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Abstract 
Kombucha, a fermented beverage, is a rich source of antioxidants and offers 
various health benefits. This study explored the potential of Buni fruit 
(Antidesma bunius) in kombucha production, evaluating its chemical, 
biological, and antioxidant properties and sensory perceptions of Buni Fruit 
Kombucha under different fermentation conditions, including sugar 
concentration (5% and 10%), incubation temperature (4°C and 30°C), and 
fermentation duration (7 and 14 days). The chemical analysis of Buni fruit 
kombucha revealed a consistent decrease in pH, a gradual decline in sugar 
concentration, and an increase in total titratable acidity, highlighting 
significant changes during fermentation. During the 14-day incubation 
period, the microbial population dynamics of kombucha showed a significant 
decrease in total plate count and yeast count, but an increase in beneficial 
lactic acid bacteria. A significant difference in antioxidant activity was 
observed, with the highest activity recorded at an IC50 value of 61.32 ± 1.24 
µL/mL. Sensory evaluation revealed no significant difference in the colour of 
kombucha among treatments, but there are significant differences in taste 
and aroma. The optimal conditions for enhancing antioxidant activity and 
sensory properties were found to be a 5% sugar concentration and 
fermentation at 30°C for 7 days. GC-MS analysis revealed the presence of 
three major compound groups (carboxylic acids, alcohols, and esters). These 
findings suggest that Buni has a high potential for use in creating functional 
foods through fermentation, which can contribute to developing functional 
kombucha beverages using fruit substrates to enhance their benefits and 
flavour profile.  
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1. Introduction 

Unhealthy habits, stress, and environmental pollutants can lead to the overproduction 
of reactive oxygen species, disrupting the body's balance and causing oxidative stress (1,2). 
These free radicals can contribute to the onset of various diseases like atherosclerosis, 
Parkinson's, Alzheimer's, and obesity by damaging cells and tissues, triggering inflammation 

Keywords 
Antioxidant, 
Antidesma 
bunius,  
Buni Fruit,  
Kombucha. 

Article History 
Received April 5, 2026 
Accepted May 22, 2026 
Published June 22, 2026 

mailto:oktira.aji@bio.uad.ac.id
https://doi.org/10.20956/canrea.v9i1.1341


 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9 (1): 126-145 

 

127 

and oxidative stress. To counteract oxidative stress, it is important to consume antioxidant-
rich foods and beverages containing compounds such as vitamins E, A, C, and polyphenols 
(3,4). Kombucha, a fermented beverage, is one example of a functional drink rich in 
antioxidants. 

Kombucha is a fermented beverage made from black tea and a symbiotic culture of 
bacteria and yeast known as SCOBY. The culture includes yeast and acetic acid bacteria (5). It 
has gained global popularity and is believed to offer various health advantages (6). Research 
suggests that kombucha possesses antibacterial, anticancer, antidiabetic, and antioxidant 
properties, along with cardiovascular benefits, hepatoprotective effects, improved digestion, 
immune system stimulation, and cholesterol reduction (7,8). While tea (Camellia sinensis) is 
the most commonly used substrate in kombucha production, other alternative substrates 
such as herbal infusions (9), fruit juices (10), milk (11), soy (12), and others have been explored 
in various studies. Among these alternatives, fruit-based substrates are particularly attractive 
because fruits naturally contain sugars, organic acids, vitamins, and phenolic compounds that 
can support microbial metabolism during fermentation and contribute to the nutritional and 
sensory characteristics of the final beverage. This exploration aims to achieve a wider range 
of flavours and enhance the health benefits of kombucha (6). 

One of the indigenous berry fruits found in Indonesia is the Buni fruit (Antidesma 
bunius), which has a delightful sweet-sour flavour and reddish-purple colour (13). 
Traditionally, communities have used this plant to treat hypertension, heart disease and 
anemia, as well as a natural colouring source (14,15). Buni fruit contains anthocyanins, 
flavonoids, and phenolic acids (16). Previous studies have identified major polyphenolic 
components in buni fruit (Antidesma bunius), including gallic acid, catechin, epicatechin, and 
cyanidin-3-O-glucoside (17). The total phenolic content of fully ripe buni flesh can reach 40.73 
mg GAE/g, with total flavonoid content of 31.54 mg QE/g, while the anthocyanin content of 
the extract was reported to be 20.93 mg cyanidin-3-glucoside equivalent/L, indicating strong 
antioxidant potential (18). However, despite its potential health benefits, Buni fruit is not as 
widely used, partly due to its sour taste when consumed directly and a lack of knowledge 
about its nutritional content and benefits. The utilisation of Buni fruit is still limited, and its 
optimisation is needed to enhance its attractiveness and economic value, such as using it in 
functional beverages like kombucha.  

During kombucha fermentation, microbial metabolism can transform phenolic 
compounds into more bioavailable forms, which may further increase antioxidant potential 
(6). Compared to commonly used kombucha substrates such as Camellia sinensis, which 
typically exhibit total phenolic content in the range of 4.5–13 mg GAE/g dry weight depending 
on tea type and processing (19). Buni fruit provides a richer phenolic profile, particularly in 
anthocyanins, which are largely absent in tea substrates. This suggests that Buni fruit has 
potential as an alternative substrate for producing kombucha with enhanced functional 
properties. However, despite increasing interest in fruit-based kombucha, the optimal 
fermentation conditions for Buni fruit kombucha remain poorly understood  

Typically, the fermentation process is influenced by various factors, including type of 
substrate, sugar concentration, and fermentation duration (20,21). In particular, temperature 
plays a crucial role in regulating microbial activity, where lower temperatures can slow 
metabolism and alter metabolite profiles, while higher temperatures accelerate fermentation 
processes (22). These parameters significantly influence fermentation kinetics, 
physicochemical characteristics, and sensory properties of kombucha (23).  To date, no study 
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has systematically evaluated the combined effects of sugar concentration, temperature, and 
fermentation duration on the antioxidant and sensory profile of Buni fruit kombucha. 
Therefore, this study aims to determine the ideal fermentation conditions for maximising 
antioxidant activity and sensory profile of Buni fruit (Antidesma bunius) kombucha. 

 

2. Materials and Methods 
The materials used in this study included Buni fruit sourced from Yogyakarta and 

analytical-grade solvents and reagents. The reagents encompass Folin-Ciocalteu for phenolic 
content analysis and 1,1-diphenyl-2-picrylhydrazyl (DPPH) for antioxidant activity analysis. 
Comparative standards such as quercetin, gallic acid, and ascorbic acid, all of analytical grade, 
were utilised. Kombucha starter culture was obtained from the Laboratory of Microbiology, 
Faculty of Applied Science and Technology. The instruments employed in the research 
comprised standard laboratory tools, a Gas Chromatography-Mass Spectrometry (GC-MS), 
and a UV-Vis spectrophotometer. 
 
2.1. Research Procedures   
2.1.1. Kombucha Production 

Buni fruit samples were washed with tap water, peeled, blended with water at a 1:1 
(w/v) ratio, and filtered to obtain the Buni fruit juice. The process of producing Buni fruit 
kombucha follows the methodology described by (8). The Buni fruit juice was divided into two 
portions, and sugar was added to obtain final concentrations of 5% and 10%. Pasteurisation 
was carried out over medium heat for 30 minutes. After that, the juice was cooled to room 
temperature. A total of 200 mL of juice was added to each jar, followed by a 10% kombucha 
starter. The jars were covered with a sterile cloth. Finally, each jar was labeled according to 
the treatment (Table 1) with different sugar concentrations (5% and 10%) and incubation 
temperatures (4°C and 30°C). The incubation temperatures were set at 30°C and 4°C to 
represent active fermentation and low-temperature conditions, respectively. Samples were 
analyzed after 7 and 14 days of fermentation. The experiment was designed to evaluate the 
effects of sugar concentration and incubation temperature on the fermentation 
characteristics of Buni fruit kombucha. 
 

Table 1. Fermentation Conditions. 

