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Abstract

This study aimed to evaluate how specific quantities of green tea and sugar, as well as fermentation
temperature, impact variations in kombucha quality parameters. The study used tea quantities
ranging from 0.5 to 3.0% w/v, sugar from 3.0 to 6.0% w/v, and fermentation temperatures of 20 °C
and 26 °C. Beverage quality parameters such as pH, volatile acidity, alcohol content, and SCOBY
growth were evaluated. At a temperature of 20 + 2 °C, formulations with 6.0% w/v sugar showed no
SCOBY growth, and two formulations showed volatile acidity above the established maximum limit
of 130 mEq L-'. Most formulations had an alcohol content below 0.5% v/v and were classified as non-
alcoholic. At 26 +2 °C, the greatest SCOBY growth occurred, with the highest recorded value of 203%.
Only two formulations showed an alcohol content above 0.5% v/v, but with values close to the limit.
High amounts of sugar do not favor SCOBY growth at either mild or higher temperatures (26 °C).
Variations in temperature and ingredient quantities influence the production of green tea kombucha
that meets safety and quality requirements. These data show the variations in ingredients and
temperatures that favor kombucha production, considering its quality and classification.

Keywords: green tea; volatile acidity; alcohol content; SCOBY; microbial fermentation; fermented
beverage

1. Introduction

In recent years, a “health consciousness” has grown in society, inspiring changes in eating habits,
increasing the preference for the consumption of food that is considered healthy. In this scenario,
fermented foods stand out, gaining significant attention due to the beneficial effects associated with
their consumption [1]. Kombucha is an Asian-derived beverage produced by fermenting sweetened
Camellia sinensis tea using a cellulose biofilm called Symbiotic Culture of Bacteria and Yeast (SCOBY)
[2,3], being popular in several countries, such as the USA, China, and Brazil [4]. In the kombucha
beverage, it is possible to find phenolic compounds that derive from the tea, including gallic acid [2]
and catechin [2], organic acids that are produced during fermentation, notably acetic, gluconic, and
glucuronic acids [5]. These bioactive compounds are responsible for the beverage’s beneficial
properties, including antioxidant and antimicrobial activity [5].

Brazilian legislation, Normative Instruction No. 41 of September 17, 2019 [6], defines the
Standard of Identity and Quality for kombucha. Internationally, Kombucha Brewers International
(KBI) [7] provides best-practice guidelines. Both specify essential ingredients: Camellia sinensis, water,
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sugar, and SCOBY. pH values range from 2.3 to 3.8 [7] and from 2.5 to 4.2 [6]. KBI [7] also recommends
fermentation temperatures of 21-32 °C.

Since the substrates used and fermentation conditions influence kombucha production [8],
understanding the proportion of ingredients used is crucial. Goh et al. [9] found that high sugar
concentrations in the medium inhibit SCOBY growth and, consequently, the fermentation process,
underscoring the importance of process control and the appropriate use of ingredients in kombucha
production.

Treviso et al. [3] evaluated the influence of temperature (25 °C and 30 °C) on kombucha
production using an alternative substrate to green tea (Camellia sinensis), namely yerba mate (Ilex
paraguariensis), highlighting that fermentation was faster at higher temperatures. Cohen et al. [10]
investigated variation in the effects of sugar content (5.0, 7.5, and 10% w/v) and temperature (20 °C
and 30 °C) on the sensory perception and general acceptability of kombuchas. They observed a
decrease in pH and an increase in acidity. Samples fermented at 20 °C were most appreciated at each
sucrose concentration compared with those fermented at 30 °C. However, the authors did not
evaluate the effect of the tea proportions used.

Therefore, this study aimed to investigate the effects of the amount of essential ingredients and
room temperature on the preparation of kombucha beverages, and to evaluate their impact on
physicochemical parameters and SCOBY growth.

2. Materials and Methods

2.1. Kombucha Preparation

Organic green tea leaves were obtained from an online source (Camellia sinensis, Cha Do,
Yamamotoyama, Sao Paulo, SP, Brazil), and crystal sugar was obtained from a local source (Salvador,
BA, Brazil). The SCOBY was provided from the collection of the own Research Group. Kombucha
beverages were made using the procedure described by Saito et al. [11], with some modifications.
The green tea was prepared with potable water and dried leaves, which were infused for 15 min. In
a glass jar (900 mL), the liquid was filtered with filter paper No. 102 to remove leaves, and the sugar
was added and homogenized. The sugar concentrations used were 3.0, 4.5, or 6.0% (w/v), and the tea
concentrations were 0.5, 1.0, 1.5, 2.0, 2.5, or 3.0% (w/v). After cooling the liquid to room temperature,
a 12.5% (v/v) starter culture (a previously prepared kombucha as the inoculum) and a 12.5% (w/v)
SCOBY were added. The containers were covered with a paper towel and left at 20 +2 °C or 26 +2 °C
for 7 days. After fermentation, the kombuchas were transferred to carbonated-beverage-specific
polyethylene terephthalate bottles (300 mL) and kept at 4 °C.

