method. Bidara leaf powder was mixed with analytical-grade ethanol solvent (1:10, % b/v)
for 15 minutes [3].

2.2, Freeze-drying

The bidara leaf extract was freeze-dried for 24 hours, yielding a fine powder.

2.3. Cream Preparation

The process of preparing the cream begins by creating an oil phase. This involves mixing and
heating stearic acid, cetyl alcohol, Vaseline, grapeseed oil, and BHT. At the same time, an
aqueous phase is prepared by combining distilled water, glycerin, phenoxyethanol,
triethanolamine, and the desired extract. Once both phases are ready, they are stirred together
until an emulsion forms, and the temperature drops to approximately 40 °C. After achieving
auniform mixture, additional distilled water is added. Cream with added lemongrass essential
oil. Finally, the cream is transferred to a container, covered, and stored at room temperature.
The cream is also evaluated for homogeneity, spreadability, and pH levels.

24, Antioxidant Activity Test using the DPPH Method

Samples of bidara leaf extract cream at concentrations of 20%, 40%, and 60% were prepared
by weighing 10 mg of extract into the cream and then dissolving it in pro-analysis ethanol in
a 10 mL volumetric flask until the mark. The solution was homogenized using a vortex and
then divided into several concentrations (1, 10, 100, 1000 ppm). Each concentration of 1 mL
was mixed with 2 mL of 0.1 mM DPPH solution, vortexed again, and then incubated in the
dark for 30 minutes. The absorbance was measured at 517 nm.

2.5. Antibacterial Testing
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The media was prepared by weighing 7.96 g of MHA and dissolving it in 210 mL of distilled
water in an Erlenmeyer flask. Meanwhile, 0.21 g of MHB was dissolved in 10 mL of distilled
water in a beaker and then transferred to six test tubes. Both media were heated on a hot plate
until homogeneous and clear. Sterilization was performed by autoclaving the MHA, MHB,
and equipment at 121°C for 1-2 hours. After sterilization, the MHA media was evenly poured
into approximately 16 Petri dishes and allowed to stand at room temperature for 24 hours.
The media was then inspected for contamination; if contamination was found, the process
was repeated.

2.6. Preparation of Bacterial Suspensions

A loop of test bacteria (Staphylococcus aureus and Escherichia coli) was taken from the
growth medium (Nutrient Agar) and inoculated into the prepared Mueller Hinton Broth
(MHB) medium. The mixture was vortexed until homogeneous and then incubated at 37°C
for 24 hours.

2.7. Preparation of Bacterial Test Samples

Crem 2 g of each concentration (20%, 40%, and 60%) was weighed and dissolved in distilled
water, resulting in a total volume of 2 mL. The solution was homogenized by vortexing and
transferred to a labeled microtube. Bidara leaf ethanol extract: 1.2 g of the extract was
weighed and dissolved in distilled water to a volume of 2 mL. This solution was gradually
diluted to 1.3 mL, and then additional distilled water was added to achieve a total volume of
2 mL. This dilution process was repeated three times to obtain concentrations of 20%, 40%,
and 60%.

2.8. Turbidity Standardization (McFarland 0.5)

The bacterial suspension in 300 uL of medium was incubated for 24 hours and then
transferred to fresh MHB medium. The turbidity of the suspension was measured using a
UV-Vis spectrophotometer at a wavelength of 600 nm until an Optical Density (OD) of 0.08—
0.1 was obtained, which is equivalent to the McFarland 0.5 standard.

2.9. Antibacterial Test

Before conducting the test, the work area was sterilized using UV light under a Laminar Air
Flow hood. Petri dishes containing the media were labeled according to the treatment
conditions. The bacterial suspension was evenly inoculated using a cotton swab in three
different directions. Wells were created using a cork borer and filled with the test samples: a
negative control (Aquadest), a positive control (Chloramphenicol), bidara leaf extract (20%,
40%, 60%), and bidara leaf extract in cream (20%, 40%, 60%). A volume of 40 pL of each
sample was placed in the wells. The plates were then incubated at 37°C for 24 hours.

2.10. Inhibition Zone Measurement

After incubation, a clear zone was observed around each well. The diameter of the inhibition
zone was measured with a graduated ruler from edge to edge through the center of the well.
The measurement results were recorded and documented.
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2.11. Data Analysis

The data from the antibacterial test, in the form of inhibition zone diameters, were analyzed
using One-Way ANOVA with a 95% confidence level (o = 0.05). If the data were not
homogeneous, a non-parametric Kruskal-Walli’s test was performed, followed by a Duncan
test to determine differences between treatments.

