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Abstract: Balinese grape (Vitis vinifera L. var. Alphonso Lavallee) is a local grape
variety containing various phytochemical constituents. Fermentation into kombucha
using a symbiotic culture of bacteria and yeast (SCOBY) may alter the chemical
composition of the substrate through microbial metabolic activity. This study aimed
to characterize the metabolite profile of Balinese grape kombucha using Gas
Chromatography-Mass Spectrometry (GC-MS). GC-MS analysis detected several
chemical constituents, including fatty acid esters, alkaloids, and terpenoid
hydrocarbons. The major compounds identified based on mass spectral library
matching were 9-Octadecenoic acid methyl ester (E)-, acetic acid n-octadecyl ester,
caffeine, and 2, 6, 10, 14, 18, 22-tetracosahexaene, 2, 6, 10, 15, 19, 23-hexamethyl-,
(all-E)-. These results describe the metabolite profile detected in the fermented
sample and indicate changes in chemical composition following kombucha
fermentation. The findings provide preliminary information on the chemical
constituents of Balinese grape kombucha and may serve as a basis for further studies
involving comparative analyses with unfermented substrates and confirmation of
compound identities using complementary analytical approaches.

Introduction
Fermentation using a symbiotic culture of bacteria and
yeast (SCOBY), as in kombucha production, is known to
modify the chemical composition of plant-based
substrates through microbial metabolic activity (1, 2).
During fermentation, yeast primarily converts sugars into
ethanol and carbon dioxide, while acetic acid bacteria
further oxidize ethanol into organic acids such as acetic,
gluconic, and glucuronic acids. These sequential
biochemical reactions contribute to a dynamic
fermentation environment that continuously alters the
substrate composition (3, 4). As a result, these biochemical
transformations may lead to the formation, degradation,
or conversion of diverse metabolites that can be identified
using advanced analytical techniques. Such processes
result in fermented products with complex chemical
profiles that are suitable for metabolite profiling studies.

Balinese grape (Vitis vinifera L. var. Alphonso Lavallee)
is a local grape variety cultivated in Indonesia with distinct
agroclimatic conditions that may influence its chemical
composition. These environmental factors are known to
affect the biosynthesis and accumulation of secondary
metabolites in grapes (5, 6). Although grapes are widely
recognized for their phytochemical constituents such as

phenolic compounds, organic acids, and other bioactive
metabolites, limited information is available regarding the
chemical changes and metabolite profile of Balinese grape
following fermentation into kombucha. This lack of data is
particularly relevant for locally produced fermented
beverages, where substrate origin and fermentation
conditions may significantly affect the final chemical
composition. Therefore, this knowledge gap highlights the
need for systematic chemical characterization of Balinese
grape kombucha as a locally derived fermented product.

During fermentation, enzymatic activity from bacteria
and yeast can alter the original compounds present in fruit
substrates through a series of biochemical reactions such
as hydrolysis, oxidation, esterification, and microbial
metabolism (7, 8). These processes can lead to the
breakdown of complex molecules and the formation of
new secondary metabolites, thereby contributing to
dynamic changes in the chemical composition of the
system. As a result, these transformations can significantly
affect the overall metabolite profile of the final fermented
product. Therefore, a systematic and comprehensive
analytical approach is required to identify, detect, and
characterize the compounds produced during
fermentation in order to better understand the chemical
changes occurring in the substrate.
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Gas Chromatography-Mass Spectrometry (GC-MS) is
analytical technique widely used for the separation,
detection, and identification of volatile and semi-volatile
compounds in complex mixtures based on their mass-to-
charge ratios and retention times. This method enables
detailed metabolite profiling by providing both qualitative
information on compound identity and insights into the
chemical diversity present in complex biological and
fermented systems. In the context of fermented products,
GC-MS is particularly useful for revealing metabolic
transformations that occur during fermentation processes
(9). Accordingly, this study aims to characterize the
metabolite profile of Balinese grape kombucha using GC-
MS analysis as a preliminary investigation of its chemical
composition.

Experimental Section

Balinese Grapes Kombucha
Balinese grape kombucha was prepared by infusing 5 g of
black tea leaves in 1 L of boiling water. After filtration, 150
g of sucrose was added and stirred until completely
dissolved. The sweetened tea was allowed to cool to room
temperature before the juice obtained from 500 g of fresh
Balinese grapes (V. vinifera L. var. Alphonso Lavallee) was
added. A symbiotic culture of bacteria and yeast (SCOBY),
obtained from the laboratory culture collection, together
with the corresponding starter liquid, was inoculated into
the mixture. Fermentation was carried out in sterile glass
bottles covered with a clean cloth to allow air exchange
while minimizing contamination. The bottles were
incubated under static conditions at 28°C for 14 days. At
the end of the fermentation period, the pH of the
kombucha was measured and recorded as 3.4.

