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Abstract Abstract 
In Indonesia, the treatment with leaves as a traditional medicine is still firmly integrated into the 
community to overcome various health problems experienced, one of which is the treatment with Bidara 
leaves (Ziziphus mauritiana). Ziziphus mauritiana belongs to family of Rhamnaceae, and it is generally 
considered a potential source of antioxidant and cholesterol lowering. This study aimed to examine 
phytochemical characterization, antioxidant potential, and cholesterol-lowering effects of ethyl acetate 
fraction derived from Ziziphus mauritiana. Extraction was accomplished using ethyl acetate, and the 
resultant extract was fractionated through chromatography with a blend of n-hexane and ethyl acetate as 
the eluent. Antioxidant assay was conducted using the scavenging radical 2,2- diphenyl-1-picrylhydrazyl 
(DPPH) methods, while cholesterol-lowering activity was assessed with the Lieberman-Burchard method. 
Additionally, phytochemical profiling of potential fractions was determined using LC-MS/MS. The results 
showed that fraction ethyl acetate Ziziphus (EAZ) fraction 09 had the highest DPPH radical scavenging 
with % inhibitions of 30.524 ± 0.095 µg/mL. Based on LC-MS/MS analysis, fraction EAZ.09 contained five 
main compounds and EC50 value of cholesterol-lowering activity was 132.115 µg/mL. In conclusion, 
fraction EAZ.09 from Z. mauritiana leaves had significant potential based on the chemical composition, 
in-vitro antioxidant activity, and cholesterol-lowering effects. 
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Abstract

In Indonesia, the treatment with leaves as a traditional medicine is still firmly integrated into the community to
overcome various health problems experienced, one of which is the treatment with Bidara leaves (Ziziphus mauritiana).
Ziziphus mauritiana belongs to family of Rhamnaceae, and it is generally considered a potential source of antioxidant and
cholesterol lowering. This study aimed to examine phytochemical characterization, antioxidant potential, and cholesterol-
lowering effects of ethyl acetate fraction derived from Ziziphus mauritiana. Extraction was accomplished using ethyl
acetate, and the resultant extract was fractionated through chromatography with a blend of n-hexane and ethyl acetate as
the eluent. Antioxidant assay was conducted using the scavenging radical 2,2- diphenyl-1-picrylhydrazyl (DPPH)
methods, while cholesterol-lowering activity was assessed with the Lieberman-Burchard method. Additionally, phyto-
chemical profiling of potential fractions was determined using LC-MS/MS. The results showed that fraction ethyl acetate
Ziziphus (EAZ) fraction 09 had the highest DPPH radical scavenging with % inhibitions of 30.524 ± 0.095 mg/mL. Based
on LC-MS/MS analysis, fraction EAZ.09 contained five main compounds and EC50 value of cholesterol-lowering activity
was 132.115 mg/mL. In conclusion, fraction EAZ.09 from Z. mauritiana leaves had significant potential based on the
chemical composition, in-vitro antioxidant activity, and cholesterol-lowering effects.
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1. Introduction

N atural medicines obtained from leaves of
plants are considered a source for drug dis-

covery [1]. Conventionally, the process of identi-
fying lead compounds entails isolating and
purifying each from plant extracts [2]. The isolation
and purification of secondary metabolites is a com-
plex and inefficient process, often leading to a low
quantitative recovery. Furthermore, analyzing pro-
files and isolating bioactive compounds offer a
comprehensive understanding of the dominant
compound contents to guide the activity of separa-
tion methods [3]. In this context, LC-MS/MS
method functions as a tool for analyzing numerous
metabolites from fractions, allowing for the

prediction of metabolic pathways. It is widely used
for metabolite analysis due to the ability to access
numerous integrated library resources in computer
programming software [4].
An example of plant with potential medicinal

