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Abstract. Visakhadevi JA, Andriyono S, Satyantini WH, Noh NIM. 2024. Investigation of the bacterial diversity in fermented mangrove 
apple (Sonneratia caseolaris) fruit juice kombucha using DNA metabarcoding. Biodiversitas 25: 3201-3207. Kombucha, a functional 
beverage produced from the symbiosis between bacteria and yeast, varies in microbial composition and biological activity depending on 
the raw materials used for fermentation. This study investigated the potential of mangrove apple (Sonneratia caseolaris (L.) Engl.) fruit 

juice as a novel substrate for kombucha fermentation because of its high nutritional value and underutilization. We analyzed the 

bacterial composition of kombucha using a molecular metabarcoding approach with the universal 16S rRNA primers 27F (AGA GTT 

TGA TCM TGG CTC AG) and 1492R (GGT TAC CTT GTT ACG ACT T). The optimal bacterial density was observed on the 8th day 

of fermentation, with a value of 1.402. The pH progressively decreased during the fermentation period. This study successfully explored 
the diversity of bacteria in kombucha grown in apple fruit juice. The dominant bacterial taxon was acetic acid bacteria, with 75,009 
reads for Acetobacteraceae. At the genus level, Komagataeibacter was predominant, with 74,660 reads, and at the species level, 

Komagataeibacter saccharivorans was the most abundant, with 67,502 reads. These results suggest mangrove apple fruit juice as the 
viable substrate for kombucha fermentation that supports a rich microbial community. This study highlights the potential of alternative 
substrates, such as mangrove apple fruit juice, to enhance kombucha's microbial diversity and health benefits. 
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 INTRODUCTION 

Kombucha is traditional fermented beverage characterized 

by a slightly sour taste. It is produced using a sugar 

solution and a microbial starter known as Symbiotic 

Culture of Bacteria and Yeast (SCOBY). Kombucha stands 

out among other brewed beverage products because it 
produces vitamins, organic acids, antibiotic compounds, and 

antimicrobial compounds (Adzadogo and Gbewoyo 2018), 

which are brought about by the symbiotic relationship 

between yeast and bacteria during fermentation (Kaewkod 

et al. 2019). Kombucha fermentation involves the symbiotic 

association between yeast and bacteria within the cellulose 

matrix. This matrix, formed by bacteria and yeast, is 

essential for the development of SCOBY (de Miranda et al. 

2022). During fermentation, the yeast catalyzes the 

hydrolysis of sucrose to fructose and glucose via invertase, 

subsequently producing ethanol through the glycolytic 
pathway. Acetic acid bacteria oxidize ethanol to acetic acid 

via alcohol dehydrogenase and aldehyde dehydrogenase 

(Gomes et al. 2018). In commercial kombucha, various 

species of acetic acid bacteria, including Gluconobacter sp. 

and Acetobacter sp., are typically present alongside lactic 

acid bacteria, such as Lactobacillus sp. (Yang et al. 2022).  

The composition of kombucha significantly influences 

its quality and functional properties. Different bacterial 

communities produce organic compounds that confer 

distinct health benefits (Jayabalan et al. 2014). Factors such 

as bacterial and yeast species, substrates, fermentation 

time, temperature, and pH affect microbial diversity. 
Kombucha is commonly categorized based on the substrate 

used for fermentation, with black tea, green tea, and fruit 

juice being the most frequently used (Kim and Adhikari 

2020). Mangrove apples (Sonneratia caseolaris (L.) Engl.) 