Treatment Sugar concentration (%) Temperature (°C) 

S1T1 5 4 

S1T2 5 30 

S2T1 10 4 

S2T2 10 30 

 
2.1.2. Chemical Analysis of Kombucha 

The chemical analysis procedure comprises the measurement of pH, total titratable 
acidity (TTA), and reducing sugar content. The pH measurement was conducted using a pH 
meter. Reducing sugar content was determined by utilising the Nelson–Somogyi method 
(24,25) and expressed as % (w/v) glucose equivalent based on the calibration curve. TTA 
assessment follows (26), wherein carbon dioxide was eliminated from the fermentation broth 
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by subjecting it to heating at 100°C in a water bath for 10 minutes. Subsequently, a 20 mL 
sample was extracted and titrated with 0.1 M NaOH, employing phenolphthalein as an 
indicator. The total titratable acidity (TTA) was then deduced in grams of acetic acid per litre 
of the sample. 
 
2.1.3. Biological Analysis of Kombucha 

The determination of growth density (OD) of the fermented culture was carried out at 
600 nm utilising a UV-Vis spectrophotometer. Kombucha mushroom dry weight 
measurement followed the method outlined by (27). The separation of mushrooms from the 
culture involved placing them on filter paper, washing them with distilled water thrice, and 
subsequently subjecting them to drying at 80°C until achieving a constant weight. The 
quantification of Lactic Acid Bacteria (LAB) in samples of Buni fruit kombucha was conducted 
utilising the standard plate count method, as described by (28). Initially, 1 ml of the sample 
was mixed with 9 ml of sterile 0.85% NaCl to establish a 10-1 dilution, followed by serial 
dilutions ranging from 10-2 to 10-6. Subsequently, 100 µl of each dilution was spread onto Petri 
dishes containing De Man, Rogosa, and Sharpe (MRS) agar and uniformly spread using a 
sterile plate spreader. The Petri dishes were then inverted and incubated at 37°C for 48 hours. 
After incubation, the colonies were enumerated and reported as colony-forming units per 
millilitre (CFU/mL). 
 
2.1.4. Antioxidant Activity by the DPPH Methods 

In vitro assessment of the antioxidant activity of Buni fruit kombucha was conducted 
using the DPPH radical scavenging method, as outlined by (29) with modification. The 
kombucha samples were filtered using Whatman No. 1 filter paper and used as liquid samples. 
Different volumes of the kombucha sample (20, 40, 60, and 80 µL) were added into the 
reaction mixture and adjusted with methanol to obtain a constant final volume of 2 mL, 
resulting in final concentrations of 10, 20, 30, and 40 µL/mL (final concentration in the 
reaction mixture). Each reaction mixture consisted of 1 mL of freshly prepared 0.1 mM DPPH 
solution and the appropriate volume of sample, followed by methanol to reach the final 
volume. The mixtures were incubated in the dark for 30 minutes at room temperature. 
Ascorbic acid was used as the reference standard under the same conditions. A control (1 mL 
DPPH + methanol) and a corresponding sample blank (sample + methanol without DPPH) 
were prepared for each concentration to correct for background absorbance due to the 
inherent color of the kombucha. Methanol (95%) was used as the reagent blank. After 
incubation, the absorbance was measured at 517 nm. The antioxidant activity was expressed 
as percentage of DPPH inhibition. All measurements were performed in triplicate. The IC₅₀ 
value, defined as the concentration required to inhibit 50% of DPPH radicals, was determined 
by plotting percentage inhibition against sample concentration (µL/mL) using linear 
regression analysis. The results were expressed in µL/mL due to the liquid nature of the 
sample without prior extraction or dry weight determination. The percentage of DPPH 
inhibition was calculated using the following equation: 

 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙− (𝐴𝑠𝑎𝑚𝑝𝑙𝑒− 𝐴𝑏𝑙𝑎𝑛𝑘 𝑠𝑎𝑚𝑝𝑙𝑒)

𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100    (1) 

 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9 (1): 126-145 

 

130 

where: A control = absorbance of DPPH solution without sample, A sample = absorbance of 
DPPH solution with sample, and A blank sample = absorbance of sample without DPPH 
(background correction). 
 
2.1.5. Sensory Evaluation 

The sensory evaluation, following the methodology outlined by (30), aimed to gauge 
the preferences of panellists regarding the colour, taste, and aroma of the fermented 
kombucha. It was anticipated that the different fermentation stages would impact the 
sensory characteristics of the kombucha, leading panellists to assess their favoured Buni fruit 
kombucha based on colour, taste, and aroma. Utilising a hedonic scale, the assessment 
utilised a five-point rating system: (1) Strongly dislike, (2) Dislike, (3) Neither like nor dislike, 
(4) Like, and (5) Strongly like. The use of untrained panelists in this study was intended to 
represent general consumer preferences rather than to generate a detailed descriptive 
sensory profile. Therefore, the evaluation focused on sensory acceptance and perceived 
flavor characteristics from a consumer perspective.  To minimize potential bias, the 
kombucha samples were presented to the panelists in a random order. The evaluation 
involved 30 untrained panellists with no history of taste or smell disorders, who were tasked 
with providing their sensory perceptions of the Buni fruit kombucha's colour, taste, and 
aroma. 
 
2.1.6. Bioactive compounds screening 

The analysis of bioactive compounds was conducted utilising the GC-MS method 
employing the Shimadzu GC-MS-QP2010 SE (Tokyo, Japan), which was equipped with a mass 
spectrometer detector and an autosampler. Before analysis, the kombucha sample 
underwent centrifugation at 12,000 rpm for 10 minutes, followed by filtration through a 0.45 
µm filter membrane. Subsequently, the sample was dissolved in methanol and subjected to 
injection into the GC-MS with a volume of 1 µL. Separation was facilitated using an Rtx-5ms 
Restek column (30m x 0.25 mm ID, 0.25μm) (Bellefonte, PA, USA). The injector temperature 
was maintained at 230ᵒC, while the column temperature was initially set at 70ᵒC and gradually 
increased to 280ᵒC. Helium was used as the carrier gas at a flow rate of 21.1 mL/min. Mass 
spectra were determined by referencing the Willey 147 & NIST14 Library. The identification 
of compounds was based on comparison of mass spectra with library data, and only 
compounds with a similarity index (SI) ≥80 was considered reliably identified. 
 
2.2. Data Analysis 

The experimental data were expressed as mean ± standard deviation. Analysis of 
variance (ANOVA) was performed to determine significant differences among treatments at 
a significance level of p < 0.05. When significant differences were observed, Duncan’s Multiple 
Range Test (DMRT) was applied as a post hoc test. Different superscript letters (a, b, c) in the 
tables indicate significant differences among treatments based on DMRT (p < 0.05). 
 

3. Results and Discussion  
3.1. Chemical Characteristics of Kombucha   

Throughout the fermentation process of Buni fruit kombucha (Figure 1.), the pH levels 
of the various kombucha samples showed a consistent decline, ultimately reaching values 
between 2.63 and 2.94 after 14 days, as shown in Table 2. The lowest pH values were 
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recorded in the S2T2 kombucha, while the highest were observed in the S2T1 kombucha. This 
trend aligns with previous studies, which also documented a gradual decrease in pH levels 
over the fermentation period, with the lowest pH values at the end of the process (31,32). 
The decreasing pH levels indicate increasing acidity across all kombucha samples due to the 
microbial breakdown of sucrose and subsequent production of various organic acids (29). 
 

 
 

Figure 1. Buni Fruit Kombucha. 
 
The pH values recorded in this study are consistent with those from previous research 

on fruit-based kombucha. For example, previous research found pH levels ranging from 3.2 
to 2.7 in fruit-based kombucha after a 14-day fermentation (33). Another study reported 
slightly lower pH values in kombucha made with fruits like cherry, plum, apricot, strawberry, 
persimmon, grape, orange, and pomegranate, with pH levels between 2.03 and 2.75 after 21 
days of fermentation (34). The increase in acidity is attributed to the activity of Acetic Acid 
Bacteria (AAB), which produce acetic acid, gluconic acid, and glucuronic acid. Additionally, the 
breakdown of fruit components releases fruit acids into the kombucha, further increasing 
acidity (35). Optimal kombucha flavour is typically achieved when the pH is between 2.5 and 
3.5 (36). Producing kombucha with a pH below 2.5 is not recommended due to potential 
health risks from high acidity (31). However, all kombucha samples in this study exhibited safe 
pH levels ranging from 2.6 to 3.2. 

