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ABSTRACT

Kombucha is a Far East-originated fermented beverage that is valued by people for its health 
benefits worldwide. Fruit and fruit juice of the gilaburu plant is used in traditional medi-
cine. In this study, fruit juice of gilaburu is used in a 21-day kombucha fermentation. Sensory 
properties, microbiological profile, total phenolic and flavonoid content, and antioxidant and 
antibacterial activity of the prepared beverages for days 0, 7, 14, and 21st were investigated. In 
addition, chemical compound profiles were determined using LC-MS/MS on the 7th and 14th 
days. When evaluated in general, gilaburu-flavoured kombucha yielded better results than 
traditional kombucha in terms of microbiological analysis, antibacterial activity, total phenolic 
content, and sensory properties. In addition, the LC-MS/MS analysis of the beverages revealed 
fourteen active compounds. Notably, on the 7th day, gilaburu-flavoured kombucha exhibited 
elevated levels of fumaric acid, quinic acid, chlorogenic acid, catechin, 4-OH-benzoic acid, 
epicatechin, vitexin and hesperidin compared to traditional kombucha.
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INTRODUCTION

In recent years, the consumption of fermented beverages 
has emerged as a prominent trend in nutrition. Although 
many consumers prefer kombucha due to its therapeutic 
effects, this fermented drink is also classified as a probiotic 
beverage. In general, the content of a kombucha consists of 
sugars, organic acids, tea polyphenols, water-soluble vita-
mins, ethanol, and various micronutrients produced during 
fermentation [1]. Additionally, probiotics such as acetic acid 
and lactic acid bacteria contribute to its overall content [2]. 

The symbiotic microbial combination is mainly formed by 
Acetobacter and Gluconobacter species [3,4]. The positive 
effects of Kombucha on gastric, intestinal, and glandular 
activities are emphasised, indicating its potential efficacy 
against digestive disorders, various types of cancer, hepa-
totoxicity, toxin excretion, diabetes, irritability, and ageing 
[5,6]. Also, there are many studies on the free radical scav-
enging ability and antioxidant capacity of various kombu-
cha teas [7-10]. In fermented kombucha culture, it has been 
reported that metabolites, catechins, and vitamins have a 
positive effect on the antioxidant effect of the drink [11].
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In Ukraine and other countries in Eastern Europe, gila-
buru has been widely used in traditional medicine [12,13]. 
It has been stated that the fruit juice of this plant is a good 
source of polyphenols [14] and the fruits are used as anti-
diabetic agents [15]. The bioactive substances in the fruit 
of the gilaburu plant also have antimicrobial effects against 
many pathogenic bacteria [16,17].

This study aims to investigate the antibacterial effect, 
antioxidant activity, total phenolic, and total flavonoid 
content, as well as microbiological profiling and sensorial 
properties of kombucha cultures fermented using gilaburu. 
Gilaburu was chosen due to its beneficial effects on human 
health, and in this study, fermented kombucha products 
were prepared with fruit juice, taking into account the con-
sumption behaviour. This is the first study that investigates 
the bioactivity of kombucha fermented with gilaburu.

MATERIAL AND METHODS

Preparation of Fermented Beverages
In this study, 5 different culture media were prepared. 

Kombucha drink prepared by the fermentation of black tea 
(B) is named as traditional kombucha (K). K fermented 
with gilaburu fruit juice (G) is named gilaburu-flavoured 
kombucha (KG). G fermented with only SCOBY (symbi-
otic culture of bacteria and yeast), without B, is named as 
fermented gilaburu drink (FG). Non-fermented B infusion 
and G were used as control groups. KG cultures were estab-
lished to investigate the influence of gilaburu fruit juice on 
the biological activities of traditional kombucha. FG cul-
tures were set up to investigate the influence of black tea on 
gilaburu fermentation. K was prepared as a positive control 
to compare the alternative beverages. In addition, non-fer-
mented B and G cultures without kombucha were prepared 
as negative controls.

In order to prepare infusions, the protocol described by 
Marsh et al. [18] was used with slight modifications. For K 
fermentation, 100 mL B infusion with 9% sucrose, inocu-
lated with 2% (w/v) SCOBY and 10% (v/v) soup (starter 
culture) from the previous culture. The KG drink was pre-
pared by adding 15% G to the K drink. The samples were 
incubated at RT for 21 days, collected every 7 days, and 
subjected to experiments. After 14 days of incubation, the 
liquid part of the kombucha beverages was collected and 
centrifuged at 1370 rcf for 10 min for further analysis. 

Microbiological Profile Determination Experiments
KG and K were used for microbiological profiling. 

Serial dilutions of the samples were prepared using 0.85% 
NaCl (Sigma Aldrich, USA) and inoculated onto selective 
media. In this study, Glucose Yeast Extract Agar (GYC) 
media was used for acetic acid bacteria selection, Yeast 
Extract Glucose Chloramphenicol Agar (YGC) (Merck, 
Germany) was used for yeast count, De Man Rogosa Sharp 
Agar (MRS) (Merck, Germany) was used for Lactobacillus 

count and Plate Count Agar (PCA) (Merck, Germany) was 
used for total mesophilic bacterial counts. The inoculated 
samples were incubated for 5 days, after which the colonies 
were counted. The colony forming units (cfu/mL) were cal-
culated according to Equation 1: 

  (1)

According to this equation, the most concentrated 
dilution ratio of two consecutive dilutions expressed as d; 
the number of petri dishes inoculated by the first dilution 
expressed as n1 and number of petri dishes inoculated by 
the second dilution expressed as n2; the total number of 
microorganisms per 1 ml as N; inoculation volume to petri 
dishes as V; total counted number of colonies in petri dishes 
(mL) C [19]. 

pH Changes of Samples
Samples of the kombucha drink were taken every 7 days 

and the pH values of these samples were measured with a 
pH metre (Isolab, Germany). 