are fruits commonly found in brackish waters. It is non-

toxic, edible, and has a sour taste and distinctive aroma 

(Setiawan et al. 2016). Mangrove apple fruit is nutritionally 

rich (Ferdous et al. 2021), containing vitamins A (221.97 

IU), B (5.04 mg), B2 (7.65 mg), and C (56.74 mg), along 

with high water content (84.76%), ash (8.4%), fat (4.82%), 

protein (9.21%), and carbohydrates (77.57%) per 100 g 
(Dari et al. 2022). Additionally, mangrove apple fruit juice 

contains phytochemicals, such as steroids, triterpenoids, 

and flavonoids, which act as antioxidants to neutralize free 

radicals, thereby preventing cancer, heart disease, and 

premature aging (Susanto et al. 2020). However, public 

knowledge of the nutritional content of this fruit is limited, 

leading to a lack of information regarding its processing 
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and potential uses (Salsabila et al. 2023). The versatility of 

kombucha allows for variations in both taste and 

ingredients. Studies have shown that kombucha can be 

produced from various substrates, including fruit juice. 

Different substrates can significantly affect the microbial 

composition and biological activity of kombucha (Jayabalan 

et al. 2014). The utilization of mangrove apple fruit juice as 

a substrate for kombucha fermentation is an innovative 

approach given its high nutritional value and potential 

health benefits. 
Advancements in bacterial identification methods, such 

as metabarcoding, have significantly improved the accuracy 

and speed of microbial analyses (Pédron et al. 2020; 

Francioli et al. 2021). Metabarcoding uses DNA sequencing 

technology to quickly and efficiently analyze and identify 

various types of bacteria in samples, making it a valuable 

tool for modern microbiological research (Andretta et al. 

2019; Bukin et al. 2019; Santos et al. 2020). This technique 

offers more detailed results than conventional methods, 

enabling a comprehensive understanding of microbial 

communities in fermented products (Reva et al. 2015; Rué 
et al. 2023). Given the nutritional potential of the mangrove 

apple fruit and the advantages of modern microbial 

identification techniques, this study aims to investigate the 

microbial composition of kombucha fermented with 

mangrove apple fruit juice using DNA metabarcoding. We 

hypothesize that different substrates would yield distinct 

microbial communities, thereby enhancing the functional 

properties of kombucha. This research contributes to the 

understanding of the role of specific bacterial species in 

kombucha fermentation and highlights the potential of 

underutilized substrates, such as mangrove apple fruit, in 
producing high-quality, and health-promoting fermented 

beverages. 

MATERIALS AND METHODS 

This study was conducted at the Chemistry, Analytical, 

Food, and Microbiology Laboratories of the Faculty of 

Fisheries and Marine Sciences, Universitas Airlangga, 

Surabaya. DNA was extracted from kombucha bacteria in 

the laboratory of the Professor Nidhom Foundation, 

Surabaya, East Java, Indonesia. A metabarcoding analysis 

was conducted using Genetika Science Laboratories 

Services (Jakarta, Indonesia), after the DNA extraction 

process from previous experiments. We employed an 
exploratory laboratory research method involving direct 

sampling and a molecular approach. Mangrove apple fruits 

were collected from Wonorejo, Surabaya. Fruit juice was 

prepared and inoculated with a starter culture and SCOBY 

cellulose to create kombucha samples according to a 

previous study (Emiljanowicz and Malinowska-Pańczyk 

2020). The samples were fermented for 12 days at room 

temperature (25°C), with daily pH measurements. Samples 

were collected at the point of optimal bacterial density 

during the 12-day fermentation period (Barbosa et al. 

2021). The composition and dominance of fermenting 
bacteria were analyzed using DNA metabarcoding.  

Preparation of mangrove apple fruit juice and kombucha 

One kilogram of ripe mangrove apple fruit was 

prepared by separating the pulp from the seeds, skin, and 

petals. The pulp was mixed with water in a 1:1 ratio (fruit: 

water by volume) and mashed to form a slurry. The slurry 

was filtered to obtain fruit juice, and the remaining seed 

debris was discarded. The seed debris underwent a second 

filtration process with an additional liter of water to remove 

any remaining impurities and obtain clean fruit juice. The 

juice from both filtration stages was then strained through a 
golden mella cloth to obtain pure mangrove apple fruit 

juice (Putra et al. 2022). The process of making mangrove 

apple fruit juice kombucha was based on the method 

described by Emiljanowicz and Malinowska-Pańczyk 

(Emiljanowicz and Malinowska-Pańczyk 2020) with 

modifications. Pure mangrove apple fruit juice was 

supplemented with 10% sucrose and pasteurized at 60°C 

for 30 min. After pasteurization, the juice was transferred 

to sterilized jars and combined with a 10% starter culture 

and 25 g of SCOBY cellulose. The jars were covered with 

tissue paper, secured with rubber bands, and fermented at 
room temperature (25°C) for 12 days (Barbosa et al. 2021). 

