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Abstract

Purpose — This research intended the utilization of Javanese turmeric (0.4% w/v) as a kombucha substrate
and analysis of its hepatoprotective activity, in comparison against nonfermented Javanese turmeric beverage
(JTB) and black tea kombucha.

Design/methodol ogy/approach — Forty-two healthy male Balb/c mice (two- to three-week-old, 20-30 g)
were divided into six groups with seven replicates each. The treatments were normal diet, normal diet p
Javanese turmeric kombucha (JTK), normal diet p diethylnitrosamine (DEN), DEN p JTB, DEN p JTK,
DEN p black tea kombucha. Kombuchas and JTB were given at 0.3 mL/20 g BW/d. DEN was induced
intraperitoneally at a dose of 100 mg/kg. Observed biomarkers were blood serum glutamate pyruvate
transaminase (SGPT) and serum glutamate oxaloacetate transaminase (SGOT) activity, serum
malonaldehyde (MDA), aswell asliver histology. Datawere analyzed using analysis of variance.

Findings — Among DEN-induced groups, JTK significantly (p < 0.05) diminished the level of blood
SGPT, SGOT and serum MDA. JTK aso had lower blood SGPT (8.604 6 2.195 U/L) and serum MDA levels




1. Introduction

Chronic liver disease occurs after the liver is exposed to prolonged inflammation. This
inflammeation can be caused by oxidative stress, alcohol, viral infection, accumulation of
cytoplasmic fats or autoimmune disease. Chronic liver disease may alter severa biochemical
pathways related to nutrients and result in great nutritional impact (Fortes, 2017). Patients
with early stages could undergo transplantation, abrasion or resection. However, symptoms
may be hard to detect during the early stages and can lead to delayed treatment (Zhang
etal., 2021). Therefore, prevention is needed at the early stagesto ease the burden and arrest
the expansion of the disease.

Diet and dietary constituents seem to play a hepatoprotective role (Elsharkawy et al.,
2022). Javanese turmeric isan Indonesian local rhizomethat is mostly used to aleviateliver
disease (Rahmat et al., 2021). It contained xanthorrhizol, curcuminoid, flavonoid, ar-
turmerone, a-turmerone, curcumene, bisacurone, curlone, lactone-germacrone and
germacrone (Lukitaningsih et al., 2020). Xanthorrhizol, the most abundant active compound
found in Javanese turmeric, is known as a good anti-inflammation compound and exhibits
the ability to reduce the activity of blood serum glutamate pyruvate transaminase (SGPT)
and serum glutamate oxal oacetate transaminase (SGOT), enzymes that are considered as
liver damage markers (Oon et al., 2015). However, these identified bioactive compounds are
bound with the plant matrix and other components, therefore they have low bioavailability
(Rahmat et al., 2021). Owing to the fermentation process many of these bioactive compounds
could be released and become readily bioavailable.

Kombuchais a tea beverage fermented by a symbiotic association of bacteria and yeast
(SCOBY) (Mirandaet al., 2022). The bacteriaand yeast in kombucha are known to produce
hepatoprotective components such as glucuronic acid and D-saccharic acid 1,4-lactone
(DSL). Glucuronic acid can enhance the detoxification of toxicants, increase polyphenol
bioavailability and increase the solubility of steroids and vitamin D, whereas DSL. may act
as a hepatoprotective agent and antioxidant (Martinez-Leal et al., 2018). Recent research on
kombucha has focused on using other new materials as substrates (Salafzoon et al., 2018;
Zubaidah et al., 2018; Zubaidah et al., 2022). Thus, the objective of this research was to
analyze the usage of Javanese turmeric as a kombucha substrate to enhance its
hepatoprotective properties. The microbia activity during fermentation was expected to
synergize with Javanese turmeric active compounds and enhance their hepatoprotective
activity.

2. Materias and methods

2.1 Materials

Javanese turmeric of commercial maturity, commercial kombuchastarter, black teaand cane
sugar were obtained in Malang, East Java, Indonesia. Javanese turmeric was peeled, cleaned
and cut into thin slices. The slices were then dried in a cabinet drier at 60°C for 5-6h and
ground into a fine powder. Diethylnitrosamine (DEN) was obtained from the Tokyo
Chemical Industry.



2.2 Kombucha and nonfermented solution preparation and analysis

Javanese turmeric solution (0.4% w/v) was made with 2 g of Javanese turmeric powder that
was placed into teabags. The concentration was chosen as the optimal treatment after the
analysis of total microbia cells, tota titratable acidity, pH, total phenolic content and
antioxidant activity by Zubaidah et al. (2022). Javanese turmeric powder was extracted in
boiling water (500 mL) for 5 min, then sweetened with 10% sugar. The solution was put into
sterile glassjars and cooled to room temperature (at 30°C). Kombucha starter (10% v/v) was

added aseptically. The jars were covered with sterile cheese cloths and fermentation was
carried out at room temperature for 12 days. Asacontrol, black tea kombucha was prepared
with the same method at a concentration of 0.4% (Zubaidah et al., 2018). Nonfermented
Javanese turmeric beverage (JTB) was prepared with the same concentration and procedure
as Javanese turmeric kombucha (JTK) without the addition of a kombucha starter.

