m@mm;& pISSN 2302-1616, elSSN 2580-2909
T Vol 11, No. 2, December 2023, pp. 151-159
Available online http://journal.uin-alauddin.ac.id/index.php/biogenesis

DOI https://doi.org/10.24252/bio.v11i2.35724

Pancreatic lipase inhibitory activity of butterfly pea flower (Clitoria ternatea)
kombucha

Oktira Roka Aji'", Nida’a Fauziyyah Putri', Diah Asta Putri?

Laboratory of Microbiology, Department of Biology, Faculty of Applied Science and Technology,
Universitas Ahmad Dahlan

JI. Ahmad Yani (South Ringroad) Tamanan, Banguntapan, Bantul, D.l.Yogyakarta, Indonesia. 55166

2Laboratory of Biotechnology, Department of Biology, Faculty of Applied Science and Technology,
Universitas Ahmad Dahlan

JI. Ahmad Yani (South Ringroad) Tamanan, Banguntapan, Bantul, D.l.Yogyakarta, Indonesia. 55166

*Email: oktira.aji@bio.uad.ac.id

ABSTRACT. Preventing the action of pancreatic lipase is believed to be an effective method for treating
obesity. Pancreatic lipase inhibitor acts by suppressing the activity of pancreatic lipase, leading to decreased
lipid absorption. Kombucha is a traditional fermented drink believed to have numerous health benefits,
including anti-obese. It can be produced using a range of substrates, such as butterfly pea flowers. The aim
of this research was to investigate the inhibitory activity of kombucha made from butterfly pea flowers
toward pancreatic lipase. The fermentation parameters monitored in this study included changes in cell
density (OD600), the dry weight of the kombucha mushroom, pH, reducing sugar content, and the
percentage of titratable acid. The total phenolic and flavonoid content were also analyzed before and after
fermentation. The inhibitory effect of butterfly pea flower kombucha on pancreatic lipase was presented as
ICso. The findings indicated that as fermentation progressed, the pH level and amount of reducing sugar
decreased while the % titratable acid, cell density (OD600), and dry weight of the kombucha mushroom
increased. The phenol and flavonoid content of butterfly pea kombucha was greater than butterfly pea
infusion, with respective levels of 0.040 mg GAE/g and 0.017 mg QE/g. This study confirms that butterfly
pea flower kombucha, with an 1Cso value of 162.83 pg/ml, has the ability to inhibit pancreatic lipase in vitro
more effectively compared to butterfly pea infusion, which exhibits an 1Csy value of 239.39 pug/ml. Thus,
butterfly pea flower kombucha might be a promising candidate to combat obesity.
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INTRODUCTION

Obesity is a health problem caused by an imbalance between energy intake and output, which is
related to various diseases such as hypertension, cardiovascular, diabetes, and others (Lunagariya et
al., 2014). WHO states that 1.9 billion people are overweight and 650 million of them suffer from
obesity (WHO, 2016). About 21.8% of adults in Indonesia suffer from obesity (KEMENKES, 2018).
A change in lifestyle is the first approach in the treatment of obesity, but maintaining this effort, in
the long run, can be a challenge for obesity sufferers (Wadden et al., 2020). Alternatively, obesity
treatment is done using anti-obesity agents. One anti-obesity agent that works by reducing calorie
absorption is pancreatic lipase inhibitors. An important part of fat metabolism is played by the enzyme
pancreatic lipase, which is responsible for 60% of fat absorption (Kim et al., 2016). Orlistat is a
common commercial drug used to combat obesity by inhibiting pancreatic lipase. However, some
unpleasant side effects may occur such as oily stools, stained underwear, bloating, and inhibition of
vitamin K absorption (Li et al., 2020; Liu et al., 2020). The use of this drug by pregnant women or
those with malabsorption syndrome is not advised. It is meant only for adults and teenagers aged 12
to 18 and above. Some individuals may experience difficulty in achieving positive outcomes from
medication if they do not adhere to a consistent dosage schedule and have apprehensions about
potential long-term side effects (Behl & Misra, 2017). Therefore, it is important to explore other
options like the use of functional foods for obesity treatment (Asgary et al., 2018; Payab et al., 2020).

