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Abstract

Pineapple peel contains flavonoids and acids, while apple tea is rich in polyphenols and tannins that can increase
the functional value of fermented products. The purpose of this study was to determine the effect and determine the
best ratio of pineapple peel with apple tea on the chemical and organoleptic properties of kombucha drinks . The
study was conducted quantitatively experimentally using a completely randomized design (CRD) with one factor ,
namely the ratio of pineapple peel and apple tea in making kombucha, with four treatments : P1 (0%:100%), P2
(25%:75%), P3 (50%:50%), and P4 (75%:25%). Fermentation took place for seven days at room temperature (25—
30°C). The chemical parameters tested included pH, total titratable acid, total dissolved solids, and total phenolic
content, analyzed using Analysis of Variance (ANSIRA) and continued with the Least Significant Difference
(LSD) test if there was a significant difference. Organoleptic tests were conducted using the hedonic method for
color, aroma, and taste, using the Kruskal-Wallis non-parametric analysis. The results showed that treatment P2
(25% pineapple peel : 75% apple tea) provided the best chemical and organoleptic characteristics. Increasing the
proportion of pineapple peel decreased pH and phenolic content and increased total acid and total soluble solids,
while the proportion of apple tea produced an optimal balance between chemical and organoleptic properties,
including preferred color, aroma, and taste. This indicates that the 25%:75% combination has great potential as an
optimal formulation for making kombucha with balanced chemical and organoleptic characteristics.

Keywords : kombucha, pineapple peel, apple tea

INTRODUCTION

Kombucha is a traditional fermented beverage produced by inoculating a Symbiotic Culture of Bacteria
and Yeast (SCOBY) into sweet tea. It is popular for its distinctive flavor and various health benefits, including
antioxidant activity, digestive health, improved immunity, and cholesterol-lowering effects (Ojo & de Smidt,
2023). Kombucha's popularity is growing globally, with the market estimated to reach over USD 3.5 billion by
2025 (Kim et al., 2022). This situation indicates the potential for developing alternative kombucha-based
ingredients with high functional value. One potential ingredient is pineapple peel (Ananas comosus L. Merr.) ,
which has long been considered a waste product from the fruit industry. Kombucha made from pineapple peel
showed an increase in antioxidant activity from 58.2% to 74.6% after 10 days of fermentation, with a total phenol
content of 156.84 mg GAE/L (Budiandari et al., 2023). The bioactive components of pineapple peel, such as
flavonoids, ascorbic acid, and the enzyme bromelain, play a role in the formation of organic acids during
fermentation (Huey et al., 2025). Utilizing pineapple peel not only has economic value but also helps reduce
organic waste. Furthermore, apple tea (Malus domestica) also has potential as a kombucha substrate. Apple tea
contains poyphenols, tannins, and flavonoids, which act as natural antioxidants (Halim et al., 2025). Previous
research has shown that various fruits and their derivatives, such as guava, pineapple, butterfly pea flower, and
apple, can increase the total phenol content and antioxidant activity of kombucha (Zubaidah et al., 2023; Anwar et
al., 2024; Muchlisun et al., 2023; Rosita et al., 2021). In addition to chemical aspects, variations in the
concentration of the main ingredients and sugar also affect sensory characteristics, with the highest preference
level at 100 g/L sugar and 15% starter (Siregar et al., 2023).
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This study aims to determine the effect of the ratio of pineapple peel and apple tea on the chemical and
organoleptic properties of kombucha and to determine the best ratio that produces the most optimal kombucha
characteristics.

LITERATURE REVIEW
Pineapple Skin

Pineapple peel ( Ananas comosus L. Merr. ) is a fruit processing waste that has significant nutritional value
and bioactive compounds, including carbohydrates, dietary fiber, vitamin C, phenolics, flavonoids, tannins, and
ascorbic acid (Hikal et al., 2021; Fauzi et al., 2023). Simple sugars in pineapple peel act as a carbon source for
fermentative microbes, supporting the growth of Acetobacter xylinum and yeast, and increasing organic acid
production during kombucha fermentation (Huey et al., 2025). Dietary fiber acts as a prebiotic that supports the
activity of probiotic microbes. Pineapple peel also contains the enzyme bromelain and calcium oxalate, which can
cause mild irritation, but heating and filtration effectively reduce this risk (Nelson et al., 2022; Cano-Lamadrid &
Artés-Hernandez, 2022). Previous studies have shown that fermented kombucha made from pineapple peel
increases total antioxidant and phenolic activity, and is safe for consumption after heating and filtering (Budiandari
etal., 2023; Huey et al., 2025).