Antibacterial Activity and Bacterial Strains
The antibacterial effect of all samples was investigated 

via the disk diffusion method, as described by Bauer [20]. 
The antibacterial effect was tested against 6 well-defined 
bacteria which are Klebsiella pneumonia (ATCC 13883), 
Staphylococcus aureus (ATCC 29213), Bacillus cereus 
(DSM 22648), Pseudomonas aeruginosa (ATCC 27853), 
Staphylococcus epidermidis (ATCC 12228), Escherichia coli 
(ATCC 35218). The overnight culture of each bacteria was 
sampled into 0.05 M NaCl (Merck, Germany), and the con-
centration of the mixture was adjusted to 0.5 McFarland. 
Then 200 µl inoculums were spread on Nutrient Agar 
Medium (NA) (Merck, Germany), and inoculated petri 
dishes were incubated at room temperature for 30 min. 
After 30 min, as a test group, 60 µL of previously pre-
pared samples, and as a control group 20 µL of 30 µg/mL 
Ampicillin (Sigma Aldrich, USA) and 20 µL of 30 µg/mL 
Kanamycin (Cayman Chemical, USA) was impregnated 
into antibiogram disks (Bioanalyse Turkey). After impreg-
nation, disks were placed on top of these inoculated petri 
dishes and incubated at 37 °C for 24 hours. Inhibition zones 
were measured after 24-h incubation. 3 replicates were 
applied in this experiment.

Determination of Free Radical Scavenging Activity with 
DPPH Assay

2,2 -Diphenyl-1-picrylhydrazyl (DPPH) method 
described by Von Gadow et al. [21] was used to investigate 
the free radical scavenging ability (RSA) of samples. 100 µl 
centrifuged and filter-sterilized kombucha samples were 
mixed with 4 mL of methanolic DPPH solution (Sigma 
Aldrich, USA) and then incubated in dark for 30 min. After 
incubation, the absorbance of samples was measured in a 
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spectrophotometer (SOIF, China) at 516 nm and the ascor-
bic acid equivalent (AAE) was calculated in µM/ml.

Total Phenolic Content Measurement
The colorimetric method, based on the Folin-Ciocalteu 

(FC) reagent, described by Škerget et al. [22] was used to 
determine the total phenolic content of samples. The fil-
ter-sterilized kombucha samples (500 µl) were mixed with 
2.5 ml of 1:10 diluted FC reagent [23], and the mixtures 
were incubated for 2 min at the RT. After incubation, 2 ml 
of 7.5% Na2CO3 (Merck, Germany) was added to the mix-
tures and vortexed for 30 s. Mixtures were stored at 50 °C 
for 5 min. The absorbance of samples was measured at 760 
nm. The total phenolic content of samples was calculated as 
gallic acid equivalent (GAE) in µL/mL.

Total Flavonoid Content
The total flavonoid content of samples was deter-

mined by using aluminium chloride method [24]. 1.5 ml 
of methanol (Isolab, Germany) was mixed with 500 µl of 
samples. 100 µL of 10 % AlCl3 (Merck, Germany), 100 µL 
of 1 M potassium acetate (CH3CO2K) (Merck Darmstadt, 
Germany), and 2.8 mL distilled water were added to the 
mixtures respectively, and then incubated at 25 °C for 
30 min. After incubation, the absorbance of the samples 
was measured at 415 nm, and total flavonoid content was 
expressed as quercetin equivalent (QE) in µg/mL.

Determination of Phenolic Content of Kombucha 
Beverages By LC-MS/MS

LC-MS/MS analysis was carried out with the Agilent 
6460 Triple Quad LC-MS/MS system (Waldbronn, 
Germany) equipped with a reversed-phase C18 HPLC 
column (particle size 5 μm, 150 mm×4.6 mm i.d.) using 
Multiple Reaction Monitoring (MRM) mode. 5 µL of all 
samples were injected into the device. Mobile phase a con-
sisted of ultrapure water with 0.1% formic acid (CH₂O₂), 
and mobile phase b consisted of acetonitrile with formic 
acid. The gradient program and flow rate were optimised 
according to Gai et al. [25].

Sensory Analysis 
Consumer preferences based on taste, odour, acidity, 

appearance, and overall assessment of fermented products 

were investigated via the protocol described by Altuğ [26] 
with slight modifications. Twenty participants between the 
ages of 18 and 45 from the Akdeniz University Campus 
were selected for this blind test analysis. Since the test 
was designed as a blind test, the content of the drinks was 
not shared by the attendants. On a 5-point hedonic scale, 
an acceptability degree from very bad to very good (1 to 
5 respectively) was expressed by all participants for each 
drink. Besides the taste, visual and olfactory properties of 
drinks were also evaluated by participants on the same scale 
as well.