2.2. SCOBY Growth

To evaluate SCOBY growth, a wet weight (Marte cientifica, AD3300, Santa Rita do Sapucai, MG,
Brazil) was measured before and after fermentation. The SCOBY growth was expressed as (%) and
obtained according to equation 1:

(SCOBY weight inday 7 — SCOBY weight in day 0)
*
SCOBY weight inday 0

SCOBY growth = 100 1)

2.3. pH, Alcohol Content, and Volatile Acidity

The pH was measured using a previously calibrated digital pH meter (Hanna Instruments,
HI700601, Woonsocket, RI, USA). Alcohol content was determined using an electronic distiller
(Gibertini, Super D.E.E., Novate Milanese, MI, Italy), followed by measurement on a hydrostatic
balance, with the results expressed as % v/v. Volatile acidity was determined using the same distiller,
then titrated with a standardized 0.1 N sodium hydroxide solution with phenolphthalein as the
indicator. The results were expressed in miliequivalent per liter (mEq L).
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2.4. Data Analysis

The measurements were realized in triplicate, and the results of the analyzed parameters were
expressed as means * standard deviations. The data were analyzed using analysis of variance
(ANOVA) with XLSTAT® (versao 2022.4.5, 2023).

3. Results and Discussion
3.1. Kombucha Production at 20 °C + 2 °C

Temperature control during kombucha production is essential because it influences
fermentation, microbial growth, enzymatic activity, and the production of bioactive compounds,
including phenolic compounds and organic acids [12]. This study started investigating the
fermentation at 20 °C. Table 1 presents the results of SCOBY growth, pH, volatile acidity, and alcohol
content for the kombucha formulations fermented through 7 days at 20 + 2 °C.

At2.0% (w/v) tea and 3.0% (w/v) sugar, the highest SCOBY growth was observed (Table 1). After
inoculating green tea with the starter and initial culture, new cellulose films begin to develop on the
surface of the liquid and initial SCOBY [8], indicating that fermentation is underway. Therefore, the
growth of SCOBY layers indicates that fermentation is occurring, and their weight can be used as an
evaluation parameter for quality or fermentation dynamics.

Table 1. Parameters analyzed after 7 days of fermentation at 20 + 2 °C.

Parameters Sugar (%o w/v)
Tea (% w/v) 3.0 4.5 6.0
0.5 9 8 0
1.0 27 7 0
SCOBY growth 1.5 32 17 0
(g%) 2.0 35 20 0
2.5 14 18 0
3.0 20 8 0
0.5 2.89 +0.00eC 3.32 £0.0104 3.11 £0.018
1.0 2.97 +£0.014¢ 3.28 £ 0.02:2 3.20 + 0.00vB
1.5 3.02 +0.01<< 3.21 +£0.01eA 3.13+0.0148
pH 2.0 3.03 +0.02< 3.25+0.0144 3.19 +0.01¢8
2.5 3.09 + 0.00r¢ 3.27 £ 0.002 3.17 £0.01
3.0 3.17 +0.00a¢€ 3.41+0.01aA 3.24 +0.018
0.5 93.52 +(.3844 38.88 + 4.064C 78.18 +(0.398
1.0 102.55 + 0.14<2 63.12 = 0.00¢ 82.14 + 6.27
Volatile acidity 1.5 111.51 £ 1.29%4 91.82 +0.8938 114.46 + 0.734A
(mEq L) 2.0 123.83 £ 2.7734A 89.12 + 0.6728 124.39 + 1.27A
2.5 127.02 £ 0.63A 90.55 + (0.812B 130.11 + 0.64b4
3.0 107.46 + 0.15B 75.74 + 0.766C 135.24 +0.292A
0.5 ND ND ND
1.0 ND ND 0.23 +0.052
Alcohol content (% 1.5 ND ND 0.16 £0.03>
v/v) 2.0 ND 0.14 + 0.00¢ ND
2.5 ND 0.22 +0.042> ND
3.0 ND 0.19 £0.02> ND