Apple Tea

Apple tea ( Malus domestica ) is rich in polyphenols, flavonoids, and vitamin C, which act as antioxidants
(Halim et al., 2025; Muchlisun et al., 2023). The natural sugars in apples provide a carbon source for kombucha
fermentation, support SCOBY growth, and produce organic acids that impart a distinctive flavor (Rosita et al.,
2021). Combining apple juice with spices or herbal teas can enhance the beverage's antioxidant activity and
sensory acceptability (Cardoso de Souza et al., 2020; Zubaidah et al., 2018). Previous research has shown that
apple kombucha maintains its antioxidant profile and flavor when used as a functional ingredient (Halim et al.,
2025).

Kombucha

Kombucha is a fermented sweet tea beverage made with a SCOBY, producing organic acids, vitamins, and
bioactive compounds (Jakubczyk et al., 2020). The fermentation process involves the conversion of sucrose to
glucose and fructose by yeast, followed by the oxidation of ethanol by acetic acid bacteria to acetic acid and other
organic acids, resulting in a low pH and a characteristic sour taste (Jayabalan et al., 2014; Nyhan et al., 2022).
Kombucha contains B-complex vitamins, phenolics, and volatile compounds that contribute to its antioxidant
activity and sensory characteristics (Villarreal-Soto et al., 2018).

Ingredients for Making Kombucha

The main ingredients of kombucha include SCOBY, starter, sugar, and water. SCOBY consists of acetic
acid bacteria ( Komagataeibacter xylinus ) and yeast ( Saccharomyces , Brettanomyces , Zygosaccharomyces ),
which play a role in the conversion of sugars into organic acids, ethanol, and bioactive compounds (Nyhan et al.,
2022; Liao et al., 2024; Ojo & de Smidt, 2023). The starter initiates fermentation and lowers the initial pH of the
medium (Kitwetcharoen et al., 2023). Sugar serves as the primary carbon source and influences the phenolics,
antioxidant activity, viscosity, and carbonation of the final product (Ojo & de Smidt, 2023; Kitwetcharoen et al.,
2023). Water as a fermentation medium must have a neutral pH and moderate mineral content to support microbial
activity (Nyhan et al., 2022; Liao et al., 2024).

Chemical Analysis

The main parameters for chemical analysis of kombucha include pH, total acid, total dissolved solids
(TDS), and phenolic content. A decrease in pH and an increase in total acid reflect the metabolic activity of acetic
acid bacteria, while TDS indicates the conversion of sugars into metabolites (Jakubczyk et al., 2020; De Oliveira et
al., 2020; Zubaidah et al., 2023). Total phenolic content is an indicator of antioxidant activity and the functional
value of the product (Kitwetcharoen et al., 2023).

Organoleptic Test
Organoleptic testing assesses panelists' preference for kombucha color, aroma, and flavor, as well as the
effect of treatment on consumer acceptance ( Kitwetcharoen et al., 2023 ; Tran et al., 2022 ). The fermentation
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process influences volatile compounds, organic acids, and phenolics, which form distinctive sensory characteristics
(Haug etal., 2023 ).

RESEARCH METHODS

This research was conducted at the Food Processing Laboratory, Food Technology Study Program, Dr.
Soetomo University. in November to December 2025. The main ingredients used are pineapple peel and apple tea
obtained through online purchases from D hilanmesindo , while SCOBY was also purchased from the BYSIA
online store and supporting materials such as water and sugar were obtained from the Alfamidi store located at JI.
Dukuh Kupang XXV, Dukuh Pakis District, Surabaya . For chemical analysis, aquades solution, NaOH, buffer
solution, and H>SOs were used. The tools used include glass jars, digital scales, filters, pans, stoves, spoons,
cloth/tissue, digital pH meters, burettes, volume pipettes, Erlenmeyer flasks, phenolphthalein indicators,
refractometers, UV-Vis spectrophotometers, micro pipettes, and test tubes.