2.3 Animal experiment and analysis

Forty-two healthy male BalB/C mice (two- to three-week-old, 20—30 g) were obtained from
Biomedic Laboratory, Medical Faculty of Muhammadiyah University, Malang. The mice
were divided randomly into six groups with seven replicates each, with Group 1 (normal
diet), Group 2 (normal diet p JTK), Group 3 (normal diet p DEN), Group 4 (DEN p JTB),
Group 5 (DEN p JTK) and Group 6 (DEN p black tea kombucha). Each group shared one
housing and the bedding was changed every three days. Mice received exposure to light for
12 h/day. Mice were acclimated for seven days, weighed once every three days, and were
given JTK, black tea kombucha and JTB (0.3 mL/20 g BW/day) regularly for three weeks.
The mice accessed standard diet (BR2 commercia feed) and water ad libitum throughout the
experiment.

Alongsidethetreatments, DEN (100 mg/kg) wasthen induced intraperitoneally once per
week for two weeks. Mice were then incubated for one week while the treatments were still
being given. The mice were then fasted for one day. Twenty-four hours after fasting, the
miceweresacrificed using 0.2 mL ketamineinjection (0.1 mg/g BW). Blood waswithdrawn
from the heart during scarification for SGPT and SGOT activity analysis. SGPT and SGOT
activity were analyzed using commercial reagent kits (Biosystems S.A, Costa Brava 30,
Spain Quality system certified: EN SO 13485 and EN 1SO 9001 standard). Malonaldehyde
(MDA; nM/mL) concentration was analyzed in blood serum using the standard
spectrophotometric method (Zubaidah et al., 2023) with an MDA kit (Biotect Co, China, ISO
9001:2015, EU2577). The animal study was approved by the Brawijaya University Research
Ethics Committee (Ethical Clearance No. 109-KEP-UB-2021).

2.4 Histopathological analysis

Histopathological analysis of liver cellswas carried out according to Zubaidah et al. (2023).
After scarification, livers were taken and fixed in formalin, then dehydrated by 50%—100%
ethanol. The livers were dissected, fixed in 5 mm paraffin and stained using hematoxylin
and eosin. The stained dissections were observed through alight microscope (40x, 100x and
400x) to analyze the existence of inflammatory cells and apoptotic bodies. Damaged cells
were counted.

2.5 Satidtical analysis
Data are presented as mean 6 standard deviation (SD) (n ¥ 7). The data were analyzed by
analysis of variance, followed by Fisher’s exact test at p < 0.05.




Tablel.
Activitiesof SGPT
and SGOT in blood

3. Result and discussion

3.1 Ellect of treatments on mice behavior

Mice that were given different treatments exhibit different behavior. Group 1 (normal diet)
and Group 2 (normal diet p JTK) showed normally active physical activity and normal
appetite. In comparison, Group 3 (normal diet p DEN) showed less physical activity and
became lethargic. The group a so showed adecreasein appetite. DEN isan acuteliver toxin.
DEN injured theliver and decreased appetite and food consumption (You et al., 2021). The
DEN-induced group that was also given JTK, black tea kombucha and JTB was more active
compared to Group 3. Thisgroup also showed ahigher level of appetite compared to Group 3.
These might be caused by Javanese turmeric and black tea kombucha chemical components
that could increase appetite and repair metabolism (Rahmat et al., 2021; Jayabalan et
al., 2014). JTK, JTB and black tea kombucha restored the appetite of mice induced by
DEN.

3.2 Serum glutamate pyruvate transaminase and serum glutamate oxal ate transaminase
enzyme activity

SGPT is an enzyme only present in the liver parenchyma cell cytosol thus its activity
specificaly indicatesliver failure (Desianduraet al., 2022). SGOT isan enzymefoundin liver
cells cytosol and mitochondria. It also exists in cardiac muscle, skeletal muscle, pancreas
and kidney. When the liver was exposed to DEN, the cells lysed and released SGPT and
SGOT into the blood circulation (Castro et al., 2015). The evaluation of SGPT and SGOT
reveal ed the hepatoprotective activity of kombucha. Low levels of SGPT and SGOT showed
better hepatoprotective activity. The results of SGPT and SGOT activity measurement are
shownin Table 1.