The sugar concentration gradually decreased during fermentation as microorganisms 
metabolized sugar as a carbon source for growth and metabolic activity. These 
microorganisms metabolise the sugar throughout fermentation, converting it into organic 
acids and ethanol. This transformative process is initiated by yeast and bacteria, which 
enzymatically break down sucrose into glucose and fructose. Yeast then uses fructose via 
glycolysis to generate ethanol, while acetic acid bacteria metabolise glucose into gluconic acid 
and convert the ethanol produced by yeast into acetic acid (37). The sugar content derived 
from the Buni fruit can further influence the overall sugar levels within the kombucha brew. 
After 14 days of fermentation, samples incubated at 30°C (S1T2 and S2T2) exhibited the 
lowest sugar concentrations, at 3.80% and 3.90%, respectively. In contrast, higher residual 
sugar levels in samples incubated at 4°C (S1T1 and S2T1) can be attributed to reduced 
microbial metabolic activity under low-temperature conditions, which inhibits the growth and 
activity of mesophilic microorganisms. This observation aligns with the findings of a study that 
reported that higher temperatures expedite fermentation rates, as evidenced by a concurrent 
decrease in pH (38). This finding is also consistent with previous studies reporting that low-
temperature fermentation slows enzymatic reactions and microbial growth, thereby delaying 
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sugar utilization (22). Although microbial activity is reduced at low temperatures, it is not 
completely inhibited. Instead, microorganisms undergo metabolic adaptation, resulting in 
gradual biochemical transformations and differences in metabolite profiles compared to 
fermentation at higher temperatures (39,40). This explains the distinct physicochemical 
characteristics observed between the 4°C and 30°C treatments. 

This temperature-dependent variation in microbial activity also affects organic acid 
production. During fermentation, the total titratable acidity (TTA), expressed as acetic acid 
concentration, gradually increased, with the highest value (11.04%) observed after 14 days in 
the S2T2 treatment. Samples incubated at 30°C (S1T2 and S2T2) exhibited significantly higher 
TTA compared to those incubated at 4°C, indicating more active metabolic conversion of 
sugars into organic acids. This outcome aligns with findings from another study that noted a 
significant association between titratable acidity and fermentation temperature (41). 
However, the TTA value observed in the S2T2 treatment (11.04%) is relatively high for a 
beverage and may negatively affect palatability and consumer acceptance. Kombucha is 
known to contain various primary organic acids, including acetic, lactic, gluconic, and 
glucuronic acid, which collectively contribute to the observed pH drop from 5 to 3 within 10-
14 days of fermentation, indicating their increasing concentration over time (42). Acetic acid 
bacteria (AAB) play a crucial role in this process by utilising ethanol, glucose, and fructose to 
produce a spectrum of organic acids, such as acetic acid, gluconic acid, glucuronic acid, 
ascorbic acid, and succinic acid, alongside other beneficial compounds. This metabolic activity 
effectively reduces the concentration of ethanol and sugar content in kombucha, thereby 
shaping its final composition and characteristics (43). 

 
Table 2. Chemical Characteristics of Buni Fruit Kombucha. 

Fermentation Day Samples pH Reducing Sugar (%) Total Titratable Acidity (%) 

7 

S1T1 3.22 ± 0.10d  4.50 ± 0.49cd 3.48 ± 0.30a 

S1T2 3.24 ± 0.13d  4.40 ± 0.19bcd 8.64 ± 0.45e 
S2T1 3.24 ± 0.04d  4.80 ± 0.24d 3.96 ± 0.12b 

S2T2 3.00 ± 0.19c  4.30 ± 0.33abcd 9.84 ± 0.15f 

14 

S1T1 2.84 ± 0.08bc  4.20 ± 0.29abc 5.28 ± 0.14c 

S1T2 2.78 ± 0.11ab  3.80 ± 0.32a 9.60 ± 0.24f 

S2T1 2.94 ± 0.07bc  4.40 ± 0.23bcd 5.76 ± 0.30d 

S2T2 2.63 ± 0.09a  3.90 ± 0.22ab 11.04 ± 0.22g 

Values are expressed as mean ± standard deviation for triplicate analysis. Different superscript letters indicate 
significant differences (p < 0.05) based on Duncan’s Multiple Range Test (DMRT). 
 
3.2. Biological Characteristics of Kombucha   

Based on the data presented in Table 3, bacterial growth within the kombucha culture, 
quantified by OD at 600nm, exhibited a steady increase from the initiation of fermentation 
until the process was completed. Notably, there was no discernible variance in bacterial 
growth, as indicated by OD600 readings across the various treatment conditions. However, 
the analysis of the dry weight of the kombucha mushroom revealed a significant difference 
(p < 0.05) between the different treatment groups. Specifically, the S2T2 treatment exhibited 
the highest dry weight of the kombucha mushroom following a 14-day incubation period. This 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9 (1): 126-145 

 

133 

observation aligns with the findings of Aun and Eung, which suggest that higher incubation 
temperatures can expedite the fermentation process, forming thicker kombucha mushrooms 
(38). These structures, commonly referred to as kombucha pellicles, act as microbial biofilms 
that serve as inoculums for subsequent kombucha fermentation and represent a distinctive 
feature of the beverage. These cellulosic biofilms are generated by Acetic Acid Bacteria (AAB) 
(44). 

During the 14-day fermentation period, significant changes were observed in the 
microbial population of kombucha. On day 7, there was a notable difference in the total plate 
count between the S1T2 and S2T2 samples (6.05 ± 0.15 and 6.09 ± 0.15) compared to S1T1 
and S2T1 (4.23 ± 0.09 and 4.44 ± 0.34). By day 14, the total plate counts for S1T2 (4.70 ± 0.05) 
and S2T1 (4.85 ± 0.16) decreased significantly compared to their day 7 counts, though they 
remained higher than S1T1 and S2T2. The decrease in aerobic bacterial count during 
prolonged fermentation was aligned with the findings of Tomar (45). The decline in aerobic 
bacterial count during prolonged fermentation, as reported by Tan et al., is attributed to 
increasingly acidic conditions and reduced nutrients (28). This pattern is commonly reported 
in kombucha fermentation and reflects natural microbial succession within the SCOBY, where 
microbial populations increase during early fermentation and subsequently decline as 
environmental conditions become more selective (46). As fermentation progresses, organic 
acid accumulation lowers the pH, creating a selective environment in which acid-tolerant 
microorganisms, particularly acetic acid bacteria (AAB), become dominant, while other 
microorganisms decline. This is also consistent with the increase in lactic acid bacteria (LAB) 
observed in this study, indicating that certain acid-tolerant microbial groups remain active. 
Therefore, the reduction in microbial counts represents a shift toward acid-adapted 
populations rather than a loss of symbiotic functionality. 

On day 7, S2T2 had the highest yeast count at 5.54 ± 0.53. However, by day 14, yeast 
counts generally decreased across all samples, with S1T2 and S2T1 showing significant 
reductions to 3.97 ± 0.14 and 4.04 ± 0.06, respectively. This reduction in yeast population is 
likely due to the declining sugar concentration as fermentation progresses, with yeast 
converting sucrose into glucose and fructose to produce ethanol, which may then be 
converted to acetic acid by AAB during kombucha fermentation (23). The decrease in yeast 
count on day 14 is consistent with findings reported by (27). The reduced sugar concentration 
and increasingly acidic conditions contribute to the decrease in yeast count (28). 
Klawpiyapamornkun et al. also observed an initial increase in yeast count on day 3, followed 
by a decline on day 6, with counts stabilising until the end of fermentation (47). 

Lactic acid bacteria (LAB) play dual roles by enriching flavours and potentially offering 
health benefits. Although LAB species such as Lactobacillus and Lactococcus may be present 
in kombucha's microbial consortium, their consistency varies (48). The total count of LAB in 
treatments S1T1 and S2T1 (incubated at 4°C) significantly rose from day 7 to day 14 of 
fermentation, while in treatments incubated at 30°C (S1T2 and S2T2), the LAB count peaked 
at day 7, with no marked increase from day 7 to day 14. This disparity is likely due to the 
impact of incubation temperature on LAB proliferation, with elevated temperatures 
accelerating fermentation rates (38). Some Kombucha products have been found to contain 
LAB, making up to 30% of the bacterial population (49). While LAB is not essential for 
kombucha production, several studies have emphasised its importance in kombucha 
fermentation. Research has shown that introducing Lactobacillus paracasei enhances 
antibacterial properties and impacts glucuronic acid content (50). LAB also contributes to 
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improved antioxidant and antimicrobial activities (51), as well as increased production of D-
saccharic acid-1,4-lactone (DSL) and glucuronic acid (52). 