The jars were covered with aluminum foil to prevent direct 

exposure to sunlight during fermentation. 

Measurement of bacterial density and pH 

The total bacterial density was measured daily for 12 

days to monitor bacterial activity during fermentation. 

Bacterial density was determined using the Optical Density 

method with a UV-Vis spectrophotometer at a wavelength 

of 610 nm, as described by (Wood et al. (2019). The pH of 

mangrove apple fruit juice kombucha was measured daily 

for 12 days using a calibrated pH meter. To ensure 
accuracy, the pH meter electrode was rinsed with distilled 

water and dried before each measurement. The pH meter 

was then immersed in kombucha and readings were taken 

once the value stabilized. This procedure aimed to track 

changes in acidity and alkalinity throughout the fermentation 

process. 

DNA extraction of bacteria  

DNA extraction aims to obtain pure DNA for PCR 

amplification of bacterial DNA sequences. Before extraction, 

sample preparation involved transferring 300 μL of an 8-

day fermented kombucha sample into a 1.5 mL 

microcentrifuge tube (RNAse-free). The GENEzol reagent 
was added to the sample at a 3:1 ratio. The samples were 

homogenized using a vortex mixer and incubated for 5 

minutes at room temperature. For the separation phase, 200 

μL of chloroform was added per 1 mL of GENEzol reagent 

in the homogenization sample. The sample in the 

microcentrifuge tube was shaken vigorously for 10 seconds 

and centrifuged at 15,000 rpm for 15 minutes at 4°C 

(Tesena et al. 2017). DNA was extracted according to the 

standard protocol provided with a GENEzol Reagent Kit 

(Taiwan).  

PCR and sequencing of 16S rRNA gene  
Amplification of 16S rRNA gene-targeted DNA 

sequences specific to the 16S rRNA gene. The primers 16S 
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27F (AGA GTT TGA TCM TGG CTC AG) and 1492R 

(GGT TAC CTT GTT ACG ACTT) were used (Walker et 

al. 2015). DNA amplification was performed using a 

MyCycler instrument (Bio-Rad, Boston USA) under the 

following conditions: initial denaturation at 94°C for 5 min, 

followed by 35 PCR cycles consisting of denaturation at 

94°C for 30 seconds, annealing at 55°C for 30 seconds, and 

extension at 72°C for 45 seconds. The final extension step 

was performed at 72°C for 5 minutes. PCR products were 
confirmed by electrophoresis. The agarose gel was 

prepared by dissolving agarose powder (0.5 g) in TBE 

buffer (50 mL of TBE buffer) and heating until a clear 

solution was formed. After cooling to a warm temperature, 

the solution was poured into an electrophoresis mold, and 

0.5 μL of ethidium bromide was added. A comb was placed 

at one end of the mold and left until the agarose solidified. 

The comb was then removed and the gel was transferred to 

an electrophoresis tank filled with TBE buffer until the gel 

was submerged. Each DNA sample (2 μL) was mixed with 

1 μL of loading dye and carefully loaded into the wells. 

Electrophoresis was performed at 100 V and 400 mA for 
30 minutes. The results were visualized under ultraviolet 

light and photographed using a GelDoc system (Sepriana et 

al. 2020). 

