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Abstract 
Kombucha Kombucha is a fermented beverage containing bioactive compounds with various health benefits. 

Honey pineapple was chosen because it contains vitamin C and bromelain, which function as antioxidants and 

anti-inflammatories, while butterfly pea flower was chosen because it is rich in anthocyanins, which are natural 

antioxidants. This study aims to determine the effect of variations in the formulation of butterfly pea flower 

(Clitoria ternatea L.) and honey pineapple (Ananas comosus L.) on the chemical parameters, microbiological 

parameters, and organoleptic parameters of kombucha. The study used a completely randomized design with three 

treatments and three replications, namely Purblu kombucha, Sunblu kombucha, and Goldblu kombucha. The 

parameters observed included chemical parameters (pH, alcohol content, total acetic acid content, vitamin C 

content, antioxidant activity (DPPH)), microbiological parameters (total lactic acid bacteria, antibacterial activity 

against Escherichia coli bacteria), and organoleptic parameters (taste, aroma, color, and level of preference). The 

data were analyzed using ANOVA at a confidence level (α ≤ 5%) and followed by Tukey's test. The Goldblu 

kombucha formulation provided the best results based on chemical and microbiological parameters. Goldblu 

kombucha with 30% honey pineapple extract had a significant effect on chemical and microbiological parameters 

but did not have a significant effect on organoleptic parameters. Goldblu kombucha produced the highest levels of 

acid (1.26%), vitamin C (88.23 mg/100 mL), antioxidant activity (82.93%), and antibacterial activity (17.65 mm), 

with an alcohol content below the MUI safety limit (0.48%). The combination of butterfly pea flowers and honey 

pineapple with a formulation of 70% butterfly pea flowers and 30% honey pineapple extract was able to increase 

bioactive compounds that have the potential to ward off free radicals and inhibit pathogenic bacteria. Therefore, 

Kombucha Goldblu has the potential as a functional drink in the prevention of degenerative diseases. 
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1. Introduction 

The prevalence of degenerative diseases such as diabetes mellitus, hypertension, heart disease, and 

atherosclerosis continues to increase in line with changes in modern lifestyles. High-calorie and high-

fat diets, low fiber intake, minimal antioxidants, and lack of physical activity contribute to this trend. 

These conditions trigger oxidative stress and chronic inflammation, which cause cell damage and 

metabolic disorders. This reduces quality of life and increases mortality rates and economic burdens. 

According to Putri and Sabrina (2024), one effective preventive measure is the consumption of 

functional foods and beverages rich in antioxidants that can neutralize free radicals and support 

metabolic health. One functional beverage that has been extensively studied for its antioxidant content 

and health benefits is kombucha. 

Kombucha is a fermented beverage made from sweet tea using a symbiotic culture of bacteria and 

yeast (SCOBY). Kombucha fermentation takes 7-14 days. The microorganisms in kombucha break 

down the tea solution into bioactive compounds, including various types of organic acids (acetate, 

citrate, malate, glucuronate, etc.), amino acids, B vitamins (B1, B2, B3, B6, B12, B15), vitamin C, 

polyphenols, and natural probiotics that support gut microbiota balance (Evangelina, 2025; Putri & 

Sabrina, 2024). According to Evangelina (2025), kombucha has antioxidant activity to counteract free 

radicals, antibacterial properties, supports digestive health, and aids detoxification through glucuronic 

acid. This potential makes kombucha one of the functional beverages that can be beneficial for the 

prevention of degenerative diseases. In the current development of kombucha, the addition of local 

natural ingredients rich in bioactive compounds has become the main focus to enhance functional value 

and create a more appealing taste. Butterfly pea flower (Clitoria ternatea L.) was selected as a substitute 

for tea due to its high content of anthocyanins, flavonoids, and polyphenols with antioxidant, anti-

inflammatory, and antimicrobial activities, as well as its potential as a cardiovascular protector 

(Pujiyanti & Ilmi, 2025). Furthermore, the anthocyanins in butterfly pea flowers are relatively stable at 
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acidic pH levels, making them suitable for fermentation, and the natural blue-purple color of butterfly 

pea flowers adds visual appeal to the product (Putri & Baharza, 2023).  

In addition, honey pineapple (Ananas comosus L. Merr) was chosen as an additional ingredient due 

to its abundant bioactive content. Honey pineapple is rich in bromelain enzymes that aid protein 

digestion, have anti-inflammatory properties, and accelerate tissue healing (Astuti & Pade, 2020). The 

addition of honey pineapple extract to kombucha increases antioxidant activity, health benefits, and 

fresh taste and aroma. Bromelain in honey pineapple accelerates the fermentation process and increases 

the availability of nutrients in kombucha (Hujjatusnaini et al., 2022). The anti-inflammatory activity of 

bromelain also contributes to reducing the risk of chronic diseases associated with systemic 

inflammation. Additionally, honey pineapple contains vitamin C and polyphenols, which are powerful 

antioxidants that help strengthen the immune system and protect cells from oxidative damage, support 

collagen synthesis, while polyphenols and flavonoids function as antioxidants that protect the body from 

oxidative stress (Astuti & Pade, 2020; Rezaldi et al., 2022).  