During the Buni fruit kombucha fermentation process, there is a significant decrease in 
the total plate count and yeast count, especially in S1T2 and S2T1 samples. However, the 
lactic acid bacteria count increases significantly across all samples. This shift in microbial 
population dynamics, characterised by a decrease in yeast and overall microbial load but an 
increase in beneficial lactic acid bacteria. 

Acetic acid bacteria (AAB) are the predominant bacteria in kombucha cultures (49). 
These bacteria transform ethanol, which yeast produces during sugar fermentation, into 
acetic acid. This transformation gives kombucha its distinctive tangy flavour and lowers the 
pH, creating an acidic environment. Additionally, acetic acid bacteria convert glucose into 
gluconic acid, adding to the complexity of kombucha's flavour profile (53). The rise in both 
acetic acid and lactic acid bacteria is accompanied by an increase in organic acid 
concentration, which is associated with the reduction in aerobic bacteria and yeast counts 
(45). 

In addition, the high total titratable acidity (TTA), which reached 11.04% at the end of 
fermentation, likely contributed to the observed decline in microbial populations. Such 
conditions reflect the accumulation of organic acids and are known to impose stress on 
microbial cells, particularly affecting less acid-tolerant microorganisms such as yeast. 
However, this does not indicate a complete inhibition of the SCOBY consortium, as acid-
tolerant microorganisms, especially acetic acid bacteria (AAB) and lactic acid bacteria (LAB), 
remain active and continue contributing to organic acid production and system stability under 
acidic conditions (54). Therefore, the reduction in total microbial counts observed after 14 
days may reflect microbial adaptation and selection within the SCOBY rather than a collapse 
of the system. This condition may have dual implications for product stability. On one hand, 
the low pH and high acidity enhance microbiological safety and may improve shelf stability by 
inhibiting contaminant growth. On the other hand, excessive acid accumulation may 
negatively affect sensory quality and reduce microbial diversity, potentially limiting the 
functional and probiotic characteristics of the kombucha during extended storage. 
 
Table 3. Biological Characteristic of Buni Fruit Kombucha 

Fermentation 
Day 

Kombucha 
Sample 

Optical 
Density  

(600 nm) 

Mushroom dry 
weight (g) 

Total plate 
count  

(Log CFU/mL) 

Yeast  
(Log CFU/mL) 

Lactic Acid 
Bacteria  

(Log CFU/mL) 

7 
  

S1T1 0.88 ± 0.07a 1.41 ± 0.03a 4.23 ± 0.09a 4.54 ± 0.36ab 3.42 ± 0.18a 
S1T2 1.12 ± 0.10b 2.22 ± 0.16c 6.05 ± 0.15d 5.00 ± 0.36bc 5.19 ± 0.37b 
S2T1 1.11 ± 0.08b 1.39 ± 0.07a 4.44 ± 0.34ab 5.04 ± 0.25bc 3.87 ± 0.17a 
S2T2 1.13 ± 0.09b 2.83 ± 0.13d 6.09 ± 0.15d 5.54 ± 0.53c 5.22 ± 0.21b 

14 

S1T1 1.33 ± 0.17b 1.55 ± 0.08a 4.36 ± 0.18a 4.80 ± 0.77b 5.56 ± 0.63b 

S1T2 1.28 ± 0.18b 2.65 ± 0.11d 4.70 ± 0.05bc 3.97 ± 0.14a 5.48 ± 0.31b 

S2T1 1.20 ± 0.14b 1.85 ± 0.12b 4.85 ± 0.16c 4.04 ± 0.06a 5.69 ± 0.44b 

S2T2 1.27 ± 0.05b 4.33 ± 0.20e 4.23 ± 0.11a 4.39 ± 0.16ab 5.30 ± 0.22b 

Values are expressed as mean ± standard deviation for triplicate analysis. Different superscript letters indicate 
significant differences (p < 0.05) based on Duncan’s Multiple Range Test (DMRT). 
 
3.3. Antioxidant Activity by the DPPH Methods   

The lowest IC50 concentration of Buni Fruit Kombucha necessary to inhibit the DPPH 
free radical by 50% was determined to be 61.32 ± 1.24 µL/mL. Antioxidant activity, expressed 
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as IC50, varies in kombucha made from different fruits; for example, snake fruit (Salacca 
zalacca) has an IC50 of 5.46 µg/mL (30) and blackberry (Aronia melanocarpa) has an IC50 of 
791 ± 7.4 µg/mL (55). Fermentation of blackberry kombucha (Vaccinium myrtillus, Ribes 
nigrum, and Aronia melanocarpa) shows more variety of biologically active compounds that 
do not cause cytotoxic effects, exhibit strong antioxidant properties, and reduce oxidative 
stress in both human cells and yeast cells (55). The antioxidant activity of Buni Kombucha fruit 
is markedly influenced by the duration of fermentation, with the highest activity observed in 
treatment S1T2, which underwent a 7-day incubation period (Table 4). This finding aligns with 
a previous study, which also found peak antioxidant potential in kombucha after 7 days of 
fermentation (1). An increase in antioxidant activity in kombucha made from fruit juice has 
been found in several studies, such as Noni Fruit (Morinda citrifolia) (56), ginseng fruit (Panax 
ginseng) (57), apple (58), and Red goji berry (Lycium barbarum) (59). Similar results were 
observed in the antioxidant activity of kombucha made from Gac and Mango fruit, which 
increased until the 14th day of fermentation (60). Overall, previous studies consistently 
indicate that fermentation with kombucha cultures enhances the antioxidant activity of fruit-
based beverages. During microbial fermentation, both indigenous and bound phenolic 
compounds are subjected to extensive transformation by yeasts and other microorganisms 
present in the SCOBY consortium. These microbes produce various hydrolytic and oxidative 
enzymes, including β-glucosidase, esterase, decarboxylase, and phenolic acid reductase, 
which facilitate the release and structural modification of phenolic compounds from plant cell 
wall matrices (61,62). This process increases the solubility and bioavailability of phenolics and 
enhances their antioxidant capacity. Previous studies on kombucha produced from maqui 
berry (Aristotelia chilensis) juice have also reported that fermentation promotes the release 
and accumulation of phenolic compounds and enhances interactions between phenolic 
compounds and anthocyanins (co-pigmentation), which are associated with improved 
antioxidant responses depending on fermentation conditions (63). 

In addition, although the total anthocyanin content may decrease during 
fermentation, this reduction does not necessarily correspond to a proportional decline in 
antioxidant potential, as anthocyanins undergo various transformation pathways. 
Anthocyanins, which are commonly present as glycosylated forms such as cyanidin-3-O-
glucoside, can be hydrolyzed into anthocyanidins by β-glucosidase, with the aglycone forms 
often exhibiting higher antioxidant activity. Furthermore, during fermentation, anthocyanins 
may react with microbial metabolites such as pyruvate and acetaldehyde, leading to the 
formation of more stable derivatives, including pyranoanthocyanins (e.g., vitisins) and 
polymeric pigments (64). These derived compounds exhibit enhanced chemical stability and 
are suggested to retain antioxidant-related properties.  

All samples of Buni fruit kombucha showed decreased antioxidant activity by the 14th 
day, consistent with findings by Amarasinghe et al. indicating diminishing antioxidant activity 
with prolonged fermentation (65). This decrease is primarily attributed to continued microbial 
metabolism, which transforms phenolic compounds with high radical scavenging activity into 
less active forms through oxidation, polymerization, or conversion into simpler metabolites 
(66). In addition, the accumulation of organic acids and the progressively acidic environment, 
as reflected by decreasing pH values in this study, may further destabilize bioactive 
compounds and reduce their effectiveness as hydrogen or electron donors in DPPH radical 
scavenging. Prolonged fermentation may also lead to nutrient depletion, limiting the 
availability of precursors required for maintaining antioxidant-active compounds (67). This 
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dynamic explains why the highest antioxidant activity was observed at day 7, where the 
balance between phenolic release, biotransformation, and compound stability is optimal. 
Beyond this point, degradative and conversion processes appear to dominate over 
biosynthetic and release mechanisms. Therefore, the antioxidant profile of kombucha is 
highly dependent on achieving a critical fermentation window, where bioactive compound 
accumulation is maximized before degradation becomes predominant, as also reflected in the 
IC50 values obtained in this study. It is crucial to recognize that the antioxidant potential of 
kombucha varies depending on factors such as fermentation duration, substrate composition, 
and microbial diversity in the culture (68). 
 