ND = Not detected. The results are expressed as mean + standard deviation of triplicates. Means

followed by different letters, lowercase vertically and uppercase horizontally, indicate significant

differences by Tukey’s test (p <0.05).
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Unexpectedly, in the formulations with 6.0% (w/v) sugar, submitted to two room temperature
conditions, SCOBY growth was not observed (Table 1). The acetic acid bacteria (AAB) are responsible
for the growth of the biofilm (SCOBY) [13]. As stated by Goh et al. [9], high substrate (sugar)
concentrations in the medium can inhibit AAB growth due to osmotic imbalance and unequal rates
of transport and nutrient consumption. Possibly, the greater the amount of sucrose in the tea, the
greater the obstacle to the synthesis of bacterial cellulose. In another study on kombucha production
with coffee-infusion flavoring, more than 6.0% (w/v) sugar was used without interrupting the
fermentation process or causing low SCOBY growth [11]. Given the results, it is suggested that sugar
concentration should be analyzed in relation to other ingredients during the fermentative process.

In Brazil, the Standard of Identity and Quality of kombucha established [6] professes pH values
range from 2.5 to 4.2, volatile acidity from 30 to 130 mEq L, alcohol content up to 0.5% (v/v) for non-
alcoholic kombucha and from 0.6 to 8.0% (v/v) for alcoholic kombucha [6]. Kombucha formulations
that meet those requirements, established by the Normative, present physicochemical safety for
regular consumption and commercialization.

The pH values ranged from 2.89 + 0.00 to 3.17 + 0.00 in formulations with 3.0% (w/v) sugar in
their composition, from 3.21 + 0.01 to 3.41+ 0.01 with 4.5% (w/v) sugar, and from 3.11 + 0.01 to 3.24 +
0.01 with 6.0% (w/v) sugar (Table 1). During kombucha fermentation, acetic acid is the main organic
acid produced, increasing the beverage’s acidity and, consequently, decreasing pH values. However,
high acetic acid concentrations lower the pH below ideal levels, leading to stress of the medium and
reducing SCOBY production [14]. Therefore, controlling this parameter is important to provide
quality control in kombucha. The pH values remained from 2.5 to 4.2, the established range for a
quality parameter in Brazilian legislation [6]. As stated by Dartora et al. [15], this range does not
compromise the microbiological safety of kombucha. Values below 2.5 indicate high acidity, which
can negatively affect beverage consumption, while values above 4.2 can compromise microbiological
safety. The results obtained also meet the KBI guidelines [7]. Cohen et al. [9] developed black tea
kombucha with a pH range of 1.95-2.38, which affects general acceptance, because it is extremely
acidic.

Normative Instruction No. 41 [6] establishes that volatile acidity must range from 30 to 130 mEq
L, however it's common to find scientific work that showcases the acidity results expressed in
percentage of acetic acid, since it is the most abundant acid in kombucha [10,16,17].

Generally, it has been observed that volatile acidity increases with increasing tea concentration
(Table 1). The values ranged from 93.52 + 0.38 mEq L' to 127.02 + 0.63 mEq L in formulations with
3.0% (w/v) sugar, from 38.88 + 4.06 mEq L to 91.82 + 0.89 mEq L with 4.5% (w/v) sugar, and from
78.18 + 0.39 to 135.24 + 0.29 with 6.0% (w/v) sugar. As explained by Noronha et al. [16], acidity
increased during tea fermentation due to the formation of organic acids, including acetic, gluconic,
and glucuronic acids, produced by AAB present in the SCOBY. The formulations using 2.5% (w/v)
and 3.0% (w/v) tea and 6.0% (w/v) sugar exceeded the limit prescribed by legislation, with volatile
acidity values of 130.11 + 0.64 mEq L and 135.24 + 0.29 mEq L, respectively (Table 1). Dartora et al.
[15] reported a volatile acidity of 126.7 + 2.2 mEq L at 25 °C, within the limits of the Brazilian
Normative, after 4 days of fermentation in Camellia sinensis kombucha. From day 7, the formulation
showed values above 200.4 + 22.1 mEq L at the same temperature. Treviso et al. [3] observed that
volatile acidity values ranged from 26.9 + 1.40 to 87.6 + 5.62 mEq L during 4 days of fermentation at
25°C and from 26.9 + 4.22 to 124.4 + 7.03 in the same period at 30 °C. Even at the highest temperature,
the volatile acidity remained within the limits of the identity standard. Nonetheless, the fermentation
time impacted volatile acidity concentration, which exceeded the maximum limit, reaching 412.0 mEq
L after 7 days of fermentation at 30 °C.

