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Abstract
Kombucha is a traditional refreshing beverage usually prepared by fermentation of sweetened black or green tea. In this study, 
it was aimed to investigate the effects of different raw material usage on composition and sensory properties of kombucha 
beverage. For this aim, cherry laurel, red raspberry, blackthorn fruits and black carrot juice concentrate were added to green 
tea infusion. After 40 h of fermentation at 28 ± 2 °C, beverages were stored at 4 °C for 10 days. During fermentation and stor-
age; total acidity, pH, brix, colour, total phenolic matter content, antioxidant capacity (DPPH, FRAP and CUPRAC assays) 
and total monomeric anthocyanin content of the samples were analyzed. Furthermore, the changes in sensory properties were 
determined periodically. Total phenolic content and antioxidant capacities of the products were increased when compared 
to uncultivated substrates. The results demonstrated that use of anthocyanin rich raw materials together with green tea for 
fermentation contributed nutritional value, functional and sensory properties of the kombucha beverage.
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Introduction

For centuries, humans have benefited from fermentation with 
the purpose of making the food sustainable. Fermentation 
is not only an efficient preservation method, but also health 
beneficial components are produced. Fermented products 
show variety according to the dietary cultures of each com-
munity. Due to their positive effects on human health, having 
beneficial microorganisms, protection of food, improving of 
nutritional value and antioxidant activity and positive contri-
bution to immunological system; consumption of fermented 
foods and beverages has increased in recent years [1].

Kombucha tea is produced by fermenting sugared black 
or green tea with powerful symbiosis of acetic acid bacteria 
(Acetobacter aceti, Acetobacter pasteurianus and Gluco-
bacter oxydans, Acetobacter xylinum, Bacterium gliconi-
cum) and yeasts (Saccharomyces sp., Zygosaccharomyces, 

Torulopsis sp., Pichia sp., and Brettanomyces sp.) forming 
a cellulose-like pellicle (zoogleal mat) on its surface [2, 3]. 
The origin of this beverage is China. It has been intensely 
consumed for a long time worldwide for its prophylactical 
and curative features [4]. Regular consumption of kombu-
cha leads to longevity because of the reversal of aging pro-
cesses [5]. Kombucha beverages with different flavors are 
sold worldwide in markets [1, 6–9].

Kombucha contains organic acids (acetic, lactic, malic, 
tartaric, malonic, oxalic, succinic, pyruvic, 2-keto-d-glu-
conic, glucuronic and usnic acids), amino acids (lysine, 
methionine, arginine), sugars (sucrose, glucose, fructose), 
probiotics, biogenic amines, purines, pigments, ethanol, car-
bon dioxide, glycerol [10], phenolic compounds (orcinol, 
anthranin, orsellinic, slazine, lecaronic acids) [11], enzymes, 
B group vitamins (B1, B2, B6, B12), vitamin C, vitamin 
E and some minerals (potassium, manganese, zinc, copper, 
iron, nickel, cobalt and fluoride ions) [12, 13].

Kombucha has antimicrobial activity against a majority of 
microorganisms [14]. The vitamins B, C and E not only con-
tribute to its nutritional value but also conduct antioxidant 
properties. The high antioxidant activity of the kombucha 
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beverage has been associated with benefits such as cancer 
prevention, improvement of joint rheumatism and support-
ing of the immune system [15]. Consumption of kombu-
cha was reported to be effective in rebalancing blood pH of 
cancer patients and it is thought to be helpful in preventing 
headache, nervousness, insomnia, geriatric depression and 
epilepsy crises [16].

Green tea has significant amount of phenolic substances 
such as gallic acid, caffeic acid, chlorogenic acids and some 
flavonols, and also has high antioxidant capacity compared 
to black tea and fermented black tea with kombucha culture 
[17, 18].

It has been reported that antioxidant activity of kombucha 
tea after 15 days of fermentation was increased by about 
70% [2]. Kombucha prepared with lemon balm showed 
antioxidant activity against DPPH radicals higher than 
kombucha prepared with black tea [19]. In another study, 
kombucha prepared with green tea showed the highest anti-
oxidant activity [20]. Sun et al. [21] demonstrated that phe-
nolic content of traditional kombucha was increased when 
it was supplemented with wheatgrass juice. Ayed et al. [22] 
determined the chemical composition and organoleptic and 
antimicrobial activities of the red grape juice kombucha bev-
erage. Phenolic and anthocyanin contents and the antioxi-
dant capacity of the fermented beverage were higher after 
fermentation, with the maximum increase observed on the 
sixth day of fermentation when values were approximately 
2.47- and 1.59-fold higher than pre-fermentation values, 
respectively. It has been reported that different antioxidant 
activities depend on the tea composition as well as the differ-
ence in the amount of vitamin C and organic acids produced 
[23]. High levels of anthocyanins tend to improve the total 
antioxidant capacity [24, 25]. For this reason, the possibil-
ity of using different raw materials with high anthocyanin 
content such as cherry laurel, red raspberry, blackthorn and 
black carrot juice concentrate were used for kombucha bev-
erage production to improve nutritional value, functional and 
sensory properites of kombucha beverage. The important 
properties of the raw materials used for kombucha beverages 
were summarized:

Cherry laurel (Prunus laurocerasus)

Cherry laurel belongs to the genus Prunus and the family 
Rosaceae. The fruit is rich in vitamin C with antioxidant 
activity as well as phenolic substances such as anthocya-
nins, which are functional food ingredients [26]. The rich 
antioxidant content is effective in the prevention of the 
formation and development of many diseases and exhibits 
various biological activities such as anti-inflammatory, 
antinociceptive, antioxidant, neuroprotective and anti-
diabetic. It is known as a medicinal plant and used in the 

treatment of stomach ulcers, digestive system disorders, 
bronchitis, eczema and hemorrhoids [27].

Raspberry (Rubus idaeus)

Raspberry (Rubus idaeus) is a plant species from the fam-
ily Rosaceae that gives red sweet fruits in the summer 
and autumn seasons. Red raspberries possess a unique 
polyphenol profile that is characterized primarily by 
their anthocyanins. These pigments are important natural 
organic compounds having vital significance to prevent 
cardiovascular problems and tumourigenesis [25]. Rasp-
berries are known to contain the highest antioxidant level 
among the fruits. Antioxidant activity of raspberries is 
primarily constituted by anthocyanins and ellagitannins 
which contributed about 25% and 52% to the total anti-
oxidant activity [24].

Blackthorn (Prunus spinosa)

Blackthorn (Prunus spinosa), which belongs to the rose fam-
ily (Rosaceae), is a perennial plant growing as a shrub on 
slopes of wild uncultivated areas. Fruits are blueish black, 
bloomy, globular drupe, 10–15 mm with green astringent 
flesh. This wild fruit is used to stop bleeding in traditional 
medicine. It has diuretic effect and increases body resist-
ance [28, 29]. Fruits are rich in polyphenolic compounds, as 
well as in vitamin C that contribute to their high antioxidant 
activity [30].

Black carrot (Daucus carota L. ssp. sativus var. 
atrorubens Alef)

According to botanical classification of carrot seeds, they 
are separated in two groups. The anthocyanin group (Daucus 
carota ssp. Sativus var. Atrorubens Alef.) and the carotene 
group (Daucus carota ssp. Sativus var.). Although orange 
colored carrot varieties are more common, consumption of 
black or purple carrots (Daucus carota L. ssp. sativus var. 
atrorubens Alef.) is currently increasing in world due to 
its positive effects on health. Black carrot has attracted the 
attention of the scientific community due to their phenolic 
compounds, vitamin C and E which are significantly related 
to the antioxidant capacity [31].

This study aimed to investigate the possibility of using 
different raw materials containing significant amount of 
anthocyanins to produce kombucha beverage with high 
antioxidant capacity. At the same time, kombucha beverage 
flavor was improved with the use of these raw materials for 
receiving appreciation of wider group of consumers.
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Materials and methods

Material

Green tea (Camellia sinensis), cherry laurel (Prunus lau-
rocerasus), red raspberry (Rubus idaeus) and sucrose were 
purchased from local market in Bursa. Blackthorn (Prunus 
spinosa) was obtined from Giresun province. Black carrot 
(Daucus carota L. ssp. sativus atrorubens Alef.) juice con-
centrate was obtained from Aroma Bursa Fruit Juices and 
Food Ind. Inc.

Methods

Preparation and cultivation of kombucha

Sweetened green tea was prepared as shown in Fig. 1. 
First, 60 g of sucrose were dissolved in 1 L of hot tap water 
(98 °C) and pasteurized for 15 min. Then, 10 g of green tea 
was infused with this water at 95 °C for 12 min and then 
filtered. According to the results of preliminary tests, mash 
of cherry laurel, blackthorn and red raspbery fruits were 
added as 10% (v/v) and black carrot juice concentrate was 

added as 1% (v/v) to cooled green tea infusion, separately, 
then inoculated with kombucha culture and fermented at 
28 ± 2 °C. Green tea infusion containing other raw materi-
als was inoculated with kombucha culture [10% (v/v)]. The 
kombucha culture was obtained from previous fermenta-
tion (14 days) of green tea. Fermentation was monitored at 
28 ± 2 °C. The green tea kombucha beverage was analyzed 
as control sample.