Thelowest SGPT activity was found in the normal diet p JTK group. The normal SGPT
activity value of healthy miceis5-35 IU/L (Hutagalung et al., 2023). The SGPT activity of
the normal diet group (71.8%) was still within range and lower than the normal diet group,
which meant JTK enhanced healthy liver condition. Thelowest SGOT activity wasfound in
the normal diet group. The SGOT value of the normal diet group was within the normal
range of 10-40 IU/L (Hutagalung et al., 2023). The normal diet p JTK group had
significantly higher SGOT activity compared to the normal diet group, but still within the
normal range. However, the high SGOT activity was not able to specifically indicate liver

Treatments SGPT (U/L) %decrease  SGOT (U/L) %decrease
Normal diet 25.8%6 9.4 0.0 14.6° 6 11.0 0.0
Normal diet p Javanese turmeric kombucha 7.3¢612 71.8 23.2¢6 29 -59.1
Normal diet b DEN 36.426 136 0.0¢ 37.126 37 0.0¢
DEN p Nonfermented Javanese turmeric beverage  15.2°¢6 8.7 582>  25.8%¢6 4.7 30.4p
DEN p Javanese turmeric kombucha 8.6°622 76.42 21.2>6 86 2R
DEN p black tea kombucha 1856130  49.1° 31.8%65.0 14.3°

Notes: SGPT Y4 serum glutamate pyruvate transaminase; SGOT Y4 serum glutamate oxaloacetate
transaminase; DEN ¥4 diethylnitrosamine; SGPT and SGOT decrease percentage of normal diet pp Javanese
turmeric kombuchawere cal culated based on the SGPT and SGOT value of normal diet. Decrease percentage
of DEN p nonfermented Javanese turmeric, DEN p Javanese turmeric kombucha, and DEN p black tea
kombucha was calculated based on the SGPT and SGOT value of normal diet p DEN; Datais presented in
means 6 SD; data followed by different letters shows a significant difference (p < 0.05)

serum of mice (N¥27) Source: Created by authors




damage as SGOT activity isalso present in different tissues such as cardiac muscle, skeletal
muscle, pancreas and kidney (Desiandura et al., 2022).

The normal diet p DEN group showed the highest SGPT and SGOT activity (Table 1).
The SGPT activity of this group was higher than the normal range of healthy mice, whereas
the SGOT activity approached the upper limits. Thisindicated that DEN was able to induce
liver damage and cause cell lysis. DEN was able to accumulate free radicalsin liver cells
and impair enzymes involved in liver DNA reparation. The free radicals harmed DNA and
other nucleophilic compounds and resulted in the development of cancer cells (Arboatti et
al., 2018). Whentheliver cellswere damaged, SGPT and SGOT werereleased from the cells
and circulated in the bloodstream, therefore the DEN p normal diet group showed high
SGPT and SGOT activities (Castro et al., 2015).

DEN p JTB group had 58.2% lower SGPT and 30.4% lower SGOT activity compared to
the normal diet p DEN group. Javanese turmeric contains various antioxidant and anti-
inflammatory compounds such as xanthorrhizol, curcumin, calebin-A, phenolic compounds
and triterpenoids. Antioxidants lower the number of free radicals and inhibit liver cytochrome
P450 2E1 (CYP2EL), a gene responsible for the induction of microsomal oxidation that
increases free radical production. This activity made liver cells produce the right amount of
adenosine triphosphate (ATP) and ions, therefore creating a homeostatic condition. This
condition decreased osmotic pressure and prevented cell membrane leakage. This activity
prevented therelease of SGPT and SGOT into the bloodstream (Puteri et al ., 2020).

Xanthorrhizol suppressed the phosphorylation of c-Jun N-terminal kinase in the mitogen-
activated protein kinases signaling pathway (Oon et al., 2015). The suppression prevented the
transcription of cyclooxygenase (COX), inducible nitric oxide synthase (iNOS), c-Fos, and p50,
therefore inhibiting the binding of nuclear factor-kB (NF-kB) and activator protein-1 (AP-1)
with DNA. These transcription factors contribute to cell inflammation and apoptosis.
Curcumin prevented lipid peroxidation and oxidative stress. It also restored the balance of the
Bcl-2/Bax ratio and inhibited transforming growth factor beta (TGF-b), which suppressed liver
cdl apoptoss (Pramono et al., 2018). Caebin-A lowered the regulation of tumor necros's factor-
apha (TNF-a), which consequently prevented the NF-kB activation (Tyagi et al., 2017).
Calebin-A inhibited COX, an enzyme that contributed to inflammation and cytochrome P450
1A2 (CYP1A2) and CYP2D6, which were responsible for transforming xenobioticsinto pro-
carcinogenic compoundsthat may damageliver cells(Oliveiraetal., 2015).

DEN p JTK had 76.4% lower SGPT and 42.9% lower SGOT activity compared to the
normal diet p DEN group. This emphasized that JTK protected the liver from DEN
induction. The hepatoprotective activity of JTK was contributed by xanthorrhizol, curcumin,
calebin-A, phenolic compounds and terpenoid compounds (Zubaidah et al., 2023). However,
the SGPT and SGOT activity of the DEN p JTK group was aso lower than the DEN p JTB
group. This proved that kombucha fermentation enhanced the hepatoprotective activity of
the raw material.

