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ABSTRACT
Sidempuan salacca (Salacca sumatrana Becc.) is a snakefruit native to Padangsidem-

puan, South Tapanuli, North Sumatra, Indonesia, known for its sweet-sour taste. Its sour-
ness reduces market appeal and causes economic losses for farmers, while its perishable
nature limits shelf life. To enhance its marketability, processing it into vinegar offers a
promising alternative, as salacca vinegar has greater functional potential than apple vine-
gar. This study aimed to identify the chemical composition of Sidempuan salacca vinegar
using GC-MS analysis and evaluate its antihypercholesterolemic potential. GC-MS results
revealed five dominant bioactive compounds: oleic acid, DI-(9-octadecenoyl)-glycerol 2-
hydroxy-1,3-propanediyl ester, borane, 9-octadecenal, and 9-octadecenoic acid (Z). An in
vitro cholesterol-lowering assay using the Liebermann–Burchard method and spectropho-
tometry showed that the vinegar effectively reduced cholesterol, with an LC50 value of
142.232 ppm. In conclusion, Sidempuan salacca vinegar contains active compounds with
antioxidant and anti-cholesterol properties, demonstrating potential as a natural functional
product for managing cholesterol levels.
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1. Introduction
Fresh snakefruit (salacca) is a source

of fiber, vitamins, minerals, and antioxi-
dants [1]. In a study conducted by Mazum-
dara, it was found that salacca is one of
the best sources of antioxidants for hu-
mans [2]. Recent epidemiological research
shows a correlation between the consump-
tion of fruits rich in natural antioxidants
and a reduction in the incidence of non-
communicable diseases, including cancer,
cardiovascular disorders, and diabetes. One
plant that can be used as a good source
of antioxidants is salacca due to its phyto-
chemical composition, which includes tan-
nins, saponins, flavonoids, and glycosides
[3]. The phytochemical content of Sidem-
puan salacca differs from the phytochemi-
cal content of Sidempuan salacca leaf ex-
tract, which contains alkaloids and ter-
penoids [1].

Salacca can not only be consumed
fresh but can also be processed into other
foods. One alternative processing method
for Sidempuan salacca is vinegar produc-
tion. Vinegar has been known to humans
for thousands of years; it is a liquid pro-
duced from materials containing starch and
sugar that have undergone two stages of fer-
mentation, first alcohol and then acetate fer-
mentation, resulting in a liquid containing at
least 4% (v/v) acetic acid. The acetic acid in
vinegar has the ability to slow down disac-
charidase enzymes involved in the carbohy-
drate metabolism process, thereby reducing
blood glucose levels [32].

Antioxidants function as free radical
scavengers that inhibit these free radicals’
reactivity and prevent excessive oxidation.
In addition to antioxidants, salacca vinegar
also contains phenolic compounds, tannins,
vitamin C, and flavonoids. The presence
particular polyphenol and flavonoid com-
pounds can help in the repair process of

cells and tissues [20].
Flavonoids are polyphenolic com-

pounds that are beneficial as antioxidants;
flavonoids in blood cells can act as reser-
voirs for hydroxyl and superoxide radi-
cals, thereby protecting membrane lipids
and preventing damage to red blood cells.
In addition, they can enhance erythropoiesis
in bone marrow and exhibit immunostim-
ulant effects [7]. Research has shown
that 5 varieties of snake fruit from Salacca
zalacca showed significant differences in
the parameters of pH, total phenols, and
the antioxidant activity of the respective
salacca vinegars [35]. Data regarding the
chemical composition of salacca Sidem-
puan (Salacca sumatrana) vinegar is still
very limited, so comprehensive testing of
this data is necessary.