Butterfly pea flowers have been extensively studied due to their high content of anthocyanins, 

flavonoids, and polyphenols (Pujiyanti & Ilmi, 2025). On the other hand, honey pineapple fruit has been 

widely used in kombucha production due to its vitamin C, bromelain, polyphenol, and saponin content, 

(Destiana, 2022; Shofiyanti et al., 2023). Research related to kombucha generally evaluates ingredients 

separately, while the combination of butterfly pea flower and honey pineapple has not been widely 

studied. There are no studies that examine the combined effects of these two ingredients on the 

antioxidant activity, chemical properties, and organoleptic properties of kombucha. Therefore, this study 

aims to evaluate the effect of honey pineapple extract on butterfly pea flower tea kombucha on its 

physicochemical characteristics, antioxidant activity, and microbiological quality, in order to support 

the development of healthy and innovative functional beverages based on local ingredients. 

 

2. Research Methods 
2.1. Materials and Methods 

The main ingredients consist of dried butterfly pea flowers (blue sail variety), honey pineapple fruit 

(queen variety) obtained from Beringharjo Market, granulated sugar, mineral water, and a seven-day-

old kombucha culture (SCOBY) as a fermentation starter. Chemicals include 0.1 N NaOH, 0.01 N 

iodine, phenolphthalein, 1% starch, 97% ethanol, DPPH reagent, as well as MRS agar and Muller Hinton 

Agar microbiological media. The equipment used included a UV-Vis spectrophotometer, pH meter, 

alcohol meter, titration apparatus, autoclave, and general laboratory equipment such as Erlenmeyer 

flasks, measuring cups, measuring flasks, pipettes, micropipettes, blenders, filter cloths, glass jars, and 

Petri dishes. 

 

2.2. Research Design 

This study used a simple completely randomized design (CRD) with one treatment factor, namely 

the addition of honey pineapple extract to butterfly pea flower kombucha tea. The treatments consisted 

of Purblu (100% butterfly pea flower tea), Sunblu (85% butterfly pea flower tea with 15% honey 

pineapple fruit extract), and Goldblu (70% butterfly pea flower tea with 30% honey pineapple fruit 

extract). Each treatment was replicated three times, resulting in nine experimental units. Data were 

analyzed using one-way ANOVA (α = 5%) and Tukey HSD post-hoc test using SPSS. 

 

2.3. Research Stages 
2.3.1. Selection of Honey Pineapple and Butterfly Pea Flowers 

Honey pineapple (Ananas comosus L. Merr) of the queen variety is used at 70%, According to 

Condro and Stefani (2024), pineapples at this stage of ripeness have higher vitamin C, bromelain, and 

antioxidant content, as well as lower sugar content (10%) compared to fully ripe pineapples. The flowers 

used are blue sail butterfly pea flower with blue-purple because they contain bioactive compounds such 

as anthocyanins, flavonoids, and phenols that provide the highest antioxidant and antibacterial activity. 

Harvested at full bloom for optimal bioactive content (Handito et al., 2022; Yurisna et al., 2022). 

 

2.3.2. Preparation of Butterfly Pea Flowers (Clitoria ternatea) 

The preparation process for butterfly pea flowers begins with drying in an oven at 40°C for 2 
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days. This drying process aims to prevent contamination and maintain the stability of bioactive 

compounds, as well as extend the shelf life of butterfly pea flowers. This is supported by Rezaldi et al. 

(2022), who state that drying is carried out to avoid contamination and maintain the stability of bioactive 

compounds. This method ensures that the raw materials remain safe, high-quality, and rich in benefits 

for kombucha fermentation. 

  

2.3.3. Preparation of Honey Pineapple Fruit Extract 

The process is carried out with fresh fruit that has been sorted, then separated from the skin and 

core. A total of 600g of pineapple flesh is washed thoroughly, cut into small pieces, and homogenized 

with the addition of 200 mL of mineral water (ratio of 3:1) using a blender. Next, the pineapple extract 

obtained through the homogenization process is boiled for 10 minutes, then filtered twice, then cooled 

to a room temperature of ±25°C before being used for fermentation (Budiandari et al., 2023; Rezaldi et 

al., 2022). 

 

2.3.4. Preparation of Butterfly Pea Flower Kombucha Starter 

The kombucha starter is made by weighing 200 g of dried butterfly pea flowers and 400 g of sugar 

in 1 liter of water for 10 minutes, then straining and cooled to room temperature (±25°C). The 

inoculation process is carried out by adding the SCOBY starter along with 10% (100 ml) of kombucha 

liquid (Zulfa et al., 2019) to the butterfly pea flower tea solution. Fermentation was carried out three 

times in a row using butterfly pea flower tea so that the SCOBY fully adapted to the medium (Rezaldi 

et al., 2022), so that the resulting starter was more stable and optimal for further fermentation.  

 

2.3.5. Kombucha Production 

The production of kombucha begins by boiling 200g of dried butterfly pea flowers and 400g of 

sugar in 1 liter of water for 10 minutes, then letting it cool. The butterfly pea flower tea is then mixed 

with pineapple honey extract, then adding the SCOBY starter along with 10% (100 ml) of seven-day-

old kombucha liquid from the total volume of the solution (Zulfa et al., 2019). The mixture is stirred 

until homogeneous, then the container is covered with a sterile cloth and tied with a rubber band. 