During the fermentation of black tea kombucha, yeasts and bacteria formed glucuronic
acid, DSL and released complex polyphenol and flavonoid compounds (Wang et al., 2013;
Chakravorty et al., 2016). These compounds were also found in JTK. Glucuronic acid
increased the polarity of xenobiotics, decreased their toxicity, facilitated liver absorption,
metabolism and excretion of xenobiotics through bile and urine. DSL produced by lactic acid
bacteria (LAB) and Gluconacetobacter sp. inhibited b-glucuronidase, an enzyme responsible
for the cleavage of glucuronic acid and toxicant. By thisinhibition, the toxicant would bind
to glucuronic acid and be easier to be excreted (Wang et al., 2013). Microbes also released
phenols that were bound to the substrate’s matrices. Kombucha yeasts are dominated by
Candida, a genus that possesses the ability to degrade complex polyphenol and flavonoid




Table 2.

compoundsinto simpler compounds (Chakravorty et al., 2016), which increases the number
and antioxidant activity of the compounds.

DEN p black tea kombucha had 49.1% lower SGPT and 14.3% lower SGOT activity
compared to normal diet p DEN. Black tea exhibited good hepatoprotective activity due to
its anti-inflammatory and antioxidative activity. Black tea kombucha inhibited liver cell
inflammation and apoptosis by maintaining the mitochondrial membrane potential so that
the cells did not activate caspase-3, an enzyme that induces cell death (Lee et al., 2019). Black
tea kombucha also possessed glucuronic acid and DSL. On the other hand, black tea itself
contained various polyphenolic compounds, predominantly catechin. During fermentation,
microbes hydrolyzed catechin and converted other polyphenolic compounds into catechin,
which increased the antioxidant activity (Jakubczyk et al., 2020).

The SGPT and SGOT activity of DEN p JTK were lower than the DEN p black tea
kombucha group. Javanese turmeric contains xanthorrhizol, curcumin, phenolic compounds
and triterpenoids which do not exist in black tea (Puteri et al., 2020). During kombucha
fermentation, microbes released these hepatoprotective compounds and produced organic
acids such as glucuronic acids and DSL by using sugars added to the substrate (Martinez-
Led et al., 2018). It was assumed that there was a synergy between hepatoprotective
compounds of Javanese turmeric and microbial activity during fermentation.

3.3 Lipid peroxidation level

MDA was a product of a secondary oxidation process that could be found in the cell
membranes. Higher MDA levelsindicate higher oxidation levelsin the body (Castro et al.,
2015). Table 2 showstheresult of MDA measurements. The normal diet group resultedina
significantly higher MDA level compared to the normal diet p JTK group. This proved that
JTK was able to decrease oxidative stress levels in healthy mice. The normal diet p DEN
group had the highest MDA level. DEN was metabolized in the liver by P450
monooxygenase, resulting in active ethyl radicals (Mansour et al., 2019). Thesefreeradicals
increased lipid peroxidation, suppressed antioxidant enzyme activity and increased the
number of toxic metabolites such as 4-hydroxynonenal and MDA (Zhang et al., 2021).

DEN p JTB and DEN p JTK performed alower MDA level compared to the normal diet p
DEN group. Javanese turmeric protects the liver from DEN-caused oxidative stress by
increasing glutathione reductase, superoxide dismutase, glutathione peroxidase and
glutathione S-transferase activity (Lukitaningsih et al., 2020). Xanthorrhizol and curcumin

Treatments MDA (nanomol/mL) Ydecrease
Normal diet 4.7% 6 0.25 0.0
Normal diet p Javanese turmeric kombucha 3.4°6 0.09 271
Normal diet p DEN 5.126 1.00 0.0¢
DEN p Nonfermented Javanese turmeric beverage 3.8°60.23 25.6°
DEN p Javanese turmeric kombucha 2.9°6 0.08 2.2
DEN p black tea kombucha 2.9°6 0.06 42.42

Notes: MDA ¥ maonadehyde; DEN ¥ diethylnitrosamine; MDA decrease percentage of normal diet p
Javanese turmeric kombucha was calculated based on the MDA value of norma diet MDA decrease
percentage of DEN p nonfermented Javanese turmeric, DEN p Javanese turmeric kombucha, and DEN p
black tea kombucha was cal culated was cal culated based on the MDA value of normal diet p DEN; Datais

MDA levelsinblood presented in means 6 SD; data followed by different |etters shows asignificant difference (p < 0.05)
serum of mice (N¥27) Source: Created by authors




donated hydrogen to free radicals and chelated oxygen to prevent oxidation (Noreen et al .,
2017). Xanthorrhizol can prevent LDL peroxidation due to its phenolic hydroxyl group and
bisabolene backbone (Oon et al., 2015). Xanthorrhizol chelated Cu?, decreased the catalyst of
LDL peroxidation and improved the activity of superoxide dismutase (SOD) and catal ase that
resulted in less MDA formation.