2. Materials and Methods
The type of research used is qual-

itative and quantitative. This research
was carried out in June-November 2024
at the Biology Laboratory of Universitas
Negeri Padang (UNP). The materials used
to make salacca vinegar were Sidempuan
salacca (Salacca sumatrana), sourced from
Padangsidempuan. Saccharomyces cere-
visiae isolate was obtained from the Biol-
ogy Laboratory of UNP. Acetobacter aceti,
H2SO4, (CH3CO)2O, standard cholesterol,
96% ethanol, and chloroform (CHCl3) were
obtained from _______. The following
tools were used: OHAUS analyzer, Yam-
ato blender, Maspion electric, Hirayama
autoclave, laminar air flow (LAF), Binder
BD53 incubator, Memmert WNB 14 shaker
water bath, LW Scientific vortex, Seward
stomacher, Gene-sys 20 spectrophotome-
ter, Hanna pH meter, ATAGO hand re-
fractometer, alcohol meter, Hettich EBA
20 centrifuge, Hettich Zentrifun- gen cold
centrifuge, micro 22R, thermometer, fer-
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menter, hose, Amara aerator, Gilson 100-
1000 𝜇l non-fixation micropipette, Gilson
fixed micropipettes, microtips, autoclaves,
pH analysis, total acid analysis [29], GCMS
analysis, toxicity test [16], and anticholes-
terol test [4].

2.1 Making Sidempuan salacca vinegar
The two-phase fermentation process

used to make Sidempuan salacca vinegar
was as follows:
Fermentation I

Sidempuan salacca extract was trans-
ferred into a bottle. Then 50 g of sugar was
added and dissolved by stirring. Next, Sac-
charomyces cerevisiae yeast was activated
by letting it sit in warm water for 2 min-
utes. The activated yeast was then added to
the bottle, which was then closed tightly for
7 days during which the alcohol was pro-
duced.
Fermentation II

The result of fermentation I was then
fermented again by adding 90 ml of Ace-
tobacter aceti and continuing the fermen-
tation for an additional 14 days to produce
salacca vinegar. Pasteurization was per-
formed for 10 minutes using a water bath
to stop the activity of bacteria in the salacca
vinegar. The salacca vinegar was then har-
vested by filtering it through a cloth filter
[27].

2.2 GCMS analysis
Sample Preparation: 0.1 mL of sam-

ple was added to 5 mL of methanol. Extrac-
tion was performed using a sonicator for 20
minutes at 40◦C. The extraction was pipet-
ted into a vial and tested using a QP-2010
GC-MS plus AOC-20i Autosampler.

GC-MS Operation: GC-MS Instru-
ment Conditions: Injector temperature
250◦C, splitless mode, pressure 76.9 kPa,
flow rate 14 mL/min, and a ratio of 1:10.

Ion source and interface tempera-
tures 200◦C and 280◦C, solvent cutoff time
3 minutes, and 400-700 m/z. Column type
SH-Rxi-5Sil MS column length 30 m with
an inner diameter of 0.25 mm. The ini-
tial column temperature was 70◦C with a
2-minute holding time, and the tempera-
ture was increased to 200◦C at a rate of
10◦C/min, and the final temperature was
280◦Cwith a 9-minute holding time at a rate
of 5◦C/min, resulting in a total analysis time
of 34 minutes. The obtained chromatogram
data were read using the NIST and Wiley 9
libraries.

2.3 Anticholesterol tests
The anticholesterol activity test was

carried out using Lieberman-Burchard
reagent. The concentration series made
based on the orientation was 50; 75;
100; 125; 150 𝜇g/mL. The test solution
was made by taking 2.0 mL from each
concentration series, then adding 2.0 mL
of standard cholesterol solution to a tube
covered with aluminum foil. Then the
solution was incubated at room temper-
ature for 15 minutes, after which it was
centrifuged using a vortex for 5 minutes.
2.0 mL of sample solution was taken then
2.0 mL of anhydrous acetic acid and 0.1
mL of concentrated sulfuric acid were
added through the wall, forming a green
color. The mixture was left for 15 minutes
at room temperature and protected from
light.

