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Abstract---Free radicals are one of the triggering factors for degenerative diseases. Free radical activity can be
minimized or prevented in the presence of antioxidant compounds. The butterfly pea flower (Clitoria ternatea L.) has
long been used as a traditional medicine to cure various diseases. Previous research has shown that the Butterfly
pea flower has bioactive compounds, one of which is flavonoids, which act as antioxidants. Butterfly pea flower can
be used as another substitute in making black tea-based kombucha drinks. Kombucha fermentation can increase the
benefits of Butterfly pea flower with the presence of organic acids, minerals, and vitamins produced during the
fermentation process. This study aims to determine the effect of fermentation time on chemical characteristics
including pH, reducing sugar content, and antioxidant activity. Based on analysis of variance ANOVA showed that
the length of time fermentation had a very significant effect (P>0.01) on pH, reducing sugar content and antioxidant
activity of black tea and Butterfly pea flower kombucha. The longer the fermentation time, the lower the pH and
sugar content in the medium. Optimum antioxidant activity occurred on the 8th day of fermentation in the variation
of treatment P3 (3:3) which was 89.74%. These results indicate that black tea kombucha and Butterfly pea flower
are categorized as having high antioxidant activity at the interval of 68.45% to 89.74%.
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Introduction

Degenerative disease is a disease due to decreased function of body organs due to deficiency of enzyme and
hormone production, immunodeficiency, lipid peroxide, cell (DNA), and blood vessel damage. According to WHO,
until the end of 2005, degenerative diseases had caused the death of nearly 17 million people worldwide (Yatim,
2010). Several types of degenerative diseases related to food consumption are hypertension, diabetes mellitus (DM),
dyslipidemia, stroke, coronary heart disease, cardiovascular disease, obesity, and others. Free radicals are one of the
triggering factors for degenerative diseases. Free radical activity can be minimized or prevented in the presence of
antioxidant compounds. Antioxidant compounds are phytochemical compounds that occur naturally in plants and
provide a distinctive taste, aroma, and color to these plants. Some of the properties of these phytochemical
compounds function as antioxidants, improve the immune system, regulate blood pressure, lower cholesterol, and
regulate blood sugar levels (Sayuti & Yenrina, 2015).

Indonesia is a country with biodiversity that has various types of nutritious plants and has pharmacological
effects for health, one of which is the Butterfly pea flower plant. Butterfly pea flower (Clitoria ternatea L.) plant
grows vines and is often found in the yard of the house. C. ternatea is one of the plants that are currently popular
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among the public because it is believed to have good health benefits. According to Jacob & Latha (2012), the
Butterfly pea flower contains kaempferol which has the potential as an anti-cancer. Al-Snafi (2016), reported the
pharmacological potential of Butterfly pea flower, among others, as an antioxidant, antibacterial, anti-inflammatory,
analgesic, antiparasitic and anticide, antidiabetic, anti-cancer, antihistamine and immunomodulator. In the
community, many processed C. ternatea L. plants are found in the form of tea. Awareness of the importance of
maintaining a healthy body encourages people not only to consider aspects of taste and nutritional fulfillment in
consuming food or beverages but also to consider functional aspects of food for health. Efforts that can be made to
meet the community's need for healthy food or drinks are to process Butterfly pea flowers into a fermented drink
(kombucha).

Kombucha is a fermented tea product using a symbiont of bacteria and yeast known as SCOBY (Symbiotic
Culture of Bacteria and Yeast) (Jayabalan et al., 2014). Kombucha is generally fermented for 7-18 days at a
temperature of 270C to 300C. According to research conducted by Chakravorty et al. (2016), it is known that the
polyphenol levels and antioxidant activity of kombucha increased after 7 days of fermentation. According to
Nummer (2013), kombucha fermentation time is recommended no more than 10 days with a maximum pH of 2.5 to
be consumed by humans. The tea raw materials commonly used for making kombucha are black tea, green tea, and
olong tea. Black tea is the type of tea that is most easily found in the market and has a taste that people like.
However, not many people know that black tea inoculated by SCOBY (kombucha) can be consumed as a health
drink. According to Bhattacharya et al. (2013), kombucha tea has a higher free radical scavenging activity than black
tea that has not been processed into kombucha.