utility is Ziziphus mauritiana, commonly known as
bidara [5,6] and belongs to the Rhamnaceae family
[7]. Ziziphus genus consists of about 40 species of
spiny shrubs located in warm temperate and sub-
tropical areas worldwide [8]. The broader family
comprises 50e60 genera and roughly 870e900 spe-
cies [9]. In traditional Chinese medicine, Z. maur-
itiana leaves are commonly used to alleviate various
conditions including bronchitis, urinary problems,
indigestion, pharyngitis, skin infections, fever, liver
complaints, anemia, obesity, diabetes, diarrhea, and
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insomnia [10,11]. The plant is located in Cilegon
region, specifically in Cimerak and phytochemical
screening of leaves extract indicates the presence of
alkaloids, flavonoids, triterpenoids, saponins, pro-
teins, and lipids [12,13].
Z. mauritiana leaves have been investigated for the

biological activities. Several studies focusing on leaf
extract showed diverse bioactivities, including anti-
oxidant properties [14], as well as antibacterial ac-
tivity [15], cholesterol-lowering [16], antimicrobial
[17], hepatotoxicity, anti-diabetic [18], and cytotox-
icity potential [19]. Therefore, this study aimed to
extract and isolate bioactive compounds from Z.
mauritiana using chromatography methods. The
bioactive fraction was subjected to LC-MS/MS
analysis to identify chemical composition. In vitro
antioxidant and cholesterol-lowering properties of
fractions were also evaluated.

2. Material and methods

This study used a quantitative method, with 2,2-
Diphenyl-1-Picrylhydrazil (DPPH) and cholesterol
obtained from Sigma Aldrich, Inc. USA. Ethyl ace-
tate p.a (pro analysis), n-hexane (pro analysis),
H2SO4 (pro analysis), silica gel G60, and acetic an-
hydride (pro analysis) were acquired from Merck.
Additionally, Z. mauritiana leaves were collected
from Cilegon region, Cimerak Village, Banten
Province, Indonesia.

2.1. Sample preparation

Z. mauritiana leaves were identified by an expert
from the Herbarium Laboratory at Universitas
Gadjah Mada in Yogyakarta, Indonesia with regis-
tration number 00685/S.TB./VII/2024. The samples
were dried naturally under ambient conditions
before being finely ground into fragments of
roughly 0.5 cm in diameter. Subsequently, 500 g
leaves were macerated with 1.5 L ethyl acetate for
24 h. Extraction was repeated three times succes-
sively. Ethyl acetate extract was concentrated at
50 �C using a rotary vacuum evaporator, yielding a
solid mass of 8.7 g with a water bath.

2.2. Sample fractionation

Ethyl acetate extract was prepared for fraction-
ation using column chromatography, following the
procedure outlined in Musa et al. [20] with some
modifications. The 8.7 g ethyl acetate extract from Z.
mauritiana was subjected to chromatography on 87 g
silica gel 70e320 mesh, using an n-hexane/ethyl
acetate gradient elution (9/1 to 1/9) as eluting

solvents. This process yielded 10 fractions namely
EAZ.01-EAZ.10. Thin Layer Chromatography (TLC)
was used to analyze the spots of fractions. Subse-
quently, EAZ.01-EAZ.10 were evaporated to obtain
the final mass of all fractions. Free radical scav-
enging assay was performed according to inhibition
percentage. Fraction with the highest inhibition
percentage in DPPH was then analyzed using LC-
MS/MS and tested for cholesterol-lowering activity
assay.

2.3. Free radical scavenging assay

Antioxidant radical scavenging activity assay was
conducted using DPPH (2,2-diphenylpicrylhy-
drazyl) following a modified method described by
[21,22]. About 10 mg/L leaves fractions (EAZ.01-
EAZ.10) were prepared with methanol pro analysis
as a solvent. Each fraction EAZ.01-EAZ.10 was pre-
pared at a concentration of 50 mg/mL, then 2.4 mL of
the respective solution was mixed with 600 mL of
0.15 mM DPPH in a tube. The combination was
vigorously mixed using a vortex mixer and allowed
to stand without disturbance in a dark room at room
temperature for 30 min [23]. Absorbance measure-
ments were taken at a wavelength of 517 nm using
UV spectrophotometer, with methanol as the
reference blank [24]. The blank solution consisted of
methanol and DPPH. The percentage of DPPH free
radical inhibition was determined using the for-
mula: % inhibition ¼ (A_blank - A_sample)/A_blank
x 100, where A_blank denotes the absorbance of the
control reaction, and A_sample denotes the absor-
bance of the solutions containing the sample frac-
tions [25,26].