The method applied was a quantitative laboratory experiment, which aims to test the causal relationship
between variables through certain treatments under controlled conditions. This approach allows for observation of
the effect of independent variables on dependent variables with control of external factors so that conclusions can
be obtained objectively and measurably (Syafrida, 2022). The research design used was a one-factor Completely
Randomized Design (CRD) with four treatments, namely P1 (pineapple peel: apple tea = 0% : 100%), P2 (25% :
75%), P3 (50% : 50%), and P4 (75% : 25%), each repeated three times. The CRD was chosen because it is simple,
efficient, and provides maximum degrees of freedom for experimental error, so that the estimation results are more
accurate (Usman et al., 2022). The research phase included the preparation of kombucha based on a modified
procedure by Budiandari et al. (2023). Pineapple peel was washed, cut, and blanched in boiling water for one
minute, then boiled with apple tea and sugar to extract the active compounds. The solution was filtered, transferred
to a sterile glass jar with mineral water, and then cooled to approximately 30°C. The starter and SCOBY were
slowly added, and fermentation took place for seven days at room temperature (25-30°C) with a gauze cover.
After fermentation, the SCOBY was removed and the kombucha was filtered again before being stored in a closed
container at a cool temperature of £4°C. The formulation of ingredients for each treatment was adjusted according
to the proportions of pineapple peel and apple tea, while the sugar, water, starter, and SCOBY remained constant.

The variables observed included pH (SNI 6989.11:2019), total acid through 0.1 N NaOH titration with
phenolphthalein indicator (SNI 01-2891-1992), total dissolved solids (TPT) using a refractometer in °Brix, total
phenolic content using the Folin-Ciocalteu method, and organoleptic attributes such as color, aroma, and taste
assessed by 30 semi-trained panelists using a hedonic scale of 1-5 (Mehran, 2015). Data were analyzed statistically
using ANSIRA with the help of SPSS version 24. If there was a significant difference with a Coefficient of
Variance (CC) <5%, the Least Significant Difference (LSD) test was continued; if the CC was 5-10%, the
Honestly Significant Difference (HSD) test was used, while if the CC >10%, the Duncan test was used (Siregar et
al., 2023). For non-parametric data such as organoleptic tests, the Kruskal-Wallis test was used to determine
significant differences between treatments (Halim et al., 2025).

RESULTS AND DISCUSSION
1. Chemical Test
pH test
Presenting the average pH results of kombucha made from pineapple peel (Ananas comosus L. Merr.) and
apple tea (Malus domestica) with different treatment comparisons, which have an effect on the pH value of
kombucha.
Table 1. Average pH results of Kombucha

Pineapple Skin : Apple Tea Average (%)
P 1 (0% :100%) 3,6200+0,088°
P2 (2.5%:7.5%) 3,5767+0,025 "
P3 (50 % : 50 %) 3,4633+0,015%®
P4 (7.5%:2.5%) 3,4100+0,020®

The analysis of variance results showed a significant value (p < 0.05), indicating that the difference in the
ratio of pineapple peel and apple tea significantly affected the pH of kombucha. The pH value decreased as the
proportion of pineapple peel increased, with the highest pH at P1 (3.6200) and the lowest at P4 (3.4100), while P2
and P3 were in between (3.5767 and 3.4633). This decrease in pH was caused by the increased formation of
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organic acids during fermentation, where sugars were fermented by yeast into ethanol which was then oxidized by
acetic acid bacteria into organic acids (Villarreal-Soto et al., 2018). The use of pineapple peel as a fermentation
substrate was known to produce a lower pH than tea, because its sugar content supports acid production during
fermentation (Phung Tu Ly et al., 2023).

