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ABSTRACT

Kombucha has been well-known as functional food in Asia. Regular kombucha is produced using
Camellia sinensis tea leaves. However, kombucha can also be produced from other substrates. This
study aimed to investigate characteristics of kombucha from various herbal tea by determine flavonoid,
phenolic and antioxidant content as well as sensory profile. This study was conducted using
Randomized Block Design with one factor and two duplicates of each treatment. Based on 8 days of
fermentation, buasbuas (Premna pubescens Blume) has the highest phenolic content (926.19 ug/ml
GAE), flavonoid content (391.81 pg/ml), and antioxidant activity IC50 values were 18.16 pg/ml. Based
on the sensory evaluation, panelists preferred indian jujube, buas buas, moringa, regular tea, and fig for
aroma, while for taste panelist preferred indian jujube, ambarella, and breadfruit. While based on color,
they preferred tea.
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INTRODUCTION

According to Balitbangkes (2018), degenerative disease cases have increased every year
in all regions of Indonesia. Degenerative diseases are diseases caused by changes in the
function and structure of tissues in the body, such as cardiovascular disease, diabetes,
hypertension, cancer, and osteoporosis. One of the causes of degenerative diseases is
unhealthy consumption patterns. To prevent degenerative diseases, people need to change
the consumption pattern of more healthy food, such as consumption of functional food.

Kombucha has been well-known as a functional food in Asia. Functional food is a food
product that plays a role in providing health effects when consumed. Kombucha has health
effects such as increasing the immune system, as antibacterial, antioxidant, anti-inflammatory,
anticarcinogenic, and antihyperglycemic. These health effects might be due to the presence
of phytochemical compounds produced by acetic acid bacteria, lactic acid bacteria, and yeast
during fermentation (Villarreal-Soto et al., 2018).

Several factors influence kombucha fermentation, one of them is a substrate. Generally,
substrate used in making kombucha comes from Camellia sinensis tea leaves. However,
kombucha can also be produced from other substrates, such as various herbs commonly
consumed by Indonesian people. Herbal tea consists of ambarella (Polyscias fruticosa),
mango (Mangifera indica), Chinese teak (Alexandrian senna), buasbuas (Premna pubescens
Blume), moringa (Moringa oleifera), breadfruit (Artocarpus altilis), indian jujube (Ziziphus
mauritiana), fig (Ficus carica), and star gooseberry leaves (Sauropus androgynus). Therefore,
this research aimed to analyze characteristics of kombucha from herbal tea leaves as
functional food.
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METHODS

Materials

Materials used in this experiment were kombucha starter which bought from indokombucha
Bandung and various herbal tea leaves consisting of ambarella (Polyscias fruticosa), mango
(Mangifera indica), chinese teak (Alexandrian senna), buasbuas (Premna pubescens Blume),
moringa (Moringa oleifera), breadfruit (Artocarpus altilis), Indian jujube (Ziziphus mauritiana),
fig (Ficus carica), and star gooseberry (Sauropus androgynus). Meanwhile, regular tea
(Camellia sinensis) leaves was used as control. For analysis, materials used in this experiment
were Na,COs, Folin-Ciocalteau, aquadest, NaNO», AICl;, NaOH, DPPH, and methanol.

Tools
Spectrophotometer (Spectro 20 D Plus), volumetric flask, beaker glass, measuring cylinder,
graduated pipette, rubber bulb, Erlenmeyer flask, burette, and test tubes.

Procedure of Making Kombucha Starter
Store-bought kombucha was poured into 1L of sweatened tea and fermented for 8 days at
room temperature.

Procedure of Making Kombucha from Various Herbal Tea

Water was boiled at 80-90°C for 15 minutes, added 2% of herbal tea and 10% of sucrose,
then stirred and transferred to a bottle jar. Once the tea was cool, added 10% of kombucha
starter and covered bottle jar with a cloth. Kombucha was fermented for eight days at room
temperature.

Procedure of Analysis Total Phenolic Content

Analysis of total phenolic content was using Folin Ciaocalteu assay described by Zofia et
al., (2020). Briefly, 0.1 ml sample was mixed with 0.75 ml Na,COs 7%. After incubation for 5
minutes, 0.75 ml Folin Ciocalteu 10% was added and incubated again for 15 minutes at room
temperature. Absorbance of sample was measured at A=735 nm.