2.4. LC-MS/MS analysis

LC-MS/MS analysis used a Waters Acquity UPLC
I-Class system coupled with a Xevo G2-X2 Quad-
rupole Time of Flight (QToF) mass spectrometer.
This study adhered to the Standard Operational
Procedure for LC-MS/MS to create compound
profiles of fraction samples. Subsequently, all LC-
MS data were processed, peaks were selected, and
analysis was conducted using the UNIFI informatics
platform [27].

2.5. Cholesterol-lowering activity assay

The Liebermann-Burchard test was used to mea-
sure cholesterol-lowering activity, following Musa
et al. [20] with slight modifications. Absorbance was
compared with a blank, namely cholesterol solution
and acetic anhydride to determine reductions in
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cholesterol-lowering fraction. A stock cholesterol
solution was dissolved in 50 mg cholesterol salt in
50 mL ethanol (1000 ppm). The samples were pre-
pared at concentrations 50, 50, 100, 150, 200, and
250 mg/mL. Solutions without a sample were used as
controls including cholesterol, acetic acid, and
H2SO4. A mixture of 5 mL sample, 2 mL cholesterol
solution, 2 mL acetic anhydride, and 0.1 mL H2SO4

was prepared in a tube. After incubation in the dark
for 25 min at room temperature, the absorbance was
measured at 423 nm. Cholesterol-lowering activity
was calculated using the formula: % cholesterol
lowering ¼ (A0 - Ab)/A0 x 100, where A0 is the
absorbance of the blank (control), and Ab is the
absorbance of the sample. EC50 value was deter-
mined using Microsoft Excel software with a linear
regression curve.

2.6. Statistical analysis

The data was presented as Mean ± SD, and sta-
tistical analysis was conducted using Microsoft
Excel 2010. T-tests assumed equal variances, indi-
cating significance levels as *p < 0.05, **p < 0.01,
and ***p < 0.001. The % inhibition values for free
radical scavenging and EC50 for cholesterol-
lowering activity were obtained from the dose-
response curve.

3. Result and discussion

This study used ethyl acetate for extraction, a
more polar solvent compared to n-hexane. Ethyl
acetate is often selected as a solvent for maceration
due to the numerous advantageous properties.
These include good solubility for a wide range of
compounds, comprising both polar and non-polar
substances [28]. The characteristics make ethyl ace-
tate ideal for extracting various compounds from
plant material through maceration [29]. A previous
study indicated that among different solvents
including n-hexane and methanol used for extrac-
tion, ethyl acetate extract of Z. mauritiana leaves had
the highest antioxidant activity in scavenging DPPH
free radicals. The yield was 8.7 g, accounting for
1.74 % of the starting material.

3.1. Fractionation of ethyl acetate extract

Ethyl acetate extract of Z. mauritiana was frac-
tionated using column chromatography selected
due to the effectiveness in separating mixtures
based on differences in polarity, size, and other
physical or chemical properties of the compounds
present [30]. Column chromatography offers high

resolution and separation power, isolating closely
related compounds with varying polarities or mo-
lecular sizes [31]. This method is particularly useful
for complex mixtures where other methods may not
provide sufficient resolution. Furthermore, column
chromatography enables the collection of individual
fractions as the sample elutes from the column,
allowing for the isolation of specific or groups of
compounds from the mixture [32]. Using 8.7 g ethyl
acetate extract, 10 fractions (EAZ.01-EAZ.10) were
obtained, with the masses shown in Table 1. Sub-
sequently, all fractions were evaluated for the ability
to scavenge free radicals using DPPH method.