An example of functional food that has become popular is the fermented drink known as
kombucha. Made from fermenting black tea with a microbial culture in the form of a symbiotic
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relationship between yeast, fungus, and acetic acid bacteria, commonly referred to as symbiotic
culture of bacteria and yeast (SCOBY), kombucha is widely consumed as a beverage believed to
enhance overall health (de Miranda et al., 2022). Research has indicated that kombucha can prevent
cardiovascular disease (Doudi et al., 2020; Morales, 2020), has a hepatoprotective effect (Wang et
al., 2014), improves digestive function (Tamer et al., 2021), stimulates the immune system
(Haghmorad et al., 2021) and reduces cholesterol levels (Watawana et al., 2015; Zubaidah et al.,
2019). In vivo studies on rat also suggest that kombucha has better activity in inhibiting pancreatic
lipase activity compared to black tea (Aloulou et al., 2012).

In order to achieve a diverse range of flavors, kombucha is commonly created using a variety of
substrates, for example, mint leaves, salak, ginger, grapes, and others (de Miranda et al., 2022). An
ingredient that has gained popularity as a healthful beverage is the butterfly pea flower (Clitoria
ternatea). Based on some research results on animals, butterfly pea flower extract has properties as
an anti-asthma, anti-inflammatory, analgesic, antipyretic, anti-diabetic, anti-lipidemic, anti-
rheumatic, and antioxidant (Oguis et al., 2019). Like other natural ingredients, butterfly pea flower
also has the potential to be used as a substrate for making kombucha. However, at present, information
on its potential as a lipase inhibitor for obesity therapy is still unknown. Therefore, the purpose of
this research is to determine the lipase inhibitor activity of butterfly pea flower (C. ternatea)
kombucha. It is anticipated that the findings of this study will clarify the key ingredients that support
kombucha's lipase inhibitory action and anti-obesity characteristics, facilitating safe and efficient
ingestion.

MATERIALS AND METHODS

Samples and kombucha culture collection. Butterfly pea (Clitoria ternatea) collected from a
market in D.l.Yogyakarta, Indonesia. Kombucha culture used as a starter of the fermentation process
was obtained from the Laboratory of Microbiology, Faculty of Applied Science and Technology,
Universitas Ahmad Dahlan.

Kombucha preparation and fermentation process. The production of butterfly pea flower
kombucha refers to Ahmed et al. (2020), with modifications. About 1 gr of butterfly pea flowers was
brewed with 200 ml of boiling water for 15 min, then poured and filtered into sterilized glass bottles
or containers. The SCOBY used is one week old, it has formed a dense, solid nata with a firm texture
and a thickness of 0.3 mm. Butterfly pea flowers 1 gr was soaked with 200 ml of boiling water for 15
min, then poured and filtered into five sterilized glass bottles, each containing 40 ml. Twenty gr of
sugar (10% w/v) was added to the bottles containing the solution of butterfly pea flower tea. The
bottles are sealed and left to cool to around 30°C. Then, 12 ml of liquid culture and 8 gr of solid
culture (SCOBY) were added to each bottle. The bottles are then sealed with sterilized cheesecloth,
tied with rubber bands, and incubated for 12 days at room temperature (x28-30°C).

Biological determination. To measure the optical density (OD) of the fermented culture, a
spectrophotometer was used to read the value at 600 nm. The weight of the kombucha mushroom
was determined by separating it from the culture, washing it thrice with distilled water, and drying it
at 80°C until it reached a constant weight.

Chemical determination. The pH levels were determined by utilizing an electronic pH meter
that had been calibrated at pH 4.0 and 7.0. To determine the titratable acidity (TA), a 10 ml sample
of the fermentation broth was taken and heated in a water bath at 100°C for 10 min to remove the
COa. The sample was then diluted to 250 ml and 25 ml of the solution was added to a 100 ml
Erlenmeyer flask. About 3-5 drops of phenolphthalein (PP) indicator were added and the solution
was titrated with a 0.1 N standard NaOH solution until it turns light pink. The total acidity was
expressed as acetic acid (BM=60). To measure the amount of reducing sugars in the kombucha
sample, the Nelson-Somogyi method was employed (Somogyi, 1952). A 1 ml sample was diluted to
100 ml and subsequently mixed with 1 ml of Nelson reagent. After being heated for 20 min in a
boiling water bath, it was cooled to 25°C in running water and combined with 1 ml of
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arsenomolybdate reagent. The mixture was thoroughly agitated until the cuprous oxide sediment
dissolved and then 7 ml of distilled water was added. Based on a glucose standard curve, the
spectrophotometer was used to measure the absorbance at a 540 nm wavelength to determine the
amount of reducing sugar in kombucha. The total phenol content in kombucha fermented solutions
was determined using the Folin-Ciocalteu method (Singleton et al., 1999). A 0.1 ml sample was
transferred into a 100 ml Erlenmeyer flask and diluted with distilled water to a volume of 46 ml. Next,
1.0 ml of Folin-Ciocalteu reactive solution was added and the mixture was allowed to incubate at
room temperature for 3 min. After that, 3 ml of 2% w/v sodium carbonate solution were added and
the mixture was left for 30 min. Finally, the absorbance was measured at 760 nm. The total phenol
content was reported as gallic acid equivalents using a calibration curve. A colorimetric method was
utilized to determine the flavonoid content of the sample. The process began by adding 100 pul of the
extract to 4 ml of distilled water. Afterward, 0.3 ml of 5% sodium nitrite was added and allowed to
sit for 5 min. Next, 0.3 ml of 10% aluminum chloride was added and left for another 6 min. Then, 2
ml of 1M sodium hydroxide was added to the mixture, which was immediately diluted by adding 3.3
ml of distilled water and mixed thoroughly. The absorbance was then measured at 510 nm against a
blank. To establish a calibration curve, a standardized measurement of quercetin was utilized and the
gathered data was recorded in mg/g of the sample.