Based on this, researchers are interested in making black tea kombucha with the addition of a Butterfly pea
flower. Black tea is the type of tea most consumed by the public because of its taste. The effort to diversify black tea
into a healthy drink is to process it into a fermented drink (kombucha) with the addition of Butterfly pea flower
(Clitoria ternatea L.) which is known to have pharmacological effects on health. The purpose of this study was to
determine the effect of fermentation time on the chemical characteristics and antioxidant activity of black tea and
Butterfly pea flower kombucha (Jayabalan et al., 2007; Wiwekowati et al., 2017). The chemical characteristics
observed included pH and reducing sugar content of black tea and Butterfly pea flower kombucha.

Methods

Making kombucha black tea and butterfly pea flower flower

A total of 1 liter of water is heated on a water bath for 15 minutes until the calculated temperature reaches 900C, then
10% (v/v) granulated sugar is added until it dissolves then the Butterfly pea flower Simplicia is mixed based on the
concentration ratio (3:1), (3:2) and (3:3) then filtered and put in a jar. The infusion of black tea and butterfly pea
flower Simplicia is cooled to 300C, then SCOBY is added (Chu & Chen, 2006; Kallel et al., 2012). The fermented
tea solution was filtered to clean from residue for further testing.

Reducing sugar level test

A total of 1 ml of the sample filtrate was pipetted and then diluted in a 50 ml volumetric flask and 1 ml was taken for
analysis. Added 1 ml of Nelson's solution then heated to boiling for 30 minutes and cooled. Added 1 ml of
arsenomolobdate solution and shaken. Then 7 ml of distilled water was added and the absorption was measured at a
wavelength of 761 nm so that the reducing sugar content could be calculated (Wistiana & Elok, 2015).

pH test

Kombucha pH testing was measured using a pH meter by taking a sample of 10 ml with a dropper pipette and then
measuring the pH using a pH meter.

Antioxidant activity test

The antioxidant activity test was carried out using the DPPH (a-diphenyl-B-picrylhydrazyl) method.
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Data analysis

This research is experimental, the data collected is quantitative. The design used in this study was a completely
randomized design (CRD) with two factorials, namely factor 1 combination of black tea and Butterfly pea flower (P)
which consisted of Control, P1 (3:1), P2 (3:2), and P3 ( 3:3) and factor 2 variation of fermentation time (T) namely
T1 (0 days), T2 (4 days), and T3 (8 days). The data obtained were analyzed statistically with "Analysis of Variance"
(Anova) and if the results obtained were significantly different at p 0.05 then the analysis was continued with
Duncan's multiple distance test to see differences between treatments (Dutta & Paul, 2019; Dufresne & Farnworth,
2000).

Results
Degree of acidity (pH)

The degree of acidity (pH) is a unit of measure that describes the degree of acidity or alkalinity of a solution (Pratiwi
& Aryawati 2012). pH control is important to be able to maintain the optimum pH during the fermentation process.
The results of the analysis of variance ANOVA showed that the length of time of fermentation had a very significant
effect (P>0.01) on the pH of black tea kombucha and Butterfly pea flower. The interaction between the combination
treatments of black tea and Butterfly pea flower was significantly different with the length of fermentation time
(P>0.5) (Table 1). The data in Table 1. shows that the pH of kombucha black tea and Butterfly pea flower in the
combination of treatments P1, P2, and P3 tends to decrease during the fermentation process (Jayabalan et al., 2008;
Mahalakshmi & Devi, 2018). The lowest pH of black tea kombucha and Butterfly pea flower was obtained on the 8th
day of fermentation in the P3 (3:3) treatment variation, which was 3.0. This shows that the higher the addition of
Butterfly pea flower additives to black tea, the lower the pH of the medium. Changes in pH during the fermentation
process are influenced by the sugar substrate which turns into alcohol and organic acids. The high organic acid
causes the pH of the fermentation medium to decrease. This is in line with what was stated by Wistiana & Elok
(2015), that the decrease in pH during the fermentation process was caused by bacteria and yeast converting sucrose
into organic acids. The formation of organic acids is the result of the metabolism of acid-forming bacteria, thereby
lowering the pH of the medium. The decrease in pH in fermentation will support the life of Acetobacter xylnum
bacteria in kombucha starter to carry out the metabolic activity of dissolved and dissociated acetic acid to release free
protons thereby lowering the pH of kombucha.

