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Abstract
Moringa leaf kombucha is a functional beverage rich in nutrients and antioxidants and has various health benefits,
including anti-inflammatory, antimicrobial, and anticancer properties. Kombucha from fragrant pandan leaves
contains many chemical compounds including flavonoids, alkaloids, phenolics, polyphenols, and saponins and has
the potential as antibacterial and antioxidant. Kombucha from moringa leaves has a strong and pungent taste and
aroma, while kombucha from fragrant pandan leaves has a sour and sweet taste and aroma. This study aims to
determine the effect of the combination of moringa leaves ( Moringa oleifera ) and pandan leaves ( Pandanus
amaryllifolius Roxb) on the chemical and organoleptic quality of kombucha drinks. This study used a laboratory
experimental method. The experimental design used was a completely randomized design (CRD) with 1 factor,
namely the different combinations of moringa leaves and pandan leaves, which consisted of 5 treatments, namely
K1P1 (100:0), K2P2 (0:100), K3P3 (75:25), K4P4 (25:75), K5P5 (50:50), each repeated 3 times. The quality
parameters observed included chemical (pH, total acid, and alcohol level) and organoleptic tests (color, aroma, and
taste) which were assessed by 30 panelists. Data from the chemical quality research were analyzed using analysis
of variance (ANOVA) and organoleptic data were tested using the nonparametric Kruskal-Wallis method. The
results showed that the combination of moringa leaves and pandan leaves had a significant effect on chemical and
organoleptic quality. Based on the effectiveness test, the best treatment was obtained in the K4P4 combination.
(25:75) with chemical characteristics of pH 3.63, total acid 0.73%, and alcohol content 1.54%. Organoleptically,
this treatment was preferred by panelists with a median score of 4 (like) for the color, taste, and aroma parameters .
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INTRODUCTION

Kombucha is a fermented beverage resulting from a symbiotic relationship between bacteria and fungi that
is functional and has various health benefits, including antioxidants, antibacterials, improving intestinal microflora,
increasing immunity, and lowering blood pressure (Hananta et al ., 2025). Kombucha also plays a role in
detoxification and improving liver function due to its glucuronic acid content which can neutralize toxic
compounds in the body (Aditiwati, 2003). The raw material for kombucha can come from leaves rich in
antioxidants (Verdayanti, 2009), not limited to black tea, but also herbal leaves in the form of functional teas or
tisanes that are not derived from Camellia sinensis (Bennet et al ., 2016). Various studies have reported the use of
herbal leaves as kombucha ingredients, including moringa leaves (Hikmah & Budiandari, 2018), a combination of
ashitaba, cherry, and moringa leaves (Rosida et al ., 2021), pandan leaves (Irmayanti et al ., 2025), and fruit
ingredients such as dragon fruit peel (Naufal et al ., 2022). Moringa leaves ( Moringa oleifera ) are known as a
nutrient-rich herbal plant and have the potential to be more functional after being fermented into kombucha, with
higher antioxidant activity than regular brewing (Velicanski, 2007). Moringa leaf kombucha contains vitamins A
and C which act as antioxidants in protecting the body from free radicals (Krisnadi, 2015). Pandanus
amaryllifolius Roxb leaves also have potential as a kombucha ingredient because they contain flavonoids,
alkaloids, phenolics, polyphenols, and saponins that have antibacterial, antioxidant, anticancer, and anti-
inflammatory properties (Suryani, 2017; Irmayanti et al ., 2025). The fermentation process of pandan leaf
kombucha produces additional bioactive compounds that enhance the beverage's functional characteristics
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(Pawestriningtyas, 2024). Organoleptically, moringa leaf kombucha has a bright color and a relatively mild taste,
although some panelists disliked its aroma (Hikmah & Budiandari, 2018). Pandan leaf kombucha showed an
increase in total acid and a decrease in pH after fermentation, which was caused by the formation of organic acids
such as acetic acid (Irmayanti et al ., 2025; Guspratiwi et al ., 2025). This decrease in pH plays an important role in
increasing the microbiological safety and health benefits of kombucha through the inhibition of pathogenic
microorganisms and supporting digestive health (Cheepchirasuk et al ., 2025). Based on this, this study was
conducted to examine the effect of different concentration treatments on kombucha combined with moringa leaves
and pandan leaves, with the hope of producing a functional beverage that has good organoleptic characteristics and
optimal health benefits.