This study utilized next-generation sequencing (NGS) 

with the Oxford Nanopore Technologies (ONT) long-read 

platform. This platform involves passing a single DNA 

strand through a nanoporous membrane and applying a 

voltage difference across the membrane. Nucleotides within 

a pore affect its electrical resistance, and measuring the 

current over time can reveal the DNA base sequence 

passing through the pore. The electrical current signal 
served as the raw data collected by the ONT sequencer, 

followed by base calling. Base calling on the ONT device 

translates this raw signal into DNA sequences with the 

electrical signal originating from a single molecule, 

resulting in diverse and stochastic data (Wick et al. 2019). 

Bioinformatics and data analysis  

The data generated from the sequencing process 

included 16S rRNA sequences spanning the V1-V9 

regions, provided in Fastq format with reads in both the 

forward and reverse directions, to achieve longer sequence 

lengths. The bioinformatics workflow encompasses several 

key steps for analyzing and interpreting sequencing data. 
Nanopore sequencing was conducted using MinKNOW 

software version 23.04.5 (https://nanoporetech.com/news/ 

news-introducing-new-minknow-app). Raw electrical signals 

were translated into DNA sequences using Guppy version 

6.5.7 (https://pypi.org/project/ont-pyguppy-client-lib/6.5.7/) 

with a high-accuracy model. Quality control (QC) of the 

FASTQ files was performed using NanoPlot (https:// 

nanoplot.bioinf.be/), a tool for assessing sequencing data 

quality. Quality filtering was performed using NanoFilt 

(https://anaconda.org/bioconda/nanofilt) to ensure high-

quality reads for downstream analysis.  
Nanopore sequencing data were obtained using 

MinKNOW software version 23.04.5, an application for 

microbial ecological analysis that can be accessed through 

Linux-based computer devices. Figures were used to 

determine the relative abundance of each species. The 

relative abundance of each species was determined using 

OriginPro 2022 (https://www.originlab.com/2022). 

RESULTS AND DISCUSSION 

Density of bacteria in kombucha during fermentation 

Optical density was used to measure bacterial density 

using spectrophotometric absorption. The optical density 

was calculated by measuring the absorbance of mangrove 

apple fruit juice kombucha samples taken daily. The results 
of the optical density measurements using a 

spectrophotometer (λ 610 nm) show different absorbance 

values for each observed sample (Figure 1). 

The results showed that the absorbance value of 

mangrove apple fruit juice kombucha increased daily, with 

peak bacterial growth occurring on the 8th day, reaching a 

density of 1.47×105 cells/mL. From the 9th to the 12th day, 

there was a decrease in the absorbance value of the 

mangrove apple fruit juice kombucha samples, with the 

absorbance value on the 9th day being 1.37×105 cells/mL 

and on the 12th day being 1.08×105 cells/mL. This indicates 
that the number of bacteria increased daily until the 8th day 

and gradually decreased thereafter (Table 1). 

Kombucha pH value during fermentation 

The results showed that the pH value on day 0 was 

3.20, and on day 8, the pH value was 2.77, reaching its 

peak on day 12 with a pH value of 2.69. The highest pH 

was obtained on day 1, with a pH of 3.21, while the lowest 

pH value was obtained on day 12, with a pH of 2.69. The 

pH values from days 0 to 12 tended to decrease during 

fermentation (Table 1). 

Composition and domination of bacteria in kombucha  
Metabarcoding results indicated the presence of five 

families, 38 genera, and 107 bacterial species in the 

kombucha samples made from mangrove apple fruit. 

However, most of these taxa exhibited very low abundance, 

with percentages below 0.1%.  
 
 

 
 
Figure 1. Optical density absorbance value of mangrove apple 

fruit juice kombucha during 12 days of fermentation 
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Table 1. Bacterial density and pH of kombucha 
 

Day 
Value 

Density (Cell/mL) pH  

 0 1.51x104 3.20±0.01 

 1 2.16x104 3.21±0.01 
 2 5.41x104 3.05±0.01 
 3 7.06x104 2.94±0.01 

 4 8.55x104 2.90±0.01 
 5 1.07x105 2.88±0.02 
 6 1.23x105 2.82±0.02 
 7 1.35x105 2.79±0.01 
 8 1.47x105 2.77±0.01 
 9 1.37x105 2.80±0.03 
 10 1.29x105 2.75±0.01 
 11 1.21x105 2.73±0.02 