In vitro assay for lipase inhibitory activity. The in vitro lipase inhibitory activity test was
conducted according to our previous method (Aji et al., 2020) with modifications. Lipase activity
was determined by evaluating the conversion of p-nitrophenyl palmitate (pNPP) to p-nitrophenol.
Five different concentrations, 50, 100, 150, 200, and 250 ug/ml, were made. Then, a 20 mg/ml enzyme
stock was made in a 50 mM Tris HCI pH 8 buffer solution, and a 50 mM substrate stock (pNPP) was
made in acetone. The activity test was conducted by mixing 0.1 ml of the 20 mg/ml lipase, 0.2 ml of
the extract (at different concentrations), and 0.7 ml of 50 mM Tris HCI pH 8. After mixing, the
solution was incubated for 15 min at 37°C, and then 0.1 ml of 50 mM pNPP was added and incubated
for another 30 min at 37°C. The absorbance of the test results was measured using a
spectrophotometer at a wavelength of 410 nm. In this experiment, the activity of infuse of butterfly
pea flower (without fermentation) and the kombucha of butterfly pea flower was measured. Orlistat
was used as a positive control, while aquadest was used as a negative control. The activity of the
enzyme was determined by measuring the rate of reaction that produced 1 mmol of p-nitrophenol per
minute at 37°C. The test was conducted three times. The inhibitory activity of the lipase enzyme was
calculated as lipase inhibition (I %) = 100 — (A/B x 100), where A is the activity without inhibitor
and B is the activity with inhibitor (Vangoori et al., 2019). The lipase inhibitory activity was presented
as the 1Cso value, which is the concentration required to reduce enzyme activity by 50%. This value
is determined by plotting the substrate concentration and percent inhibition results on a regression
equation.

Data analysis. All the analyses were conducted in triplicate. Data were represented as mean +
standard deviation and statistically analyzed using SPSS Statistics ver. 26. ldentification of any
significant differences in the mean comparison between the two samples, an independent t-test was
performed on the data for total phenolic and total flavonoids. Meanwhile, the lipase inhibitory results
were analyzed using a one-way analysis of variance (ANOVA) followed by Duncan’s Multiple Range
test (DMRT).

RESULTS AND DISCUSSION

Biological activity of butterfly pea flower kombucha. In this study, kombucha was produced
using butterfly pea flowers as the substrate. Mushrooms exhibited exponential growth during the
initial 2 or 4 days of fermentation, as illustrated in Fig. 1. The data demonstrates that as the
fermentation time increased, the growth of the kombucha cultures, as measured by OD600, also
increased and reached its peak after 9 days. During the fermentation process, the OD600 of kombucha
increased in the initial four days and continued to rise until the end of the fermentation period (Abou-
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Taleb et al., 2017). The total count of yeast and acetic acid bacteria in kombucha liquor increases
over time and reaches its peak after 10 days of fermentation (Neffe-Skocinska et al., 2017).