Table 4. Antioxidant Activity of Buni Fruit Kombucha 

Fermentation Day Kombucha Sample % Inhibition at 100 µL/mL (%) IC50 value by DPPH assay (µL/mL) 

7 

S1T1 75.54 ± 0.19c 68.50 ± 0.51d 

S1T2 80.63 ± 1.62d 61.32 ± 1.24a 

S2T1 78.73 ± 0.61d 64.95 ± 0.52b 

S2T2 71.75 ± 1.21b 71.83 ± 0.27e 

14 

S1T1 71.18 ± 1.52b 71.00 ± 0.72e 

S1T2 75.68 ± 1.23c 66.60 ± 0.39c 

S2T1 76.34 ± 0.42c 65.25 ± 0.84b 

S2T2 67.24 ± 1.06a 75.03 ± 0.91f 

Values are expressed as mean ± standard deviation for triplicate analysis. Different superscript letters indicate 
significant differences (p < 0.05) based on Duncan’s Multiple Range Test (DMRT). 
 
3.4. Sensory evaluation   

Sensory evaluation in this study reflects consumer-based perceptions, as it was 
conducted using untrained panelists to assess general acceptability and perceived flavor 
characteristics rather than to generate a detailed descriptive flavor profile. The results of the 
sensory evaluation of Buni Kombucha fruit are shown in Table 5. The panellists generally 
accepted all treatments. However, significant differences (p < 0.05) were observed in the 
preference scores for taste and aroma, indicating variation in consumer preference among 
samples, while no noticeable difference was found in colour preference. For colour, there was 
a slight decrease in scores from Day 7 to Day 14 for all samples, with S1T2 having the highest 
score on Day 7 (3.93 ± 0.13). 

Buni fruit contains anthocyanins, which give it a reddish-purple colour (16). Studies on 
maqui berry kombucha have shown that anthocyanins remain stable during 7 days of 
fermentation, providing the best color intensity response (63). The total anthocyanin content 
in blackberry (Vaccinum myrtillus, Ribes nigrum, and Aronia melanocarpa) increases with 
kombucha culture fermentation (55). However, in this study, sensory evaluation results 
indicated that all panellists gave the same preference score for colour since all treatments 
were a deep purple, resulting in no significant difference (p < 0.05) between samples. 
The panelists particularly favored the taste and aroma of S1T2, which was incubated for 7 
days. This preference could be due to its moderate pH level (3.24), resulting in a less sour 
taste and medium sugar content (4.40%), offering an appealing flavor profile for the panelists. 
The sweetness of kombucha may be attributed to residual sugars that have not yet been 
metabolized by the SCOBY, which can influence the final flavor profile of the beverage (69). 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9 (1): 126-145 

 

137 

In addition, the balance between decreasing sugar content and increasing acidity during 
fermentation plays a key role in shaping the aftertaste and mouthfeel of kombucha. Samples 
fermented for 7 days, particularly S1T2, exhibited a smoother mouthfeel and a mild aftertaste 
due to residual sugars and moderate acidity. A higher initial sugar concentration at the same 
fermentation time leads to a sweeter kombucha. Higher temperatures and lower initial sugar 
content in kombucha were linked to fermented, yeasty aromas, fizzy mouthfeels, and sour 
and bitter tastes (70). In contrast, samples with higher acidity, particularly S2T2, showed 
lower preference scores for taste and aroma, especially at Day 14. This suggests that excessive 
acid accumulation during fermentation may lead to overly sour and less acceptable flavor 
profiles. Prolonged fermentation (14 days) led to a sharper, more astringent aftertaste and a 
thinner mouthfeel, associated with lower sugar levels and higher total titratable acidity. 
However, the use of untrained panelists may limit detailed sensory interpretation. Therefore, 
future studies should employ trained panelists and descriptive sensory analysis. 
 
Table 5. Sensory evaluation of Buni Fruit Kombucha 

Samples 
Color Taste Aroma 

Day 7 Day 14 Day 7 Day 14 Day 7 Day 14 

S1T1 3.90 ± 0.17a 3.77 ± 0.21a 3.17 ± 0.16c 3.17 ± 0.14c 3.33 ± 0.24de 3.10 ± 0.12cd 

S1T2 3.93 ± 0.13a 3.70 ± 0.22a 4.23 ± 0.26d 1.97 ± 0.06a 3.60 ± 0.12e 2.10 ± 0.17a 

S2T1 3.67 ± 0.18a 3.63 ± 0.12a 2.77 ± 0.23b 4.07 ± 0.13d 2.83 ± 0.15bc 3.56 ± 0.19e 

S2T2 3.73 ± 0.36a 3.37 ± 0.37a 2.67 ± 0.23b 2.13 ± 0.22a 2.70 ± 0.32b 2.20 ± 0.16a 

Values are expressed as mean ± standard deviation for triplicate analysis. Different superscript letters indicate 
significant differences (p < 0.05) based on Duncan’s Multiple Range Test (DMRT). 
 
3.5. Bioactive compounds analysis   

Volatile organic compounds (VOCs) play a significant role in determining the aroma 
profile of kombucha. Gas chromatography-mass spectrometry (GC-MS) analysis reveals the 
presence of three major compound groups—carboxylic acids, alcohols, and esters—in Buni 
fruit kombucha (Figure 2 and Table 6). These compounds, including decanoic, hexadecanoic, 
hexanoic, and octanoic acids, are synthesized during kombucha fermentation (71).  

In addition to their chemical presence, the detected volatile compounds can be 
associated with specific aroma characteristics in kombucha. Hexadecanoic acid (9.49%) and 
octadecanoic acid (17.22%) are commonly associated with fatty, waxy, and oily aroma 
attributes. Similar aroma descriptors for long-chain fatty acids have been reported in previous 
studies (71). However, the relatively high abundance of these compounds may influence the 
sensory perception of the product, potentially leading to less preferred aroma characteristics 
in certain treatments.  
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Figure 2. Chromatogram of GC-MS analysis of Buni Fruit Kombucha. 

 
Table 6. Bioactive compound of Buni Fruit Kombucha. 

Class Compound Formula Retention Time % Area 
Similarity 

Index 

Carboxylic acid 
Hexadecanoic acid C₁₆H₃₂O₂ 22.802 9.49 95 

Octadecanoic acid C₁₈H₃₆O₂ 24.572 17.22 92 

Alcohol 2-Furanmethanol C₅H₆O₂ 6.589 11.56 85 

Ester 

Hexadecanoic acid, methyl ester C₁₈H₃₆O₂ 22.091 7.49 96 

Octadecanoic acid, methyl ester C₂₀H₄₀O₂ 24.003 7.21 97 

Eicosanoic acid, methyl ester C₂₂H₄₄O₂ 25.686 0.69 94 

Docosanoic acid, methyl ester C₂₄H₄₈O₂ 27.821 0.56 92 

 
Furfural alcohol, alternatively known as 2-furan methanol, is a noteworthy compound 

in kombucha, contributing significantly to its flavour profile. Its presence is not limited to 
kombucha alone but extends to various sources like coffee aroma, tea, wheat bread, crispy 
bread, soybean, cocoa, rice, and potato chips (72). The alcohol compound 2-furanmethanol 
(11.56%) detected in this study is characterized by sweet, caramel-like, and roasted aroma 
notes, which are generally perceived as pleasant and contribute to aroma complexity (73). 
Alcohols, which are commonly detected in kombucha, are primarily produced through yeast 
metabolism during fermentation (74). Through mixed fermentation, non-Saccharomyces 
yeast strains like Zygosaccharomyces sp. and Dekkera sp. enrich VOC profiles, thereby 
enhancing aroma and facilitating the formation of organic acids via oxidation (75). These 
alcohols, along with aldehydes, serve as crucial substrates for synthesising organic acids and 
esters through the metabolic pathways of bacteria within the kombucha culture (71). As the 
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fermentation process unfolds, microbial activity alters the aroma profile of kombucha, giving 
rise to a diverse array of molecules (72).  