Analyses

Water soluble dry matter, total acidity, pH and color

Water soluble dry matter (brix°) was measured by using 
RA-500 model KEM refractometer (Kyoto Electronics 
Manufacturing Co. Ltd., Japan); total acidity was deter-
mined by potentiometric method, where samples were 
titrated with 0.1 N NaOH to pH 8.1 and the total acidity 
value was calculated as g/100 mL in terms of acetic acid 
[32]. The pH analysis weas conducted by pH meter (Met-
tler Toledo Sevencompact pH/Ion pH meter, Canada) Shi-
madzu (UV 1208) spectrophotometer (Japan) was used for 
total phenolics, total anthocyanins and antioxidant capac-
ity analyses. Color analysis was done by Konica Minolta 
Chroma Meter, CR-5, Japan. The samples were filled into 

Fig. 1  Kombucha beverage 
production flow chart Tap water (1 L) + Sucrose (60 g)

Pasteurization
(98oC / 15 min)

Green tea infusion
(10 g/L )

( 95oC / 12 min)

Filtering

Colling to room 
temperature

Fermentation (28±2°C, at dark condition)

Kombucha culture 
inoculation 10% (v/v)

Kombucha beverage

Filtration

A-Cherry laurel (10%)
B-Red raspberry (10%)
C-Blackthorn (10%)
D-Black carrot juice 
concentrate (1%)
addition

Storage at 4°C
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crystal quartz glass tubes of 6.3 cm in diameter and 4.3 cm 
in height so that no air space was left and L*, a* and 
b* values were read; hue and chroma values were calcu-
lated. L value indicates the change from vertical lumi-
nous intensity to darkness, (+ a) redness, (− a) greenness, 
(+ b) yellowness, (− b) blue, hue value [hue  (hab = arctan 
(b*/a*))] reflects the tone and is expressed in degrees on 
a 360° scale; and chroma [C*ab = (a*2 + b*2)1/2] defines 
the chromaticness, being a measure of colour intensity or 
saturation and ranges from 0 (completely unsaturated) to 
100 or more (pure colour). All analyses were performed in 
three replicates. All results are given as mean ± standard 
deviation.

Total phenolic matter content

The total phenolic matter content was determined by the 
Folin–Ciocalteu method [32]. Briefly, 0.2 mL of extract, 
2.3 mL of distilled water and 0.15 mL of Folin–Ciocalteu 
(FC) reagent were added into capped glass scoops, and 
vortexed for 15 s. After 5 min, 0.3 mL of saturated  Na2CO3 
(35%) solution was added and the tube contents were agi-
tated and allowed to stand in the dark condition for 2 h. At 
the end of the period, the absorbance of the sample was 
measured at 725 nm and the result was calculated as “mg 
gallic acid equivalent/100 g dry weight”.

Antioxidant capacity

Antioxidant capacity was analyzed both in raw mate-
rial and in beverages, employing the DPPH [33], FRAP 
[34] and CUPRAC [35] assays. In the DPPH assay, 
0.1 mL specimen was added to 3.9 mL of DPPH solu-
tion and vortexed (Vortex Mixer Classic, Velp Scienti-
fica, Usmate, Italy) for 30 s. Test tubes stood in the dark 
at room temperature for 30 min to let the reaction occur. 
A trolox calibration curve  (R2 = 0.9997) was obtained 
by measuring the reduction in absorbance of the DPPH 
solution in the presence of different concentrations of 
trolox (10–100 µmol/L). In FRAP assay, 3 mL of daily 
prepared FRAP reagent was mixed with 300 µL of dis-
tilled water and 100 µL of the sample or blank. The test 
samples, FRAP solution and blank were incubated at 
 37◦C for 60 min. At the end of the incubation, absorbance 
was measured immediately at 595 nm. The results were 
calculated from calibration curve as µmol trolox/mL for 
beverages  (R2 = 0.9934). In CUPRAC assay, (1 × 10−2 M) 
CuCl2, (7.5 × 10−3 M) neocuproine, and (1 M) ammonium 
acetate were mixed and the final absorbance was measured 
at 450 nm after 30 min  (R2 = 0.9933). Results were given 
as trolox equivalents [36].