LITERATURE REVIEW
Kombucha

Kombucha has been known for thousands of years and is thought to have originated in China around 2,000
years ago (Amarasinghe et al ., 2018). Since 221 BC, Chinese people have consumed kombucha as a health drink
and called it the tea of immortality because it was believed to prolong life (Naland, 2008). Kombucha is the result
of the fermentation of sweet tea by a symbiotic combination of acetic acid bacteria and yeast, such as Acetobacter ,
Saccharomyces , Schizosaccharomyces , Pichia , and Torula . During fermentation, these microorganisms convert
sucrose into organic acids, amino acids, antibiotics, and various micronutrients (Mayser et al., 2023). Kombucha is
considered a functional food, meaning it provides additional physiological benefits beyond basic nutrition due to
its content of bioactive compounds in micro to milligram amounts (Riezzo et al.,, 2005). These bioactive
compounds include carotenoids, polyphenols, and flavonoids (Jayabalan et al ., 2014). According to the FDA,
kombucha is considered safe for consumption because it has passed pathogen testing and clinical trials (Ayu,
2020). Various biological benefits of kombucha include antioxidant, antimicrobial, antidiabetic, anticancer, and
anti-inflammatory activities (Kaewkod, 2019; Ayu, 2020; Khaerah, 2019; Jayabalan, 2014; Gaggia, 2019; Yanti,
2020; Aloulou, 2012; Zubaidah, 2019; Villarreal-Soto, 2019; Watawana, 2015; Priyono, 2021).

Kombucha Quality Standards

Kombucha quality standards are necessary to ensure product safety and consistency. The main parameters used
include ethanol content, titration acidity, and pH (Sepulveda, 2023). The ethanol content for non-alcoholic
kombucha is in the range of 0.2-2.0%, the maximum titration acidity is 2.8%, and the maximum pH is 3.8, but
must be below 4.6 to ensure food safety.

a. Alcohol Content
Ethanol is formed during fermentation by the yeast Saccharomyces cerevisiae , which converts sugar into
alcohol anaerobically (Pratiwi, 2012). The alcohol content of kombucha varies depending on fermentation
conditions, with a range that still meets non-alcoholic standards according to several previous studies
(Herwin, 2013; Simanjuntak, 2016; Jakubczyk, 2020; Kapp, 2019; Sepulveda, 2023; Priyono, 2021).

b. Titration Acidity
Acidity titration is a volumetric analysis method for determining the amount of organic acids in kombucha.
This process involves using a standard solution until the equivalence point is reached, indicated by a color
change in the indicator (Keenan et al., 2000). The success of the titration is influenced by the accuracy of
the titrant concentration, the determination of the endpoint, and the accuracy of the volume measurement
(Sastrohamidjojo, 2005).

c. Potential of Hydrogen
The decrease in kombucha pH occurs due to the conversion of sucrose into organic acids such as acetic
acid and gluconic acid during fermentation by bacteria and yeast (Screeramulu, 2000). The longer the
fermentation, the higher the concentration of acid formed, so the kombucha pH decreases (Afifah, 2010;
Simanjuntak, 2016; Goh, 2012).

Kombucha Making Process

The process of making kombucha includes brewing herbal leaves with hot water up to +100 ° ¢ adding
sugar, cooling to room temperature for 5-8 minutes, inoculating kombucha starter and SCOBY, and fermenting for
+10 days (Rosida et al., 2021).
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Moringa Leaves

Moringa oleifera leaves are a tropical plant from the Moringaceae family that is rich in nutrients and
antioxidants (Chase et al. , 1996). Moringa leaves contain vitamins A, C, E, minerals, protein, essential amino
acids, and phenolic compounds that have the potential as functional foods (AVRDC, 2006; Berkovich et al ., 2013;
Sreelatha, 2009; Simbolon, 2008; Anwar et al., 2007; Berawi et al., 2019). Moringa leaves are widely used as
herbal tea and as a base ingredient for kombucha to increase the beverage's functional value.