Compounds Analysis

Gas Chromatography-Mass Spectrometry (GC-MS)
Metabolite profiling was performed using a GCMS-
QP2010 Ultra gas chromatography–mass spectrometry
system (Shimadzu, Kyoto, Japan) equipped with a DB-
17MS capillary column (30 m × 0.25 mm i. d., 0.25 µm film
thickness; Agilent J& W, USA). Prior to analysis, 50 mL of
kombucha sample was mixed with 10 mL of analytical-
grade n-hexane and homogenized thoroughly. The
mixture was allowed to stand until complete phase
separation occurred, after which the upper organic phase

was transferred into a GC-MS vial for analysis. Because n-
hexane was used as the extraction solvent, the analysis
primarily targeted relatively non-polar metabolites. A 1 µL
aliquot of the extract was injected into the GC-MS system.
The injector temperature was maintained at 300 °C. The
oven temperature program was set at 80 °C for 5 min,
increased at 10 °C/min to 250 °C and held for 5 min,
followed by a further increase at 10 °C/min to 300 °C and
held for 10 min. The ion source and interface temperatures
were maintained at 200 °C and 250 °C, respectively.
Helium (ultra-high purity) was used as the carrier gas
under the instrument operating conditions. Compound
identification was performed by comparing the obtained
mass spectra with those in the WILEY7. LIB and NIST08S.
LIB spectral libraries. The identified compounds should be
regarded as tentative identifications based on library
matching.

Results and Discussion
Balinese grape kombucha is a fermented beverage
produced from black tea, sugar, and Balinese grapes (V.
vinifera L. var. Alphonso Lavallee) using a SCOBY starter
culture. In this study, kombucha was prepared by steeping
5 g of black tea in 1 L of hot water, followed by the
addition of 150 g of sugar and 500 g of Balinese grape
juice. The mixture was then inoculated with SCOBY and
fermented at 28 °C for 14 days.

Gas Chromatography-Mass Spectrometry (GC-
MS)
GC-MS analysis was conducted to identify the bioactive
compounds present in the fermented extract of Balinese
grape kombucha. The analysis revealed various secondary
metabolites and volatile compounds that may contribute
to the biological activity of kombucha, particularly its
antioxidant potential. These compounds consist of
phenolic compounds, fatty acids, esters, alcohols, and
other bioactive constituents formed during the
fermentation process. The diversity of the detected
metabolites indicates that microbial fermentation plays a
significant role in modifying and enhancing the chemical
composition of Balinese grape kombucha. The identified
compounds and their characteristics are presented in
Table 1.

The compound 9-Octadecenoic acid methyl ester (E)-,
commonly known as methyl oleate, is a fatty acid methyl
ester that has been reported in a variety of plant-derived

Table 1. Bioactive compounds identified in Balinese grape kombucha using GC-MS analysis.

No Compounds Name Percent
Area (%)

Molecular
Formula

Functional
Group

Compound
Group

PubChem
CID

C1 9-Octadecenoic acid, methyl ester (E)- 0.26 C₁₉H₃₆O₂ -COOCH₃, C=C Unsaturated fatty
acid ester

637517

C2 Acetic acid n-octadecyl ester 1.17 C₂₀H₄₀O₂ -COO- Fatty acid ester 12366
C3 Caffeine 1.81 C₈H₁₀N₄O₂ C=O, N-

containing
heterocycle

Alkaloid 2519

C4 2, 6, 10, 14, 18, 22-Tetracosahexaene,
2, 6, 10, 15, 19, 23-hexamethyl-, (all-
E)-

1.45 C₃₀H₅₀ C=C Terpenoid
hydrocarbon

5280483
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materials and fermented products (10, 11). n the present
study, this compound was detected in the fermented
kombucha extract prepared using n-hexane, a solvent that
preferentially extracts relatively non-polar constituents.
Since an unfermented Balinese grape tea control was not
analyzed, it cannot be determined whether this compound
originated from the grape substrate, the tea substrate, or
biochemical changes occurring during fermentation.
Therefore, its detection is interpreted only as part of the
chemical profile observed in the analyzed sample.