The MDA level of DEN p JTK was less than DEN p JTB. During kombucha
fermentation, microbes released enzymes that freed bound antioxidants. Acetic acid bacteria
oxidized sugars into aldehydes and organic acids, which donated HP to free radicals
(Hardiwati et al., 2019). LAB produced curcumin/dehydrocurcumin reductase that reduced
curcumin into its analog (THC, hexahydrocurcumin and octahydrocurcumin) in the
presence of nicotinamide adenine dinucleotide phosphate (Huang et al., 2018). THC
stabilized hydroxyl radicals, reduced MDA and increased SOD and catalase better than
curcumin (Moraleset al., 2015; Trivedi et al., 2020).

DEN p black tea kombucha displayed the lowest MDA level. Nonfermented black teais
known to have good antioxidant activities due to its components (catechin, epicatechin,
epigallocatechin, epicatechin gallate, epigallocatechin gallate, theaflavin and thearubigin).
Black tea kombucha possessed higher levels of phenolic compounds compared to
nonfermented black tea (Jakubczyk et al., 2020). Kombucha also had gluconic acids and
thearubigin derivatives that were able to stabilize free radicals. The presence of DSL and
ascorbic acids a so helped eliminate toxicants which could be metabolized into free radicals
inside the body (Morales, 2020). The MDA level of DEN p black tea kombucha showed no
significant difference with DEN p JTK and normal diet p JTK.

3.4 Liver histology

In Figure 1, normal diet mice liver and norma diet p JTK mice liver showed purple
cytoplasm, dark nucleus, clear cell lining and distinct central vein. This histology was in
concordance with the description of normal miceliver histology (Devarg et al., 2014). DEN p
normal diet showed ambiguous cell linings, bright pink cytoplasm and loss of nuclei. A
group of cells were degraded and replaced by inflammatory cells, which was caused by
continuous lobule damage and indicated liver hepatitis (Krishna, 2017). The reddish cells
with no nuclei were apoptotic bodies, indicating liver cell death by DEN (Boyd et al., 2020).

The DEN p JTB group showed lesser bile inflammation and apoptotic bodies than the
DEN p norma diet group. The DEN p black tea kombucha group underwent bile
inflammation and had some apoptotic bodies, although the degraded cell area was not as
large as the normal diet b DEN group. DEN p JTK experienced central vein inflammation,
but not as serious as other DEN-induced groups. No apoptotic bodies were seen in the DEN
p JTK group, indicating that the cells were not seriously injured by DEN and had not yet
experienced apoptosis.

Figure 2 showsthat the DEN p normal diet group had the highest damaged cell number.
DEN could induce DNA methylation which triggers apoptosis (Tolba et al., 2015). DEN
induction activated macrophage and neutrophils, which consequently produced
proinflammatory cytokine and chemokine. DEN aso stimulated the infiltration of
inflammatory cells such as lymphocytes, eosinophils and Kupffer cells (Mansour et al.,
2019). Liver inflammation can increase vein pressure and decrease intrahepatic nitrite oxide.
The suppression of nitrite oxide reduced the ability of vasodilatation and triggered cirrhosis
(Vizzutti et al., 2013).

DEN p JTK and normal diet p JTK groups had the lowest number of damaged cells,
followed by DEN p JTB and DEN p black tea kombucha groups. This proved that JTK had
better hepatoprotective activity compared to JTB and black tea kombucha. The damaged




Figurel.
Miceliver histology

Notes: (a) Normal diet; (b) normal diet + JTK; (c) normal diet + DEN; (d) DEN +
nonfermented JTB; (€) DEN + black tea kombucha; (f) DEN + JTK; 400x magnification
| = inflammation; A = apoptotic bodies; F = fibrosis

Sour ce: Created by authors

cell number for DEN p JTK was nearly the same as the normal diet p JTK group. This
indicated that JTK was able to dleviate liver damage and restore the liver to its normal
condition.

4. Conclusions

Fermentation enhanced the hepatoprotective activity of Javanese turmeric dueto therelease
of bioactive compounds and new bioactive compound formation. As evidenced by the least
damaged liver-cell numbers, JTK demonstrated better hepatoprotective activity compared
to JTB.



_EEQB fg 50
234
T %, 30
g £ 20
23
S
0
Normal diet  Normal diet + DEN +norma  DEN +non-  DEN + black DEN +
Javanese diet fermented tea kombucha Javanese
Turmeric Javanese turmeric
Kombucha turmeric kombucha
Treatments

Note: DEN = diethylnitrosamine
Sour ce: Created by authors

References

Arboatti, A.S., Lambertucci, F., Sedimeier, M.G., Pisani, G., Monti, J.,, Alvarez, M.L., Franc,es, D.EA.,
Ronco, M.T. and Carnovale, C.E. (2018), “Diethylnitrosamine increases proliferation in early
stages of hepatic carcinogenesis in insulin-treated type 1 diabetic mice’, BioMed Research
International, Vol. 2018.

Boyd, A., Cain, O., Chauhan, A. and Webb, G.J. (2020), “Medical liver biopsy: background, indications,
procedure and histopathology”, Frontline Gastroenterology, VVol. 11 No. 1, pp. 40-47.