Esters were identified as one of the key volatile groups contributing to the aroma profile 
of Buni fruit kombucha. In this study, esters such as hexadecanoic acid methyl ester (7.49%) 
and octadecanoic acid methyl ester (7.21%) were detected at relatively notable levels, 
indicating their potential role in aroma formation. The presence of alcohols and carboxylic 
acids, which act as precursors in esterification reactions during fermentation, may support 
the formation of these ester compounds (76). Esters are widely associated with fruity, sweet, 
and pleasant aroma characteristics (77), which may help balance the sour and acidic 
characteristics of kombucha, leading to better sensory acceptance.The chemical profile of 
Buni fruit kombucha consisted of fatty acids, alcohols, and esters, which may collectively 
influence the sensory profile depending on their volatility and odor activity. These identified 
volatile compounds provide insight into the types of aroma-active compounds formed during 
fermentation. Therefore, variations in aroma preference among treatments (Table 5) may be 
partially related to differences in fermentation conditions that influence the formation and 
balance of these compounds. During fermentation, microbial activity modifies the aroma 
profile of kombucha by generating a diverse range of metabolites (37). 

 

4. Conclusions 
The study demonstrates that Buni fruit kombucha has significant potential as a 

functional beverage with antioxidant properties. Optimal fermentation conditions involving a 
5% sugar concentration and an incubation temperature of 30°C for 7 days resulted in the 
highest antioxidant activity and favorable sensory profile. These results highlight the potential 
of Buni fruit for the development of functional fermented beverages, supporting its utilization 
as a value-added product with potential health benefits. Further studies should focus on 
standardizing the initial substrate, as well as employing trained panelists and advanced 
descriptive sensory methods to achieve a more detailed characterization of flavor changes. 
Additionally, future work should investigate the bioactive potential and underlying 
mechanisms of Buni fruit kombucha. 

 
Acknowledgements 

The authors would like to thank Afifah Nurul Falih for technical assistance during the 
experiment and Ambar Pratiwi for help with data analysis.  
 

Author Contributions 
 O.R.A. and T.W. conceptualization; O.R.A and N.I. methodology; P.N. and C.J. 

performed the experiments; N.I. and P.N. analyzed the data; O.R.A. writing original draft 
preparation; O.R.A and P.N. writing-review and editing; O.R.A. supervision; O.R.A and T.W. 
funding acquisition. All authors have read and agreed to the published version of the 
manuscript.  

 

Funding 
We express our gratitude towards the funding program provided by LPPM UAD for the 

PD-035/SP3/LPPM-UAD/VIII/2023 grant. 
 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9 (1): 126-145 

 

140 

Institutional Review Board Statement 
The use of humans in the sensory analysis was conducted in accordance with the 

Declaration of Helsinki and has been approved by the Ethics Committee on Research Involving 
Human Beings of Universitas Ahmad Dahlan (EC No.012305078 on June 16, 2023) 
 

Data Availability Statement 
The data supporting the findings is available within the article. 

 

Conflicts of Interest 
All authors declare no conflict of interest, financial or otherwise. 

 
References 
1. Jakubczyk K, Kałduńska J, Kochman J, Janda K. Chemical profile and antioxidant activity 

of the kombucha beverage derived from white, green, black and red tea. Antioxidants. 
2020 May 22;9(5):447. doi:10.3390/antiox9050447 

2. Kim J, Adhikari K. Current trends in kombucha: Marketing perspectives and the need 
for improved sensory research. Beverages. 2020 Mar 2;6(1):15. 
doi:10.3390/beverages6010015 

3. Blokhina O. Antioxidants, oxidative damage and oxygen deprivation stress: a review. 
Ann Bot. 2003 Jan 1;91(2):179–94. doi:10.1093/aob/mcf118 

4. Chandrakala SK, Lobo RO, Dias FO. Kombucha (Bio-Tea): An elixir for life? In: Nutrients 
in beverages. Elsevier; 2019. p. 591–616. doi:10.1016/B978-0-12-816842-4.00016-2 

5. Antolak H, Piechota D, Kucharska A. Kombucha tea—A double power of bioactive 
compounds from tea and symbiotic culture of bacteria and yeasts (SCOBY). 
Antioxidants. 2021 Sep 28;10(10):1541. doi:10.3390/antiox10101541 

6. de Miranda JF, Ruiz LF, Silva CB, Uekane TM, Silva KA, Gonzalez AGM, et al. Kombucha: 
A review of substrates, regulations, composition, and biological properties. J Food Sci. 
2022 Feb 14;87(2):503–27. doi:10.1111/1750-3841.16029 

7. Watawana MI, Jayawardena N, Gunawardhana CB, Waisundara VY. Health, wellness, 
and safety aspects of the consumption of kombucha. J Chem. 2015 Jan 30;2015(1). 
doi:10.1155/2015/591869 

8. Zubaidah E, Ifadah RA, Kalsum U, Lyrawati D, Putri WDR, Srianta I, et al. Anti-diabetes 
activity of Kombucha prepared from different snake fruit cultivars. Nutr Food Sci. 2019 
Mar 11;49(2):333–43. doi:10.1108/NFS-07-2018-0201 

9. Battikh H, Bakhrouf A, Ammar E. Antimicrobial effect of kombucha analogues. LWT - 
Food Science and Technology. 2012 Jun;47(1):71–7. doi:10.1016/j.lwt.2011.12.033 

10. Ayed L, Ben Abid S, Hamdi M. Development of a beverage from red grape juice 
fermented with the Kombucha consortium. Ann Microbiol. 2017 Jan 26;67(1):111–21. 
doi:10.1007/s13213-016-1242-2 

11. Kanurić KG, Milanović SD, Ikonić BB, Lončar ES, Iličić MD, Vukić VR, et al. Kinetics of 
lactose fermentation in milk with kombucha starter. J Food Drug Anal. 2018 
Oct;26(4):1229–34. doi:10.1016/j.jfda.2018.02.002 

12. Tu C, Tang S, Azi F, Hu W, Dong M. Use of kombucha consortium to transform soy whey 
into a novel functional beverage. J Funct Foods. 2019 Jan;52:81–9. 
doi:10.1016/j.jff.2018.10.024 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9 (1): 126-145 

 

141 

13. Silalahi M, Purba EC, Sawitri IGAR, Wahyuningtyas RS, Sitepu N. Antidesma bunius (L.) 
Spreng. (Foodstuffs and Its Bioactivity). Journal of Tropical Ethnobiology. 2022 Jan 
31;5(1):19–29. doi:10.46359/jte.v5i1.104 

14. Ritana L, Aryani R, Syafnir L. Pemanfaatan ekstrak buah buni (Antidesma bunius L. 
Spreng) sebagai pewarna alami dalam sediaan lip cream. In: Prosiding Farmasi . 2019. 
p. 637–44. 

15. Butkhup L, Samappito S. Changes in physico-chemical properties, polyphenol 
compounds and antiradical activity during development and ripening of Maoluang 
(Antidesma bunius L. Spreng) fruits. Journal of Fruit and Ornamental Plant Research. 
2011 Jan;19:85–99. 

16. Butkhup L, Samappito S. Analysis of anthocyanin, flavonoids, and phenolic acids in 
tropical Bignay berries. International Journal of Fruit Science. 2008 Oct;8(1–2):15–34. 
doi:10.1080/15538360802365913 

17. Jorjong S, Butkhup L, Samappito S. Phytochemicals and antioxidant capacities of Mao-
Luang (Antidesma bunius L.) cultivars from Northeastern Thailand. Food Chem. 2015 
Aug;181:248–55. doi:10.1016/j.foodchem.2015.02.093 

18. Castillo-Israel KAT, Sartagoda KJD, Illano MCR, Flandez LEL, Compendio MCM, Morales 
DB. Antioxidant properties of Philippine Bignay (Antidesma bunius (Linn.) Spreng cv. 
‘Common’) flesh and seeds as affected by fruit maturity and heat treatment. Food Res. 
2020 Aug 11;4(6):1980–7. doi:10.26656/fr.2017.4(6).215 

19. Mihai RA, Cubi-Insuaste NS, Catana RD. Biological activity and phenolic content of 
kombucha beverages under the influence of different tea extract substrates. 
Fermentation. 2024 Jun 28;10(7):338. doi:10.3390/fermentation10070338 

20. Marsh AJ, Hill C, Ross RP, Cotter PD. Fermented beverages with health-promoting 
potential: Past and future perspectives. Trends Food Sci Technol. 2014 Aug;38(2):113–
24. doi:10.1016/j.tifs.2014.05.002 

21. Wolfe BE, Dutton RJ. Fermented foods as experimentally tractable microbial 
ecosystems. Cell. 2015 Mar;161(1):49–55. doi:10.1016/j.cell.2015.02.034 

22. Villarreal‐Soto SA, Beaufort S, Bouajila J, Souchard J, Taillandier P. Understanding 
kombucha tea fermentation: A review. J Food Sci. 2018 Mar 6;83(3):580–8. 
doi:10.1111/1750-3841.14068 

23. Liang C, Liu LX, Liu J, Aihaiti A, Tang XJ, Liu YG. New insights on low-temperature 
fermentation for food. Fermentation. 2023 May 16;9(5):477. 
doi:10.3390/fermentation9050477 

24. Nelson N. A photometric adaptation of the somogyi method for the determination of 
glucose. Journal of Biological Chemistry. 1944 May;153(2):375–80. doi:10.1016/S0021-
9258(18)71980-7 

25. Somogyi M. Notes on sugar determination. Journal of Biological Chemistry. 1952 
Mar;195(1):19–23. doi:10.1016/S0021-9258(19)50870-5 

26. Jacobson J. Introduction to wine laboratory practices and procedures. New York: 
Springer Science & Business Media; 2006. 257–277 p. 