Statistical Analysis
All experiments were conducted with three indepen-

dent replicates, and all data were expressed as mean ± 
standard deviation of these three replicates. For statistical 
comparisons of the samples, One-way analysis of variance 
(ANOVA) was performed for statistical comparisons of the 
samples using IBM SPSS software version 22 (SPSS, Inc., 
USA). Additionally, Tukey’s post-hoc analysis was used as 
a supplementary test to determine which groups exhibited 
differences in multiple comparisons [8]. Statistical signifi-
cance was considered for p-values < 0.05.

RESULTS AND DISCUSSION

Although black tea is commonly used in kombucha tea 
fermentation, nowadays, various herbal materials are being 
added with the aim of enhancing the health benefits of this 
fermented product. In this study, a kombucha fermentation 
was conducted using gilaburu juice. Before fermentation, 
the number of Lactobacillus, yeast, total mesophilic bac-
teria, and acetic acid bacteria in all cultures ranged from 
1.8 to 3×103 CFU / mL (Table 1). The microbial count of 
all samples reached its peak on the 14th day of fermenta-
tion and gradually decreased throughout the remaining 
fermentation period. After fermentation, the amount of 
Lactobacillus, yeast, total mesophilic bacteria, and ace-
tic acid bacteria in the gilaburu-flavoured kombucha was 
higher than in the traditional kombucha, except for day 14 
of acetic acid bacteria. 

According to Goh et al. [5], the amount of sugar used in 
kombucha culture affects the density of acetic acid bacteria 

Table 1. Microbiological profile of kombucha cultures

Day 0 Day 7 Day 14 Day 21

K K KG K KG K KG
Lactobacillus 3.00±0.05×103 1.45±0.05×107 1.60±0.10×107 1.75±0.05×107 2.05±0.05×107 1.02±0.05×107 1.50±0.0×107

Yeast 1.80±0.10×103 8.00±0.00×106 1.35±0.05×107 1.40±0.05×107 1.65±0.05×107 7.60±0.50×106 1.30±0.10×107

TMB 3.00±0.05×103 6.85±0.15×106 1.70±0.00×107 1.00±0.05×107 6.85±0.15×107 1.80±0.05×106 1.10±0.00×107

AAC 2.00±0.001×103 1.05±0.05×107 1.40±0.10×107 1.60±0.00×107 1.45±0.01×107 8.00±0.50×106 1.30±0.00×107

(AAC: Acetic acid bacteria, TMB: Total mesophilic bacteria, K: Traditional kombucha, KG: Gilaburu-flavoured kombucha)
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and yeasts. According to Sreeramulu et al. [27], the prolif-
eration of acetic acid bacteria in cultures, depending on the 
fermentation period, also leads to a decrease in pH value. 
In this study, all beverages reached their most acidic values 
after a 21-day fermentation period. However, in contrast 
to the results reported by Sreeramulu et al. [27], our study 
found a reduction in the number of acetic acid bacteria in 
both traditional kombucha and gilaburu-flavoured kombu-
cha on the 21st day (Table 2). According to Chen and Liu 
[28], the decrease in pH due to fermentation may be caused 
by the amount of organic acid produced by the metabolic 
activities of bacteria and yeast in fermented beverages. 
Similarly, various studies, including those by Vitas et al. [7], 
Wang et al. [29], and Tefon-Öztürk et al. [8], have reported 
a decrease in pH values over time during the fermentation 
process. According to Chu and Chen [30], a low pH value 
reduces the acceptance rate in relation to the sensory qual-
ity of the beverage. In this study, the lowest pH value for tra-
ditional kombucha was recorded on the 14th and 21st day of 
fermentation. The prolonged fermentation time may lead 
to a drop in the pH value, possibly resulting in an antibac-
terial effect.

In this study, there was no antibacterial effect in any 
of the samples on the 0th and 7th days of fermentation. 
The formation of the inhibition zone was observed from 

the 14th day onward and was only observed in the fer-
mented cultures (Table 3). On fermentation day 14, the 
traditional kombucha showed antibacterial activity against 
four strains, whereas the gilaburu-flavoured kombucha 
showed antibacterial activity against three strains. Both 
traditional kombucha and gilaburu-flavoured kombucha 
were effective against all six strains used in this study on 
day 21. Similarly, Sreeramulu et al. [27] could not find any 
antibacterial effect in their studies with unfermented teas, 
only fermented products could exert an antibacterial effect 
by forming an inhibition zone. They also claimed that the 
components exhibiting an antibacterial effect are produced 
by bacteria or yeasts in kombucha. 

Foods with high antioxidant content are important 
because they can balance free radicals in the cell [31]. 
Therefore, high antioxidant values   of the prepared samples 
gain importance. In this study, on days 7, 14, and 21 of the 
fermentation periods, traditional kombucha and gilabu-
ru-flavoured kombucha had the highest antioxidant activ-
ity (p < 0.05) and there was no statistical difference between 
these two samples (p > 0.05), as indicated in Table 4. While 
the fermented kombucha samples showed increased antiox-
idant activity on the 7th and 14th days, a decrease in antiox-
idant activity was observed in all samples after the 21st day. 
Amarasinghe et al. [32] showed that the antioxidant activity 

Table 3. Average diameter (in mm) of the inhibition zones of the kombucha samples