3. Result and Discussion

3.1. Stability Cream

After preparing the cream, a stability test is necessary, which includes evaluating
homogeneity, spreadability, and pH levels, as shown in Table 1.

Table 1. Parameters measured for cream stability

Parameter Concentration Concentration Concentration
(20%) (40%) (60%)
Homogeneity Homogen Homogen Homogen
Spreadability (average) 4.6 cm 4.3 cm 4.03 cm
pH (average) 7.55 7.15 6.07

The homogeneity test is a crucial parameter in evaluating the physical quality of cream
preparations, as it indicates the extent to which the active ingredients and excipients are
evenly distributed within the system. In this test, the preparation demonstrated homogeneity,
characterized by the absence of color differences, the absence of lumps, and an even texture,
both visually and when spread on a glass slide. Good homogeneity reflects the effective and
even mixing process during manufacturing [4]. These results also indicate that the
formulation technique used can ensure the stable distribution of the active ingredients during
storage and use.

A homogeneous cream preparation is crucial for ensuring a uniform dose in each
application unit, thus ensuring consistent pharmacological effects. Furthermore, non-
homogeneous creams risk causing irritation or uneven effects due to differences in active
ingredient concentrations between parts. Homogeneity evaluation is also a requirement
stipulated in the quality standards for topical preparations in various pharmaceutical
literature. Therefore, homogeneity results indicate that the cream meets one of the important
parameters for further development as a stable and high-quality product.

The average spreadability score of 4.03-4.6 cm indicates insufficient spreadability,
suggesting that the cream is too thick. The ideal spread range for the cream is approximately
5 to 7 centimeters. According to [5] Spreadability is a crucial parameter in the physical
evaluation of cream preparations, as it reflects the cream's ability to spread evenly over the
skin surface with gentle pressure. Optimal spreadability enables users to apply the cream
more easily, provides comfort, and ensures even distribution of the active ingredients to the
treated skin area. Conversely, too low a spreadability makes the cream difficult to spread,
while too high a spreadability can indicate a consistency that is too runny, which may cause
the cream to be easily removed from the skin.

The pH measurement results for the cream preparation containing the active ingredient
extract showed a pH value of 6.07-7.55. This value is generally within the tolerance range
for topical skin application, which is in the pH range of 4.5-8.5 [6]. This optimal pH value is
crucial for maintaining the stability of the active ingredient, preventing skin irritation, and
preserving the balance of normal skin flora.
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3.2. Antioxidant activity test

The table below displays the results of measuring antioxidant activity in quercetin control,
bidara leaf extract, and bidara leaf extract mixed in cream. Table 2 of the antioxidant activity
test indicated that quercetin, the positive control, exhibited very strong activity with an IC50
value of 2.283 ng/mL, it in the "very strong" category. This suggests that quercetin, a pure
flavonoid compound, possesses excellent free radical scavenging ability.

Table 2. Results of quercetin antioxidant activity measurement (Standard)

Concentration (ppm) Absorbance % Inhibition ICso
3,125 0,731 28,655
6,25 0,601 41,343
12,5 0,381 62,815 (verz’zsfrf)n )
25 0,159 84,482 y strong
50 0,023 97,755

Table 3. Antioxidant activity measurement results of bidara leaf extract

Concentration (ppm) Absorbance % Inhibition ICso
1 0,300 27,62
10 0,235 43,39
100 0,062 84,96 ( 16254’0e9alk)
1000 0,033 92,04 Very w
10.000 0,744 -7,14

Table 4. Antioxidant activity measurement results of 20% bidara leaf cream

Concentration (ppm) Absorbance % Inhibition ICso
1 0,746 -5,99
10 0,660 6,23
100 0,273 61,24 (v6e5r46\;v6§;17k)
1000 0,061 91,33 Y
10.000 0,0338 51,91

Table 5. Antioxidant activity measurement results of 40% bidara leaf cream

Concentration (ppm) Absorbance % Inhibition ICso
1 0,365 9,82
10 0,319 21,27
100 0,047 88,31 (vle(yS\feSa?()
1000 0,038 90,69 Y