3.2. Free radical scavenging assay

DPPH is commonly used to assess antioxidant
properties and free radical scavenging ability of
fractions. The stable free radical can be stored for
extended periods without substantial degradation,
ensuring consistent and reliable results over time
[33,34]. Each fraction (EAZ.01-EAZ.10) was diluted
to a 50 mg/mL concentration using methanol as the
solvent. DPPH was prepared at a concentration of
0.15 mM, with absorbance levels ranging from 6.00
to 7.00. The outcomes of the DPPH free radical
scavenging assay for fractions EAZ.01-EAZ.10 are
presented in Table 1 and Fig. 1.
The highest % inhibition of DPPH radical scav-

enging was produced by EAZ.09, with a value of
30.524 ± 0.095 ppm. This was indicated by a color
change in the solution from purple to yellow, cor-
responding to a decrease in absorbance at 517 nm
after a 30 min incubation period. The efficacy of
scavenging free radicals, as indicated by the % in-
hibition value, was as follows: EAZ.09 > EAZ.07 >
EAZ.08 > EAZ.06 > EAZ.04 > EAZ.02 > EAZ.03 >
EAZ.10 > EAZ.05 > EAZ.01. Meanwhile, the lowest
% inhibition was shown in EAZ.01. The results were

Table 1. % Inhibition in DPPH free radical scavenging of EAZ.01-
EAZ.10 fractions from ethyl acetate extract of Z. mauritiana.

Fractions Mass
(g)

% DPPH radical
scavenging replications

Mean ± SD
(ppm)

1* 2** 3**

EAZ.01 0.43 3.306 3.802 3.471 3.526 ± 0.252
EAZ.02 0.88 11.405 11.570 11.405 11.460 ± 0.095
EAZ.03 0.35 10.909 10.744 10.744 10.799 ± 0.095
EAZ.04 0.23 11.736 11.736 11.570 11.681 ± 0.095
EAZ.05 0.28 5.289 5.289 5.619 5.399 ± 0.190
EAZ.06 0.11 15.372 15.207 15.537 15.372 ± 0.165
EAZ.07 0.14 20.826 20.661 20.611 20.699 ± 0.112
EAZ.08 0.23 18.347 18.512 18.347 18.402 ± 0.095
EAZ.09 0.07 30.413 30.579 30.579 30.524 ± 0.095
EAZ.10 0.32 10.083 10.083 10.413 10.193 ± 0.190

The *, ** and *** mean replications.
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consistent with other studies that reported ethyl
acetate extract of Z. mauritiana leaves to be highly
potent, demonstrating significant DPPH free radical
scavenging activity. Yahia et al. [17] and Zain et al.
[14] also found significant antioxidant potential,
with IC50 values of 18.80 ± 1.63 mg/mL and
29.29 ± 1.02 mg/mL, respectively. Phytochemical
screening of EAZ.09 showed the presence of
phenolic, triterpenoid, and alkaloid compounds [35].
Antioxidant properties of phenolics were attributed
to the hydroxyl groups, which scavenged free radi-
cals [36,37]. EAZ.09 demonstrated great potential as
a source of antioxidant compounds.

3.3. Cholesterol-lowering activity

Cholesterol-lowering activity of EAZ.09 is pre-
sented in Table 2. The Liebermann-Burchard
method was used to assess cholesterol-lowering

effects of EAZ.09. Cholesterol, with the molecular
formula C27H45OH, is a steroid containing an
alcohol functional group and commonly found in
oils, milk, as well as animal fats. Elevated cholesterol
levels in the bloodstream can lead to the formation
of crystals or plaques that narrow and obstruct
blood vessels. Z. mauritiana harbors various chemi-
cal constituents including flavonoids, alkaloids, ter-
penoids, phenolics, saponins, and tannins [19].
Among the many health-promoting attributes of Z.
mauritiana leaf extract is the capacity to reduce
cholesterol levels in the body.
Cholesterol-lowering activity of EAZ.09 was evi-

denced by EC50 value of 132.115 mg/mL. Phyto-
chemical screening showed the presence of
phenolic, triterpenoid, and alkaloid compounds.
According to various studies, phenolic and tri-
terpenoid compounds can effectively reduce
cholesterol levels. Musa et al. [20] also reported that
triterpenoid acid could reduce cholesterol levels.