Day 14 Day 21

KAN AMP K KG FG B G KAN AMP K KG FG B G
EC 16±0.2 6±0 7±0.07 7±0 8±0.1 6±0 6±0 17±0 6±0 8±0 8±0.07 6±0 6±0 6±0
SA 14±0.06 17.3±0.3 6±0 6±0 6±0 6±0 6±0 15.3±0.06 18±0.2 10±0.3 8±0.06 7.3±0.06 6±0 6±0
PA 7.3±0.06 9±0.1 6±0 6±0 6±0 6±0 6±0 8±0.1 8±0.1 10±0.07 9±0.07 6±0 6±0 6±0
BC 14±0.06 7.3±0.06 7.3±0.06 8.3±0.06 7±0 6±0 6±0 18±0.1 11.3±0.06 8±0 7±0 6±0 6±0 6±0
KP 14.3±0.06 10.3±0.2 8.3±0.06 7.3±0.06 6±0 6±0 6±0 20±0 12±0.06 8.3±0.1 7±0 7±0 6±0 6±0
SE 16±0.06 11±0.06 7±0 6±0 6±0 6±0 6±0 18.3±0.1 11±0.06 8.3±0.06 7.3±0.06 6±0 6±0 6±0
(The discs used in the study have a diameter of 6 millimetres. A value of 6 in the table indicates that no inhibition zone is formed. SA: S. aureus, 
PA: P. aeruginosa, SE: S. epidermidis, KP: K. pneumonia, BC: B. cereus, EC: E. coli. K: Traditional kombucha, KG: Gilaburu-flavoured kombucha, 
FG: Fermented gilaburu, B: Black tea, G: Gilaburu fruit juice, KAN: Kanamycin, AMP: Ampicillin)

Table 2. pH values on day 0, day 7, day 14 and day 21 of kombucha beverages and tea infusion

Length of fermentation (days)

Samples 0 7 14 21
K 3.4±0.0 3.3±0.0 2.9±0.1 2.8±0.1
KG 3.3±0.0 3.2±0.0 3.1±0.1 2.9±0.0
FG 3.2±0.0 3.1±0.0 3.0±0.0 2.9±0.0
B 5.1±0.1 4.9±0.0 4.8±0.0 4.6±0.1
G 4.0±0.0 3.6±0.0 3.6±0.0 3.5±0.0
(K: Traditional kombucha, KG: Gilaburu-flavoured kombucha, FG: Fermented gilaburu, B: Black tea, G: Gilaburu fruit juice)
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decreased in all samples at the end of the 8-week fermenta-
tion, noting that this is an indicator of the declining func-
tional properties of the beverages. Lee et al. [1] reported an 
increase in DPPH activity of kombucha cultures during a 
14-day fermentation period, but a decrease on the 14th day. 
Chu and Chen [30] showed that the DPPH activity of vari-
ous Taiwanese home kombucha samples increased with fer-
mentation. Additionally, they have reported that the total 
phenolic content of the beverages increased by up to 98%, 
indicating that polyphenols can be biodegraded during fer-
mentation, leading to the release of smaller molecules with 
higher antioxidant activity.

Phenolic compounds and flavonoids are considered as 
high-level antioxidants because of their ability to remove 
free radicals [33]. However, in contrast to Chu and Chen 
[30], all prepared beverages in this study had the highest 
total phenolic content on the 7th day (Table 5). 

When the fermentation days with the highest total flavo-
noid content were analysed individually for each beverage, 
the total flavonoid content was highest in traditional kom-
bucha on the 14th day, and highest in gilaburu-flavoured 
kombucha on the 7th day (Table 6). Gilaburu-flavoured 
kombucha had the highest total phenolic and flavonoid 
content overall during the fermentation period (p < 0.05). 
Amarasinghe et al. [32] reported that the use of phenolic 
compounds in fermented tea by tea fungus could lead to a 

decrease in total phenolic content. Similarly, Vitas et al. [7] 
observed a decrease in the phenolic substance content in 
beverages after the 7th day. In our study, the total amount 
of flavonoid content in the gilaburu-flavoured kombucha 
culture continued to increase on the 21st day, but the total 
flavonoid amount of the traditional kombucha culture 
increased until the 14th day and started to decrease on the 
21st day. In their study, Chakravorty et al. [34] stated that 
during the 21-day fermentation, the total flavonoid con-
tent in the kombucha drink increased continuously until 
the end of the fermentation. They also found that black tea 
fermented with kombucha had a higher total flavonoid con-
tent than plain black tea. Bhattacharya et al. [33] stated that 
enzymes released by bacteria and yeasts during kombucha 
fermentation may break down the polyphenols, thereby 
increasing the flavonoid and phenolic compounds. 

Kombucha beverages contain many phenolic com-
pounds that may vary depending on the type of plant used 
and the steeping procedure [35]. In this study, traditional 
kombucha and gilaburu-flavoured kombucha generally 
exhibited higher activities on the 7th and 14th days, and 
therefore, the phenolic substance contents on these days 
were investigated and compared. Fourteen phenolic con-
tents were identified from beverages: quinic acid, fumaric 
acid, gallic acid, chlorogenic acid, catechin, 4-OH-benzoic 
acid, epicatechin, epigallocatechin gallate, vitexin, naringin, 

Table 5. Total phenolic content (µg/mL GAE) of fermented beverages on day 0, 7, 14, and 21

Gallic Acid Equivalent (µg/mL)

Day 0 Day 7 Day 14 Day 21
K (1330±1.6)c (1484±2.8)*b (1451±0.8)*b (1262±4.9)*b

KG (1469±3.2)a (1572±2.5)*a (1476±0.6)*a (1342±2.7)*a

FG (598±0.7)d (663±1.2)*d (616±0.3)*d (635±1.0)*c

B (1350±1.0)b (1357±0.3)*c (1298±1.3)*c (1257±1.8)*b

G (481±1.2)e (461±0.4)*e (424±0.4)*e (438±0.3)*d

(Different letters indicate statistical differences in the same column, statistically significant difference between day 0 indicated with * and no significant 
difference indicated with ns. K: Traditional kombucha, KG: Gilaburu-flavoured kombucha, FG: Fermented gilaburu, B: Black tea, G: Gilaburu fruit juice)