Total Acid
Presenting the average total acid results of kombucha made from pineapple skin ( Ananas comosus L.
Merr. ) and apple tea ( Malus domestica ) with different treatment ratios, which have an effect on the total acid
value of kombucha.
Table 2. Average results of Kombucha Total Dissolved Solids

Pineapple Skin : Apple Tea Average (%)
P 1 (0% :100%) 0.3067+0,015°
P2(25%:7.5%) 0.2600+0,0102
P3 (50 % : 50 %) 0.3033+0,015°
P4 (7.5%:2.5 %) 0.3533+0,020°

The analysis of variance results in Table 2 show a significant difference (p < 0.05) in the total acidity of
kombucha due to variations in the ratio of pineapple peel to apple tea. The total acid value increased with
increasing proportion of pineapple peel, with treatment P1 having the lowest total acid and P4 having the highest.
This is due to the greater accumulation of organic acids during fermentation in treatments with a higher proportion
of pineapple peel, as the sugars in pineapple peel are fermented by yeast into ethanol, which is then converted by
acetic acid bacteria into organic acids, thereby increasing the acidity of the beverage (Villarreal-Soto et al., 2018;
Phung Tu Ly et al., 2023).

Total Dissolved Solids
Presenting the average results of total dissolved solids of kombucha made from pineapple skin ( Ananas
comosus L. Merr. ) and apple tea ( Malus domestica ) with different treatment ratios, which have an effect on the
total dissolved solids value of kombucha.
Table 3. Average results of Kombucha Total Dissolved Solids

Pineapple Skin : Apple Tea Average (%)
P 1 (0% :100%) 7.0333+£0.057°
P2(25%:7.5%) 6.5667 +0.2512
P3 (50 % : 50 %) 6.8667 £ 0.152 ®
P4 (7.5%:2.5 %) 7.0667 +0.152°

Analysis of variance (ANOVA) results showed significant differences (p < 0.05) in the total soluble solids
of kombucha due to variations in the ratio of pineapple peel to apple tea. The highest total soluble solids value was
obtained in treatment P4 at 7.0667, while treatment P2 had the lowest value at 6.5667, with treatments P1 and P3
falling in between. This difference indicates that the proportion of pineapple peel affects the content of soluble
compounds in kombucha, because simple sugars and other compounds in pineapple peel partially remain after
fermentation, although some are converted to ethanol and organic acids by microorganisms. This finding is in line
with previous reports stating that the type of raw material and fermentation process affect total soluble solids, and
the use of fruit-based ingredients tends to produce higher TPT values than tea-based kombucha (De Oliveira et al.,
2020; Kitwetcharoen et al., 2023; Zubaidah et al., 2023).

Phenolic Content

Presenting the average results of phenolic content of kombucha made from pineapple skin ( Ananas
comosus L. Merr.) and apple tea ( Malus domestica ) with different treatment comparisons, which have an effect
on the phenolic content of kombucha.
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Table 4. Average results of Kombucha Phenolic Content

Pineapple Skin : Apple Tea Average (%)
P 1 (0% :100%) 11.6000 £ 0.900 ©
P2(25%:7.5%) 4.1433 £0.410°
P3 (50 % : 50 %) 3.5400 + 0.415°
P4(7.5%:25%) 1.2233+£0.187?

The results of the analysis of variance showed a significant difference (p < 0.05) in the phenolic content of
kombucha due to variations in the ratio of pineapple peel and apple tea. The highest phenolic value was found in
treatment P1 at 11.6000, while treatment P4 had the lowest value at 1.2233, with treatments P2 and P3 being in
between, at 4.1433 and 3.5400, respectively. This pattern indicates a decrease in phenolic content as the proportion
of pineapple peel increases and apple tea decreases, because pineapple peel contains lower phenolics than apple
tea. In addition, the degradation of phenolic compounds during fermentation and the enzymatic activity of
microorganisms that hydrolyze complex compounds into simpler forms also affect the final levels and
bioavailability of phenolics. Thus, the composition of the fermentation substrate plays an important role in
determining the functional value of kombucha (Jakubczyk et al., 2020; De Oliveira et al., 2020; Zubaidah et al.,
2023; Kitwetcharoen et al., 2023).