Total monomeric anthocyanin

The principle of this method is based on the fact that the 
monomeric anthocyanins are dominant in the colored oxi-
mes form at pH 1.0, while at pH 4.5, the colorless hemiketal 
form dominates. Accordingly, the difference in measured 
absorbance values when the media is at pH 1.0 and at 4.5 
is directly proportional to the concentration of anthocyanin. 
Potassium chloride (KCl) buffer solution (0.025 M, pH 1.0) 
and sodium acetate  (NaC2H3O2) buffer solution (0.4 M, pH 
4.5) used in this method were prepared as indicated [37]. In 
this assay, 100 µL of the extract was used for total phenol 
determination and 400 µL of pH 1 (KCl 0.025 M) buffer 
was added. 100 µL of the extract was used in the determi-
nation of total phenolic compound and 400 µL of pH 4.5 
(sodium acetate 0.4 M) buffer was added. Absorbance val-
ues measured at 512 nm and at 700 nm against pure water. 
The total amount of anthocyanin was calculated according 
to equation E (1), where MW is the molecular weight of the 
anthocyanine standard (449.2 for cyanidin-3-glucoside), df 
is the dilution factor, € is the molar absorptivity or absorb-
ance coefficient (26,900 for cyanidin-3-glucoside) and l is 
the layer thickness of the spectrophotometer bath (cm) [38].

Anthocyanin (cyanidin-3-glucoside equivalent) (mg/kg)

Sensory evaluation

Sensory analysis was carried out at 0, 3, 5, 10 and 12 storage 
days. The products were evaluated for appearance, color, 
odor, sourness and sweetness. A nine-point hedonic scale 
was used. The selected terms for each choice in the scale 
were based on equal interval spaces, allowing the assign-
ment of numerical values to the response options. The pro-
posed categories were: (1) dislike extremely, (2) dislike very 
much, (3) dislike moderately, (4) dislike slightly, (5) neither 
like nor dislike, (6) like slightly, (7) like moderately, (8) like 
very much and (9) like extremely. Ten panellists evaluated 
the samples coded with three digits random numbers. A rat-
ing below the 5-point limit value indicates that the product 
will not be consumed [39].

E(1) = A ×MW × Df ×
1000

C× l

=
A × 449.2 × Df × 1000

26,900

A = (Amax − A700 nm)pH1 − (Amax − A700 nm)pH4.5

A = (A�512 nm − A�700 nm)pH1 − (A�512 nm − A�700 nm)pH4.5

Dilution factor =
buffer solution volume + extract volume

extract volume
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Statistical analysis

The assessment was conducted using the SAS Statistical 
Program developed by SAS Institue, Inc. Data were ana-
lysed with the Analysis of Variance (ANOVA), and further 
analysis was conducted with the Least Square Difference 
(LSD), both at a 5% significant level [40].

Results and discussion

Total acidity, pH and Brix

Samples were evaluated for physicochemical properties 
during 40 h of fermentation at 28 ± 2 °C. Total acidity of 
kombuchas prepared with green tea, black carrot juice 
concentrate, cherry laurel, blackthorn and red raspberry 
reached 0.26 g/100 mL, 0.26 g/100 mL, 0.26 g/100 mL, 
0.28 g/100 mL and 0.32 g/100 mL, respectively at the end of 

the second day of fermentation. All samples were accepted 
ready for consumption with these acidities and then stored 
at 4 °C. The variation of total acidity during fermentation 
and storage is given in Fig. 2. Although beverages stored at 
4 °C, fermentation was continued and total acidity increased 
especially after 5th day of storage.

The pH of green tea kombucha beverage decreased during 
fermentation period (Fig. 3). It decreased rapidly from 7.23 
to 3.97 within 2 days of fermentation and then it continued 
to decrease slightly up to 10th day. Other samples showed 
similar trend. Similar pH values were observed when kom-
bucha analogues were prepared with medicinal herbs from 
the Lamiaceae family such as thyme, lemon balm, pepper-
mint and sage [41]. pH of kombucha beverages decreased 
depending on the organic acid production. The decrease in 
pH can be beneficial in terms of preventing the chemical 
degradation of polyphenols and retaining beverage color. 
Under acidic conditions, anthocyanins retain their chemi-
cal structure and become more stable [42]. Vīna et al. [43] 

Fig. 2  Total acidity changes 
of kombucha beverages 
(g/100 mL)
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attributed the beneficial properties of Kombucha beverage 
primarily to its acidic composition. Ayed et al. [22] observed 
pH stabilization from day 8 of fermentation onward despite 
the increase in organic acid content. With the addition of 
sucrose to the green tea extract and culture inoculation, the 
acidity of the samples increased during fermentation period.