27. Fitrianto N, Husen F, Samiyarsih S, Ratnaningtyas NI, Palindung LS, Azizah E. Tea fungus 
beverages from Torch Ginger (Etlingera elatior): Total microbial, physicochemical, and 
antioxidant activity. Biosaintifika: Journal of Biology & Biology Education. 2023 Dec 
15;15(3):351–61. doi:10.15294/biosaintifika.v15i3.47944 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9 (1): 126-145 

 

142 

28. Tan WC, Muhialdin BJ, Meor Hussin AS. Influence of storage conditions on the quality, 
metabolites, and biological activity of Soursop (Annona muricata. L.) kombucha. Front 
Microbiol. 2020 Dec 4;11. doi:10.3389/fmicb.2020.603481 

29. Lee YJ, Kang HJ, Yi SH, Jung YH. Antioxidant properties of kombucha made with Tartary 
Buckwheat Tea and Burdock Tea. Prev Nutr Food Sci. 2023 Sep 30;28(3):347–52. 
doi:10.3746/pnf.2023.28.3.347 

30. Zubaidah E, Dewantari FJ, Novitasari FR, Srianta I, Blanc PJ. Potential of snake fruit 
(Salacca zalacca (Gaerth.) Voss) for the development of a beverage through 
fermentation with the Kombucha consortium. Biocatal Agric Biotechnol. 2018 
Jan;13:198–203. doi:10.1016/j.bcab.2017.12.012 

31. Wang B, Rutherfurd-Markwick K, Naren N, Zhang XX, Mutukumira AN. Microbiological 
and physico-chemical characteristics of black tea kombucha fermented with a New 
Zealand starter culture. Foods. 2023 Jun 8;12(12):2314. doi:10.3390/foods12122314 

32. Tejedor-Calvo E, Morales D. Chemical and aromatic changes during fermentation of 
kombucha beverages produced using Strawberry Tree (Arbutus unedo) fruits. 
Fermentation. 2023 Mar 25;9(4):326. doi:10.3390/fermentation9040326 

33. Zubaidah E, Cahyadi AB, Srianta I, Tewfik I. Physicochemical and microbiological 
characteristics of fruit-based kombucha. Food Res. 2023 Apr 27;7(Supplementary 
1):64–70. doi:10.26656/fr.2017.7S(1).8 

34. Morales D, Gutiérrez-Pensado R, Bravo FI, Muguerza B. Novel kombucha beverages 
with antioxidant activity based on fruits as alternative substrates. LWT. 2023 
Nov;189:115482. doi:10.1016/j.lwt.2023.115482 

35. Li R, Xu Y, Chen J, Wang F, Zou C, Yin J. Enhancing the proportion of gluconic acid with 
a microbial community reconstruction method to improve the taste quality of 
Kombucha. LWT. 2022 Feb;155:112937. doi:10.1016/j.lwt.2021.112937 

36. Nyhan LM, Lynch KM, Sahin AW, Arendt EK. Advances in Kombucha Tea Fermentation: 
A Review. Appl Microbiol. 2022 Jan 15;2(1):73–103. 
doi:10.3390/applmicrobiol2010005 

37. Bishop P, Pitts ER, Budner D, Thompson-Witrick KA. Kombucha: Biochemical and 
microbiological impacts on the chemical and flavor profile. Food Chemistry Advances. 
2022 Oct;1:100025. doi:10.1016/j.focha.2022.100025 

38. Aung T, Eun JB. Impact of time and temperature on the physicochemical, 
microbiological, and nutraceutical properties of laver kombucha (Porphyra dentata) 
during fermentation. LWT. 2022 Jan;154:112643. doi:10.1016/j.lwt.2021.112643 

39. Liszkowska W, Berlowska J. Yeast fermentation at low temperatures: Adaptation to 
changing environmental conditions and formation of volatile compounds. Molecules. 
2021 Feb 16;26(4):1035. doi:10.3390/molecules26041035 

40. Du Q, Ye D, Zang X, Nan H, Liu Y. Effect of low temperature on the shaping of yeast-
derived metabolite compositions during wine fermentation. Food Research 
International. 2022 Dec;162:112016. doi:10.1016/j.foodres.2022.112016 

41. Cohen G, Sela DA, Nolden AA. Sucrose concentration and fermentation temperature 
impact the sensory characteristics and liking of Kombucha. Foods. 2023 Aug 
19;12(16):3116. doi:10.3390/foods12163116 

42. Sanwal N, Gupta A, Bareen MA, Sharma N, Sahu JK. Kombucha fermentation: Recent 
trends in process dynamics, functional bioactivities, toxicity management, and 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9 (1): 126-145 

 

143 

potential applications. Food Chemistry Advances. 2023 Dec;3:100421. 
doi:10.1016/j.focha.2023.100421 

43. Kitwetcharoen H, Phung LT, Klanrit P, Thanonkeo S, Tippayawat P, Yamada M, et al. 
Kombucha healthy drink—Recent advances in production, chemical composition and 
health benefits. Fermentation. 2023 Jan 6;9(1):48. doi:10.3390/fermentation9010048 

44. Tran T, Grandvalet C, Winckler P, Verdier F, Martin A, Alexandre H, et al. Shedding light 
on the formation and structure of kombucha biofilm using two-photon fluorescence 
microscopy. Front Microbiol. 2021 Aug 4;12. doi:10.3389/fmicb.2021.725379 

45. Tomar O. Determination of some quality properties and antimicrobial activities of 
kombucha tea prepared with different berries. Turkish Journal of Agriculture and 
Forestry. 2023 Jan 1;47(2):252–62. doi:10.55730/1300-011X.3083 

46. Kilmanoglu H, Yigit Cinar A, Durak MZ. Evaluation of microbiota-induced changes in 
biochemical, sensory properties and volatile profile of kombucha produced by 
reformed microbial community. Food Chem X. 2024 Jun;22:101469. 
doi:10.1016/j.fochx.2024.101469 

47. Klawpiyapamornkun T, Uttarotai T, Wangkarn S, Sirisa-ard P, Kiatkarun S, Tragoolpua 
Y, et al. Enhancing the chemical composition of kombucha fermentation by adding 
Indian Gooseberry as a substrate. Fermentation. 2023 Mar 16;9(3):291. 
doi:10.3390/fermentation9030291 

48. Vargas BK, Fabricio MF, Záchia Ayub MA. Health effects and probiotic and prebiotic 
potential of Kombucha: A bibliometric and systematic review. Food Biosci. 2021 
Dec;44:101332. doi:10.1016/j.fbio.2021.101332 

49. Wang B, Rutherfurd-Markwick K, Zhang XX, Mutukumira AN. Kombucha: Production 
and microbiological research. Foods. 2022 Oct 31;11(21):3456. 
doi:10.3390/foods11213456 

50. Lee SM, Lee JY, Yoo DG, Jeon YB, Yoon HS, Kim CH. Functional characteristics of 
kombucha fermented with Lactic Acid Bacteria, Yeast, and Acetic Acid Bacteria derived 
from Korea Traditional Foods. J Dairy Sci Biotechnol. 2022 Mar;40(1):23–34. 
doi:10.22424/jdsb.2022.40.1.23 