Pandan leaves

Pandanus amaryllifolius Roxb is a monocotyledonous plant from the Pandanaceae family that is used as a
dye, flavoring, and traditional medicine (Margaretta et al., 2011). The distinctive aroma of pandan comes from the
compound 2-acetyl-1-pyrroline (Faras, 2014). The flavonoids, alkaloids, saponins, tannins, and polyphenols
contribute to its antibacterial and antioxidant activity (Andriani, 2008; Suryani, 2017; Nurul, 2023).

Organoleptic Test

Organoleptic testing is a method for assessing the quality of food products based on human sensory
perception of taste, aroma, and color. Assessments are conducted using a hedonic scale of 1-5 by panelists to
determine consumer acceptance of kombucha products (Mehran, 2015). This test aims to assess preferences,
quality control, product development, and shelf life determination (Nurjaya, 2023). Panelists are classified into
expert, trained, and untrained panelists based on their sensitivity levels (Betty, 2008).

Effectiveness Test

Effectiveness testing is used to assess the success of a treatment in achieving research objectives.
Effectiveness indicates the level of achievement of results compared to predetermined plans and is expressed
through an index calculation based on the treatment value, the highest value, and the lowest value (Sigit, 2020).

RESEARCH METHODS

The research was conducted from October to December 2025. Chemical quality tests were conducted at
the laboratory of Turnojoyo University, Madura, while organoleptic tests were conducted at the Tristar Institute,
Surabaya. The main ingredients used were dried moringa leaves and dried pandan leaves, obtained through online
stores. Supporting ingredients included sugar, a scoby with a diameter of £8 cm, and a kombucha starter. The tools
used included scales, glass jars, spatulas, funnels, sieves, measuring cups, measuring spoons, and laboratory
equipment such as electrode glasses, pH meters, magnetic stirrers, volumetric flasks, pipettes, burettes,
pycnometers, and distillation flasks. The research method used was a quantitative laboratory experimental method.
This experimental study aimed to validate the effect of the combination of moringa and pandan leaves on the
chemical and organoleptic quality of kombucha. The experimental design used was a one-factor Completely
Randomized Design (CRD) with five treatments, namely K1P1 (100% moringa leaves), K2P2 (100% pandan
leaves), K3P3 (75% moringa: 25% pandan), K4P4 (25% moringa: 75% pandan), and K5P5 (50%: 50%). Based on
the replication calculation formula from (Hanafiah, 2001) namely (t-1)(r-1)>135, the ideal number of replications is
5 times, but in this study it was carried out 3 times so that 15 experimental units were obtained. The material
mixing formulation consisted of 1000 ml of water for each treatment, 0—20 g of moringa leaves, 0-20 g of pandan
leaves, 100 g of sugar, 100 ml of kombucha starter, and 8 cm of scoby according to the treatment combination
(Rosida et al., 2021).

The procedure for making kombucha refers to the report (Rosida et al., 2021). It begins by boiling water to
+100 ° ¢ then adding moringa and pandan leaves according to concentration, 100 g of sugar, and filtering the tea
solution before inoculating it with 100 ml of kombucha starter and 8 g of scoby. The solution is then fermented for
3 days at room temperature in a glass jar, after which it is filtered and stored in a plastic bottle for organoleptic and
chemical quality testing. The variables observed include total alcohol content using the specific gravity method
(SNI 3774-2013), titration acidity level using titrimetric (SNI 06-2422-1991), pH using a pH meter (SNI 01-2891-
1992), and organoleptic tests based on taste, color, aroma, and texture using 30 panelists on a scale of 1-5
(Mehran, 2015). The data obtained were analyzed parametrically using analysis of variance (ANSIRA) with the
help of SPSS version 26. If there was a significant difference (p < 0.05) or very significant (p < 0.01), it was
continued with further testing or post hoc using Duncan.
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RESULTS AND DISCUSSION
1. Chemical Test
Alcohol Content

The results of the analysis of variance (ANOVA) showed that mixing kombucha tisane with moringa
leaves and pandan leaves had a significant effect on alcohol content, with a significance value of 0.000 (<0.05).
The average alcohol content for each treatment can be seen in Table 1.