Carbon dioxide was released slowly at the beginning and 
much faster after 2–3 days of fermentation. This was the 
valid reason for slight decrease in pH during the fermenta-
tion process. The obtained water solution of carbon dioxide 
dissociates and produces the amphiprotic hydrocarbonate 
anion  (HCO−

3), which easily reacts with hydrogen ions  (H+) 
from organic acids, preventing further changes in the  (H+) 
concentration and contributing to a buffer character of the 
system [15]. These data are in harmony with the research 
findings of other studies [14, 44]. Depending on the fermen-
tation of sugar in the samples, alcohol and carbon dioxide 
were produced and brix values were decreased rapidly dur-
ing fermentation. The decrease in brix during storage shows 
that fermentation continues in cold storage (Fig. 4).

Color analysis

While L value of green tea kombucha increased with fer-
mentation, it did not significantly change during storage. 
The a* value of the second day of fermentation showed (−) 
value, b value and chroma decreased, no significant change 
in hue value was determined (Table 1).

L values of black carrot and cherry laurel kombucha 
beverages were not significantly change while L value of 
blackthorn increased. Black carrot and raspberry kombucha 
samples had the highest a value and cherry laurel had the 
highest b value. During fermentation and storage, the lowest 

and highest chroma values were green tea and black carrot 
kombucha respectively; the lowest and highest values of hue 
were measured at red raspberry and green tea kombucha 
beverages.

Color is an important visual attribute of beverages for 
quality and acceptability. Results showed correlation with 
sensory acceptability of the products. Also pH has an impor-
tant impact on the processing of functional beverages, as 
it influences the appearance, including color variations, in 
many food products. Another significant factor that affects 
the color of the sample is their anthocyanin content. During 
storage anthocyanins degraded and the color properties are 
affected negatively. The enzymes liberated by bacteria and 
yeasts were capable of biotransforming various phytochemi-
cals existing in the teas. This biotransformation process is 
typically known to result in a decreased color [6–9].

Bioactive compounds

The health-promoting activities of kombucha beverage are 
also attributed to their phenolic content and their ability to 
act as antioxidants [22]. The amount of total phenolics of 
uncultivated substrates ranged from 645.726 to 1526.488 mg 
GAE/100 g (Fig. 5)  (R2 = 0.9991). The substrates containing 
black carrot juice concentrate and green tea had significantly 
more phenolic compunds than others, aproximately twice 
the amount.

During fermentation, small molecules with higher anti-
oxidant activities are released due to depolymerization of 
thearubigins and this is offered as explanation of increased 
total phenol content of kombucha [2]. Another reason of this 
increment is related to the enzymes liberated by bacteria and 
yeast during kombucha fermentation. That will be the reason 

Fig. 4  Brix changes during fer-
mentation and storage (g/100 g)
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for the degradation of complex polyphenols to small mol-
ecules which in turn results in the increase of total phenolic 
compounds [15, 45]. Nevertheless, more extended time of 
fermentation could lead to a reduction in polyphenols con-
centration [46]. Following the initiation of the fermentation 
process, total phenolic content of the fermented red grape 
kombucha increased significantly, showing a 40% increase 
by day 6 [22]. A study conducted on kombucha beverages 
fermented for 3 months indicated a decrease in the total phe-
nolic content and the antioxidant potential [15]. Increase in 
total phenolic content among samples was observed in green 
tea, black carrot and blackthorn containing samples during 

storage. While total phenolics of cherry laurel kombucha 
increased during the fermentation, it was decreased during 
storage period (Fig. 6).

The result of total monomeric anthocyanins was calcu-
lated in terms of the product-specific dominant anthocya-
nin. Total monomeric anthocyanin content of the samples 
was calculated as cyanide 3-glycoside for green tea, cherry 
laurel and blackthorn containing kombucha beverages. 
However, this value was calculated as cyanide-3-galac-
toside [47] and cyanide 3-soforizide [31] for black carrot 
juice concentrate and red raspbery containing samples. 
The results of uncultivated substrates were given in Fig. 5. 