Procedure of Analysis Total Flavonoid Content

Total flavonoid content assay refer to study published by Christiani Dwiputri & Lauda
Feroniasanti (2019). Briefly, 1 ml of sample was mixed with 4 ml aquadest and added with 0.3
ml NaNO, 5%. After incubation for 5 minutes, 0.3 ml AICI; 10% and 2 mI NaOH 1 M was added
and incubated again for 1 minute. Absorbance of sample was measured at A=510 nm.

Procedure of Analysis Antioxidant Activity (IC50)

Antioxidant activity (IC50) methode that published by Pratama et al.(2015). 1 ml sample
with different concentration (100, 200, 300, 400, 500 ppm) was mixed with 1 ml DPPH 0.2 M
and 1 ml methanol. After incubation for 30 minutes, sample was measured at A=515 nm.

Sensory Evaluation
Sensory evaluation was determined by using hedonic test described by Mardiana et al.,
(2021). Sensory evaluation was using 20 untrained panelist. Panelists were asked to give
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score from 1 until 5. The higher the score the higher the likeness of panelists for color, aroma,
and tasteof kombucha.

Research Design

This research useda Randomized Block Design with one factor. This experiment was using
10 treatments with each group has different herbal tea leaves and it performed in two
duplicates.

Test Parameters

Characteristic of kombucha from herbal tea was determined by measuring of total phenolic
content (Zofia et al., 2020), total flavonoid content (Christiani Dwiputri & Lauda Feroniasanti,
2019), antioxidant activity (Pratama et al., 2015), and sensory evaluation (Mardiana et al.,
2021).

Data Analysis

Data were analyzed using Friedman test with a 5% confidence range.

RESULT AND DISCUSSIONS

Total Flavonoid Content

Flavonoid compounds are part of a polyphenolic group commonly found in plant.
Flavonoids are well-known has medicinal effects such as antiviral, antibacterial, anticancer,
anti-inflammatory, anti ulcer, and anti-hepatotoxic. They also have ability as a scavenger of
reactive O, species because of the presence of phenolic hydroxyl groups thus it has potential
as antioxidants agent (Umamaheswari & Chatterjee, 2007).

Based on Figure 1, average total flavonoid of kombucha ranged from various types of
leaves on 0"-day before fermentation ranged from 58.94 to 128.13 ug/ml GAE. On the 4™ day
of fermentation, total flavonoid content ranged from 131.48 to 228.85 pg/ml GAE, while on the
8" day, it ranged from 191.64 to 391.81 pg/ml GAE. Total flavonoid content increased during
fermentation from day O to 8. Jakubczyk et al., (2020) stated that fermentation time would
increase polyphenol content, including flavonoid. The increase in flavonoid content during
fermentation is mainly due to the action of enzymes produced during the growth of
microorganisms. These enzymes are involved in releasing flavonoids, thus increasing
flavonoid content the longer fermentation time.

Figure 1 also showed that kombucha from buasbuas (Premna pubescens Blume) leave
has the highest flavonoid content (391.81 pug/ml GAE) compared to others leaves. It was
noticed that each leaf has different flavonoid content. Buasbuas (Premna pubescens Blume)
were rich in secondary metabolites such as terpenoid, flavonoid, polyphenols, saponin,
alkaloid, steroid, and tannin (Daud et al., 2021). It also reported that plants flavonoid content
is influenced by the environmental condition, such as humidity, light intensity, and harvesting
period (Shukri et al., 2011).
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Figure 1. Flavonoid content

Total Phenolic Content

Based on Figure 2, average total phenolic content of kombucha from various types of
leaves on 0"-day before fermentation ranged from 224.90 to 297.56 ug/ml GAE. On the 4™
day of fermentation, total phenolic content ranged from 266.69 to 571.64 ug/ml GAE, while on
8'"-day fermentation, it ranged from 409.16 to 926.19 pg/ml GAE. Overall, the total phenolic
content during 8-day fermentation was increased in all treatments. Microorganisms in
kombucha play a significant role in the metabolism of phenolic compounds. Microorganisms
provide enzymes such as glucosidase, esterase, dehydroxylase, and decarboxylase which
helps biotransformation of phenolic compounds (Selma et al., 2009). The biotransformation
process would convert complex phenolic compounds into less complex (Zubaidah et al.,
2018).This process would increase phenolic compounds during fermentation.