2. Organoleptic Test
Presenting the results of organoleptic tests of kombucha made from pineapple skin (Ananas comosus L.
Merr.) and apple tea (Malus domestica) with each different treatment having an effect on the level of preference
for kombucha.
Table 5. Average results of the kombucha hedonic test

Parameter
Flavor  Color Aroma  Average Category

0.107a  0.057b  0.503a

0.088a 0.503a 0.173a

p3 345+ 337+ 334+ 3.39 Neutral

0.136a 0.125a  0.051a

P4 332+ 332+ 355% 3.39 Neutral

0.034a 0.101a  0.200a

Treatment

Color

The organoleptic test results showed that the ratio of pineapple peel and apple tea affected the color of
kombucha, with a significant value (p < 0.05) based on the Kruskal-Wallis test. The most preferred color was
obtained in treatment P2 (25% pineapple peel: 75% apple tea) with an average score of 3.95, included in the
neutral category. The lowest color was found in P4 (75% pineapple peel: 25% apple tea) with a score of 3.32, also
in the neutral category, although the difference between treatments was relatively small. This indicates that a
higher proportion of apple tea tends to produce a more attractive kombucha color for panelists.

Aroma

The ratio of ingredients also affected the aroma of kombucha, as indicated by a significant value (p <
0.05). The most preferred aroma was found in treatment P2 with an average score of 3.86 (neutral), while the
lowest aroma was found in P3 (50% pineapple peel: 50% apple tea) with a score of 3.34 (neutral). These results
indicate that the addition of apple tea provided a more acceptable aroma to panelists than a higher proportion of
pineapple peel.

Flavor
The taste test results showed the effect of using pineapple peel and apple tea, but the Kruskal-Wallis value
showed no significance (p > 0.05). The most preferred flavor was found in P2 with a score of 3.73 (neutral), while
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the lowest taste was found in P4 with a score of 3.32 (neutral). Although the difference was not significant, this
pattern still indicates that the proportion of 25% pineapple peel and 75% apple tea produced a flavor combination
that was more acceptable to panelists.

3. Determination of Best Treatment (effectiveness test)
Effectiveness testing is used to determine the best and most preferred treatment.
Table 8. Effectiveness Test Results

Parameter Mark Results (NH) Treatment
P1 P2 P3 P4

Level pH 0.000 0.038 0,120 0.158
Total Acid 0.088 0, 158 0.088 0, 000
Total Dissolved Solids 0, 132 0.000 0.084 0, 140
Phenolic Content 0, 140 0.039 0.031 0, 000
Color 0.072 0.123 0.010 0.000
Aroma 0.073 0,123 0.000 0.050
Flavor 0.019 0.158 0.050 0.000
Total 0.524 0.639* 0, 383 0, 348

Based on the determination of effectiveness test on all research parameters, snack bar with treatment code P2 is the
best treatment with a yield value (NH) of 0.639. The parameter criteria obtained include pH level of 3.57%, total
acid 0.26%, total dissolved solids 6.56%, phenolic content 4.14%, color 3.95 (neutral category), aroma 3.86
(neutral category), and taste 3.73 (neutral category).

CONCLUSION

Based on the research results, it can be concluded that the use of pineapple peel (Ananas comosus L.
Merr.) and apple tea (Malus domestica) has a significant effect on pH, total acid, total soluble solids, phenolic
content, and organoleptic attributes such as color, aroma, and taste of kombucha. Increasing the proportion of
pineapple peel tends to decrease pH and phenolic content, while increasing total acid and total soluble solids.
Conversely, a higher proportion of apple tea results in higher pH and phenolic content and lower total acid. The
best treatment was obtained in kombucha with a ratio of 25% pineapple peel and 75% apple tea (P2), with a pH
value of 3.57; total acid 0.26%; total soluble solids 6.5667; phenolic content 4.1433; color 3.95 (neutral category);
aroma 3.86 (neutral category); and taste 3.73 (neutral category). These findings indicate that the combination of
pineapple peel and apple tea in these proportions has the optimal potential to produce kombucha with balanced
chemical and organoleptic characteristics.
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