Table 1  Color analysis results (mean ± SD)

Values with different letters for products (A−E), for days (a−e) in the same column are significantly different (p < 0.05) 

Days Kombucha samples L* a* b* Chroma Hue

0th day of fermentation Green tea 78.87 ± 6.93Ab 1.65 ± 3.21Ea 40.48 ± 10.43Ba 40.51 ± 10.57Ca 87.67 ± 4.11Ab
Black carrot 30.43 ± 0.17Eb 55.01 ± 0.45Aa 14.24 ± 0.86Ba 55.74 ± 0.64Aa 14.56 ± 0.27Cb
Cherry laurel 62.16 ± 9.28Cb 23.77 ± 11.85Ca 56.92 ± 11.70Aa 61.68 ± 11.5Aba 67.34 ± 6.89Bb
Blackthorn 73.87 ± 9.28Bb 15.36 ± 11.85 Da 21.39 ± 11.7Ba 26.27 ± 11.5Ca 54.34 ± 6.89Bb
Red raspberry 59.09 ± 4.84Db 51.30 ± 4.41Ba 21.78 ± 4.61Ba 55.73 ± 5.89Ba 23.00 ± 2.47Cb

1st day of fermentation Green tea 88.86 ± 1.48Aab 0.30 ± 0.35Ea 18.43 ± 1.9Ba 18.43 ± 1.9Ca 89.06 ± 1.15Aab
Black carrot 29.91 ± 0.02Eab 58.32 ± 0.05Aa 32.27 ± 0.01Ba 66.65 ± 0.04Aa 28.95 ± 0.02Cab
Cherry laurel 65.25 ± 5.12Cab 25.15 ± 5.43Ca 51.35 ± 6.27Aa 57.18 ± 8Aba 63.91 ± 2.29Bab
Blackthorn 68.66 ± 6.67Bab 17.33 ± 3.39 Da 24.77 ± 3.62Ba 30.23 ± 4.89Ca 55.02 ± 1.74Bab
Red raspberry 58.69 ± 6.26Dab 52.89 ± 6.94Ba 20.64 ± 5.91Ba 52.70 ± 8.63Ba 20.96 ± 3.23Cab

2nd day of fermentation Green tea 91.11 ± 0.91Ac − 0.37 ± 0.16Ea 17.03 ± 2.9Ba 17.03 ± 2.9Ca 91.23 ± 0.81Aa
Black carrot 33.22 ± 0.06Ec 60.79 ± 0.03Aa 35.72 ± 0.14Ba 70.51 ± 0.04Aa 30.62 ± 14.59Ca
Cherry laurel 66.48 ± 4.14Cc 26.23 ± 4.31Ca 55.77 ± 4.36Aa 61.63 ± 5.8Aba 64.33 ± 1.12Ba
Blackthorn 71.76 ± 0.33Bc 15.77 ± 0.05 Da 25.26 ± 0.14Ba 29.81 ± 0.06Ca 58.07 ± 0.04Ba
Red raspberry 62.30 ± 1.25Dc 55.37 ± 0.09Ba 22.32 ± 1.22Ba 59.83 ± 0.56Ba 21.90 ± 3.35Ca

3rd day of storage Green tea 90.24 ± 1.59Abc − 0.24 ± 0.29Ebc 18.52 ± 4.26Dbc 18.52 ± 4.25Dbc 90.74 ± 1.25Ab
Black carrot 44.62 ± 14.85Ebc 55.85 ± 2.33Abc 28.57 ± 12.63Bbc 65.76 ± 5.92Abc 25.75 ± 10.63Db
Cherry laurel 65.19 ± 8.45Cbc 26.61 ± 8.55Cbc 54.02 ± 9.14Abc 60.22 ± 12.14Bbc 63.77 ± 3.99Bb
Blackthorn 73.67 ± 5.24Bbc 15.56 ± 3.93Dbc 23.61 ± 4.58Cbc 28.28 ± 5.99Cbc 56.61 ± 1.85Cb
Red raspberry 59.03 ± 7.86Dbc 54.41 ± 8.68Bbc 21.75 ± 7.34Cbc 58.6 ± 10.73Bbc 21.70 ± 3.97Eb

5th day of storage Green tea 91.35 ± 0.16Aab − 0.48 ± 0.12Eabc 15.54 ± 0.59Dbc 15.55 ± 0.6Dbc 91.70 ± 0.39Aab
Black carrot 33.33 ± 2.24Eab 60.81 ± 1.05Aabc 35.24 ± 2.9Bbc 68.77 ± 1.3Abc 30.63 ± 2.33Dab
Cherry laurel 67.94 ± 0.57Cab 24.60 ± 1.21Cabc 53.48 ± 1.63Abc 55.71 ± 1.94Bbc 65.49 ± 0.37Bab
Blackthorn 78.12 ± 1.84Bab 12.04 ± 1.42Dabc 19.76 ± 1.78Cbc 23.24 ± 2.27Cbc 58.65 ± 0.78Eab
Red raspberry 62.81 ± 2.08Dab 55.36 ± 2.85Babc 18.74 ± 2.03Cbc 58.13 ± 3.17Bbc 18.81 ± 1.14Cab