The test solution was then read us-
ing a UV-Vis spectrophotometer at a wave-
length of 670 nm. Each sample will absorb
light at its respective wavelength [15].

2.4 Toxicity analysis
The toxicity of Sidempuan salacca

vinegar was tested using the Brine Shrimp
Lethality Test (BSLT). A 1000 mL beaker
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was prepared as a hatching place for
Artemia salina Leach larvae. One liter of
distilled water was added, along with ap-
proximately 30 grams of sea salt, then aer-
ated using an aerator for 10 hours before the
A. salina eggs were added. The container
with the eggs was exposed to light to warm
and stimulate the hatching process for 48
hours [26].

Sidempuan salacca vinegar at var-
ious concentrations (50%, 75%, 100%,
125%, 150%) was placed in a 25 mL mea-
suring flask. Next, 1 mL of distilled wa-
ter was added to each salacca vinegar solu-
tion and artificial seawater was added to dis-
solve it. After homogenizing to 25 mL with
artificial seawater, it was used as a stock
solution with a concentration of 2000 ppm.
From the stock solution, concentration vari-
ations were prepared in vials at 50 ppm, 100
ppm, 250 ppm, 500 ppm, and 1000 ppm.
A blank was prepared as artificial seawater
supplemented with 1% distilled water con-
taining larval suspension. For each control
sample, the test was repeated three times
[15].

Each vial was filled with 10 shrimp
larvae aged 48 hours, collected using a 200
𝜇L micropipette, and 200 μL of the test so-
lution was added. The larvae were exposed
to the test solution at room temperature un-
der light for 24 hours. The mortality of A.
salina larvae in the vials was observed and
recorded [19].

3. Results and Discussion
3.1 GC-MS analysis

Using GC-MS, 16 chemical com-
pounds were identified in the Sidempuan
salacca vinegar, including oleic acid, which
has been linked to improved cholesterol
profiles, and boron compounds, which sup-
port lipid metabolism and cholesterol regu-
lation (Fig. 1).

According to the results of the GC-
MS analysis, Sidempuan salacca vinegar
contained five major constituents. Table 1
displays these compounds.

The two most dominant peak com-
pounds, borane and 9- octadecenal, identi-
fied through chromatogram analysis (Fig-
ure 1), had an area percentage of 15.24%
each. The compounds had retention times
of 26.439 and 30.411 minutes, respectively.

Borane compounds are made up of
boron and hydrogen and have a large area
(%). These compounds can be classified
into many types based on the number of
boron and hydrogen atoms present. They
are typically used in biological systems
[31]. Boron plays a role in mineral and hor-
monemetabolism, healthy bone growth, en-
zyme reactions, and cell membrane damage
[12].

Boron also plays a role in lower-
ing cholesterol by increasing high-density
lipoprotein (HDL) levels and decreasing
low-density lipoprotein (LDL) levels in the
blood, demonstrated by the fact that oral ad-
ministration of boric acid reduced serumTC
and LDL-C levels and increased HDL-C in
streptozotocin- induced diabetic rats [9].

The administration of two dif-
ferent compounds containing boron at
8mg/kg/day to rats for 14 days was proven
to reduce serum LDL-C and TG levels. It
was shown that after 1 month of following
a boron-rich diet, total serum, LDL-C, and
VLDL-C levels significantly decreased,
while serum HDL-C levels increased.
Research has shown that a boron-rich diet
can also help regulate lipid profiles and
enhance fatty acid metabolism. Boron-rich
foods also happen to be high in fiber
content, which can significantly lower
serum lipid levels [21].

The compound with the second
largest area percentage from the identifica-
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Fig. 1. GC-MS Analysis of Sidempuan salacca vinegar.

Table 1. The main chemical compounds identified from Sidempuan salacca vinegar using GC-MS
analysis.