10.000 0,492 29,13

Table 6. Antioxidant activity measurement results of 60% bidara leaf in cream

Concentration (ppm) Absorbance % Inhibition ICso
1 0,664 -18,00
10 0,449 20,31
100 0,068 87,86 (sz ! ’v?/gik)
1000 0,035 93,84 Y
10.000 0,510 26,54

In the sample, bidara leaf extract (Table 3) exhibited very weak activity, with an IC50
value of 1954.091 pg/mL. At higher concentrations, ranging from 100 ppm to 1000 ppm, the
percentage of inhibition exceeded 80% (for example, 84.96% at 100 ppm and 92.04% at 1000
ppm). However, the concentration required to achieve 50% inhibition was relatively high.
This suggests that, despite the presence of flavonoids and phenolic compounds in bidara leaf
extract, its effectiveness is significantly lower than that of the positive control, quercetin.
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The 40% cream (Table 5) demonstrated slightly better results than the 20% cream (Table
4), with an IC50 value of 1075.556 pg/mL, although both remained classified in the very
weak category. The inhibitory activity at a concentration of 100 ppm reached 88.31%, which
increased to 90.69% at 1000 ppm. In contrast, the 60% cream (Table 6) produced the best
results among the cream formulations, with an IC50 value of 331.981 pg/mL; however, it
was still categorized as very weak. The highest recorded inhibitory activity was 93.84% at a
concentration of 1000 ppm. This indicates that increasing the concentration of the extract in
the cream formulation enhances activity, although not sufficiently to elevate the antioxidant
strength category to moderate or strong levels.

According to the results presented in Figure 1, the highest average activity value was
observed in the 20% cream concentration, which measured 0.415. In comparison, the 40%
cream had a value of 0.252, the 60% cream measured 0.345, and the extract had a value of
0.274. Although there were variations in the values between the treatments, all were assigned
the same letter notation ("a"), indicating that there was no statistically significant difference
among them. This suggests that increasing the concentration from 20% to 60% or using pure
extract did not significantly affect antioxidant activity.

When compared to the positive control (quercetin), all samples, including extracts and
creams, demonstrated lower antioxidant activity. This suggests that while the active
compounds found in bidara leaves possess antioxidant properties, their effectiveness is quite
limited. The low antioxidant activity of bidara leaf extract is attributed to its insufficient
concentration, which renders it ineffective in warding off free radicals. Similarly, the extract
in the cream mixture also has low antioxidant activity due to its low concentration.
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Fig. 1. The results of the comparison of samples, bidara leaf extract and bidara leaf extract in a cream
mixture.

3.3. Antibacterial test

Antibacterial tests were conducted on bidara leaf extract and a bidara leaf extract cream
mixture (Table 7-10). The bacteria used are Escherichia coli and Staphylococcus aureus.

Table 7. Results of the measurement of the inhibition zone of the bidara leaf extract against
Escherichia coli

Inhibition Zone (mm)
Concentration Average Category
Ul U2 u3
Negative control 0 0 0 0 very weak
Positive control 31.225 30.55 31.1 30.96 very strong
20% 0 0 0 0 very weak
40% 0 0 0 0 very weak
60% 0 0 0 0 very weak
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Table 8. Results of the measurement of the inhibition zone of the bidara leaf extract in cream against
Escherichia coli

Inhibition Zone (mm)
Concentration Average Category
Ul U2 U3
Negative control 0 0 0 0 very weak
Positive control 31.225 30.55 31.1 30.96 very strong
20% 0 0 0 0 very weak
40% 0 0 0 0 very weak
60% 0 0 0 0 very weak

Table 9. Results of the measurement of the inhibition zone of the bidara leaf extract against
Staphylococcus aureus

Inhibition Zone (mm)

Concentration Average Catego
Ul U2 U3 £ o
Negative control 0 0 0 0 very weak
Positive control 27.78 30.05 26.98 28.27 very strong
20% 14.33 13.38 13.65 13.78 strong
40% 14.20 14.70 13.50 14.13 strong
60% 15.03 15.58 15.15 15.25 strong

Table 10. Results of the measurement of the inhibition zone of the bidara leaf extract in cream against
Staphylococcus aureus

Inhibition Zone (mm)

ncentration Avera at
Conce o U1 0 03 verage Category
Negative control 0 0 0 0 very weak
Positive control 31.23 30.55 31.10 30.96 very strong
20% 11.83 9.48 1043 10.58 strong
40% 12.80 12.73 12.08 12.53 strong
60% 15.65 13.00 13.13 13.93 strong

9 o - < 7 -

Fig. 2. Inhibition zone against Escherichia coli: a. negative control, b. positive control, c. bidara leaf
extract, d. bidara leaf extract in cream. And inhibition zone against Staphylococcus aureus: e.
negative control, f. positive control, g. bidara leaf extract, h. bidara leaf extract in cream.
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The inhibition zones are presented in Figure 2. The inhibition zone against Escherichia
coli is depicted in Figure 2a-2d, while the inhibition zone against Staphylococcus aureus is
shown in Figure 2e-2h.