Table 1. Average alcohol content of kombucha

Treatment Code Average %
K1P1 1.37a*0.028
K2P2 1.32a*0.021
K3P3 1.352a*0.000
K4P4 1.54 b *0.053
K5P5 1.57 °+0.047

Note: The same letter notation behind the average number indicates
no significant difference between treatments with BNJ test (a > 5%).

There was a significant difference between the kombucha tisane treatments with the addition of moringa
leaves and pandan leaves, which could be caused by differences in the concentration of the raw materials. The
significant difference in alcohol content between the treatments could be caused by the antibacterial compounds
contained in moringa leaves. These results are in line with a report (Selmi et al., 2025) stating that natural active
compounds in moringa leaves, such as flavonoids, tannins, alkaloids, and saponins, can inhibit the action of
antimicrobials such as enzymes, damage cell membranes, and disrupt bacterial DNA metabolism. These
compounds can inhibit the growth and activity of fermenting microorganisms that play a role in alcohol formation
through the conversion of sugar to ethanol. In addition, (Rahman et al ., 2021) and (Leone et al ., 2016) stated that
moringa leaf extract effectively suppresses the growth of bacteria and yeast, thus affecting fermentation results,
including alcohol formation. Therefore, the significant difference in alcohol content is likely caused by the
influence of moringa leaf concentration, which acts as an inhibitor of the activity of fermenting microorganisms.
Table 1 shows that the alcohol content of kombucha tisane made from a mixture of moringa and pandan leaves
ranges from 1.37 to 1.57%. Based on this alcohol content, the research results meet the requirements for kombucha
beverages, as explained by Sepulveda (2023) that the alcohol content in kombucha beverages is between 0.2 and
2.0%. This value is still within category A, which is a low-alcohol beverage (Minister of Trade Regulation No.
20/2014).

Titration Acid Level

The results of the analysis of variance (ANOVA) showed that the mixture of moringa leaf and pandan leaf
kombucha tisane significantly affected the titratable acid content, with a significance value of 0.000 (<0.05). The
average titratable acid content for each treatment can be seen in Table 2.

Table 2. Average results of kombucha titration acid content

Treatment Code Average %
K1P1 0.64 v+ 0.017
K2p2 0.55 ¢+ 0.022
K3P3 0.60 "+ 0.012
K4P4 0.732+0.012
K5P5 0.50 ¢+ 0.012

Note: The same letter notation behind the average number indicates
no significant difference between treatments with BNJ test (a > 5%).
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There was a significant difference between the kombucha tisane treatments with the addition of moringa
leaves and pandan leaves. This significant difference may be due to the compounds contained in pandan leaves,
which can support the optimal growth of acetic acid bacteria. This is in line with Irmayanti's (2025) report that
fragrant pandan leaf kombucha contains flavonoids and phenolics that can influence the fermentation process.
During fermentation, the activity of microorganisms produces various organic acids that play a role in increasing
the acidity of the product, one of which is acetic acid.

Furthermore, although pandan leaves are known to possess antimicrobial activity, at certain concentrations
and proportions, these compounds do not inhibit the growth of microorganisms, but instead contribute to creating
more stable fermentation conditions (Simanjuntak 2016). Thus, the increase in titratable acid levels in moringa and
pandan leaf kombucha tisane is influenced by the more dominant proportion of pandan leaves, which play a role in
supporting the formation of organic acids during the fermentation process. Table 2 shows that the acetic acid
content of kombucha tisane made from a mixture of moringa leaves and pandan leaves ranges from 0.50 to 0.73%.
Based on this acetic acid content, the research results meet the requirements for kombucha beverages, as explained
by Sepulveda (2023) that the titratable acid content in kombucha beverages is between 0.2 and 2.0%.

Potential of Hydrogen

The results of the analysis of variance (ANOVA) showed that mixing kombucha tisane with moringa
leaves and pandan leaves significantly affected pH levels, with a significance value of 0.000 (<0.05). The average
pH of kombucha for each treatment can be seen in Table 3.