Table 4. Antioxidant activity (µM/mL AEE) of fermented beverages on day 0, 7, 14, and 21

Ascorbic Acid Equivalent (µM/mL)

Day 0 Day 7 Day 14 Day 21
K (529±0.7)b (585±3.7)*a (580±4.5)*a (528±3.8)ns, a

KG (579±1.8)a (573±5.2)ns, a (588±2.6)ns, a (531±4.5)*a

FG (278±5.0)e (325±4.6)*c (393±0.7)*c (241±4.5)*c

B (481±5.1)c (479±2.9)ns, b (430±5.2)*b (359±5.1)*b

G (343±4.9)d (206±1.4)*d (216±2.6)*d (191±0.8)*d

(Different letters indicate statistical differences in the same column, statistically significant difference between day 0 indicated with * and no significant 
difference indicated with ns. K: Traditional kombucha, KG: Gilaburu-flavoured kombucha, FG: Fermented gilaburu, B: Black tea, G: Gilaburu fruit juice)
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ellagic acid, hesperidin, p-coumaric acid, and rosmarinic 
acid (Table 7). Gallic acid, which has antioxidant, anti-in-
flammatory, antimicrobial, and anticancer activities [11], 
was the main phenolic compound in both kombucha 
beverages, traditional kombucha and gilaburu-flavoured 
kombucha. Gilaburu-flavoured kombucha had a higher 
content of fumaric acid, chlorogenic acid, catechin, and 
4-OH-benzoic acid than traditional kombucha on days 7 
and 14. It is known that chlorogenic acid, exhibits antiox-
idant, carcinogenic, and antimutagenic activities [36] and 
Karaçelik et al. [37] reported that chlorogenic acid is one 
of the main components of gilaburu. Catechins, which 
belong to the group of polyphenols that play an important 
role in human nutrition, are bioactive compounds involved 
in scavenging reactive oxygen species and free radicals and 
have antimicrobial activity [38]. Similarly, 4-OH benzoic 
acid is known to have antimicrobial and antioxidant activity 
and inhibits human carbonic anhydrase and phenoloxidase 

activity [39]. Additionally, fumaric acid is a beverage ingre-
dient frequently used as a food acidulant and food additive 
due to its taste and non-toxicity [40].

Upon evaluating the prepared kombucha beverages in 
terms of taste, smell, appearance, acidity, and overall qual-
ity, participants generally found the gilaburu-flavoured 
kombucha to be more flavourful than the traditional kom-
bucha (Figure 1). Participants gave higher scores for the 
gilaburu-flavoured kombucha and traditional kombucha 
sample for acidity on day 7 of fermentation, while scores 
for the gilaburu-flavoured kombucha and traditional kom-
bucha samples decreased on day 21 of fermentation. At the 
same time, the participants said that the acidity and foul 
odour increased during fermentation. Both samples had 
the lowest scores on day 21 of fermentation. Similarly, Ayed 
et al. [41], in their sensory analysis, stated that the scores 
of the kombucha samples decreased during fermentation, 
especially after the 6th day, they turned into a vinegar-like 

Table 6. Total flavonoids (µg/mL QE) of fermented beverages on day 0, 7, 14, and 21

Quercetin Equivalent (µg/mL)

Day 0 Day 7 Day 14 Day 21
K (20.8±0.7)b (24.7±0.5)*a (26.7±0.3)*a (23.3±0.2)*b

KG (23.8±0.3)a (23.8±0.3)ns, a (26.6±0.1)*a (28.4±0.3)*a

FG (7.4±0.1)d (9.7±0.1)*c (6.1±0.1)*d (9.6±0.6)*d

B (17.6±0.2)c (18.2±0.6)*b (16.7±0.2)*b (15.1±0.2)*c

G (5.8±0.3)e (7.9±0.7)*d (7.9±0.7)*c (6.7±0.2)ns, e

(Different letters indicate statistical differences in the same column, statistically significant difference between day 0 indicated with * and no significant 
difference indicated with ns. K: Traditional kombucha, KG: Gilaburu-flavoured kombucha, FG: Fermented gilaburu, B: Black tea, G: Gilaburu fruit juice)