In antibacterial activity tests against Escherichia coli, both bidara leaf extract and bidara
leaf extract in cream at concentrations of 20%, 40%, and 60% did not demonstrate any zone
of inhibition, with a measured diameter of 0 mm. In contrast, the positive control,
Chloramphenicol at a concentration of 30 png/mL, produced an average inhibition zone of
30.96 mm, while the negative control (Aquadest) showed no antibacterial activity, measuring
0 mm. These results suggest that the antibacterial compounds in bidara leaves, whether in
extract or cream form, are ineffective against Gram-negative bacteria such as E. coli.

In tests conducted with Staphylococcus aureus, the positive control yielded an inhibition
zone ranging from 28.27 mm to 30.96 mm, while the negative control displayed no inhibition
(0 mm). Bidara leaf extract exhibited significant inhibition zones, with diameters of 13.78
mm at a 20% concentration, 14.13 mm at 40%, and 15.25 mm at 60%. In comparison, bidara
leaf extract in cream showed inhibition zones of 10.58 mm at 20%, 12.53 mm at 40%, and
13.93 mm at 60%. These findings suggest that increasing the concentration of bidara extract
and cream significantly enhances their antibacterial activity against S. aureus. This
observation aligns with the principle that the antibacterial effects of natural compounds
generally increase with higher dosages.

This study's findings indicate that both bidara leaf extract and cream demonstrate
significant antibacterial activity against Staphylococcus aureus; however, they are ineffective
against Escherichia coli. This ineffectiveness in E. coli can be attributed to the complex
structure of Gram-negative cell walls, as well as the presence of an outer membrane that
hinders the penetration of active compounds. According to [7], gram-negative bacteria have
an envelope that consists of three layers, the first outer membrane, which serves as a
protective and unique feature. The outer membrane contains lipopolysaccharides and outer
membrane proteins. The second layer is the peptidoglycan cell wall, and the third layer is the
phospholipid layer, which provides structure, facilitates transport, and supports biosynthetic
functions.

Apart from the complexity of the cell wall, the ineffectiveness of the bidara leaf extract
is attributed to the concentration being too low to effectively against E. coli. In research, [8]
demonstrates that the antibacterial activity of Z. mauritiana extracts against E. coli increases
with higher concentrations of the plant extracts, as indicated by the size of the inhibition
zones. This finding indicates a dose-dependent response, meaning that greater concentrations
of the extracts resulted in more significant inhibition of bacterial growth.

Bidara leaf extract contains various secondary metabolites, including alkaloids,
flavonoids, tannins, saponins, and phenols, which are believed to possess antibacterial
properties. The presence of these compounds suggests potential antibacterial mechanisms,
such as disrupting the cell membrane, binding to proteins, or inhibiting bacterial enzymes.
[9] states Flavonoids are an important class of secondary metabolites in plants, and many
exhibit varying degrees of inhibitory activity against pathogenic bacteria. The antibacterial
mechanisms of plant flavonoids involve the inhibition of DNA, protein, and cell membrane
biosynthesis, as well as damage to cell membranes.

4, Conclusion

Bidara leaf extract and the cream containing bidara leaf extract exhibited weak antioxidant
properties. This may be due to the low concentrations of the extracts, which were insufficient
to effectively neutralize DPPH free radicals. In terms of antibacterial activity, the extracts
exhibited very low effectiveness against Escherichia coli but demonstrated strong activity
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against Staphylococcus aureus. This disparity may arise from the structural differences
between the bacteria, as E. coli is a gram-negative bacterium with a more robust cell wall
that can resist damage from the extracts

This research was funded by Hibah Institusi Universitas Islam Malang (HI-ma) 2025, with contract
number 057/G164/U.LPPM/K/B.07/111/2025.
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