 12 1.08x105 2.69±0.01 

 

 

 
This study revealed that the most dominant family in 

mangrove apple fruit kombucha was Acetobacteraceae, 

accounting for 99.20% of the total reads classified at the 

family level. Additionally, the Lactobacillaceae family was 

present in only 0.52% of the reads. At the genus level, the 

bacterial composition of mangrove apple fruit kombucha 

was predominantly Komagataeibacter, which comprised 

98.74% of the reads (Figure 2), followed by 

Limosilactobacillus at 0.35%. At the species level, the 

bacterial composition was dominated by Komagataeibacter 

saccharivorans, representing 89.27% of the reads. Other 
species included Komagataeibacter rhaeticus (4.03%), 

Komagataeibacter europaeus (2.75%), Komagataeibacter 

melomenusus (1.25%), Komagataeibacter xylinus (0.37%), 

and Limosilactobacillus fermentum (0.30%). 

Discussion 

Bacterial growth in apple kombucha juice reflects the 

activity of the microorganisms in the kombucha. The 

nutrients within kombucha influence the increase in the 

bacterial count used by microorganisms for reproduction 

(Tran et al. 2020). This is evidenced by the daily increase 

in bacterial density in mangrove apple fruit kombucha, 

with optimal bacterial growth peaking on day eight at a 

density of 1.47×105 cells/mL, followed by a gradual 

decrease to 1.08×105 cells/mL by day 12. The fluctuation in 
bacterial density in kombucha can be attributed to several 

factors related to the fermentation processes and 

environmental conditions (Coelho et al. 2020). This 

increase occurs as microorganisms, such as acetic acid and 

lactic acid bacteria, begin to metabolize and produce 

organic acids. Suitable environmental conditions facilitate 

the growth of fermenting bacteria as they degrade sucrose 

into glucose and fructose via invertase enzymes.  

These sugars serve as nutrients for the growth of 

fermentation bacteria (Laureys et al. 2020). The decrease in 

microorganism numbers from day 9th to day 12th was due to 
fermentation, during which bacteria produce various organic 

compounds that can affect their growth (Audrain et al. 

2015). In particular, acetic acid significantly inhibits bacterial 

activity and causes bacterial death, leading to a decrease in cell 

density. As acetic acid accumulates daily, the environment 

becomes increasingly acidic, further inhibiting bacterial 

activity and reducing cell number and density. Anaerobic 

conditions and nutrient deficiencies in kombucha also 

reduce cell numbers during fermentation, as bacteria 

struggle to metabolize and function properly (Nyhan et al. 

2022). Based on these findings, this study continued to 
ferment kombucha on day 8, when the bacterial density 

was optimal, to examine the bacterial composition. 
 

 

 
 
Figure 2. Bacteria proportion percentage in kombucha  
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The increasing popularity of kombucha has driven 

extensive research into new fermentation strategies using 

different raw materials, ultimately resulting in unique 

microorganisms and metabolite profiles in kombucha 

products. The bacterial composition in kombucha is 

typically dominated by lactic acid bacteria (LAB) and 

acetic acid bacteria (AAB) (Hooi et al. 2023). These bacteria 

are crucial for the production of bioactive compounds that 

contribute to the health benefits of kombucha. Diversifying 

the fermentation methods and using different raw materials 
can create products with varied flavor characteristics and 

enhance the health benefits of kombucha by increasing the 

content of bioactive compounds produced by microbial 

activity, particularly by bacteria. Several studies have 

identified Lactic Acid Bacteria (LAB) such as Lactobacillus 

and Lactococcus, which produce lactic acid, and Acetic 

Acid Bacteria (AAB) such as Gluconobacter and 

Acetobacter, which produce acetic acid, as critical bacteria 

involved in kombucha fermentation (Wang et al. 2022). 