Castro, C.A., Dias, M.M.S,, Silva, K.A., Reis, SA., Concei¢éo, L.L., Marcon, L.D.N., Moraes, L.F.S. and
Peluzio, M.C.G. (2015), “Liver biomarkers and their applications to nutritiona interventionsin
animd studies’, in Preedy, V. (Ed.), Biomarkersin Liver Disease, Springer, New Y ork, NY, pp. 1-24.

Chakravorty, S., Bhattacharya, S., Chatzinotas, A., Chakraborty, W., Bhattacharya, D. and Gachhui, R.
(2016), “Kombucha tea fermentation: microbial and biochemical dynamics’, International
Journal of Food Microbiology, Vol. 220, pp. 63-72.

Desiandura, K., Rahayu, A. and Wibisomo, F.J. (2022), “Cat’s liver disease detection with SGOT and
SGPT evaluation as a gold standard diagnosis’, Indonesian Journal of Tropical and Infectious
Disease, Vol. 10No. 1, pp. 48-54.

Devargj, S., Ismail, S., Ramanathan, S. and Yam, M.F. (2014), “Investigation of antioxidant and
hepatoprotective activity of standardized Curcuma xanthorrhiza rhizome in carbon
tetrachloride-induced hepatic damaged rats’, The Scientific World Journal, Vol. 2014.

Elsharkawy, E.E., El-Nisr, N.A., Wahba, N.M. and Elsherif, W.M. (2022), “Hepatotoxicity of
methoxychlor and camel milk restoration”, Nutrition and Food Science, Vaol. 52 No. 3, pp. 483-496.

Fortes, R.C. (2017), “Nutritional implications of chronic liver disease”, Journal of Liver Research,
Disorders, and Therapy, Vol. 3No. 5, pp. 131-133.

Hardiwati, K.T., Seninha, M., Lay, B.W. and Yanti, L. (2019), “Curcuminoid cider fermented from
Curcuma xanthorrhiza curcuminoids attenuates gene expression related to obesity-induced
inflammation in hypercholesterolaemic rats’, International Food Research Journal, Val. 26 No. 3,
pp. 859-867.

Huang, Y., Cao, S., Zhang, Q., Zhang, H., Fan, Y., Qiu, F. and Kang, N. (2018), “Biological and
pharmacological effects of hexahydrocurcumin, a metabolite of curcumin”, Archives of
Biochemistry and Biophysics, VVol. 646, pp. 31-37.

Hutegalung, C.F., Girsang, E., Mutia, M.S,, Suharting, K. and Natali, O. (2023), “Liver protection effect of
red rose petal methanol extract in copper-induced liver injury in male Wistar rats’, Biology,
Medicine, and Natural Product Chemistry, Vol. 12 No. 2, pp. 507-513.

Figure2.

Damaged cell number
on thefield of view of
100x magnification




Jakubczyk, K., Katdun,ska, J., Kochman, J. and Janda, K. (2020), “Chemical profile and antioxidant
activity of the Kombucha beverage derived from white, green, black and red tea”, Antioxidants,
Vol. 9No. 5, p. 447.

Jayabalan, R., MabaSa, R.V., Lon~car, E.S., Vitas, J.S. and Sathishkumar, M. (2014), “A review on
kombucha tea—microbiology, composition, fermentation, beneficial effects, toxicity, and tea
fungus’, Comprehensive Reviewsin Food Science and Food Safety, Vol. 13 No. 4, pp. 538-550.

Krishna, M. (2017), “Patterns of necrosisin liver disease’, Clinical Liver Disease, Vol. 10 No. 2, pp. 53-56.

Lee, C.,Kim,J, Wang, S, Sung, S., Kim, N., Lee, H.H., Seo, Y.S. and Jung, Y. (2019), “Hepatoprotective
effect of kombucha tea in rodent model of nonalcoholic fatty liver disease/nonalcoholic
steatohepatitis’, International Journal of Molecular Sciences, Vol. 20 No. 9, p. 2369.

Lukitaningsih, E., Rohman, A., Rafi, M., Nurrulhidayah, A.F. and Windarsih, A. (2020), “In vivo
antioxidant activities of Curcuma longa and Curcuma xanthorrhiza: areview”, Food Research,
Vol. 4 No. 1, pp. 13-19.

Mansour, D.F., Abdallah, H.M.l., Ibrahim, B.M.M., Hegazy, R.R., Esmail, R.S.E. and Abdel-Sdam, L.O.
(2019), “The carcinogenic agent diethylnitrosamine induces early oxidative stress, inflammation
and proliferation in rat liver, stomach and colon: protective effect of ginger extract”, Asian
Pacific Journal of Cancer Prevention, Vol. 20 No. 8, pp. 2551-2561.