Acetic acid n-octadecyl ester is a long-chain fatty acid
ester that is primarily associated with lipid-related
structural components. Compounds belonging to this class
are commonly associated with lipid-derived constituents
and may originate from biochemical transformations
occurring during fermentation (12). Long-chain fatty acid
esters are generally related to the lipid fraction of
biological materials and may contribute to the overall
chemical characteristics of fermented products (13, 14).
Although fatty acid esters have been reported in various
plant-based and fermented matrices, there is currently
limited evidence demonstrating direct antioxidant activity
for Acetic acid n-octadecyl ester specifically. Similar to
methyl oleate, the presence of this compound in the
present study cannot be specifically attributed to the
fermentation process because no unfermented control
was included for comparison. Furthermore, the use of n-
hexane as the extraction solvent favors the recovery of
hydrophobic compounds, which may influence the
composition of metabolites detected by GC-MS. The
detection of this compound highlights the chemical
complexity of the fermented beverage and indicates that
fermentation may influence the formation and
modification of lipid-related metabolites.

Caffeine is an alkaloid compound naturally present in
grapes or possibly derived from fermentation related
sources. In kombucha beverages, caffeine is generally
derived from the tea substrate used during fermentation
and may remain present throughout the fermentation
process, although its concentration can vary depending on
fermentation conditions and microbial activity (15).
Structurally, caffeine contains a purine like heterocyclic
ring with nitrogen-containing functional groups, which
contribute to its chemical stability and characteristic
properties (16). The presence of caffeine in fermented
beverages has been frequently reported in previous
studies investigating kombucha composition. As one of
the major tea-derived metabolites, caffeine serves as an
indicator of the contribution of the tea substrate to the
overall chemical profile of kombucha. Caffeine was
identified through GC-MS analysis and represents one of
the compounds contributing to the metabolite
composition of Balinese grape kombucha.

2, 6, 10, 14, 18, 22-Tetracosahexaene, 2, 6, 10, 15, 19,
23-hexamethyl-, (all-E)- was identified in the GC-MS
analysis as a terpenoid hydrocarbon compound
corresponding to squalene (C₃₀H₅₀)(17, 18). Squalene is a
naturally occurring triterpenoid widely distributed in
plants, fruits, vegetable oils, and various biological
materials. As an intermediate in terpenoid and sterol
biosynthesis, squalene is commonly detected in
metabolomic studies of plant-derived products and
fermented materials (19). Squalene has been reported in
various plant-derived materials and represents a naturally

occurring triterpenoid hydrocarbon. However, because the
present study did not analyze the unfermented grape
substrate or tea base, it cannot be concluded whether the
detected squalene originated from the raw materials or
was associated with biochemical transformations during
fermentation. Confirmation of its identity would require
additional analytical approaches using authentic reference
standards or complementary spectroscopic techniques.

Overall, the GC-MS analysis demonstrated the
presence of several non-polar metabolites in the n-hexane
extract of fermented Balinese grape kombucha. The
detected compounds indicate the chemical complexity of
the analyzed sample; however, the present data do not
permit conclusions regarding the origin of individual
metabolites, changes induced by fermentation, or their
biological significance. Future studies incorporating
unfermented control samples, quantitative analyses,
chromatographic peak evaluation, and compound
confirmation using authentic standards are required to
better characterize the chemical changes associated with
kombucha fermentation.

Conclusion
GC-MS analysis of Balinese grape kombucha (V. vinifera L.
var. Alphonso Lavallee) tentatively identified several
chemical constituents, including 9-Octadecenoic acid
methyl ester (E)-, acetic acid n-octadecyl ester, caffeine,
and 2, 6, 10, 14, 18, 22-tetracosahexaene, 2, 6, 10, 15, 19,
23-hexamethyl-, (all-E)-, based on mass spectral library
matching. These compounds were classified as fatty acid
esters, alkaloids, and terpenoid hydrocarbons, reflecting
the diversity of relatively non-polar metabolites detected
in the n-hexane extract of the fermented sample.
Therefore, the present findings provide a preliminary
characterization of the metabolite composition of
fermented Balinese grape kombucha under the analytical
conditions employed.

Abbreviations
GC-MS, Gas Chromatography-Mass Spectrometry; RT,
Retention Time; CID, Compound Identification Number;
SCOBY, Symbiotic Culture of Bacteria and Yeast.
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