This study reports the results of a metabarcoding analysis 

of the dominant bacterial composition in kombucha prepared 
from mangrove apple fruits. These findings indicate that 

kombucha made from mangrove apple fruit contains five 

families, 38 genera, and 107 bacterial species. Most taxa 

analyzed showed very low abundance, with percentages 

below 0.1%. Only two microbial families, Acetobacteraceae 

and Lactobacillaceae, were dominant. Only Komagataeibacter 

and Limosilactobacillus were identified at the genus level. 

Bacterial classification at the family level revealed the 

highest dominance of Acetobacteraceae, comprising 99.20% 

of the total reads. This family includes various genera of 

acetic acid bacteria, with Komagataeibacter (98.74%) 
being the dominant genus in kombucha. Several species 

from this genus also dominated the bacterial community in 

kombucha, including Komagataeibacter saccharivorans 

(90.42%), Komagataeibacter rhaeticus (4.07%), 

Komagataeibacter europaeus (2.78%), Komagataeibacter 

melomenusus (1.26%), and Komagataeibacter xylinus 

(0.37%). Acetic acid bacteria play a crucial role in 

kombucha fermentation by oxidizing ethanol into acetic 

acid, giving kombucha a distinctive taste (Harrison and 

Curtin 2021). 

These bacteria also convert glucose into gluconic acid 

and use the ethanol produced by yeast to generate acetic 
acid by oxidizing ethanol through the activities of alcohol 

and aldehyde dehydrogenases (Laureys et al. 2020). 

Gluconic acid is further oxidized by AAB to 2-

ketogluconic acid and 2,5-diketogluconic acid. Glucose can 

also be oxidized to glucuronic acid by AAB in kombucha, 

which is believed to exhibit strong detoxifying properties. 

These bacteria also produce D-saccharic acid 1,4-lactone, a 

compound thought to have health benefits as it acts as a 

competitive inhibitor of β-glucuronidase, an enzyme involved 

in cancer formation by hydrolyzing conjugated glucuronides 

into carcinogenic aglycone compounds in the intestines 
(Martínez Leal et al. 2018). Komagataeibacter is an acetic 

acid-producing bacterium responsible for cellulose pellicle 

production. This species can accumulate 10-20% acetic 

acid in the medium (Laureys et al. 2020). 

Lactobacillaceae also contributed to the kombucha 

microbiota composition, representing approximately 0.5% 

of the reads. This family includes various genera of lactic 

acid bacteria, with Limosilactobacillus (0.35%) being the 

dominant genus. At the species level, Limosilactobacillus 

fermentum had a relative abundance of approximately 

0.30% of the total reads. Lactic acid bacteria play 

significant and diverse roles in kombucha fermentation, 

including converting sugars into organic acids such as 

lactic and acetic acids, stabilizing kombucha, and 
contributing to its distinctive taste (Coelho et al. 2020). 

These bacteria produce organic compounds that enhance 

the flavor of beverages, complement the taste of tea, and 

provide the desired complexity. Limosilactobacillus has 

probiotic properties that promote digestive health by 

maintaining the gut microbiota balance. Limosilactobacillus 

fermentum also acts as an antioxidant and anti-

inflammatory agent. Several studies have reported the 

health benefits of Limosilactobacillus fermentum, including 

reduced glucose levels, modulation of the intestinal 

immune system, and reduction in intestinal inflammation 
(de Luna Freire et al. 2024). Therefore, this bacterium is 

crucial for kombucha fermentation and for the quality and 

health benefits of the final beverage (Akinyemi et al. 2024). 

Crotti et al. (2016) reported that kombucha dominated by 

Komagateibacter genus during the fermentation process 

contained high concentrations of acid, as these bacteria are 

known for their high acid tolerance (Crotti et al. 2016). 

This also explains the minimal presence of LAB during 

kombucha fermentation, as most LAB do not grow below 

pH 3.5 (Semjonovs et al. 2017). 