7th day of storage Green tea 92.09 ± 0.46Aa − 0.63 ± 0.04Ec 14.36 ± 1.34Dc 14.38 ± 1.33Dc 92.50 ± 0.44Aab
Black carrot 34.76 ± 1.14Ea 60.69 ± 0.23Ac 31.05 ± 1.7Bc 69.46 ± 1.04Ac 28.71 ± 1.55Dab
Cherry laurel 70.90 ± 0.59Ca 20.40 ± 0.6Cc 49.32 ± 0.74Ac 53.37 ± 0.82Bc 67.53 ± 0.29Bab
Blackthorn 80.40 ± 0.4Ba 10.38 ± 0.31Dc 17.17 ± 0.65Cc 21.18 ± 0.97Cc 58.84 ± 0.23Cab
Red raspberry 64.25 ± 0.93 Da 52.36 ± 1.21Bc 19.07 ± 0.97Cc 55.91 ± 1.43Bc 19.63 ± 0.62Eab

10th day of storage Green tea 91.28 ± 0.11Abc − 0.24 ± 0.29Eab 15.66 ± 0.77Dab 15.66 ± 0.76Dab 90.87 ± 1.09Aab
Black carrot 32.25 ± 0.7Ebc 59.81 ± 0.75Aab 36.58 ± 0.09Bab 70.11 ± 0.68Aab 31.45 ± 0.26Dab
Cherry laurel 67.47 ± 1.05Cbc 26.01 ± 0.28Cab 53.72 ± 0.98Aab 59.68 ± 0.99Bab 63.98 ± 0.25Bab
Blackthorn 71.41 ± 1.2Bbc 15.29 ± 0.34Dab 24.65 ± 0.51Cab 29.01 ± 0.6Cab 58.10 ± 0.08Cab
Red raspberry 64.85 ± 1.15Dbc 52.38 ± 1.54Bab 15.40 ± 3.19Cab 54.76 ± 1.94Bab 16.93 ± 1.27Eab
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Fruit added kombuchas had higher results than the green 
tea kombucha due to their rich anthocyanin content. Red 
raspberry kombucha beverage has the highest anthocya-
nin content. Due to the increase of acidity depending on 
fermentation, significant decrease of anthocyanin con-
tents (46.89–81.90%) was observed in both fermented and 
stored samples. In a study, monomeric anthocyanin reduc-
tion of black carrot juice was 52% in storage conditions 
[47]. Anthocyanins of black carrot juice concentrate and 

red raspberry containing samples were much more stable 
than others (Fig. 7).

The DPPH scavenging abilities of uncultivated substrates 
ranged from 64.83 to 74.28 µmol trolox equivalent/g t.s.s 
(total soluble solid) (Fig. 8). Slight increases were observed 
in antioxidant capacity determined by DPPH method of all 
samples with fermentation. This increase continued similarly 
during the storage (Fig. 9). The increased potential against 
DPPH radical might explain the phenomena that kombucha 

Fig. 5  Total phenolic matter 
content (mg GAE/100 mL) and 
total monomeric anthocyanin 
content (ppm) of uncultivated 
substrates
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Fig. 6  Total phenolic content 
changes of kombucha beverages 
(mg GAE/100 mL)
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feding significantly reversed the chromate (IV) or lead 
induced oxidative injury in rats [48].

Maximum antioxidant capacity determined by DPPH 
assay was observed in red raspberry kombucha at the end 
of the fermentation. Darker colored raspberries have more 
effective antioxidant capacity [49]. The antioxidant capacity 
of raspberries is primarily constituted by anthocyanins and 
ellagitannins [24]. Anthocyanins have a strong antioxidative 
activity and protect cells and body from oxidation [25].