Table 3. Average results of kombucha pH levels

Treatment Code Average %
K1P1 4172+ 0.022
K2P2 3.68 2+ 0.008
K3P3 3.78+0.008
K4P4 3.63°+0.022
K5P5 3.80 °+ 0.009

Note: The same letter notation behind the average number indicates
no significant difference between treatments with BNJ test (a > 5%).

There was a significant difference between the kombucha tisane treatment with the addition of moringa
leaves and pandan leaves. This decrease in pH value corresponds to the results of the increase in acetic acid during
the fermentation process. This significant difference may be caused by the content of compounds in pandan leaves,
such as compounds that can support the activity of microorganisms, especially acetic acid bacteria that contribute
to the decrease in kombucha pH. This is in line with the report (Jayabalan et al., 2007), which states that during
kombucha fermentation, organic acid levels increase along with changes in flavonoid and phenolic content that
directly contribute to the decrease in kombucha pH. Table 3 shows that the pH level of kombucha mixed with
moringa leaves and pandan leaves ranges from 3.63-4.17%. Based on this pH content, the results of the study meet
the requirements for kombucha drinks, as explained by Sepulveda (2023) that the alcohol content in kombucha
drinks is between 0.2-2.0%.

2. Organoleptic Test
Color

The results of organoleptic tests using the Kruskal-Wallis method showed that mixing moringa leaf and
pandan leaf kombucha tisane significantly affected color, with a significance value of 0.000 (<0.05). The median
color values of kombucha tisane for each treatment are presented in Table 4.
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Table 4. Results of organoleptic color test

Treatment Color Median
K1P1 ( 100% : 0%) 3b
K2P2 ( 0% : 100%) 4a
K3P3 (75% : 25%) 4a
K4P4 (25% : 75%) 4a
K5P5 ( 50% : 50%) 4a

Note: The same letter notation behind the average number indicates
no significant difference between treatments using the Mann-Whitney test

Table 4 shows a significant difference in the color of the kombucha tisane from each treatment, which was
still preferred by the panelists. Attractive colors can influence panelists or consumers when tasting the product
being tested, and the appearance of kombucha is also a factor in panelists' assessments (Rosyada, 2022). The
deeper color of moringa leaf kombucha and the brighter color of pandan leaf kombucha can help balance the color
of the kombucha tisane, making it more acceptable to the panelists. This is in line with a report by Putri et al.
(2024) who stated that pandan leaf kombucha produces a clear color and is not too dark. In addition, Andi et al.
(2024) stated that pigments are important compounds that give color to various parts of plants and have a
significant role in the level of panelist preference. One of the plants that contain pigments with high potential is
pandan leaves and moringa leaves. Thus, the pigments contained in pandan leaves and moringa leaves have the
same color, namely green, so that panelists still liked each kombucha tisane treatment.

Flavor
The results of organoleptic tests using the Kruskal-Wallis method showed that mixing moringa leaf and
pandan leaf kombucha tisane significantly affected taste, with a significance value of 0.000 (<0.05) (Appendix 7).
The median taste value of kombucha tisane for each treatment is presented in Table 5.
Table 5. Organoleptic test results of race a

Treatment Median Taste
K1P1 ( 100% : 0%) 3b
K2P2 (0% : 100%) 42
K3P3 (75% : 25%) 42
K4P4 (25% : 75%) 42
K5P5 (50% : 50%) 42

Note: The same letter notation behind the average number indicates
no significant difference between treatments using the Mann-Whitney test

Table 5 shows a significant difference in the taste of kombucha tisane from each treatment that was still
liked and acceptable by the panelists. The K1P1 treatment of 100% moringa leaves showed a significant difference
with a median of 3. This is due to the content of moringa leaves which have compounds that make the taste of
moringa leaf kombucha have a bitter taste. In line with the report (Trigo et al ., 2023) stated that moringa leaves
contain catechin, a phenol compound that has a bitter taste and causes a green color that is sometimes disliked by
consumers. It can be concluded that the more moringa leaves used, the stronger the bitter taste will be produced, so
the addition of fragrant pandan leaves can help kombucha be liked by panelists.