Based on the reported results, the bacterial composition 
of kombucha is influenced by the type of substrate and raw 

material used (Emiljanowicz and Malinowska-Pańczyk 

2020; de Miranda et al. 2022). Different results were 

reported in a study on green tea-fermented beverages, 

which showed that the bacterial composition was dominated 

by Glucanoacetobacter, Oenococcus, Gluconobacter, and 

Lactobacillus, with the highest dominance of G. oboediens 

and G. saccharivorans (Coton et al. 2017). Lemon ginger 

kombucha has a dominant bacterial composition in 

Lactobacillus genus, with the dominant species being L. 

nagelii (Yang et al. 2022). This difference in composition 

is due to the compounds in the raw materials, which can 
affect bacterial diversity. During kombucha fermentation, 

symbiotic relationships develop, and many selective pressures 

affect bacterial diversity, particularly in kombucha. 

Consequently, this influences substrate consumption and 

metabolite production. One of the most significant selective 

pressures during kombucha fermentation is acid stress due 

to the production of organic acids by yeast, AAB, and 

sometimes LAB (Laureys et al. 2020). 

Several other factors can also affect the bacterial 

composition during fermentation, including pH, temperature, 

and fermentation time. Low pH enables acid-resistant 
bacteria to survive in such an environment, inhibiting 

pathogenic bacterial growth (Hafsari and Farida 2021). In 

this study, the pH value tended to decrease during 

fermentation, ranging from 3.20 on day 0 to 2.69 on day 12 

of fermentation. Previous studies suggest that the optimal 
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pH range for consumable kombucha is between 2.5 and 

3.5, with fermentation lasting 8-12 days, pH values below 

2,5 pose health risks due to excessively high acetic acid 

content, while pH above 4.2 can affect kombucha quality 

and safety by allowing pathogenic bacteria to grow 

(Cardoso et al. 2020). Other supportive factors, such as 

temperature, can affect the growth of specific bacterial 

species, with optimal growth for acetic acid bacteria at 25-

30°C and lactic acid bacteria at 25-40°C. Maintaining an 

optimal temperature during kombucha fermentation can 
also enhance bacterial growth and enzyme activity, thereby 

improving fermentation efficiency. Simultaneously, the 

optimal fermentation time also supports an optimal bacterial 

composition. According to the Food and Drug Administration 

(FDA), kombucha beverages are not recommended for 

human consumption after more than ten days of 

fermentation (Chakravorty et al. 2016). The metabarcoding 

results, which report on the bacterial composition in 

kombucha made from mangrove apples, indicate that the 

environment largely shapes the bacterial community in this 

fermented beverage. The predominance of acetic acid 
bacteria in kombucha made from mangrove apples is 

attributed to the natural characteristics of the raw material, 

namely, its sour taste, which results in a relatively low 

initial pH for kombucha compared to previous studies 

(Naufal et al. 2022). This condition is highly conducive to 

the growth of acetic acid bacteria, which tend to thrive in 

more acidic environments than lactic acid bacteria 

(Fabricio et al. 2022). 

In conclusion, metabarcoding analysis of the bacterial 

composition in mangrove apple kombucha revealed that 

environmental factors significantly shape the microbial 
communities that develop during fermentation. While less 

abundant than the Acetobacteraceae family, the presence of 

other bacterial species suggests complex interactions within 

the kombucha microbial ecosystem, which may influence 

the final product's flavor, texture, and potential health 

benefits. The study confirmed the diversity of symbiotic 

bacteria in kombucha, with Komagataeibacter saccharivorans 

being the predominant species, accounting for 89.27% of 

the bacterial population in mangrove apple fruit kombucha. 

These findings support the hypothesis of a bacterial 

consortium in kombucha. After an 8-day fermentation, the 

kombucha reached a pH of 2.77, with a peak bacterial 
count of 1.47×10⁵ nanoparticle cells/mL. These results 

provide valuable insights into the diversity of lactic acid 

bacteria in kombucha and contribute to a deeper understanding 

of its microbial ecology. 
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