Peak Retention Time (units) Compound Name and Structure Chemical Formula Peak Area

4 18.862

Oleic Acid

C18H34O2 10.07%

6 19.269

DI-(9-octadecenoyl)-glycerol/
2-Hydroxy- 1,3-propanediyl ester

C39H72O5 11.48%

11 26.439

Borane

C5H13B 15.24%

14 28.234

9-Octadecenal

C18H34O 10.09%

16 30.411

9-Octadecenoic acid (Z)

C25H44O6 11.89%
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tion results was 9-octadecenal. Oleic acid,
also known as cis-9-octadecenoic acid, is
an unsaturated fatty acid abundant in veg-
etable oils [28]. Oleic acid is a neutral
fatty acid with double bonds that does not
increase or decrease LDL cholesterol lev-
els, but can increase HDL cholesterol lev-
els [19]. In addition, long-chain unsaturated
fatty acids, especially omega-3 fatty acids
such as eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), have been
proven to play an important role in the pre-
vention and treatment of arterial blockage
(atherosclerosis), thrombosis, hypertriglyc-
eridemia, and hypertension.

In addition, oleic acid has the po-
tential to prevent and treat various health
conditions such as asthma, arthritis, mi-
graines, and various types of cancer,
namely prostate, breast, and colon can-
cer [30]. Oleic acid also has antihyperc-
holesterolemic effects. As an antihyperc-
holesterolemic agent, oleic acid can work
through various mechanisms to lower bad
cholesterol (LDL) levels and increase good
cholesterol (HDL) levels [24]. Vinegar has
high oleic acid content, 11.89% accord-
ing to GCMS results, and can lower LDL
cholesterol. One study showed that the dou-
ble bonds in fatty acids undergo addition
reactions and cholesterol binds with fatty
acids [10]. This is because unsaturated fatty
acids can undergo addition reactions at the
sites of their double bonds.

3.2 Toxicity analysis
The toxicity test method used in this

study was the Brine Shrimp Lethality Test
or BSLT, which aimed to determine the con-
centration of salacca vinegar needed to kill
half of the initial population of test animals,
namelyA. salina larvae, aged 48 hours. The
LC50 value can be used to determine the
level of toxic effects of a compound and can

also be used to predict its potential as an an-
ticancer agent. By conducting the BSLT,
the precise LC50 value of sidempuan vine-
gar was determined, which is an acute toxic-
ity parameter based on probit analysis [19].

The selection of the larval age (48 h)
was based on the fact that the larvae have
a fully developed digestive tract, making
them sensitive to substances introduced into
the water [28].

The percent mortality of A. salina
larvae increased as the concentration of
salacca vinegar increased, indicating the
toxicity of the vinegar [16].

Based on the toxicity test of the vine-
gar, an LC50 value of 142.232 ppm was ob-
tained using the regression equation 𝑦 =
2.4596𝑥0.2956 (Fig. 2). In the LC50 cal-
culation, the 𝑦-value was 5. The value of
5 represents the LC50 value, in order to de-
termine the LC50 obtained from the results.

Fig. 2. Percent mortality of A. salina larvae.

Table 2. LC50 value of A. salina larvae.

Sample LC50
Sidempuan Salacca vinegar 142.232 ppm
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A substance is considered very toxic
if the LC50 is ≤ 30 ppm, toxic if it is in the
range of 30-100 ppm, and low toxic if it is
in the range of 100-1000 ppm [24]. Since
the LC50 of Sidempuan salacca vinegar was
142.232, it can be categorized as low toxic.

Based on this study, it can be con-
cluded that the administration of salacca
vinegar at a concentration of 50-100 ppm
is still categorized as safe and should have
no toxic effect, while a concentration above
100 ppm is categorized as having a toxic ef-
fect but still classified as low. Salacca vine-
gar has toxic activity due to its high total
acid content of 19.5% with a pH of 3.94.
This resulted in many A. salina larvae dy-
ing when exposed to salacca vinegar at con-
centrations above 100 ppm. This relates to
findings from a different study which found
that the high acidity of other citrus fruits,
namely lemons, can cause irreversible mor-
phological changes, and death [25].