Martinez-Leal, J.,, Su,arez, L.V, Jayabaan, R., Oros, JH. and Escalante-Aburto, A. (2018), “A review on
health benefits of kombucha nutritional compounds and metabolites’, CyTA - Journal of Food,
Val. 16 No. 1, pp. 390-399.

Miranda, J.F., Ruiz, L.F., Silva, C.B., Uekane, T.M., Silva, K.A., Gonzalez, A.G.M., Fernandes, F.F. and
Lima, A.R. (2022), “Kombucha: areview of substrates, regulations, composition, and biological
properties’, Journal of Food Science, Val. 87 No. 2, pp. 503-527.

Morales, D. (2020), “Biological activities of kombucha beverages: the need of clinical evidence”, Trends
in Food Science and Technology, Vol. 105, pp. 323-333.

Morales, N.P., Sirijaroonwong, S., Y amanont, P. and Phisalaphong, C. (2015), “Electron paramagnetic
resonance study of the free radical scavenging capacity of curcumin and its demethoxy and
hydrogenated derivatives’, Biological and Pharmaceutical Bulletin, VVol. 38 No. 10, pp. 1478-1483.

Noreen, H., Semmar, N., Farman, M. and McCullagh, J.S.0. (2017), “Measurement of total phenolic
content and antioxidant activity of aerial parts of medicinal plant Coronopus didymus’, Asian
Pacific Journal of Tropical Medicine, Vol. 10 No. 8, pp. 792-801.

Olivera, A.L.P., Martinez, SE., Nagabushnam, K., Mgeed, M., Alrushaid, S, Sayre, C.L. and Davies, N.
M. (2015), “Caebin A: analytica development for pharmacokinetics study, elucidation of
pharmacological activitiesand content analysis of natural health products’, Journal of Pharmacy
and Pharmaceutical Sciences, Vol. 18 No. 4, pp. 494-514.

QOon, S.F., Nallappan, M., Tee, T.T., Shohaimi, S., Kassim, N.K., Saariwijaya, M.S.F. and Cheah, Y H.
(2015), “Xanthorrhizol: a review of its pharmacological activities and anticancer properties’,
Cancer Cell International, Vol. 15No. 1.

Pramono, S., Arifah, F.H., Pribadi, F.H. and Nugroho, A.E. (2018), “Hepatoprotective activity of
Curcuma xanthorrhiza Roxb. on paracetamol-induced liver damage in rats and correlation with
their chemical compounds’, Thai Journal of Pharmaceutical Sciences, Vol. 42 No. 4, pp. 188-195.

Puteri, A.l.S., Sandhika, W. and Hasanatuludhhiyah, N. (2020), “Effect of Javanese turmeric (Curcuma
xanthorrhiza) extract on hepatitis model of alcohol-induced mice”, Jurnal Kedokteran Brawijaya,
Vol. 31 No. 1, pp. 39-42.

Rahmat, E., Lee, J. and Kang, Y. (2021), “Javanese turmeric (Curcuma xanthorrhiza Roxb.):
phytochemistry, biotechnology, and pharmacological activities’, Evidence-Based Complementary
and Alternative Medicine, Vol. 2021.



Salafzoon, S., Mahmoodzadeh Hosseini, H. and Halabian, R. (2018), “Evauation of the antioxidant
impact of ginger-based kombucha on the murine breast cancer model”, Journal of
Complementary and Integrative Medicine, Vol. 15 No. 1, pp. 1-8.

Tolba, R., Kraus, T., Liedtke, C., Schwarz, M. and Weiskirchen, R. (2015), “Diethylnitrosamine (DEN)-
induced carcinogenicliver injury inmice”, Laboratory Animals, Vol. 49 No. 1_suppl, pp. 59-69.

Trivedi, M.K., Panda, P., Sethi, K.K., Gangwar, M., Mondal, S.C. and Jana, S. (2020), “Solid and liquid
state characterization of tetrahydrocurcumin using XRPD, FT-IR, DSC, TGA, LC-MS, GC-
MS, and NMR and itsbiological activities’, Journal of Pharmaceutical Analysis, Vol. 10 No. 4,
pp. 334-345.

Tyagi, A., Prasad, S,, Mgeed, M. and Aggarwal, B.B. (2017), “Cdebin A, anovel component of turmeric,
suppresses NF-kB regulated cell survival and inflammatory gene products leading to inhibition
of cell growth and chemosensitization”, Phytomedicine, Vol. 34, pp. 171-181.

Vizzutti, F., Arena, U., Laffi, G. and Marra, F. (2013), “Acute on chronic liver falure: from
pathophysiology to clinical management”, Trendsin Anaesthesia and Critical Care, Vol. 3No. 3,
pp. 122-129.

Wang, Y., Ji, B.,, Wu, W., Wang, R., Yang, Z., Zhang, D. and Tian, W. (2013), “Hepatoprotective effects of
kombuchatea: identification of functional strains and quantification of functional components”,
Journal of the Science of Food and Agriculture, Vol. 94 No. 2, pp. 265-272.