The dry weight of the kombucha mushroom showed a similar pattern, with a peak output of 4.74
g after 9 days of fermentation. The pattern of the dry weight of kombucha mushrooms increasing as
the fermentation period progresses is linked to the expansion of a cellulosic structure made up of
acetic acid bacteria (Ahmed et al., 2020). The kombucha mushroom, also known as the SCOBY or
mother, is a cellulose biofilm composed of a symbiotic colony of bacteria and yeast. The composition
of microorganisms in kombucha can differ from one culture to another, but certain types of
microorganisms are commonly present in all SCOBYSs, including acetic acid bacteria (AAB) and
yeast (Bishop et al., 2022). The number of bacteria present in the liquid portion of kombucha was
higher than in the solid portion (SCOBY) (Watawana et al., 2015). The partnership between the acetic
acid bacteria and yeast in kombucha effectively prevents the contamination of spoilage and
pathogenic microorganisms (Kapp & Sumner, 2019).
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Fig. 1. Optical density (OD 600 nm) and mushrooms dry weight patterns during butterfly pea flower kombucha
fermentation

Chemical composition of butterfly pea flower kombucha. Data shown in Fig. 2 indicates that
the pH values decreased as the fermentation period prolonged and reached its lowest point at 2.04 on
day 12. In contrast, the total acidity, represented as acetic acid concentration, increased throughout
fermentation and reached 0.34% on the 12'" day.
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Fig. 2. Titratable acidity and pH during butterfly pea flower kombucha fermentation

These results align with Ahmed et al. (2020), who observed that kombucha’s pH steadily
declined as the fermentation progressed. This decline is due to the presence of organic acid, which is
produced as a result of sugar metabolism by bacteria and yeast, leading to an increase in the acidity
of the kombucha. The drop in pH results from the microorganisms in kombucha producing more
organic acids as the fermentation period extends, reducing pH (Amarasinghe et al., 2018).
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The data on reducing sugar concentration, as presented in Fig. 3, demonstrates a decrease in the
concentration at the start of the fermentation process after two days, and it slightly decreased until
day 12. The decline in reducing sugar in kombucha can be attributed to the ability of microorganisms
to break down sugar molecules through hydrolysis (Kitwetcharoen et al., 2023). As the fermentation
process progresses, the decreasing level of reducing sugar results from the sugar consumed by
microorganisms as a source of carbon, which in turn leads to the production of ethanol and organic
acids. Therefore, the acid level in kombucha progressively increases with the prolongation of the
fermentation period (Amarasinghe et al., 2018). The acidic environment in kombucha favors acid-
tolerant microbes and inhibits the growth of potential competitors or invaders. Certain yeast species,
like Dekkera/Brettanomyces, can survive and flourish in the acidic conditions of kombucha, which
would be harmful to other yeast genera. Similarly, acid-tolerant bacteria, such as Komagataeibacter,
thrive in kombucha, while other bacteria are less tolerant and unable to survive in highly acidic
conditions (May et al., 2019).
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Fig. 3. Reducing sugar content during butterfly pea flower kombucha fermentation

Total phenolic and total flavonoid compound of butterfly pea flower kombucha. The total
phenolic content was greater after 12 days of fermentation, as indicated in Table 1, than before
fermentation. The findings of this study are consistent with prior research that found kombucha
fermented drinks to contain a higher amount of total phenolics than the initial fermentation process
(Vitas et al., 2018). Another investigation demonstrated a rise in total phenolic content as the duration
of fermentation progressed (Ayed & Hamdi, 2015). The enhancement of phenolic compounds in
kombucha was observed after three days due to the increased kinetics growth of microorganisms
(Antolak et al., 2021). The variety of tea utilized in kombucha production affects the amount of
polyphenols present (Bishop et al., 2022).

Table 1. Total phenolic and flavonoids before and after butterfly pea flower kombucha fermentation

Fermentation time (days) Total phenolic (mg GAE/g sample) Total flavonoids (mg QE/g sample)
0 0.015 + 0.0022 0.012 + 0.0022
12 0.040 + 0.001° 0.017 + 0.001%

Note: Mean values are significantly different at p < 0.05 (Independent t-test). Values are given in means + standard deviation

The total flavonoid content also shows a similar trend, as visualized in Fig. 3. The increase of
phenols and flavonoids in the final stages of kombucha fermentation is likely due to the growth and
metabolic activity of the yeast and bacteria in the mixture. These microorganisms produce various
bioactive compounds, including phenols and flavonoids, which contribute to the kombucha’s
characteristic flavor and health-promoting properties. The fermentation of kombucha involves several
chemical reactions, one of which is the oxidation of polyphenolic compounds by some enzymes,
resulting in the formation of flavonoids and other healthy compounds through microbial hydrolysis



Aji et al. Biogenesis: Jurnal Iimiah Biologi 156

(Antolak et al., 2021). The Kombucha samples exhibit significant antioxidant capacity due to a high
concentration of total phenolic and flavonoid substances (IvaniSova et al., 2019).