Table 1
pH kombucha black tea and butterfly pea flower during fermentation

Day of- Degree of Acidity (pH)
/Treatment K P1 P2 P3
0 5.7+0.061* 5.1+0.06k 4.9+0.01j 4.7+0.11i
4 4.0+0.06h 3.8+0.12g 3.4+0.06e 3.240.06cd
8 3.4+0.06f 3.1+0.06abc 3.0+0.06a** 3.0+0.06ab**
o Data is displayed as the mean of 3 replicates + standard deviation
o Different lowercase superscripts showed significant differences (P<0.05)
e **) Highest total pH
e *) Lowest total pH

Reducing sugar level

Microbes need sugar as a carbon source. Sugar in the media will be used by microbes as a source of nutrients which
are then converted into alcohol, CO2, and carbonic acid (Pratiwi & Aryawati, 2012). The data in Table 2 shows that
there was a decrease in sugar content from day O to day 8 fermentation in all treatments. The lowest reduction in
reducing sugar occurred in treatment P3 (3:3) with a total reducing sugar of 47 mg/ml. This shows that the longer the
fermentation time, the more sugar used by microorganisms in the medium for their growth. According to Pratiwi &
Aryawati (2012), a decrease in sugar content indicates that every microbe requires sugar as a carbon source which is
converted into alcohol and CO2. The resulting CO2 will react with water vapor and form carbonic acid. In the sugar
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fermentation process, yeast plays an active role in the decomposition of sugar into CO2 and organic acids, and other
components.

Table 2
pH kombucha black tea and butterfly pea flower during fermentation
Day of- Reducing Sugar Level (mg/ml)
/Treatment K P1 P2 P3
0 120+0.06i 122+0.06klI 121+0.06ij 122+0.06jk
4 106+0.06e 110+0.06gh 107+0.06ef 109+0.069
8 47+0.06a 52+0.06d 49+0.06b 50+0.06¢

e Data is displayed as the mean of 3 replicates + standard deviation
o Different lowercase superscripts showed significant differences (P<0.05)

Sugar is an important component in the process of making kombucha. Granulated sugar is the type of sugar that is
most often used in making kombucha as a carbon source. During the kombucha fermentation process, the symbiosis
of bacteria and yeast will convert glucose into various types of acids, vitamins, and alcohol that are beneficial for the
body (Loncar et al., 2007). Wistiana & Elok (2015), the sucrose used in kombucha does not function as a sweetener
but as an energy source for bacteria to survive through fermentation and respiration processes. The decrease in
reducing sugar levels was caused by the hydrolysis of sucrose into glucose by the enzyme intervase. Hydrolysis
occurs because the pH of the medium is very low, so sucrose is easily hydrolyzed by the enzyme intervase.

Antioxidant activity

The antioxidant activity of black tea kombucha and Butterfly pea flower was tested using the DPPH method. The
results of the analysis of variance ANOVA showed that the length of time of fermentation had a very significant
effect (P>0.01) on the antioxidant activity of black tea kombucha and Butterfly pea flower (Panchariya et al., 2002;
Mehmood et al., 2019). The interaction between the combination treatments of black tea and Butterfly pea flower
was significantly different with the length of fermentation time (P>0.5) (Table 3).