51. Nguyen NK, Dong NTN, Nguyen HT, Le PH. Lactic acid bacteria: promising supplements 
for enhancing the biological activities of kombucha. Springerplus. 2015 Dec 24;4(1):91. 
doi:10.1186/s40064-015-0872-3 

52. Yang Z, Zhou F, Ji B, Li B, Luo Y, Yang L, et al. Symbiosis between microorganisms from 
Kombucha and Kefir: Potential significance to the enhancement of Kombucha function. 
Appl Biochem Biotechnol. 2010 Jan 23;160(2):446–55. doi:10.1007/s12010-008-8361-
6 

53. Ojo AO, de Smidt O. Microbial composition, bioactive compounds, potential benefits 
and risks associated with Kombucha: A concise review. Fermentation. 2023 May 
13;9(5):472. doi:10.3390/fermentation9050472 

54. Li X, Tso N, Huang S, Wang J, Zhou Y, Liu R. A Comprehensive evaluation of microbial 
synergistic metabolic mechanisms and health benefits in Kombucha fermentation: A 
review. Biology (Basel). 2025 Jul 28;14(8):952. doi:10.3390/biology14080952 

55. Ziemlewska A, Zagórska-Dziok M, Nizioł-Łukaszewska Z, Kielar P, Mołoń M, Szczepanek 
D, et al. In vitro evaluation of antioxidant and protective potential of Kombucha-
fermented Black Berry extracts against H2O2-induced oxidative stress in human skin 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9 (1): 126-145 

 

144 

cells and yeast model. Int J Mol Sci. 2023 Feb 23;24(5):4388. 
doi:10.3390/ijms24054388 

56. Jennifer, Surya R. Antioxidant activity and consumer acceptance level of kombucha tea 
with noni fruit extract (Morinda citrifolia). IOP Conf Ser Earth Environ Sci. 2024 Apr 
1;1324(1):012122. doi:10.1088/1755-1315/1324/1/012122 

57. Choi EJ, Song HH, Ko KY, Hong KB, Suh HJ, Ahn Y. Fermentation characteristics and 
radical scavenging capacities of ginseng berry kombucha fermented by Saccharomyces 
cerevisiae and Gluconobacter oxydans. Appl Biol Chem. 2023 May 11;66(1):27. 
doi:10.1186/s13765-023-00785-3 

58. Zubaidah E, Yurista S, Rahmadani NR. Characteristic of physical, chemical, and 
microbiological kombucha from various varieties of apples. IOP Conf Ser Earth Environ 
Sci. 2018 Mar 1;131(1):012040. doi:10.1088/1755-1315/131/1/012040 

59. Abuduaibifu A, Tamer CE. Evaluation of physicochemical and bioaccessibility properties 
of goji berry kombucha. J Food Process Preserv. 2019 Sep 27;43(9). 
doi:10.1111/jfpp.14077 

60. Aziz NSA, Bakar MFA, Farid DFM, Juliant TB. Development of Kombucha Tea with Gac 
and Mango Fruits: Sensory, nutritional, phytochemical, physicochemical and 
antioxidant evaluation. Tropical Journal of Natural Product Research. 2023 Jun 
1;7(5):2904–10. doi:10.26538/tjnpr/v7i5.10 

61. Kumar A, Saranyadevi S, Thirumalaisamy SK, Dapana Durage TT, Jaiswal SG, Kavitake D, 
et al. Phenolic acids in fermented foods: microbial biotransformation, antioxidant 
mechanisms, and functional health implications. Front Mol Biosci. 2025 Oct 21;12. 
doi:10.3389/fmolb.2025.1678673 

62. Alharbi NA. Polyphenol metabolites in fermented foods: biotransformation, 
bioavailability, and functional roles. Front Nutr. 2026 Jan 29;13. 
doi:10.3389/fnut.2026.1767453 

63. Rocha-Guzmán NE, González-Laredo RF, Moreno-Jiménez MR, Gallegos-Infante JA, 
Mancera-Rodríguez J, Rosales-Villarreal MC. Kombucha analogs from maqui juice: 
Consortium age and sugar concentration effects on anthocyanin stability and its 
relationship with antioxidant activity and digestive enzyme inhibition. Food Chem. 
2023 Sep;421:136158. doi:10.1016/j.foodchem.2023.136158 

64. Ruta LL, Farcasanu IC. Anthocyanins and anthocyanin-derived products in yeast-
fermented beverages. Antioxidants. 2019 Jun 18;8(6):182. doi:10.3390/antiox8060182 

65. Amarasinghe H, Weerakkody NS, Waisundara VY. Evaluation of physicochemical 
properties and antioxidant activities of kombucha “Tea Fungus” during extended 
periods of fermentation. Food Sci Nutr. 2018 May 20;6(3):659–65. 
doi:10.1002/fsn3.605 

66. La Torre C, Fazio A, Caputo P, Plastina P, Caroleo MC, Cannataro R, et al. Effects of long-
term storage on radical scavenging properties and phenolic content of Kombucha from 
Black Tea. Molecules. 2021 Sep 8;26(18):5474. doi:10.3390/molecules26185474 

67. Sarıtaş S, Portocarrero ACM, Miranda López JM, Lombardo M, Koch W, Raposo A, et al. 
The impact of fermentation on the antioxidant activity of food products. Molecules. 
2024 Aug 21;29(16):3941. doi:10.3390/molecules29163941 

68. Jakubczyk KJ, Piotrowska G, Janda K. Characteristics and biochemical composition of 
kombucha – fermented tea. Medycyna Ogólna i Nauki o Zdrowiu. 2020 Jun 
18;26(2):94–6. doi:10.26444/monz/118887 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9 (1): 126-145 

 

145 

69. Muzaifa M, Abubakar Y, S S, Nilda C, Irfan I. Phytochemicals and sensory quality of 
Cascara Kombucha made from Coffee By-Products. Current Research in Nutrition and 
Food Science Journal. 2023 Aug 31;11(2):605–16. doi:10.12944/CRNFSJ.11.2.12 

70. Phetxumphou K, Vick R, Blanc L, Lahne J. Processing condition effects on sensory 
profiles of kombucha through sensory descriptive analysis. Journal of the American 
Society of Brewing Chemists. 2023 Jan 2;81(1):99–108. 
doi:10.1080/03610470.2021.2022879 

71. Suffys S, Richard G, Burgeon C, Werrie PY, Haubruge E, Fauconnier ML, et al. 
Characterization of aroma active compound production during Kombucha 
Fermentation: Towards the control of sensory profiles. Foods. 2023 Apr 15;12(8):1657. 
doi:10.3390/foods12081657 

72. Ebrahimi Pure A, Ghods Mofidi SM, Keyghobadi F, Ebrahimi Pure M. Chemical 
composition of garlic fermented in red grape vinegar and kombucha. J Funct Foods. 
2017 Jul;34:347–55. doi:10.1016/j.jff.2017.05.018 

73. Yuan X, Zhou J, Zhang B, Shen C, Yu L, Gong C, et al. Identification, quantitation and 
organoleptic contributions of furan compounds in brandy. Food Chem. 2023 
Jun;412:135543. doi:10.1016/j.foodchem.2023.135543 

74. Chan M, Sy H, Finley J, Robertson J, Brown PN. Determination of ethanol content in 
kombucha using headspace gas chromatography with mass spectrometry detection: 
Single-Laboratory validation. J AOAC Int. 2021 Mar 5;104(1):122–8. 
doi:10.1093/jaoacint/qsaa094 

75. Laureys D, Britton SJ, De Clippeleer J. Kombucha tea fermentation: A review. Journal of 
the American Society of Brewing Chemists. 2020 Jul 2;78(3):165–74. 
doi:10.1080/03610470.2020.1734150 

76. Ruan W, Liu J, Guo H, Yang S, Niu M, Yu H, et al. From aroma to off-flavor: 
Metabolomics unveils the metabolic double-sided nature of traditional Chinese 
fermented foods. Food Chem. 2026 Feb;502:147635. 
doi:10.1016/j.foodchem.2025.147635 

77. Wang L, Yang X, Li Z, Lin X, Hu X, Liu S, et al. Sensory characteristics of two kinds of 
alcoholic beverages produced with spent coffee grounds extract based on electronic 
senses and HS-SPME-GC-MS analyses. Fermentation. 2021 Nov 1;7(4):254. 
doi:10.3390/fermentation7040254 

  