Table 7. The concentration of polyphenols (ng/mL) in kombucha samples

Day 7 Day 14

Contents K KG K KG
Quinic Acid 1812.1±0.9b 1980.6±0.4a 1702.4±0.8c 1523.8±1.5d

Fumaric Acid 370.9±0.4d 803.8±0.5b 521.0±0.6c 1948.3±0.9a

Gallic Acid 18970.9±1.0c 18048.5±0.8d 21875.6±1.5a 19679.3±0.9b

Chlorogenic Acid 258.9±0.3c 11890.1±0.9a 244.2±0.3c 11539.4±0.4b

Catechin 89.4±0.1c 196.0±0.3b 98.6±0.1c 277.2±0.4a

4-OH-Benzoic Acid 0±0.0d 21.9±0.0c 38.7±0.1b 82.0±0.1a

Epicatechin 361.8±0.5c 273.1±0.2d 384.7±0.5b 438.8±0.6a

Epigallocatechin Gallate 4752.6±0.9a 3116.2±1.5d 4553.2±0.5b 3939.3±0.7c

Vitexin 306.2±0.4b 322.5±0.3a 323.7±0.1a 299.7±0.1b

Naringin 41.3±0.1a 31.3±0.0b 39.9±0.1a 35.3±0.2ab

Ellagic Acid 526.8±0.5a 367.4±0.6b 516.9±0.8a 353.4±0.4b

Hesperidin 826.7±0.1b 907.5±0.4a 812.3±0.4bc 810.0±0.9c

p-Coumaric Acid 17.1±0.0a 6.2±0.0b 0±0.0c 0±0.0c

Rosmarinic Acid 39.5±0.1a 29.9±0.0bc 33.1±0.1ab 22.4±0.2c

(Different letters indicate statistical differences in the same line. K: Traditional kombucha, KG: Gilaburu-flavoured kombucha)
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drink with an extremely acidic taste. In addition, in this 
study, the participants stated that the kombucha samples 
looked blurry. Gramza-Michałowska et al. [42] claimed 
that Acetobacter xylinum, which is present in the structure 
of kombucha and has a fibrous structure, may cause the 
kombucha samples to appear cloudy.

CONCLUSION

In this study, we investigated the effect of using a medic-
inal herb gilaburu in kombucha fermentation, in terms of 
antimicrobial, total phenolic, and flavonoid content, micro-
bial profile, and sensory properties. The kombucha culture 
was successfully fermented with gilaburu juice, and the best 
results in terms of studies conducted were generally obtained 
in the sample of gilaburu-flavoured kombucha. Moreover, 
it has been shown that the gilaburu-flavoured kombucha 
drink is rich in ingredients with high antioxidant activity, 
such as 4-OH-benzoic acid, fumaric acid, chlorogenic acid, 
and catechin, and has a high total phenolic content. At the 
same time, in the sensory analysis, the participants found 
the gilaburu-flavoured kombucha sample tastier than tra-
ditional kombucha. For the beverage to be preferred by 
consumers, the acidity and bad smell produced during the 
fermentation process need to be improved. Further studies 
on the in vivo effects of the drink are also needed.

AUTHORSHIP CONTRIBUTIONS

Authors equally contributed to this work.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the 
findings of this study are available within the article. Raw 
data that support the finding of this study are available from 
the corresponding author, upon reasonable request.

CONFLICT OF INTEREST

The author declared no potential conflicts of interest 
with respect to the research, authorship, and/or publication 
of this article.

ETHICS

There are no ethical issues with the publication of this 
manuscript.

REFERENCES

 [1] Lee YJ, Kang HJ, Yi SH, Jung YH. Antioxidant 
properties of kombucha made with tartary buck-
wheat tea and burdock tea. Prev Nutr Food Sci 
2023;28:347−352. [CrossRef]

 [2] Fu C, Yan F, Cao Z, Xie F, Lin J. Antioxidant activi-
ties of kombucha prepared from three different sub-
strates and changes in content of probiotics during 
storage. Food Sci Technol 2014;34:123−126. [CrossRef]

 [3] Battikh H, Bakhrouf A, Ammar E. Antimicrobial 
effect of Kombucha analogues. LWT Food Sci 
Technol 2012;47:71−77. [CrossRef]

 [4] Coton M, Pawtowski A, Taminiau B, Burgaud G, 
Deniel F, Coulloumme-Labarthe L, et al. Unraveling 
microbial ecology of industrial-scale Kombucha 
fermentations by metabarcoding and culture-based 
methods. FEMS Microbiol Ecol 2017;93. [CrossRef]

 [5] Goh W, Rosma A, Kaur B, Fazilah A, Karim A, Bhat 
R. Fermentation of black tea broth (Kombucha): I. 
Effects of sucrose concentration and fermentation 
time on the yield of microbial cellulose. Int Food Res 
J 2012;19:109−117.

 [6] Hassan IA, AL-Kalifawi EJ. Factors influence on the 
yield of bacterial cellulose of Kombucha (Khubdat 
Humza). Baghdad Sci J 2014;11:1420−1428. [CrossRef]

 [7] Vitas J, Vukmanović S, Čakarević J, Popović L, 
Malbaša R. Kombucha fermentation of six medici-
nal herbs: Chemical profile and biological activity. 
Chem Ind Chem Eng Q 2019;26:157−170. [CrossRef]

 [8] Tefon Öztürk BE, Eroğlu B, Delik E, Çiçek M, Çiçek 
E. Comprehensive evaluation of three ımportant 
herbs for Kombucha fermentation. Food Technol 
Biotechnol 2023;61:127−137. [CrossRef]

 [9] Eroğlu B, Delik E, Yildirim V, Özçelik A, Tefon-
Öztürk. Investigation of biochemical and microbi-
ological effects of prunus mahaleb in fermented tea 
beverage. J Sci Technol 2023;13:1600−1612. [CrossRef]

Figure 1. Sensory test results for samples after 7, 14, and 21 days of fermentation. (K: Traditional kombucha, KG: Gilabu-
ru-flavoured kombucha).

https://doi.org/10.3746/pnf.2023.28.3.347
https://doi.org/10.1590/S0101-20612014005000012
https://doi.org/10.1016/j.lwt.2011.12.033
https://doi.org/10.1093/femsec/fix048
https://doi.org/10.21123/bsj.2014.11.3.1420-1428
https://doi.org/10.2298/CICEQ190708034V
https://doi.org/10.17113/ftb.61.01.23.7789
https://doi.org/10.21597/jist.1223639