Figure 2 also revealed that kombucha from buasbuas (Premna pubescens Blume) leave
has the highest phenolic content (926.19 pg/ml GAE) compared to others leaves during 8 day
fermentation. According to Uppin et al.,, (2017), buasbuas have high phenolic content,
contributing to antioxidant activity.The previous study conducted by (Ruwali et al., 2019)
revealed that in buasbuas leaves present of phytochemical compound such asphenals,
tannins, flavonoids, saponins, glycosides, steroids, terpenoids, and alkaloids. These
phytochemical compounds have physiological activities such as antibacterial, antioxidant, anti-
inflammatory, and antiallergenic (Mufoz et al., 2017).

Antioxidant Activity

Evaluation of antioxidant activity of kombucha from various herbal tea was determined by
Inihibitory Concentration 50 (IC50) test. IC50 test showed the number of kombucha that has
ability as scavanger of 50% DPPH radicals. If the value of IC50 is low, it indicates high
scavanger radical activity (Rivero-Cruz et al., 2020). Therefore, the lower IC50 value, the
higher antioxidant activity of kombucha.

Based on Figure 3, IC50 values in kombucha from various herbal tea ranged from 78.78
to 162.22 on 0"-day fermentation, while on 4™ day fermentation, it range from 36.99 to 144.90.
During the last day fermentation, IC50 values ranged from 18.16 to 136.22. Overall, IC50
values of kombucha from various herbal tea decreased from day O to day 8. It showed that
during kombucha fermentation, the antioxidant activity increased because the lower IC50
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values indicate higher antioxidant activity. Vohra et al. (2019) stated that during fermentantion
of kombucha, biotransformation of phytochemical could increase phenolic and catechin
compund which responsible for high antioxidant activity.

The highest antioxidant activity based on IC50 values was buasbuas (Premna pubescens
Blume) (18.16ug/ml).The antioxidant activity comes from the nature of the herbal tea it self
(Suhardini & Zubaidah, 2016). Based on phenolic and flavonoid values in this study, buasbuas
has the highest value compared to other herbal teas. Phenolic has ability as antioxidant agent
due to capabiltity to reduce free radical and chelating metal (Pereira et al., 2009).
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Figure 3. Antioxidant activity

Sensory Evaluation

On this study, the sensory evaluation was determined using 3 parameters (aroma, color,
and taste). Panelist measured acceptance level by giving score 1 to 5. The result of sensory
evaluation is shown in Table 1.
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Table 1. Sensory evaluation of kombucha from various herbal tea

Sample Aroma Color Taste
Indian jujube 4472 3.33¢ 4.072
Buasbuas 4.47 2 2.20 ¢ 3.40°b
Chinese teak 1.46¢ 2.13¢ 2,13
Star gooseberry 2.204 2.134 1.13f
Ambarella 3.07¢ 3.27¢ 4.00¢2
Moringa 4472 4.00° 2.40¢d
Mango 3.80° 2.13¢ 1.33 ¢
Breadfruit 3.40¢ 1.934d 4.002
Regular tea (Camellia 4.602 467 2 273 ¢
sinensis)

Fig 4.802 4.00° 1.67°¢

Note: Means with different letter in the same column are significantly different

In this study, we found that indian jujube, buas buas, moringa, regular tea, and fig has no
significant different for aroma. This might have happened because panelists was having
difficulty distinguishing between each treatment due to similar aroma. According to Zhao et al.
(2018), the major components that contributed to kombucha aroma were alcohol, acid, ethyl
ester, aldehyde, keton and others. As Smid & Kleerebezem (2014) reported, aroma production
also depends on microorganism’s enzyme activity.

The highest acceptance level for color is tea. Panelists preferred tea’s color of kombucha
because it looks like regular tea. In contrast, the color of kombucha from other herbal teas is
lighter. The difference color of kombucha depends on the amount of chlorophyll and other
pigments of leaves (Song et al., 2020). According to Nurikasari et al. (2017), color of kombucha
becomes lighter during fermentation due to the degradation of pigments.

In addition, panelists preferred the taste of indian jujube, ambarella, and breadfruit
compared to other treatments. Kombucha from indian jujube, ambarella, and breadfruit is less
acid and less bitter than others. Microorganisms will use sugar as a nutrient to produce organic
acid (Mardiana et al., 2020). The production of organic acid would change the taste of
kombucha during fermentation from sweet to more acid (Neffe-Skocinska et al., 2017).