Fermented at room temperature of ±25°C for 10 days in a room that supports the growth of bacteria and 

yeast (Rezaldi et al., 2022; Yanti et al., 2020).  

 

2.4. Chemical Parameters 

2.4.1. pH Level Testing 

The pH value of kombucha was measured using a calibrated pH meter. The pH meter was dipped 

into the kombucha sample until it showed a stable value, indicating that the pH reading was correct and 

accurate (Pawestriningtyas et al., 2024). The measurement was taken on the 10th day of fermentation.  

 

2.4.2. Alcohol Content Testing 

The alcohol content was measured using an alcohol meter by dipping the device into the 

kombucha sample until the percentage scale (% v/v) on the device stabilized (Gustishio et al., 2023). 

Measurements were taken on the 10th day of fermentation. 

 

2.4.3. Total Acid Testing of Kombucha 

A total of 10 mL of kombucha sample was diluted in a 100 mL volumetric flask, then 10 mL of 

the filtrate was taken into an Erlenmeyer flask and 2 drops of phenolphthalein (PP) indicator were added. 

The sample was titrated using 0.1 N NaOH until the solution changed from clear to pink (Shofiyya et 

al., 2023): 

𝑇𝑜𝑡𝑎𝑙 𝐴𝑐𝑖𝑑 (%)  =
V NaOH X N NaOH X BM X 100%

𝑉 𝑆𝑎𝑚𝑝𝑒𝑙 × 1000
 

Description : 

V NaOH  : Volume of NaOH  for titration 

 N NaOH :  Standard concentration of NaOH 

V sampel : Sample Volume for titration 

BM  : Molecular Weight of acetic acid 
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2.4.4. Vitamin C Content Test 

A total of 25 ml of kombucha sample was diluted with 100 ml of distilled water. Then, 10 ml of 

the solution was placed in a 250 ml Erlenmeyer flask, and 2 ml of 1% starch indicator was added. 

Titration was carried out with 0.01 N iodine solution until the color changed to blue. Each 1 ml of 0.01 

N iodine is equivalent to 0.88 mg of vitamin C (ascorbic acid). The vitamin C content was calculated 

based on the volume of iodine used (Puspitasari et al., 2017). 

 

𝑉𝑖𝑡𝑎𝑚𝑖𝑛 𝐶 𝑚𝑔/100 𝑚𝐿 =
𝐴𝑥0,88𝑋𝐹𝑃

𝑊
× 100 

Description 

A  = ml of iodine used for titration 

FP  = Dilution Factor 

W  = weight of sample 

 

2.4.5. Antioxidant Activity Testing 

A total of 1 mL of sample was mixed with 1 mL of DPPH solution and left to stand for 20 minutes. 

Then, 97% ethanol was added to a total volume of 5 mL, homogenized using a vortex, and the 

absorbance was measured at a wavelength of 517 nm using a UV-Vis spectrophotometer. Measurements 

were also taken on a blank solution (DPPH without sample) as a control. (Puspaningrum et al., 2022): 

 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑠𝑖 =
A kontrol − A sampel 

𝐴 𝐾𝑜𝑛𝑡𝑟𝑜𝑙
 × 100% 

Description: 

A = Absorbance value 

 

2.5. Microbiological Parameters 
2.5.1. Total LAB (lactic Acid Bacteria) Testing 

A total of 1 mL of kombucha sample was diluted in 9 mL of sterile distilled water (10⁻¹) and 

continued until the desired dilution was achieved. From this dilution, 0.2 mL of the sample was 

inoculated into a sterile Petri dish containing ±10 mL of MRS agar medium, then incubated for 48 hours 

at 37°C. The colonies that grew were counted and expressed as CFU/mL using the formula (Harahap, 

2023): 

𝑵𝒖𝒎𝒃𝒆𝒓𝒔 𝒐𝒇 𝑪𝒐𝒍𝒐𝒏𝒊𝒆𝒔 (
𝑐𝑓𝑢

𝑚𝐿
) =  

 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑎𝑐𝑡𝑒𝑟𝑖𝑎𝑙 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 𝑥 𝑆𝑎𝑚𝑝𝑙𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 (𝑚𝐿)

𝑆𝑎𝑚𝑝𝑙𝑒 𝐹𝑎𝑐𝑡𝑜𝑟
 

 

2.5.2. Antibacterial Testing 

Antibacterial activity was tested using the well diffusion method with Escherichia coli test 

bacteria grown on 24-hour-old MHA medium. A 7 mm diameter well was made in the MHA medium 

in a Petri dish, then filled with 50 µL of kombucha sample (Purblu, Sunblu, Goldblu). The positive 

control used chloramphenicol 10 mg/mL. The dishes were incubated at room temperature for ±3 days, 

then the diameter of the inhibition zone was measured with a caliper (Yanti et al., 2020): 

 

𝑍 =  
(𝐷1 − 𝐷𝑆) + (𝐷2 − 𝐷𝑆) + (𝐷3 − 𝐷𝑆)

3
 

Description: 

Z = Clear zone 

D1 = Vertical Diameter  

D2 = Horizontal Diameter 

D3 = Diagonal Diameter 

DS = well Diameter 
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2.6. Organoleptic Testing 

The organoleptic test of kombucha was conducted using a hedonic test by 20 semi-trained panelists 

to assess color, aroma, flavor, and liking level using a 1–5 scale (1 = dislike to 5 = like very much). This 

method was used to assess sensory preferences in a systematic and standardized manner. 