Sigma J Eng Nat Sci, Vol. 42, No. 3, pp. 805−813, June, 2024812

[10] Wu SX, Xiong RG, Cheng J, Xu XY, Tang GY, 
Huang SY, et al. Preparation, antioxidant activities 
and bioactive components of Kombucha beverages 
from Golden-Flower Tea (Camellia petelotii) and 
Honeysuckle-Flower Tea (Lonicera japonica). Foods 
2023;12:3010. [CrossRef]

[11] Bortolomedi BM, Paglarini CS, Brod FCA. Bioactive 
compounds in kombucha: A review of substrate 
effect and fermentation conditions. Food Chem 
2022;385:132719. [CrossRef]

[12] Zayachkivska OS, Gzhegotsky MR, Terletska OI, 
Lutsyk DA, Yaschenko AM, Dzhura OR. Influence of 
Viburnum opulus proanthocyanidins on stress-in-
duced gastrointestinal mucosal damage. J Physiol 
Pharmacol 2006;57:155−167.

[13] Gülada BÖ, Cam ME, Yüksel M, Akakın D, Taşkın 
T, Emre G, et al. Gilaburu (Viburnum opulus L.) 
fruit extract has potential therapeutic and pro-
phylactic role in a rat model of acetic acid-in-
duced oxidant colonic damage. J Ethnopharmacol 
2024;322:117624. [CrossRef]

[14] Kraujalytė V, Venskutonis PR, Pukalskas A, Česonienė 
L, Daubaras R. Antioxidant properties and polyphe-
nolic compositions of fruits from different European 
cranberrybush (Viburnum opulus L.) genotypes. 
Food Chem 2013;141:3695−3702. [CrossRef]

[15] Altun ML, Citoğlu GS, Yilmaz BS, Coban T. 
Antioxidant properties of Viburnum opulus and 
Viburnum lantana growing in Turkey. Int J Food Sci 
Nutr 2008;59:175−180. [CrossRef]

[16] Cesonienė L, Daubaras R, Viškelis P, Sarkinas A. 
Determination of the total phenolic and antho-
cyanin contents and antimicrobial activity of 
Viburnum opulus fruit juice. Plant Foods Hum Nutr 
2012;67:256−261. [CrossRef]

[17] Wójcik-Bojek U, Rywaniak J, Bernat P, Podsędek A, 
Kajszczak D, Sadowska B. An In vitro study of the 
effect of Viburnum opulus extracts on key processes 
in the development of staphylococcal infections. 
Molecules 2021;26:1758. [CrossRef]

[18] Marsh AJ, O'Sullivan O, Hill C, Ross RP, Cotter PD. 
Sequence-based analysis of the bacterial and fungal 
compositions of multiple kombucha (tea fungus) 
samples. Food Microbiol 2014;38:171−178. [CrossRef]

[19] Halkman KA. GDM310 gıda mikrobiyolojisi ve 
uygulamaları. Available at: http://www.mikrobiy-
oloji.org/TR/Kitap/kitapformati.pdf. Accessed on 
May 20, 2024.

[20] Bauer AW, Kirby WM, Sherris JC, Turck M. 
Antibiotic susceptibility testing by a standard-
ized single disk method. Am J Clin Pathol 
1966;45:493−496. [CrossRef]

[21] Von Gadow A, Joubert E, Hansmann C. Comparison 
of the antioxidant activity of rooibos tea (Aspalathus 
linearis) with green, oolong and black tea. Food 
Chem 1997;60:73−77. [CrossRef]

[22] Škerget M, Kotnik P, Hadolin M, Hraš AR, Simonič 
M, Knez Ž. Phenols, proanthocyanidins, flavones 
and flavonols in some plant materials and their anti-
oxidant activities. Food Chem 2005;89:191−198. 
[CrossRef]

[23] Singleton VL, Rossi JA. Colorimetry of total pheno-
lics with phosphomolybdic-phosphotungstic acid 
reagents. Am J Enol Vitic 1965;16:144−158. [CrossRef]

[24] Dwiputri MC, Feroniasanti YL. Effect of fermenta-
tion to total titrable acids, flavonoid and antioxidant 
activity of butterfly pea kombucha. J Phys Conf Ser 
2019;1241:012014. [CrossRef]

[25] Gai QY, Jiao J, Wang X, Fu YJ, Lu Y, Liu J, et al. 
Simultaneous quantification of eleven bioactive phe-
nolic compounds in pigeon pea natural resources 
and in vitro cultures by ultra-high performance liq-
uid chromatography coupled with triple quadrupole 
mass spectrometry (UPLC-QqQ-MS/MS). Food 
Chem 2021;335:127602. [CrossRef]

[26] Altuğ T. Sensory testing techniques. İzmir: Ege 
Üniversitesi Mühendislik Fakültesi Ders Kitapları 
Yayın; 1993. [Turkish]

[27] Sreeramulu G, Zhu Y, Knol W. Kombucha fermen-
tation and its antimicrobial activity. J Agric Food 
Chem 2000;48:2589−2594. [CrossRef]

[28] Chen C, Liu BY. Changes in major components of 
tea fungus metabolites during prolonged fermenta-
tion. J Appl Microbiol 2000;89:834-839. [CrossRef]