The data in Table 3 shows that the antioxidant activity of black tea kombucha and Butterfly pea flower increased
with increasing fermentation time. Optimum antioxidant activity occurred in treatment P3 (3:3) on the 8th day of
fermentation, which was 89.74%. The research on black tea kombucha and Butterfly pea flower that was conducted
previously by Sintyadewi et al. (2020), showed that an increase in flavonoid levels also occurred on day 8 of P3 (3:3)
treatment, which was 68.4 mg QE/g extract. This shows that the increase in flavonoid levels is in line with the
increase in antioxidant activity in black tea kombucha and Butterfly pea flower. In addition, the higher the
concentration of addition of Butterfly pea flower in kombucha tea, the higher the flavonoid content and antioxidant
activity in the kombucha preparation.

Table 3
Kombucha black tea and butterfly pea flower antioxidant activity during fermentation
Day of- Antioxidant Activity (mg QE/g)
[Treatment K P1 P2 P3
0 61.33+0.06a 68.45+0.06b 72.06+0.06¢d 76.34+0.06¢
4 67.89+0.06d 73.98+0.06e 77.52+0.06f 80.82+0.069
8 74.45+0.06h 79.49+0.06i 83.60.06j 89.74+0.06k**

o Data is displayed as the mean of 3 replicates + standard deviation
o Different lowercase superscripts showed significant differences (P<0.05)
e **) Highest Antioxidant Activity

Hassmy et al. (2017), during the fermentation process there was an increase in the number of organic acids due to the
activity of yeast and bacteria in kombucha. Suhardini & Zubaidah (2015), also reported increased antioxidant activity
as a result of biotransformations carried out by microorganisms during the fermentation process by utilizing enzymes
contained in plant cells. In addition, this is also supported by the presence of phenolic compounds contained in the
basic ingredients, in this case, Butterfly pea flower, which can increase over time of fermentation.
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Another study that supports these results was reported by Suhardini & Zubaidah (2015), who analyzed the
activity of kombucha tea using various leaf substrates containing phenol, the optimum antioxidant activity was 88.24
to 92.97% on the 8th day of fermentation and decreased on the 14th day. In addition, Wulandari (2014), also reported
that the antioxidant activity of kombucha tea using coffee leaves as the base material, obtained optimum antioxidant
activity results on the 8th day of fermentation (89.51%) and decreased antioxidant activity on the 12th day of
fermentation (53.43). %). Ayu et al. (2013), the decrease in antioxidant activity was caused by an acidic environment
which causes phenolic compounds to become more stable and difficult to release protons that can bind to DPPH.

Woulansari & Chairul (2011), classify antioxidant activity into several categories, namely: (1) the percentage of
free radical scavenging of DPPH more than 90% are classified as having very high antioxidant activity, (2) the
percentage of DPPH free radical reduction of 50-90% are classified as having antioxidant activity. high, (3) the
percentage of DPPH free radical scavenging 20-50% is classified as having moderate antioxidant activity, (4) the
percentage of DPPH free radical scavenging is less than 20% classified as having low antioxidant activity, and (5)
the percentage of DPPH free radical scavenging is less than 0% belonging to has no antioxidant activity (Wang &
Helliwell, 2001; Liang et al., 2003). Based on this category, black tea kombucha and Butterfly pea flower are
categorized as having high antioxidant activity because they are in the interval of 68.45% to 89.74%.

Conclusion

The length of time of fermentation affects the degree of acidity (pH), reducing sugar content and antioxidant activity
of black tea kombucha and Butterfly pea flower. The longer the fermentation time, the lower the pH and reducing
sugar content in the media, but it will increase the antioxidant activity. The lowest pH of kombucha Butterfly pea
flower tea was 3.0, the lowest reduction in reducing sugar was 47 mg/ml and the optimum antioxidant activity was
89.74%.
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