(Wahyuningtyas et al., 2023). 

 

3. Result and Discussion 
3.1. Kombucha Fermentation 

The kombucha production process begins with the preparation of tools and materials. The tools 

used are sterilized by boiling them at 100°C for 20 minutes. This is supported by Rezaldi et al. (2022), 

who state that sterilizing tools in kombucha production is necessary to avoid contamination. Then, in 

the ingredient preparation stage, butterfly pea flowers are dried in an oven at 40°C for 2 days. Honey 

pineapples are selected in optimal condition and cut sterilely to prevent contamination. Butterfly pea 

flowers are boiled to extract the coloring and bioactive compounds, producing a natural blue color and 

high antioxidant content, as well as inhibiting bacterial growth during fermentation (Chai et al., 2019). 

The honey pineapple extract is also heated after homogenization to dissolve active compounds such as 

the enzyme bromelain, vitamins, and phenolic compounds. According to Rezaldi et al. (2022), boiling 

at 100°C for 10 minutes helps extract bioactive compounds that contribute to flavor and health benefits, 

while also preventing damage from overheating. 

Kombucha fermentation is carried out for 10 days at room temperature (± 25-30º C) using butterfly 

pea flower tea and honey pineapple as the base ingredients for batch fermentation. The fermentation 

process takes place in a glass container covered with a sterile cloth to support the activity of aerobic 

microorganisms in the SCOBY. The kombucha fermentation process proceeded well, marked by the 

growth of a new layer that was cloudy white and had a chewy texture on the surface of the kombucha 

on the third day of fermentation, with a SCOBY thickness of 0.2-0.6 cm per 3 days, indicating intensive 

metabolic activity of microorganisms in forming a biofilm. A significant decrease in pH occurred during 

fermentation on the 10th day. According to Marsh et al. (2014), the decrease in pH indicates the 

production of organic acids by acetic acid bacteria and yeast in the SCOBY, which gives a fresh sour 

taste and acts as a natural preservative to inhibit pathogenic microorganisms. 

In addition to changes in pH, The color of the solution changes from blue (the original color of 

butterfly pea tea) to cloudy purple (Figure 1). This color change is caused by changes in pH that affect 

the anthocyanin pigments in butterfly pea tea, as well as interactions with fermentation compounds 

(Chung et al., 2018). Kombucha has a fresh sour taste with a hint of sweetness from honey pineapple, 

which also accelerates SCOBY growth because simple sugars are easily digested by microorganisms. 

Fermentation for 10 days at room temperature causes chemical changes such as a decrease in pH, color 

change, and taste, which are typical characteristics of kombucha fermentation in general (Khasanah & 

Dewi, 2024). 
 

 
Figure 1. Kombucha Goldblu, Sunblu, Purblu 

 
3.2. Chemical Parameters 

3.2.1. pH Value 
Table 1. ph Value results in the comprasion of kombucha formulation  

Treatment pH Value 

Purblu 3.37𝑏±0.02 

Sunblu 2.63𝑎±0.04 

Goldblu 2.54𝑎±0.04 

Note: Different letters indicate significant differences (5%). 
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Based on the measurement results presented in Table 1, the pH values of butterfly pea flower and 

honey pineapple kombucha ranged from 2.54 to 3.37. Purblu kombucha had the highest pH value (3.37), 

while Sunblu and Goldblu had lower values (2.63-2.54). The decrease in pH values in the Sunblu and 

Goldblu variants was due to an increase in acetic acid levels during fermentation. Kombucha is formed 

through the symbiotic activity of yeast and acetic acid bacteria, which ferment sugar into ethanol and 

then into organic acids. This increases the total acid content and decreases the alcohol content and pH 

(Shofiyya et al., 2023). Acetic acid is the main metabolite that gives kombucha its sour taste and natural 

preservative effect. The availability of simple sugars from honey pineapple extract in Sunblu and 

Goldblu accelerates microbial metabolism, thereby increasing acetic acid production, which results in 

lower pH values. Microbial activity is influenced by substrate composition and pH value. In the Sunblu 

and Goldblu variants, SCOBY growth occurs more rapidly with an increase in biofilm thickness 

compared to Purblu, according to Marsh et al. (2014). This occurs because of the more abundant sugar 

supply from honey pineapple, which supports the proliferation of yeast and acetic acid bacteria. 

According to Shofiyanti et al. (2023), a low pH environment creates optimal conditions for acetic acid 

bacteria and inhibits the growth of contaminating microorganisms, there by enhancing product safety 

and stability. 

In terms of sensory profile, the Sunblu and Goldblu variants with lower pH produced a sharp and 

fresh sour taste, bright violet color, and stronger aroma and carbonation, making them more preferred 

by panelists. In contrast, Purblu had a milder sour taste and a cloudy purple color. The higher acetic acid 

content in Sunblu and Goldblu also enhances the probiotic effects and health benefits such as 

antimicrobial and antioxidant properties. The pH value of fermented kombucha in this study, indicating 

a fairly high level of acidity but still safe for consumption. In line with the findings of Villarreal et al. 

(2018), kombucha with a pH below 4.2 has good antimicrobial properties and is microbiologically safe. 