In vitro assay for lipase inhibitory activity of butterfly pea flower kombucha. The results of
the in vitro lipase inhibition study of butterfly pea flower Kombucha are displayed in Fig. 4. The
study compared the lipase inhibition activity of the butterfly pea flower infusion (without
fermentation), butterfly pea flower kombucha drink, and orlistat. The butterfly pea flower kombucha
drink exhibited lower lipase inhibition activity compared to orlistat, with an 1Cso of 239.39 ug/ml,
162.83 ug/ml, and 102.00 ug/ml for the butterfly pea flower infusion (without fermentation), butterfly
pea flower kombucha drink, and orlistat, respectively. However, compared to the butterfly pea flower
infusion (without fermentation), the butterfly pea flower kombucha exhibits a superior level of
inhibition against pancreatic lipase. The results of this study align with the outcomes of previous
research on the fermentation of green vegetables (such as spinach, broccoli, and sweet leaf) using
kombucha culture as a functional beverage that possible to inhibit pancreatic lipase (Maryati et al.,
2020). Additionally, sea grape kombucha (Caulerpa racemosa) has been shown to inhibit pancreatic
lipase activity and result in weight loss in experimental mice (Permatasari et al., 2022).
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Fig. 4. Inhibitory activities (ICso) of butterfly pea flower infusion, kombucha, and orlistat on pancreatic lipase. The data
represented by distinct letters exhibit a significant difference (P <0.05). The values are presented as means + standard
deviation

During kombucha fermentation, yeast and bacteria produce various bioactive compounds,
including organic acids and polyphenols, which are believed to contribute to the inhibition of lipase
activity. Several studies have shown that subclasses of polyphenols, including flavonoids, and
phenolic acids, can effectively inhibit pancreatic lipase (Buchholz & Melzig, 2015). Kombucha
contains phenol compounds, the main bioactive compound group in kombucha and responsible for
the drink’s health benefits (Cardoso et al., 2020). These compounds play an important role in
inhibiting pancreatic lipase activity (Buchholz & Melzig, 2015). Moreover, the optimal duration of
fermentation produces organic acids, such as glucuronic acid, which serve as secondary metabolites
and inhibit pancreatic lipase activity, while simultaneously increasing the polyphenol activity during
the process (Maryati et al., 2020). The bioavailability of polyphenols is increased by glucuronic acid
(GIcUA). The conjugation of phenols with GICUA leads to greater transportability and bioavailability
of the substances.

Numerous studies have demonstrated that the kombucha fermentation process can enhance the
health benefits of herbal infusions (de Miranda et al., 2022). The antioxidant and antimicrobial
properties of herbal infusions are improved after being fermented with kombucha culture. The
antioxidant activity of lemon balm (Melissa officinalis L.) kombucha is higher compared to its herbal
infusion (Veli¢anski et al., 2014). Similarly, in the case of winter savory (Satureja montana L.), the
antioxidant and antimicrobial effects against both gram-positive and gram-negative bacteria were
found to be stronger after fermentation compared to its herbal infusion (Cetojevié-Simin et al., 2012).



Vol 11(2), December 2023 Biogenesis: Jurnal limiah Biologi 157

Furthermore, this study demonstrates that, in contrast to butterfly pea flower infusion, kombucha
fermentation results in an increase in lipase inhibitor activity. Therefore, butterfly pea flower
kombucha has the potential to be developed as an anti-obesity agent that may also offer many health
benefits, such as antioxidants and antimicrobials.

CONCLUSION

During the fermentation process of butterfly pea flower kombucha, it was observed that the pH
and reducing sugar levels showed a decrease, while there was a noticeable increase in cell density
(OD600), dry weight of SCOBY, and percentage of titratable acid. The findings from this study
indicate that butterfly pea flower kombucha contains various bioactive compounds such as
polyphenols and flavonoids, and can inhibit pancreatic lipase in vitro. It is believed that these active
compounds play a role in the lipase inhibitory activity of kombucha, thereby presenting potential as
an anti-obesity agent. However, it is necessary to obtain further evidence to identify bioactive
compounds, performance of in-vivo studies, and comprehend the underlying mechanisms of the
results obtained.

ACKNOWLEDGEMENTS

This study was funded by the LPPM UAD grant (PD-162/SP3/LPPM-UAD/VI11/2022). Authors
would like to thank to Laboratory of Microbiology, Faculty of Applied Science and Technology,
Universitas Ahmad Dahlan for research facilities and support.