Salacca vinegar contains metabo-
lite compounds such as tannins, saponins,
flavonoids, alkaloids, and flavonoids. Sec-
ondary metabolite compounds contained in
plants can function as a defense against un-
favorable environmental conditions, pests,
and diseases, as well as a method to attract
pollinators, and can also act as signaling
molecules. The toxicity of these secondary
metabolite compounds can cause death inA.
salina leach larva [28]. If a compound can
interfere with enzyme activity in A. salina
and result in death, then that compound can
be considered toxic and can cause cell death
in mammals [25].

In addition, the content of oleic
acid in high doses or in certain contexts
(such as excess fat accumulation) can con-
tribute to cell damage through mechanisms
such as lipotoxicity, where fat accumula-
tion can lead to cell metabolism disorders
[8]. Herbal plants high in flavonoids are

commonly used as ingredients in medicine.
From this statement, it can be interpreted
that the more flavonoids a sample contains,
the more toxic it should be towards test or-
ganisms [11].

As previously mentioned, Sidem-
puan salacca vinegar also contains bo-
rane compounds, with a high peak area of
15.24%. Borane compounds themselves
can be toxic if at a high enough concen-
tration. At low doses, the toxic effects
may not be significant, but at higher con-
centrations they can cause serious dam-
age to cells and tissues [18]. In the case
of Sidempuan salacca vinegar, the borane
compounds present are harmless if used in
the correct concentration.

One requirement for a compound to
be developed into a drug is if the compound
has an LC50 value < 1000 ppm; this in-
dicates that Sidempuan salacca vinegar has
the potential to be developed into an antihy-
percholesterol drug, as it has an LC50 value
< 1000 ppm [13].

Fig. 3. LC50 of Sidempuan Salacca vinegar to-
ward A. salina larvae.

3.3 Anticholesterol analysis
3.3.1 Determination of the maxi-

mum wavelength
The determination of the maximum

wavelength was carried out with the aim of
identifying the wavelength region that pro-
vides the maximum light absorption value
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for cholesterol compounds, which can be
determined by measuring the absorbance
value of a standard cholesterol solution
within the UV-Visible wavelength range.
The absorbance measurement is conducted
at the maximum wavelength because the
absorbance at the maximum wavelength is
more stable and has higher sensitivity, thus
minimizing errors caused by changes in ab-
sorbance values per unit concentration [20].

From the wavelength reading results,
it is known that the highest absorbance
value is found at the peak of the absorbance
curve, namely at wavelengths of 645 nm,
670 nm, and 675 nm. Therefore, in mea-
suring the anti-cholesterol activity using
the Liebermann-Burcard method, the ab-
sorbance of the sample solution was mea-
sured at the wavelength with the maximum
absorption value of the cholesterol standard
solution, which is 645 nm. The maximum
wavelength obtained from the cholesterol
standard solution is 645 nm, because at the
peak of the curve it forms the maximum ab-
sorption.

3.3.2 Determining operating time
Determination of operating time was

done to determine the perfect reaction time
and the stability of the reaction indicated
by no decrease in absorbance. The results
of determining the operating time of the
cholesterol standard solution at minute 1
to minute 16. From the absorbance results
above, it can be seen that from minute 12 to
minute 16, the cholesterol standard solution
remained stable. So that in measuring anti-
cholesterol activity using the Liebermann-
Burcard method, the time required for the
cholesterol standard solution to react and
produce a stable absorbance value is 15
minutes.

Fig. 4. Standard curves of anticholesterol test.