Thus, the pH of butterfly pea flower and honey pineapple kombucha is still within the normal range for 

kombucha products. However, a pH close to 2.5 can produce a very sour taste and may be uncomfortable 

for individuals with sensitive stomachs. 

 

3.2.2. Alcohol Content  

 
Table 2. Alcohol Content results in kombucha Formulation comparidons 

Treatment Alcohol Content (%) 

Purblu 0.30𝑎±0.07 

Sunblu 0.44𝑎±0.08 

Goldblu 0.48𝑎±0.08 

Note: Different letters indicate significant differences (5%). 

 

This study shows that the alcohol content (% v/v) in the three kombucha variants differs 

significantly. The Purblu variant has an alcohol content of 0.30%, Sunblu 0.44%, and Goldblu 0.48% 

(Table 2). The higher alcohol content in the Sunblu and Goldblu variants correlates with a more 

significant decrease in pH. This mechanism occurs through the activity of yeast in SCOBY, especially 

Saccharomyces cerevisiae, which ferments simple sugars into ethanol and carbon dioxide (Jayabalan et 

al., 2014). The addition of honey pineapple extract to Sunblu and Goldblu provides a more abundant 

supply of simple sugars that are easily utilized by yeast, thereby accelerating alcoholic fermentation and 

producing higher ethanol levels (Rosita et al., 2021; Khasanah & Dewi, 2024). This process 

demonstrates a synergistic relationship between yeast and bacterial activity in SCOBY, which directly 

influences the chemical profile and organoleptic properties of kombucha. Honey pineapple significantly 

lowers pH and increases alcohol content through sugar metabolism by microorganisms in SCOBY. 

Although the alcohol content obtained is still low (<0.5%), indicating more active fermentation, 

characterized by a fresh sour taste, a slight alcoholic sensation typical of kombucha, and increased 

microbial metabolism. The entire alcohol content obtained remains below the maximum limit of 0.5% 

set by the Indonesian Ulema Council (MUI, 2018), so that Purblu, Sunblu, and Goldblu kombucha are 

classified as safe and halal fermented beverages. Thus, the duration of fermentation and the proportion 
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of ingredients are important for keeping the alcohol content within safe limits without reducing the 

sensory quality or functional benefits of kombucha. 

 

3.2.3. Acetic Acid Content 

 
Table 3. Acetic acid Content Results in Kombucha Formulation Comparisons 

Treatment Acetic Acid Content (%) 

Purblu 0.68𝑎±0.09 

Sunblu 0.98𝑎±0.21 

Goldblu 1.26𝑎±0.12 

Note: Different letters indicate significant differences (5%). 

 

Based on the test results in Table 3, Purblu kombucha had the lowest content at 0.68%, while 

Goldblu kombucha had the highest at 1.26%. The increase in acetic acid content occurs in two main 

stages. The first stage is the conversion of sugar (sucrose and simple sugars in pineapple juice) into 

ethanol by yeast (Saccharomyces sp.). The second stage is the oxidation of ethanol into acetic acid by 

acetic acid bacteria (Acetobacter sp.) (Putri et al., 2025). The higher the proportion of honey pineapple, 

the more simple sugars are available, which increases ethanol and acetic acid production and lowers the 

pH level due to the formation of organic acids by Acetobacter sp. during fermentation. According to 

Nisak (2023), Yeast converts sugar into ethanol, which bacteria then convert into acetic acid and other 

organic acids such as gluconate, lactate, malate, tartrate, oxalate, and glucuronate. Acid levels are 

influenced by raw materials, sugar content, microbial activity, fermentation duration, and aeration. 

Sufficiently long fermentation with good aeration optimizes acetic acid formation, increases total 

acidity, and lowers pH. The decrease in pH reflects active fermentation and creates conditions that 

inhibit pathogenic microorganisms, maintaining the safety and microbiological stability of kombucha. 

The acetic acid content in kombucha in this study was still within the normal range (0.7-1.3%) as 

reported by Putri et al. (2025). Differences in acid content were influenced by fruit type, initial sugar, 

inoculum, fermentation time, temperature, and aeration. According to FDA standards, the permissible 

acetic acid content in commercial kombucha ranges from 0.5-1.5%. Thus, the acetic acid content of 

0.68-1.26% obtained is safe and suitable for consumption. 

During fermentation, the alcohol produced by yeast is converted into acetic acid by bacteria, 

which reduces the alcohol content and pH and inhibits pathogenic microorganisms. In addition to acetic 

acid, other organic acids which increase total acidity and provide antibacterial and antioxidant activity 

(Fadhilah et al., 2024; Gumanti et al., 2023). Kombucha is also known to have antioxidant activity from 

phenolic compounds and fermentation metabolites. Increased organic acid levels during fermentation 

increase the availability of bioactive compounds that function as antioxidants (Bhattacharya et al., 2023). 

The addition of honey pineapple, which is rich in simple sugars, increases the production of acetic acid 

and glucuronic acid during fermentation, which supports the detoxification and antioxidant activity of 

kombucha. The vitamin C and bioactive compounds in pineapple also synergize with butterfly pea 

flowers, thereby enhancing the health benefits and antioxidant capacity of the drink. 