CONCLUSION

From the study, kombucha from various herbal teas significantly affects antioxidant activity
and bioactive compounds such as phenols and flavonoids. It also demonstrated that kombucha
from different herbal teas has unique characteristics on organoleptic.Therefore, further
research to optimize bioactive compound and organoleptic should be conducted.

ACKNOWLEDGMENTS

The authors acknowledge Faculty of Agriculture, University of Gresik, for funding this
research.

REFERENCES

Balitbangkes. (2018). Laporan Nasional Riskesdas 2018. In Badan Penelitian dan
Pengembangan Kesehatan (p. 198). Lembaga Penerbit Badan Penelitian dan
PengembanganKesehatan.http://labdata.litbang.kemkes.go.id/images/download/laporan
/RKD/2018/Laporan_Nasional_RKD2018 FINAL.pdf

Agustin, Nur, et al | Characteristics of ... 6


https://doi.org/10.25139/fst.v4i2.4143

FOODSCITECH, Vol. 5 No.1 July 2022
ISSN 2622-1985 (print) | ISSN 2622-4127 (online)
DOI : https://doi.org/10.25139/fst.v4i2.4143

Christiani Dwiputri, M., & Lauda Feroniasanti, Y. M. (2019). Effect of fermentation to total
titrable acids, flavonoid and antioxidant activity of butterfly pea kombucha. Journal of
Physics: Conference Series, 1241(1). https://doi.org/10.1088/1742-6596/1241/1/012014

Daud, D., Dewa, M. S. A. M., Mahbob, E. N. M., & Razak, W. R. W. A. (2021). Short
communication: Phytochemical diversity and bioactivity of Malaysian premna cordifolia
(lamiaceae). Biodiversitas, 22(6), 3245-3248. https://doi.org/10.13057/biodiv/d220628

Jakubczyk, K., Katdunska, J., Kochman, J., & Janda, K. (2020). Chemical profile and
antioxidant activity of the kombucha beverage derived from white, green, black and red
tea. Antioxidants, 9(5). https://doi.org/10.3390/antiox9050447

Mardiana, N. A., Murniasih, T., Rukmi, W. D., & Kusnadi, J. (2020). Marine Bacteria Potential
as New Antibiotic Inhibit S. aureus. Jurnal Teknologi Pertanian, 21(1), 49-56

Mardiana, N. A., Patria Galih, D., Adi Prayitno, S., & Chotimah, C. (2021). Physicochemical
Properties And Sensory Evaluation Of Fermented Mustard With Difference Ratio Of Rice
Water And Tal Palm Sap. Kontribusia: Research Dissemination for Community
Development, 5(1), 15. https://doi.org/10.30587/kontribusia.v5i1.2930

Mufoz, R., de las Rivas, B., Lopez de Felipe, F., Reveron, |., Santamaria, L., Esteban-Torres,
M., Curiel, J. A., Rodriguez, H., & Landete, J. M. (2017). Biotransformation of Phenolics
by Lactobacillus plantarum in Fermented Foods. In Fermented Foods in Health and
Disease Prevention. Elsevier Inc. https://doi.org/10.1016/B978-0-12-802309-9.00004-2

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, 15(4), 601-607.
https://doi.org/10.1080/19476337.2017.1321588

Nurikasari, M., Puspitasari, Y., & Siwi, R. P. Y. (2017). Characterization And Analysis
Kombucha Tea Antioxidant Activity Based On Long Fermentation As A Beverage
Functional. Journal of Global Research in Public Health, 2(2), 90-96.

Pereira, D. M., Valentéo, P., Pereira, J. A., & Andrade, P. B. (2009). Phenaolics: From chemistry
to biology. Molecules, 14(6), 2202—2211. https://doi.org/10.3390/molecules14062202

Pratama, N., Pato, U., & Yusmarini, Y. (2015). Kajian Pembuatan Teh Kombucha dari Kulit
Buah Manggis (Garcinia Mangostana L.). Jurnal Online Mahasiswa Fakultas Pertanian
Universitas Riau, 2(2), 1-12.