3.4. LC-MS/MS analysis

To analyze secondary metabolites and corroborate
the results of phytochemical screening, compound
identification was performed using LS-MS/MS. The
results in Table 3 showed the successful identifica-
tion of several compounds such as 2-mono palmitin
(1), 3b,16a-Dihydroxy-lanosta-8,24-dien-21-oic acid
(2), and digiprolactone (3), along with two uniden-
tified compounds. The structures of the compounds
from EAZ.09 are depicted in Fig. 2.
Fig. 3 shows the fragmentation pattern of peak

one from Table 3, eluted at 3.64 min, and corre-
sponds to the structure of digiprolactone [38]. The
fragments consist of m/z 197.1170 (observed,
[MþH]þ) and MSn fragmentation (m/z 179.1065).

Fig. 1. DPPH free radical scavenging (%) of EAZ.01-EAZ.10 fractions.

Table 2. Cholesterol-lowering level of fraction EAZ.09 from Z. mauritiana ethyl acetate extract.

Concentrations % lowering replications Mean ± SD Regression linear EC50 (ppm)

1* 2** 3**

50 12.917 12.427 12.917 12.754 ± 0.28
100 37.243 35.526 37.243 36.671 ± 0.99 Y ¼ 0.3934 � 1.9742

R2 ¼ 0.9471150 64.269 64.035 64.223 64.176 ± 0.12 132.115
200 84.269 84.356 84.269 84.298 ± 0.05
250 87.243 87.390 87.243 87.292 ± 0.08

The *, ** and *** mean replications.

Table 3. Compounds of EAZ.09 based on LC-MS/MS analysis data.

Compounds name Formula Observed m/z Neutral mass (Da) Rt (min) Mass error (mDa)

2-monopalmitin C19H38O4 331.2844 330.27701 10.02 0.1
3b,16a-dihydroxy-lanosta-8,24-dien-21-oic acid C30H48O4 473.3623 472.35526 7.58 �0.3
digiprolactone C11H16O3 197.1170 196.10994 3.64 �0.3
Unknown compound C37H40N4O7 653.2990 652.28970 10.91 2.0
Unknown compound C7H10O4 159.0652 158.05791 2.21 0.1
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The m/z 197.1170 fragment was attributed to the
molecular weight of digiprolactone plus the atomic
weight of H or [MþH]þ. Peak number 2, eluted at
7.58 min and had a molecular weight of the neutral
mass at m/z 473.3623, corresponded to 3b,16a-
Dihydroxy-lanosta-8,24- dien-21- oic acid [39]. The
structural conformity was supported by the frag-
mentation pattern in Fig. 4.

4. Conclusions

In conclusion, chemical profile, in-vitro antioxi-
dant, and cholesterol-lowering properties of EAZ.09
from Z. mauritiana leaves demonstrated great po-
tential, suggesting a promising nutraceutical appli-
cation. These effects were attributed to compounds
such as 3b,16a-Dihydroxy-lanosta-8,24-dien-21-oic

acid, and digiprolactone. The % inhibition of DPPH
by fraction EAZ 0.09 indicated a high level of anti-
oxidant activity.
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Fig. 2. Compound structures of EAZ.09 from ethyl acetate extract of Z. mauritiana leaves.

Fig. 3. The ESI-MSn fragmentation pattern of the identified compound digiprolactone from EAZ.09.

Fig. 4. The ESI-MSn fragmentation pattern of the identified compound 3b,16a-dihydroxy-lanosta-8,24-dien-21-oic acid from EAZ.09.
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