[29] Wang B, Rutherfurd-Markwick K, Naren N, Zhang 
XX, Mutukumira AN. Microbiological and phys-
ico-chemical characteristics of black tea kombu-
cha fermented with a New Zealand starter culture. 
Foods 2023;12:2314. [CrossRef]

[30] Chu SC, Chen C. Effects of origins and fermenta-
tion time on the antioxidant activities of kombucha. 
Food Chem 2006;98:502−507. [CrossRef]

[31] Yamaguchi N, Satoh-Yamaguchi K, Ono M. In vitro 
evaluation of antibacterial, anticollagenase, and 
antioxidant activities of hop components (Humulus 
lupulus) addressing acne vulgaris. Phytomedicine 
2009;16:369−376. [CrossRef]

[32] Amarasinghe H, Weerakkody NS, Waisundara VY. 
Evaluation of physicochemical properties and anti-
oxidant activities of kombucha "tea fungus" during 
extended periods of fermentation. Food Sci Nutr 
2018;6:659−665. [CrossRef]

[33] Bhattacharya S, Gachhui R, Sil PC. Effect of 
Kombucha, a fermented black tea in attenuat-
ing oxidative stress mediated tissue damage in 
alloxan induced diabetic rats. Food Chem Toxicol 
2013;60:328−340. [CrossRef]

[34] Chakravorty S, Bhattacharya S, Chatzinotas 
A, Chakraborty W, Bhattacharya D, Gachhui 
R. Kombucha tea fermentation: Microbial and 
biochemical dynamics. Int J Food Microbiol 
2016;220:63−72. [CrossRef]

https://doi.org/10.3390/foods12163010
https://doi.org/10.1016/j.foodchem.2022.132719
https://doi.org/10.1016/j.jep.2023.117624
https://doi.org/10.1016/j.foodchem.2013.06.054
v
https://doi.org/10.1007/s11130-012-0303-3
https://doi.org/10.3390/molecules26061758
https://doi.org/10.1016/j.fm.2013.09.003
https://doi.org/10.1093/ajcp/45.4_ts.493
https://doi.org/10.1016/S0308-8146(96)00312-3
https://doi.org/10.1016/j.foodchem.2004.02.025
https://doi.org/10.5344/ajev.1965.16.3.144
https://doi.org/10.1088/1742-6596/1241/1/012014
https://doi.org/10.1016/j.foodchem.2020.127602
https://doi.org/10.1021/jf991333m
https://doi.org/10.1046/j.1365-2672.2000.01188.x
v
https://doi.org/10.1016/j.foodchem.2005.05.080
https://doi.org/10.1016/j.phymed.2008.12.021
https://doi.org/10.1002/fsn3.605
https://doi.org/10.1016/j.fct.2013.07.051
https://doi.org/10.1016/j.ijfoodmicro.2015.12.015


Sigma J Eng Nat Sci, Vol. 42, No. 3, pp. 805−813, June, 2024 813

[35] Kallel L, Desseaux V, Hamdi M, Stocker P, Ajandouz 
EH. Insights into the fermentation biochemis-
try of Kombucha teas and potential impacts of 
Kombucha drinking on starch digestion. Food Res 
Int 2012;49:226−232. [CrossRef]

[36] Rice-Evans CA, Miller NJ, Paganga G. Structure-
antioxidant activity relationships of flavo-
noids and phenolic acids. Free Radic Biol Med 
1996;20:933−956. [CrossRef]

[37] Karaçelik AA, Küçük M, İskefiyeli Z, Aydemir S, De 
Smet S, Miserez B, et al. Antioxidant components of 
Viburnum opulus L. determined by on-line HPLC-
UV-ABTS radical scavenging and LC-UV-ESI-MS 
methods. Food Chem 2015;175:106−114. [CrossRef]

[38] Bishop P, Pitts ER, Budner D, Thompson-Witrick 
KA. Chemical composition of kombucha. Beverages 
2022;8:45. [CrossRef]

[39] Inci H, Izol E, Yilmaz MA, Ilkaya M, Bingöl Z, Gülçin 
I. Comprehensive phytochemical content by LC/MS/
MS and anticholinergic, antiglaucoma, antiepilepsy, 
and antioxidant activity of apilarnil (Drone Larvae). 
Chem Biodivers 2023;20:e202300654. [CrossRef]

[40] Guo F, Wu M, Dai Z, Zhang S, Zhang W, Dong W, et al. 
Current advances on biological production of fumaric 
acid. Biochem Eng J 2020;153:107397. [CrossRef]

[41] Ayed L, Abid SB, Hamdi M. Development of a 
beverage from red grape juice fermented with 
the Kombucha consortium. Ann Microbiol 
2017;67:111−121. [CrossRef]

[42] Gramza-Michałowska A, Kulczyński B, Xindi Y, 
Gumienna M. Research on the effect of culture time 
on the kombucha tea beverage's antiradical capac-
ity and sensory value. Acta Sci Pol Technol Aliment 
2016;15:447−457. [CrossRef]

https://doi.org/10.1016/j.foodres.2012.08.018
https://doi.org/10.1016/0891-5849(95)02227-9
https://doi.org/10.1016/j.foodchem.2014.11.085
https://doi.org/10.3390/beverages8030045
https://doi.org/10.1002/cbdv.202300654
https://doi.org/10.1016/j.bej.2019.107397
https://doi.org/10.1007/s13213-016-1242-2
https://doi.org/10.17306/J.AFS.2016.4.43