3.3.3 Creation of standard curves
The standard curve was created by

reacting 5 series of cholesterol stock solu-
tion concentrations in chloroform with 2 ml
of anhydrous acetic acid and 0.1 ml of con-
centrated sulfuric acid. The correlation co-
efficient (R2) of the cholesterol standard so-
lution calibration curve was 0.9934. The
linearity result is considered good if the
regression coefficient value approaches 1
[30].

3.3.4 Anticholesterol activity test

Fig. 5. Cholesterol reduction.

The salacca vinegar at a concentra-
tion of 125% showed the most effective
cholesterol reduction, with an absorbance
value of 0.419. This indicates that the vine-
gar has activity in lowering cholesterol lev-
els in vitro. At a concentration of 150%, the
vinegar showed an increase in absorbance

377



Y. Atifah et al. | Science & Technology Asia | Vol.30 No.4 October - December 2025

at 0.547 nm. These results indicate that the
salacca vinegar at 125% concentration has
the lowest absorbance value but the highest
percentage of cholesterol reduction com-
pared to the 150% concentration. This is
because at a concentration of 125%, the
salacca vinegar binds more cholesterol, re-
sulting in less unbound cholesterol, and
when the Lieberman-Burchard reagent is
added, it gives a low absorbance result be-
cause the color in each test solution fades.

The decrease in cholesterol lev-
els is caused by the presence of sec-
ondary metabolites contained in Sidem-
puan salacca vinegar, which have anti-
cholesterol activity, including flavonoids,
tannins, saponins, phenols, and alkaloids.
Salacca vinegar has higher functional ca-
pabilities compared to apple vinegar, be-
cause salacca vinegar exhibits higher an-
tioxidant activity due to the presence of phe-
nols and other organic acids [33]. These
compounds have been extensively studied
and have benefits in reducingmetabolic dis-
eases, one of which is high cholesterol.
Flavonoids work by scraping cholesterol in
the blood [17] and can reduce LDL, re-
duce triglycerides (TGA), increase HDL,
and lower cholesterol levels in blood ves-
sels by exerting effects on particular en-
zymes. The first enzyme, 3-hydroxy-
3-methylglutaryl coenzyme A reductase
(HMG Co-A reductase), acts as a cata-
lyst in cholesterol formation. The sec-
ond enzyme, Lecithin-Cholesterol Acyl-
transferase (LCAT), converts free choles-
terol into more hydrophobic cholesterol es-
ters, allowing the cholesterol esters to bind
with lipoprotein core particles to form new
HDL, increasing serum HDL levels [6].
Further, saponins exert anti-cholesterol ac-
tivity by binding cholesterol in the blood.
Meanwhile, tannins can inhibit the oxida-
tion of LDL, which can lead to the occur-

rence of atherosclerosis.
Another possible mechanism is the

ability of antioxidants to bind LDL, thereby
preventing oxidative stress and combating
free radicals [20]. The oxidation of LDL
cholesterol is a biological process that is
suspected to be involved in the initiation
and acceleration mechanisms of arterial le-
sions. Oxidized LDL can cause blood vis-
cosity to increase, thus raising the likeli-
hood of blood vessel blockage (atheroscle-
rosis) [6].

4. Conclusion
From the results of this study,

it can be concluded that Sidempuan
salacca vinegar contains oleic acid, DI-(9-
octadecenoyl)-glycerol 2- Hydroxy-1,3-
propanediyl ester, Borane, 9-octadecenal,
and 9-Octadecenoic acid (Z), which have
activity as anti-cholesterol agents. These
compounds exhibit antioxidant properties,
which help protect cells from free radical
damage and contribute to its cholesterol-
lowering effect. The results of the in
vitro anti-cholesterol test showed that
Sidempuan salacca vinegar can reduce
cholesterol levels in vitro, thus demon-
strating potential as an anti-cholesterol
agent with an LC50 value of 142.232 ppm.
These findings place Sidempuan salacca
vinegar as a promising natural product with
applications in cholesterol management
and general health support.
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