REFERENCES

Abou-Taleb K, Ebeed NM, Soheir S, El-Salam SS, Amin S. 2017. Antimicrobial and antiproliferative, pro-apoptotic
actions of kombucha fermented solutions against colon and heptao cancer cell lines. World Journal of
Pharmaceutical and Life Sciences. vol 3: 120-132.

Ahmed RF, Hikal MS, Abou-Taleb KA. 2020. Biological, chemical and antioxidant activities of different types
Kombucha. Annals of Agricultural Sciences. vol 65(1): 35-41. doi: https://doi.org/10.1016/j.a0as.2020.04.001.

Aji OR, Hudaya RA, Putri DA. 2020. In vitro pancreatic lipase inhibitor activity of Mangifera foetida leaves extract.
Jurnal Biodjati. vol 6(1): 82-92. doi: https://doi.org/10.15575/biodjati.v6i1.10646.

Aloulou A, Hamden K, Elloumi D, Ali MB, Hargafi K, Jaouadi B, Ayadi F, Elfeki A, Ammar E. 2012. Hypoglycemic
and antilipidemic properties of kombucha tea in alloxan-induced diabetic rats. BMC Complementary and Alternative
Medicine. vol 12(1): 1-9. doi: https://doi.org/10.1186/1472-6882-12-63.

Amarasinghe H, Weerakkody NS, Waisundara VY. 2018. Evaluation of physicochemical properties and antioxidant
activities of kombucha “Tea Fungus” during extended periods of fermentation. Food Science & Nutrition. vol 6(3):
659-665. doi: https://doi.org/10.1002/fsn3.605.

Antolak H, Piechota D, Kucharska A. 2021. Kombucha tea—A double power of bioactive compounds from tea and
symbiotic culture of Dbacteria and yeasts (SCOBY). Antioxidants. vol 10(10): 1-20. doi:
https://doi.org/10.3390/antiox10101541.

Asgary S, Rastgar A, Keshvari M. 2018. Functional food and cardiovascular disease prevention and treatment: a review.
Journal of the American College of Nutrition. vol 37(5): 429-455. doi:
https://doi.org/10.1080/07315724.2017.1410867.

Ayed L, Hamdi M. 2015. Manufacture of a beverage from cactus pear juice using “tea fungus” fermentation. Annals of
Microbiology. vol 65(4): 2293-2299. doi: https://doi.org/10.1007/s13213-015-1071-8.

Behl S, Misra A. 2017. Management of obesity in adult Asian Indians. Indian Heart Journal. vol 69(4): 539-544. doi:
https://doi.org/10.1016/j.ihj.2017.04.015.

Bishop P, Pitts ER, Budner D, Thompson-Witrick KA. 2022. Kombucha: Biochemical and microbiological impacts on
the  chemical and  flavor  profile. Food  Chemistry  Advances. wvol 1. 1-9. doi:
https://doi.org/10.1016/j.focha.2022.100025.

Buchholz T, Melzig MF. 2015. Polyphenolic compounds as pancreatic lipase inhibitors. Planta Medica. vol 81(10): 771-
783. doi: https://doi.org/10.1055/s-0035-1546173.

Cardoso RR, Neto RO, dos Santos D'Almeida CT, do Nascimento TP, Pressete CG, Azevedo L, Martino HSD, Cameron
LC, Ferreira MSL, de Barros FAR. 2020. Kombuchas from green and black teas have different phenoalic profile,
which impacts their antioxidant capacities, antibacterial and antiproliferative activities. Food Research
International. vol 128: 1-10. doi: https://doi.org/10.1016/j.foodres.2019.108782.



Aji et al. Biogenesis: Jurnal Ilmiah Biologi 158

Cetojevi¢-Simin DD, Veli¢anski AS, Cvetkovi¢ DD, Markov S L, Mrdanovié¢ JZ, Bogdanovi¢ VV, Solaji¢ SV. 2012.
Bioactivity of lemon balm kombucha. Food and Bioprocess Technology. vol 5: 1756-1765. doi:
https://doi.org/10.1007/s11947-010-0458-6.

de Miranda JF, Ruiz LF, Silva CB, Uekane TM, Silva KA, Gonzalez AGM, Fernandes FF, Lima AR. 2022. Kombucha:
A review of substrates, regulations, composition, and biological properties. Journal of Food Science. vol 87(2); 503—
527. doi: https://doi.org/10.1111/1750-3841.16029.