Rivero-Cruz, J. F., Granados-Pineda, J., Pedraza-Chaverri, J., Pérez-Rojas, J. M., Kumar-
Passari, A., Diaz-Ruiz, G., & Rivero-Cruz, B. E. (2020). Phytochemical constituents,
antioxidant, cytotoxic, and antimicrobial activities of the ethanolic extract of mexican
brown propolis. Antioxidants, 9(1), 1-11. https://doi.org/10.3390/antiox9010070

7 Agustin, Nur, et al | Characteristics of ...


https://doi.org/10.25139/fst.v4i2.4143

FOODSCITECH, Vol. 5 No.1 July 2022
ISSN 2622-1985 (print) | ISSN 2622-4127 (online)
DOI : https://doi.org/10.25139/fst.v4i2.4143

Ruwali, P., Negi, D., & Pushpa Ruwali, C. (2019). Phytochemical analysis and evaluation of
antioxidant activity of Premna latifolia Roxb. A medicinal plant (Family: Lamiaceae). ~ 13
~ The Pharma Innovation Journal, 8(5), 13—20. www.thepharmajournal.com

Selma, M. V., Espin, J. C., & Tomas-Barberan, F. A. (2009). Interaction between Phenolics
and Gut Microbiota: Role in Human Health. Journal of Agricultural and Food Chemistry,
57(15), 6485-6501. https://doi.org/10.1021/JF902107D

Shukri, M. A. M., Alan, C., & Site Noorzuraini, A. R. (2011). Polyphenols and antioxidant
activities of selected traditional vegetables (Polifenol dan aktiviti antioksida ulam-ulam
terpilih). J. Trop. Agric. and Fd. Sc, 39(1), 69-83.

Smid, E.J., and Kleerebezem, M. 2014. Production of Aroma Compounds in Lactic
Fermentations. Annual Review of Food Science and Technology. 5: 313

Song, B., Xu, H., Chen, L., Fan, X., Jing, Z., Chen, S., & Xu, Z. (2020). Study of the
Relationship between Leaf Color Formation and Anthocyanin Metabolism among
Different Purple Pakchoi Lines. Molecules, 25(20).
https://doi.org/10.3390/MOLECULES25204809

Suhardini, P. N., & Zubaidah, E. (2016). Studi Aktivitas Antioksidan Kombucha Dari Berbagai
Jenis Daun Selama Fermentasi. Jurnal Pangan Dan Agroindustri, 4(1), 221-229.

Umamaheswari, & Chatterjee. (2007). In vitro antioxidant activities of the fractions of Coccinia
grandis L. leaf extract. African Journal of Traditional, Complementary, and Alternative
Medicines : AJTCAM, 5(1). https://doi.org/10.4314/ajtcam.v5i1.31258

Uppin, J. B., Chandrasekhar, V. M., & Naik, R. (2017). Total phenolic compound and
antioxidant properties of Premna integrifolia Leaf Extracts from Northern Karnataka. 2(6).

Villarreal-Soto, S. A., Beaufort, S., Bouajila, J., Souchard, J. P., & Taillandier, P. (2018).
Understanding Kombucha Tea Fermentation: A Review. Journal of Food Science, 83(3),
580-588. https://doi.org/10.1111/1750-3841.14068

Vohra, B., Fazry, S., Sairi, F., & Othman, B. A. (2019). Effects of medium variation and
fermentation time towards the pH level and ethanol content of Kombucha. AIP
Conference Proceedings, 2111(1998), 298-302. https://doi.org/10.1063/1.5111247

Zhao, Z. J., Sui, Y. C., Wu, H. W., Zhou, C. B., Hu, X. C., & Zhang, J. (2018). Flavour chemical
dynamics during fermentation of kombucha tea. Emirates Journal of Food and Agriculture,
30(9), 732—-741. https://doi.org/10.9755/ejfa.2018.v30.i9.1794

Zofia, N. L., Aleksandra, Z., Tomasz, B., Martyna, Z. D., Magdalena, Z., Zofia, H. B., &
Tomasz, W. (2020). Effect of fermentation time on antioxidant and anti-ageing
properties of green coffee kombucha ferments. Molecules, 25(22).
https://doi.org/10.3390/molecules25225394

Agustin, Nur, et al | Characteristics of ... 8


https://doi.org/10.25139/fst.v4i2.4143

FOODSCITECH, Vol. 5 No.1 July 2022
ISSN 2622-1985 (print) | ISSN 2622-4127 (online)
DOI : https://doi.org/10.25139/fst.v4i2.4143

Zubaidah, E., Yurista, S., & Rahmadani, N. R. (2018). Characteristic of physical, chemical, and
microbiological kombucha from various varieties of apples. IOP Conference Series: Earth
and Environmental Science, 131(1). https://doi.org/10.1088/1755-1315/131/1/012040

9 Agustin, Nur, et al | Characteristics of ...


https://doi.org/10.25139/fst.v4i2.4143