 

3.2.4. Vitamin C Content  
 

Table 4. Vitamin C Levels in Different Kombucha Formulations 

Treatment Vitamin C Content (mg/100 ml) 

Purblu 27.69𝑏±0.81 

Sunblu 66.64𝑐±0.80 

Goldblu 88.23𝑑±0.80 

Note: Different letters indicate significant differences (5%). 

 

The vitamin C content in kombucha in this study showed significant variation, ranging from 27.69 

to 88.23 mg/100 mL, with the lowest value in Purblu Kombucha and the highest in Goldblu (Table 4). 

The increase in vitamin C levels in Goldblu occurred because the fermentation process increased vitamin 

C levels, both through the natural contribution of raw materials and synthesis by microorganisms during 

fermentation. Honey pineapple as a raw material has a fairly high vitamin C content as well as other 
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bioactive compounds such as bromelain enzymes and phenolic compounds, so that the addition of honey 

pineapple fruit extract to the kombucha formulation contributes directly and significantly to the increase 

in vitamin C levels. Additionally, microorganisms such as Acetobacter sp. and Gluconobacter sp., as 

reported by Putri and Baharza (2023), are capable of synthesizing vitamin C or maintaining its stability 

during fermentation, which further supports the increase in vitamin C content in kombucha. 

Vitamin C plays an important role as an effective antioxidant in warding off free radicals, so its 

presence in kombucha provides additional health benefits for consumers. This is reinforced by research 

by Sitaresmi (2021), which shows that the higher the pineapple content in kombucha, the higher the 

vitamin C content. However, initial heating, such as boiling, can reduce vitamin C because it is easily 

damaged at high temperatures. Therefore, the heating process must be controlled to avoid significantly 

reducing vitamin C levels, even though fermentation can increase them. The combination of vitamin C 

from honey pineapple, microorganism synthesis during fermentation, and heat treatment increases the 

vitamin C content and antioxidant activity in butterfly pea flower kombucha with honey pineapple. The 

addition of honey pineapple extract increases the vitamin C, nutrients, and bioactive compounds in 

kombucha, including bromelain enzymes with proteolytic and anti-inflammatory effects, as well as 

phenolic compounds as antioxidants. Compounds in honey pineapple extract improve kombucha 

function, strengthen antioxidants, and support digestion. Natural sugars also accelerate fermentation and 

the production of vitamin C and organic acids, so honey pineapple extract provides dual benefits for 

butterfly pea flower kombucha (Pujiyanti & Ilmi, 2025). Therefore, the use of pineapple honey extract 

as an additive in butterfly pea flower kombucha provides dual benefits, namely increased vitamin C 

levels and increased antioxidant activity and health potential.  

 

3.2.5. Antioxidant Activity Levels 

 
Table 5. Antioxidant Activity Levels in Kombucha Formulation Comparisons  

Treatment Antioxidant Level (%) 

Purblu 64.93𝑒±0.44 

Sunblu 81.84𝑓±0.39 

Goldblu 82.93𝑓±0.28 

Note: Different letters indicate significant differences (5%). 

 

This study shows that the antioxidant activity of kombucha ranges from 64.93% to 82.93%, with 

the Purblu variant having the lowest activity and Goldblu showing the highest activity (Table 5). This 

significant increase in antioxidant activity is greatly influenced by the addition of honey pineapple 

extract, which is rich in phenolic compounds, flavonoids, and vitamin C. These compounds act as 

effective electron donors to neutralize free radicals, increasing the antioxidant capacity of kombucha 

(Wahyuningtias et al., 2023). In addition, butterfly pea flowers contain anthocyanins and flavonoids 

with high antioxidant activity, which together with phenolic compounds and vitamin C from honey 

pineapple, provide a synergistic effect to strengthen the antioxidant capacity of kombucha. According 

to Villarreal et al. (2018), the antioxidant activity of kombucha is greatly influenced by the type of raw 

materials and the fermentation process. Fermentation in SCOBY converts complex compounds into 

simpler and more bioactive flavonoids and phenolics with higher antioxidant capacity. In addition, 

fermentation also increases the vitamin C content, which acts as a natural antioxidant to maintain the 

stability of bioactive compounds and strengthen the free radical scavenging effect of kombucha. This is 

added to the opinion of Marsh et al. (2014) who said that the fermentation process produces organic 

acids such as acetic acid and glucuronic acid which contribute to antioxidant activity and detoxification 

effects. 

The addition of honey pineapple extract not only increases the vitamin C content, but also enriches 

the profile of phenolic compounds and flavonoids in kombucha. Honey pineapple contains bromelain 

enzymes and various bioactive compounds that have anti-inflammatory and antioxidant activities, as 

well as various bioactive compounds such as caffeic acid, catechins, and quercetin (Fadhilah et al., 

2024). These compounds contribute to the reduction of oxidative stress and inflammation in the body. 