Doudi M, Hooshmandi Z, Saedi S, Setorki M. 2020. Effects of kombucha tea on side effects of high cholesterol diet in
rabbits. Pharmaceutical and Biomedical Research. vol 6(2): 123-132. doi:
http://dx.doi.org/10.18502/pbr.v6i2.3804.

Haghmorad D, Yazdanpanah E, Sadighimoghaddam B, Yousefi B, Sahafi P, Ghorbani N, Rashidy-Pour A, Kokhaei P.
2021. Kombucha ameliorates experimental autoimmune encephalomyelitis through activation of Treg and Th2 cells.
Acta Neurologica Belgica. vol 121: 1685-1692. doi: https://doi.org/10.1007/s13760-020-01475-3.

IvaniSova E, Meinhartova K, Terentjeva M, Godocikova L, Arvay J, Kacaniova M. 2019. Kombucha tea beverage:
Microbiological characteristic, antioxidant activity, and phytochemical composition. Acta Alimentaria. vol 48(3):
324-331. doi: https://doi.org/10.1556/066.2019.48.3.7.

Kapp JM, Sumner W. 2019. Kombucha: A systematic review of the empirical evidence of human health benefit. Annals
of Epidemiology. vol 30: 66-70. doi: https://doi.org/10.1016/j.annepidem.2018.11.001.

KEMENKES. 2018. Hasil utama Riskesdas 2018. Jakarta: Kementerian Kesehatan Republik Indonesia.
http://www.depkes.go.id/.

Kim GN, Shin MR, Shin SH, Lee AR, Lee JY, Seo BI, Kim MY, Kim TH, Noh JS, Rhee MH, Roh SS. 2016. Study of
antiobesity effect through inhibition of pancreatic lipase activity of diospyros kaki fruit and Citrus unshiu Peel.
BioMed Research International. vol 2016: 1-8. doi: https://doi.org/10.1155/2016/1723042.

Kitwetcharoen H, Phung LT, Klanrit P, Thanonkeo S, Tippayawat P, Yamada M, Thanonkeo P. 2023. Kombucha healthy
drink—Recent advances in production, chemical composition and health benefits. Fermentation. vol 9(1): 1-19.
doi: https://doi.org/10.3390/fermentation9010048.

Li S, Pan J, Hu X, Zhang Y, Gong D, Zhang G. 2020. Kaempferol inhibits the activity of pancreatic lipase and its
synergistic  effect with  orlistat. ~ Journal of Functional Foods. wvol 72: 1-11. doi:
https://doi.org/10.1016/j.jff.2020.104041.

Liu TT, Liu XT, Chen QX, Shi Y. 2020. Lipase inhibitors for obesity: A review. Biomedicine & Pharmacotherapy. vol
128: 1-9. doi: https://doi.org/10.1016/j.biopha.2020.110314.

Lunagariya NA, Patel NK, Jagtap SC, Bhutani KK. 2014. Inhibitors of pancreatic lipase: state of the art and clinical
perspectives. EXCLI journal. vol 13: 897-921.

Maryati Y, Susilowati A, Aspiyanto A. 2020. Development of fermented vegetables in their ability to inhibit pancreatic
lipase as antidyslipidemic agent. IOP Conference Series: Materials Science and Engineering. vol 722(1): 1-8. doi:
10.1088/1757-899X/722/1/012074.

May A, Narayanan S, Alcock J, Varsani A, Maley C, Aktipis, A. 2019. Kombucha: A novel model system for cooperation
and conflict in a complex multi-species microbial ecosystem. PeerJ. vol 7: 1-22. doi:
https://doi.org/10.7717/peerj.7565.

Morales D. 2020. Biological activities of kombucha beverages: The need of clinical evidence. Trends in Food Science &
Technology. vol 105: 323-333. doi: https://doi.org/10.1016/j.tifs.2020.09.025.

Neffe-Skocinska K, Sionek B, Scibisz I, Kotozyn-Krajewska D. 2017. Acid contents and the effect of fermentation
condition of Kombucha tea beverages on physicochemical, microbiological and sensory properties. Cyta-Journal of
Food. vol 15(4): 601-607. doi: https://doi.org/10.1080/19476337.2017.1321588.

Oguis GK, Gilding EK, Jackson MA, Craik DJ. 2019. Butterfly pea (Clitoria ternatea), a cyclotide-bearing plant with
applications in agriculture and medicine. Frontiers in Plant Science. vol 10: 1-9. doi:
https://doi.org/10.3389/fpls.2019.00645.