Recent studies demonstrated that kombucha had in vivo 
antioxidant activities. Antioxidant properties of kombucha 
mainly originated from polyphenols (especially catechins) 
from tea [50]. Amongst all types of tea, green tea is the 
richest in catechins. The antioxidant activity of green tea 
polyphenols is primarily attributed to the combination of 
aromatic rings and hydroxyl groups that assemble their 
chemical structure and consequently binding and neutraliza-
tion of lipid free radicals by these hydroxyl groups. Several 
researches have reported that polyphenols and tea catechins 

are exceptional electron donors and effective scavengers of 
physiologically relevant reactive oxygen species in vitro. 
Catechins also exhibit antioxidant activity via chelating 
redox active transition-metal ions. Polyphenols possess 
hydroxyl and carboxyl groups, are able to bind particularly 
iron and copper. Transition metal ions typically have the 
ability to initiate free radical chain oxidations by decompos-
ing lipid hydroperoxides by the hemolytic cleavage of the 
O–O bond and producing lipid alkoxyl radicals. Phenolic 
antioxidants, including tea catechins, inhibit lipid peroxida-
tion by binding these lipid alkoxyl radicals. Green tea cat-
echins also exhibit antioxidant activity through inhibiting 
pro-oxidant enzymes and inducing antioxidant enzymes 
[51]. While antioxidant capacity of all samples determined 
by FRAP assay increased at the end of fermentation, it 
decreased in cherry laurel kombucha. Black carrot juice 
concentrate kombucha demonstrated the higher results 
(Fig. 10). Özkan [47] reported that antioxidant activity of 
black carrot juice and concentrate is associated due to its 

Fig. 7  Anthocyanin degradation 
of kombucha beverages (ppm)
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Fig. 8  Antioxidant capacity 
results of uncultivated sub-
strates (µmol Trolox/g t.s.s)
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high content of chlorogenic acid. FRAP analysis results of 
coconut kombucha fermented for 7 days were similar to our 
results. Their results were in the range of 120–180 µmol 
trolox equivalent/g t.s.s [46].

Kombucha reduces ferric ions by donating electrons, 
leading to the neutralization of the free radicals [52]. It is 
also able to neutralize DPPH radicals mainly by electron 
transfer and to a lesser extent by its hydrogen donating abil-
ity [53]. Significant increase (88.3%) in CUPRAC result was 
observed with fermentation of black carrot juice concen-
trate containing kombucha (Fig. 11). During fermentation 
of Cabernet Sauvignon and Merlot wines, CUPRAC value 

also increased indicating that alcoholic fermentation had a 
positive effect on the antioxidant capacity determined by 
CUPRAC assay [54].

Sensory evaluation

Appearance, color, odor, sourness and sweetness proper-
ties of kombucha samples were evaluated during storage 
(Fig. 12). All samples were highly appreciated for their 
appearance and color. A shorter fermentation time implies 
a higher content of sugar. This fact could be related to the 
higher acceptability for sweetness at beginning of storage. 

Fig. 9  Antioxidant activity 
(DPPH) results of kombu-
cha beverages (µmol trolox 
equivalent/g t.s.s)

0

20

40

60

80

100

120

140

0 1 2 3 5 7 10

Green tea

Black Carrot

Cherry laurel

Blackthorn

Red raspberry

Fermenta�on Days Storage Days

kombucha beverages made with:

Fig. 10  Antioxidant activity 
(FRAP analysis) results of kom-
bucha beverages (µmol trolox 
equivalent/g t.s.s)
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Kombucha products are distinguished by sour taste, which 
is considered a refreshing quality in functional beverage. 
The sensory perception of sourness is mainly attributed 
to the presence of hydrogen ions at higher concentrations 
[55]. According to the results of sensory analysis, the most 
desirable beverages were kombucha prepared with green 
tea and cherry laurel. Beverages which were prepared with 
red raspberry stored for 10 days, black carrot juice con-
centrate stored for 11 days and the other samples at the 
end of the 12 days storage were rejected for their sensory 
properties.

Conclusion

Kombucha beverages were successfully produced with 
green tea, cherry laurel, blackthorn, black carrot juice 
concentrate and red raspberry. Total phenolic content 

and antioxidant activities of the products increased when 
compared to uncultivated substrates. However, total mono-
meric anthocyanin content of the samples was reduced 
during storage. According to sensory analysis, the kom-
bucha beverages made with red raspberry and black car-
rot juice concentrate lost their acceptability before other 
beverages and cherry laurel kombucha had the best scores.

This study demonstrated that the use of different raw 
materials combined with green tea as substrates for kom-
bucha, improved the antioxidant capacity of the beverages. 
Black carrot juice concentrate, cherry laurel, blackthorn 
and red raspberry were alternative sources of substrates for 
producing functional fermented beverages and improved 
the acceptability of kombucha beverages. Considering 
the health benefits that have been associated with the 
consumption of anthocyanin-rich foods, these materials 
appears as an important sources for functional beverages 
with good nutritional value.

Fig. 11  Antioxidant activity 
(CUPRAC) results of kom-
bucha beverages (µmol trolox 
equivalent/g t.s.s)
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