The natural sugar content in honey pineapple extract provides a substrate for fermentation 

microorganisms, thereby accelerating the fermentation process and increasing the production of 



Proceedings International Conference on Health Science and Technology 

Vol 1: September 24-25, 2025 

 

 

(Heny Munawaroh et al. – The effect of adding pineapple honey fruit extract……) 346 

 

bioactive compounds that contribute to antioxidant activity (Pujiyanti & Ilmi, 2025). This is in line with 

the findings of Jayabalan et al. (2014), who stated that sufficient sugar substrates can increase microbial 

metabolism in SCOBY, thereby producing more bioactive metabolites. Thus, kombucha formulations 

with honey pineapple extract (Sunblu and Goldblu) produce optimal antioxidant capacity while 

enhancing the distinctive taste and color preferred by consumers. The low pH of kombucha (2.5-3.5) 

due to the production of acetic acid and glucuronic acid during fermentation plays an important role in 

maintaining the stability of phenolic compounds and anthocyanins, thereby preserving antioxidant 

activity. Villarreal et al., (2018), state excessively low pH can damage bioactive compounds. Alcohol 

production aids in the extraction of phenolic compounds and flavonoids, but high alcohol levels reduce 

antioxidant activity due to toxic effects and compound degradation. Acetic acid lowers pH and has 

antioxidant activity by inhibiting lipid oxidation and increasing the bioavailability of phenolic 

compounds (Bhattacharya et al., 2023; Jayabalan et al., 2014).  

 

3.3. Microbiology Parameters 
3.3.1. Total Lactic Acid Bacteria (LAB) 

 
Table 6. Total LAB Results in Kombucha Formulation Comparisons 

Treatment Bacterial Count (CFU/mL) 

Purblu 1.26 x 108 

Sunblu 1.27 x 108 

Goldblu 1.44 x 108 

 
Based on the results of calculating the number of lactic acid bacteria (LAB) in kombucha with 

various formulations (Table 6), there is a significant effect of raw materials on LAB growth. Kombucha 

with the Goldblu formulation had the highest LAB count (1.44 x 108CFU/mL), followed by Sunblu 

(1.27 x 108 CFU/mL), and the lowest in Purblu (1.26 x 108CFU/mL). The high BAL population in 

Goldblu (Figure 2) is thought to be due to the addition of honey pineapple, which is rich in simple sugars 

(fructose and glucose), vitamins, and bioactive compounds such as bromelain, which help provide 

nitrogen and support BAL metabolism and growth during fermentation. This is supported by Shofiyanti 

et al. (2023), who found that the presence of pineapple as a source of sugar and other nutrients is very 

important in supporting the growth of LAB and other microorganisms during kombucha fermentation.  

In addition, the low number of LAB and bacteria in Purblu is likely due to the low fermentable 

carbohydrate content in pure butterfly pea flowers, even though they are rich in antioxidants such as 

anthocyanins and flavonoids, which can be antimicrobial at high concentrations, thus less conducive to 

LAB growth. This is in line with the research by Tunjungsari & Fikroh (2024), which states that the 

addition of fruits rich in simple sugars can increase the BAL population compared to fermentation 

without them. Thus, differences in nutrient availability between formulations can be a major factor 

affecting the final BAL count. Additionally, the decrease in pH during fermentation, which remained 

within the BAL tolerance range (2.54-3.37), allowed the BAL population to survive until the end of 

fermentation, with the addition of pineapple helping to maintain pH stability so that BAL growth 

remained optimal and According to Yanti et al. (2020), nitrogen availability is crucial for microbial 

protein and enzyme synthesis, thereby supporting optimal BAL proliferation.  

 

3.3.2. Antibacterial Activity 
 

Table 7. Antibacterial Activity results for the comparisons of kombucha formulation 

Treatment Antibacterial (mm) 

Purblu 14.54𝑎±0.60 

Sunblu 15.08𝑎±0.70 

Goldblu 17.65𝑏±0.45 

Note:  Different letters indicate significant differences (5%). 
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Figure 2. Antibacterial Properties of butterflypea flower and Pineapple Kombucha. 

 

The antibacterial activity of fermented butterfly pea flower and pineapple kombucha for 10 days 

showed a significant effect of variation on the ability to inhibit the growth of E. coli bacteria, as 

measured by the diameter of the inhibition zone using the well diffusion method. The test results showed 

that the Goldblu treatment produced the largest inhibition zone of 17.65 mm, compared to Purblu at 

14.54 mm and Sunblu at 15.0 mm (Table 7). The inhibition zones of Sunblu and Goldblu did not show 

significant differences, indicating that the addition of pineapple in certain proportions significantly 

increased the antibacterial activity of kombucha. The largest inhibition zone in Goldblu indicates an 

increase in antimicrobial activity, which is thought to originate from the synergy of active compounds 

in butterfly pea flowers and honey pineapple, as well as fermentation metabolites. This combination has 

the potential to produce complex bioactive compounds such as anthocyanins, flavonoids, phenols, and 

organic acids known to have antimicrobial properties (Jayabalan et al., 2014). 

Fermentation by microorganisms in SCOBY plays an important role in enhancing the 

antibacterial activity of kombucha. The fermentation process produces various bioactive compounds 

such as ethanol, acetic acid, lactic acid, hydrogen peroxide, phenolic compounds, and flavonoids that 

work synergistically to inhibit the growth of pathogenic bacteria (Villarreal et al., 2018). Acetic acid 

lowers the pH and damages the bacterial cell membrane, while ethanol and hydrogen peroxide are toxic. 

Phenolic compounds and flavonoids inhibit bacterial protein and enzyme synthesis, disrupting 

metabolism. Fermentation conditions such as low pH, ethanol, and secondary metabolites increase the 

antibacterial activity of kombucha (Villarreal et al., 2018). Vitamin C in kombucha acts as a strong 

reducing agent that damages bacterial cell membranes through the formation of ROS, causing oxidative 

stress (Winandari et al., 2022). The combination of anthocyanin-rich butterfly pea flowers and vitamin 

C-rich pineapple enhances the antibacterial potential. Polyphenols, flavonoids, and anthocyanins inhibit 

bacterial enzymes, damage membranes, and precipitate intracellular proteins (Anwar & Aprita, 2025). 