Payab M, Hasani-Ranjbar S, Shahbal N, Qorbani M, Aletaha A, Haghi-Aminjan H, Soltani A, Khatami F, Nikfar S,
Hassani S, Abdollahi M, Larijani B. 2020. Effect of the herbal medicines in obesity and metabolic syndrome: a
systematic review and meta-analysis of clinical trials. Phytotherapy Research. vol 34(3): 526-545. doi:
https://doi.org/10.1002/ptr.6547.

Permatasari HK, Firani NK, Prijadi B, Irnandi DF, Riawan W, Yusuf M, Amar N, Chandra LA, Yusuf VM, Subali AD,
Nurkolis F. 2022. Kombucha drink enriched with sea grapes (Caulerpa racemosa) as potential functional beverage
to contrast obesity: An in vivo and in vitro approach. Clinical nutrition ESPEN. vol 49: 232-240. doi:
https://doi.org/10.1016/j.clnesp.2022.04.015.

Singleton VL, Orthofer R, Lamuela-Raventés RM. 1999. [14] Analysis of total phenols and other oxidation substrates
and antioxidants by means of folin-ciocalteu reagent. Methods in Enzymology. vol 299: 152-178. doi:
https://doi.org/10.1016/S0076-6879(99)99017-1.

Somogyi M. 1952. Notes on sugar determination. Journal of Biological Chemistry. vol 195: 19-23. doi:
https://doi.org/10.1016/S0021-9258(19)50870-5.



Vol 11(2), December 2023 Biogenesis: Jurnal limiah Biologi 159

Tamer CE, Temel SG, Suna S, Karabacak AO, Ozcan T, Ersan LY, Kaya BT, CopuR OU. 2021. Evaluation of
bioaccessibility and functional properties of kombucha beverages fortified with different medicinal plant extracts.
Turkish Journal of Agriculture and Forestry. vol 45(1): 13-32. doi: https://doi.org/10.3906/tar-2003-75.

Vitas JS, Cvetanovi¢ AD, Maskovi¢ PZ, gvarc—Gajié JV, Malbasa RV. 2018. Chemical composition and biological
activity of novel types of kombucha beverages with yarrow. Journal of Functional Foods. vol 44: 95-102. doi:
https://doi.org/10.1016/j.jff.2018.02.019.

Vangoori Y, Dakshinamoorthi A, Kavimani S. 2019. Prominent pancreatic lipase inhibition and free radical scavenging
activity of a Myristica fragrans ethanolic extract in vitro. Potential role in obesity treatment. Maedica. vol 14(3):
254-259. doi: https://doi.org/10.26574%2Fmaedica.2019.14.3.254.

Veli¢anski AS, Cvetkovié DD, Markov SL, Saponjac VTT, Vuli¢ JJ. 2014. Antioxidant and antibacterial activity of the
beverage obtained by fermentation of sweetened lemon balm (Melissa officinalis L.) tea with symbiotic consortium
of bacteria and yeasts. Food Technology and Biotechnology. vol 52(4): 420-429. doi:
https://doi.org/10.17113/fth.52.04.14.3611.

Wadden TA, Tronieri JS, Butryn ML. 2020. Lifestyle modification approaches for the treatment of obesity in adults. The
American Psychologist. vol 75(2): 235-251. doi: https://doi.org/10.1037/amp0000517.

Wang Y, Ji B, Wu W, Wang R, Yang Z, Zhang D, Tian W. 2014. Hepatoprotective effects of kombucha tea: identification
of functional strains and quantification of functional components. Journal of the Science of Food and Agriculture.
vol 94(2): 265-272. doi: https://doi.org/10.1002/jsfa.6245.

Watawana Ml, Jayawardena N, Gunawardhana CB, Waisundara VY. 2015. Health, wellness, and safety aspects of the
consumption of kombucha. Journal of Chemistry. vol 2015: 1-12. doi: https://doi.org/10.1155/2015/591869.

WHO. 2016. Obesity and overweight. Geneva: World Health Organization. https://www.who.int/.

Zubaidah E, Ifadah RA, Kalsum U, Lyrawati D, Putri WDR, Srianta |, Blanc PJ. 2019. Anti-diabetes activity of
Kombucha prepared from different snake fruit cultivars. Nutrition & Food Science. vol 49(2): 333-343. doi:
https://doi.org/10.1108/NFS-07-2018-0201.