You, Y., Zhu, F,, Li, Z., Zhang, L., Xie, Y., Chinnathambi, A., Alahmadi, T.A. and Lu, B. (2021),
“Phyllanthin prevents diethylnitrosamine (DEN) induced liver carcinogenesis in rats and
induces apoptotic cell death in HepG2 cells’, Biomedicine and Pharmacotherapy, Vol. 137,
p. 111335,

Zhang, Y., Li, X. and Li, X. (2021), “Curcumae ameliorates diethyl nitrosamine-induced hepatocel lular
carcinoma via alteration of oxidative stress, inflammation and gut microbiota’, Journal of
Inflammation Research, Vol. 2021 No. 14, pp. 5551-5566.

Zubaidah, E., Dea, E.C. and Sujuti, H. (2022), “Physicochemical and microbiological characteristics of
kombucha based on various concentration of Javanese turmeric (Curcuma xanthorrhiza)”,
Biocatalysis and Agricultural Biotechnology, Val. 44, doi: 10.1016/j.bcab.2022.102467.

Zubaidah, E., Yurista, S. and Rahmadani, N.R. (2018), “Characteristics of physical, chemical, and
microbiological kombuchafrom various varieties of apples’, IOP Conference Series: Earth and
Environmental Science, Vol. 131 No. 1.

Zubaidah, E., Susanti, I., Sujuti, H., Martanti, E., Rahayu, A.P., Srianta, |. and Tewfik, I. (2023), “The
distinctive hepatoprotective activity of turmeric kombucha (curcuma longa) induced by
diethylnitrosaminein Balb/C mice”, Food Bioscience, Vol. 55, p. 103043.

Further reading

Aggarwal, B.B., Deb, L. and Prasad, S. (2015), “Curcumin differs from tetrahydrocurcumin for
molecular targets, signaling pathways and cellular responses’, Molecules, Vol. 20 No. 1,
pp. 185-205.

Gurung, R.B., Gong, S.Y ., Dhakal, D., Le, T.T., Jung, N.R., Jung, H.J., Oh, T.J. and Sohng, JK. (2017),
“Synthesis of curcumin glycosides with enhanced anticancer properties using one-pot
multienzyme glycosylation technique’, Journal of Microbiology and Biotechnology, Vol. 27 No. 9,
pp. 1639-1648.

Hashish, E.A. and Elgaml, S.A. (2016), “Hepatoprotective and nephroprotective effect of curcumin
against copper toxicity in rats’, Indian Journal of Clinical Biochemistry, Vol. 31 No. 3,
pp. 270-277.

Huh, E.,Lim, S, Kim, H.G., Ha, SK., Park, H.Y ., Huh, Y. and Oh, M.S. (2018), “Ginger fermented with:
schizosaccharomyces pombe aleviates memory impairment via protecting hippocampal
neurona cells in amyloid betal-42 plaque injected mice’, Food and Function, Vol. 9 No. 1,
pp. 171-178.



http://dx.doi.org/10.1016/j.bcab.2022.102467

Imran, M., Nadeem, M., Khan, M.A., Ahmed, S, Imran, A., Amir, RM., Arshad, M.U., Gilani, SA.,
Saeed, F., Rauf, A., Mehmood, Z., Khan, S. and Suleria, H.A.R. (2017), “Curcumin and its allied
anaogues. epigenetic and health perspectives - areview”, Czech Journal of Food Sciences, Vol. 35
No. 4, pp. 285-310.

Jantan, |., Saputri, F.C., Qaisar, M.N. and Buang, F. (2012), “Correlation between chemical composition
of curcuma domestica and Curcuma xanthorrhiza and their antioxidant effect on human low-
density lipoprotein oxidation”, Evidence-Based Complementary and Alter native Medicine, Vol.
2012.

Kim, M.B., Kim, C., Song, Y. and Hwang, JK. (2014), “Antihyperglycemic and anti-inflammatory effects
of standardized Curcuma xanthorrhiza Roxb. Extract and its active compound xanthorrhizol in
high-fat diet-induced obese mice”, Evidence-Based Complementary and Alternative Medicine,
Vol.2014.

Vitas, J., Vukmanovi,c, S, Cakarevi,c, J., Popovi,c, L. and MabaSa, R. (2020), “Kombucha fermentation of
six medicinal herbs: chemical profile and biological activity”, Chemical Industry and Chemical
Engineering Quarterly, Vol. 26 No. 2, pp. 157-170.

Zhao, F., Gong, Y., Hu, Y., Lu, M., Wang, J., Dong, J., Chen, D., Chen, L., Fu, F. and Qiu, F. (2015),
“Curcumin and its maor metabolites inhibit the inflammatory response induced by
lipopolysaccharide: translocation of nuclear factor-kB as potential target”, Molecular Medicine
Reports, Vol. 11 No. 4, pp. 3087-3093.

Corresponding author
Elok Zubaidah can be contacted at: elok@ub.ac.id


mailto:elok@ub.ac.id