Anthocyanins disrupt bacterial respiration, while bromelain from pineapple damages microbial cell wall 

proteins, enhancing the antibacterial effects of kombucha (Rosita et al., 2021). Goldblu, with its lower 

pH, vitamin C content, and high antioxidant activity, showed the greatest inhibition zone against test 

bacteria. The combination of raw materials and fermentation increased the production of antimicrobial 

metabolites by microorganisms, especially yeast and acetic acid bacteria, thanks to the high proportion 

of honey pineapple as a simple sugar substrate. 

 

3.4. Organoleptic Parameters 

 
 Table 8. Organoleptic results in the comparisons of kombucha formulation 

Treatment Taste Aroma Color Preference 

Purblu 3.85𝑏±0.67 2.85𝑐±0.48 4.45𝑏±0.60 4.20𝑏±0.61 

Sunblu 4.15𝑏±0.58 3.65𝑏±0.58 4.20𝑏±0.61 4.00𝑏±0.64 

Goldblu 4.15𝑏±0.67 4.15𝑏±0.58 4.45𝑏±0.60 4.25𝑏±0.63 

Note: Different letters indicate significant differences (5%). 
 

The results of organoleptic testing of butterfly pea flower and honey pineapple kombucha with 

varying compositions show that the parameters of taste, aroma, color, and overall liking received 

average scores in the “like” to “like very much” category. The scores for the taste attribute ranged from 

3.85 to 4.15, indicating that the panelists tended to accept the resulting flavor. Meanwhile, the overall 

acceptance level ranged from 4.00 to 4.25, confirming that overall, the butterfly pea flower and honey 

pineapple kombucha was liked by the panelists (Table 8). These findings indicate a positive response 
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from the panelists to the product, both in terms of sensory aspects and visual appeal. These results are 

also consistent with Fadilla's (2025) research, which reported that butterfly pea flower-based kombucha 

has good consumer acceptance due to its distinctive color characteristics and fresh fermented taste. 

Color parameters received the highest score because the combination of anthocyanin pigments from 

butterfly pea flowers and the natural color of honey pineapple created a unique, fresh, and attractive 

appearance for kombucha. The homogeneity of kombucha's sensory profile, particularly its sour taste 

and distinctive aroma, is due to volatile compounds such as esters, alcohols, and organic acids produced 

during fermentation by SCOBY microorganisms. Despite variations in additional ingredients such as 

butterfly pea flowers or honey pineapple, kombucha's taste and aroma characteristics remain consistent 

thanks to these compounds. Organic acids in kombucha, such as acetic acid and glucuronic acid, not 

only give it a fresh sour taste, but also enhance its functional qualities. According to Samudra et al. 

(2025), these compounds have antioxidant activity, increase the bioavailability of phenolic compounds, 

and are antimicrobial, making kombucha a functional beverage with therapeutic potential. 

However, it should be noted that the acidity level in kombucha is influenced by the duration of 

fermentation, temperature, and substrate composition. If it is too high, as explained by Villarreal et al. 

(2018), it can reduce consumer preference due to its sharp sour taste. Therefore, it is important to 

maintain a balance between the sour taste and consumer acceptance so that kombucha remains healthy 

and enjoyable to drink. The color differences in kombucha are mainly influenced by the addition of 

honey pineapple, which makes the color paler due to the effect of acid on the anthocyanin pigments in 

butterfly pea flowers. Although the color intensity differs, variations in pineapple proportions do not 

significantly affect sensory evaluation because individual preferences and consumption habits are more 

dominant. This formula combination is flexible and still accepted by consumers without reducing 

organoleptic quality. These findings align with Shanzet et al. (2023) research, which states that 

variations in kombucha ingredients only slightly affect sensory quality as long as the primary taste and 

color are maintained.  

 

4. Conclusion 
The research results indicate that the combination of butterfly pea flowers and pineapple in kombucha 

production significantly affects several parameters, but noticeable differences only occur under specific 

treatments. The best formulation is Kombucha Goldblu, which produces the highest levels of acidity, vitamin 

C, antioxidant activity, and antibacterial activity. Product success is influenced by the quality of raw 

materials, ingredient proportions, bioactive compound content, natural sugars, and optimal fermentation 

conditions. All samples had alcohol levels below 0.5%, making them safe and halal for consumption. This 

kombucha has the potential to be a natural health drink rich in antioxidants, with antibacterial activity, 

supporting gut microbiota balance, and helping prevent oxidative stress-related degenerative diseases such 

as heart disease, diabetes, and neurodegenerative disorders. 
 

5. Recommendations 
For development as a functional beverage, further analysis of the main bioactive compounds such 

as flavonoids, anthocyanins, organic acids, and bromelain should be conducted to strengthen the health 

claims of kombucha based on butterfly pea flowers and honey pineapple. For further research, it is 

recommended to explore other local ingredients with high bioactive content, thereby expanding the 

diversification of functional kombucha products based on Indonesia's biological wealth. 
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