Aroma

The results of organoleptic tests using the Kruskal-Wallis method showed that mixing kombucha tisane
with moringa leaves and pandan leaves significantly affected aroma, with a significance value of 0.000 (<0.05)
(Appendix 7). The median aroma value of kombucha tisane for each treatment is presented in Table 6.
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Table 6. Organoleptic aroma test results

Treatment Median Texture
K1P1 ( 100% : 0%) 30
K2P2 ( 0% : 100%) 42
K3P3 (75% : 25%) 42
K4P4 (25% : 75%) 42
K5P5 ( 50% : 50%) 42

Note: The same letter notation behind the average number indicates
no significant difference between treatments using the Mann-Whitney test

Table 6 shows a significant difference in the aroma of kombucha tisane from each treatment that was still
liked and accepted by the panelists. The 100% moringa leaf treatment showed a significant difference, this is
because the content of fragrant pandan leaves is usually used as a flavoring in cooking or drinks, so the dominant
aroma of pandan leaves will help the kombucha tisane to be liked by the panelists. This is in line with reports
(Nawawi 2015) and (Maisarah et al., ( 2020) which state that the content of the main volatile compound called 2-
acetyl-1-pyrroline (2AP) is a compound that makes the aroma of pandan strong and distinctive. In addition, the
report of Irmayanti (2025) stated that the resulting fragrant pandan leaf kombucha has a distinctive aroma and
sweet taste. Thus, the mixture of more dominant pandan leaves will produce a stronger aroma and can be liked by
the panelists.

3. Determination of Best Treatment (Effectiveness Test)

Effectiveness testing was conducted to determine the best and most preferred treatment. The results of the
effectiveness test for all chemical and organoleptic parameters (Appendix 8) showed that the best treatment was
characterized by the highest yield (NH) value. The average NH value for all effectiveness test parameters is
presented in Table 1.

Table 7. Effectiveness Test of Yield Value (NH) of Treatment

Parameter Weight K1P1 K2P2 K3P3 K4P4 K5P5

pH level 9 0.00 0.16 0.09 0.12 0.14
Acetic acid content 9 0.08 0.00 0.04 0.16 0.18
Alcohol content 9 0.03 0.00 0.02 0.14 0.05
Color 8 0.00 0.09 0.04 0.07 0.09
Flavor 7 0.00 0.04 0.00 0.07 0.03
Aroma 9 0.00 0.08 0.04 0.09 0.04
Total 51 0.11 0.37 0.24 0.66* 0.52

Description* = best treatment

Based on the determination of the effectiveness test on all research parameters, it can be seen in Table 4.8
that the mixing of kombucha tisane of moringa leaves and pandan leaves in the chemical test with K4P4 treatment
showed the best treatment by producing a pH value = 0.14%, acetic acid content = 0.18%, alcohol content =
0.05%, color = 0.09%, taste = 0.03%, aroma = 0.04%.

CONCLUSION

Based on the results of research and data analysis of the combination of Moringa oleifera leaves ( Moringa
oleifera ) and pandan leaves ( Pandanus amaryllifolius Roxb) kombucha tisane, it can be concluded that there is a
significant effect on the chemical and organoleptic quality of each kombucha tisane treatment. The alcohol
content ranges from 1.32-1.57% and is still below the regulatory standards for low-alcohol beverages. The acetic
acid content ranges from 0.50-0.73% and increases in the K4P4 treatment. The pH value ranges from 3.63-4.17%
and decreases in the K4P4 treatment, it can be concluded that the increase in acetic acid levels and the decrease in
pH indicate that the kombucha tisane fermentation process is going well. Organoleptic tests (color, taste, and
aroma) using the Kruskal-wallis test, it can be concluded that the addition of pandan leaves is proven to be able to
increase panelists' preferences because it improves the strong sensory characteristics of Moringa leaves.
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Based on the effectiveness test using the De Garmo method, the best formulation was obtained in the K4P4
treatment with a combination of 25% Moringa leaves and 75% pandan leaves with the highest total yield value
(NH) of 0.66 and had a pH value = 3.63%, total acetic acid = 0.73% and alcohol = 1.54%.
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