The characteristics of the liquid starter or starter culture used in kombucha production, such as
microbial composition and fermentation time, can influence the beverage’s biochemical composition,
including acetic acid production [18], and, consequently, its volatile acidity. Therefore, the
characterization of the initial liquid starter is an important factor in kombucha fermentation.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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In kombucha formulations with up to 3.0% (w/v) sugar, alcohol has not been detected. For the
remaining formulations, the concentrations found ranged from 0.14 + 0.00% to 0.23 * 0.05% (v/v)
(Table 1). The values found classify the kombuchas produced as non-alcoholic, as their alcoholic
content presents values below 0.5% (v/v) [6]. Kombucha has commercial appeal as a healthy beverage
due to the bioactive compounds in its composition, which are associated with beneficial health effects.
Therefore, controlling this parameter is fundamental, since the presence of alcohol in the beverage,
even in small amounts, can restrict the consumer base. The production of non-alcoholic beverages
may favor consumption for a larger portion of the market.

3.2. Kombucha Production at 26 + 2 °C

The results for the analyzed parameters of kombucha formulations that went through 7 days of
fermentation at 26 °C are shown in Table 2.

SCOBY growth was favored by 26 °C temperature, it was registred increase of 128% in relation
to the SCOBY’s initial weight in the formulation with 3.0% (w/v) tea and 3.0% (w/v) sugar, 146% with
2.5% (w/v) tea and 4.5% (w/v) sugar, and 203% with 2.5% (w/v) tea and 6.0% (w/v) sugar (Table 2).
The development of new films was favored in formulations with higher tea amounts. The caffeine
present in tea may boost the production of new cellulose films [8]. However, tea leaves are rich in
polyphenols, which possess antioxidant and antibacterial properties; therefore, high concentrations
can inhibit the growth of bacteria responsible for the SCOBY’s development [14]. Although new film
production increased, the pattern has not been linear or proportional to the increase in tea and sugar
concentration across formulations. Priyadharshini et al. [14] developed a machine learning model to
predict SCOBY yield during kombucha fermentation, concluding that fermentation temperature was
the parameter that most influences yield.

The pH values ranged from 3.28 + 0.01 to 3.60 + 0.00 in the formulations with 3.0% (w/v) sugar,
from 3.36 + 0.01 to 3.56 + 0.00 with 4.5% (w/v) sugar, and from 3.26 + 0.01 to 3.58 + 0.01 with 6.0%
(w/v) sugar (Table 2), confirming the kombucha acidity. Compared with the reference Standard, the
formulations were within the quality range [6]. Similar results were observed by Noronha et al. [16],
who used Camellia sinensis in kombucha production, obtaining a pH of 3.44 after 7 days of
fermentation and 3.25 after 10 days.

Volatile acidity did not follow a linear pattern or a proportional increase in tea and sugar
concentration across formulations; instead, values fluctuated (Table 2). All formulations were within
the 30-130 mEq L' range. The smallest values were 31.23 mEq L with 1% (w/v) tea and 94.26 mEq L-
T with 3% (w/v) tea, both with 3% (w/v) sugar (Table 2).

In general, the kombuchas presented low alcoholic content, ranging from 0.13% (v/v) to 0.44%
(v/v) (Table 2). Only two formulations presented alcohol content above 0.50% (v/v), those being with
3.0% (w/v) tea and 4.5% (w/v) sugar, with a 0.50% (v/v) alcohol content, and 3.0% (w/v) tea and 6.0%
sugar, with a 0.51% (v/v) alcohol content (Table 2), subsequently being classified as alcoholic [6].
Ethanol values were near the limit for classification as non-alcoholic, suggesting the need for
adjustments during production, such as reducing fermentation time or using smaller amounts of tea
and sugar, to favor the development of low-ethanol beverages. Tea and sugar are the main carbon
and nitrogen sources for bacterial and yeast growth [14]. These components are present at higher
levels in alcoholic formulations, which can favor their consumption by yeast, leading to sucrose
hydrolysis and ethanol production.

Table 2. Parameters analyzed after 7 days of fermentation at 26 + 2 °C.

Sugar (% w/v)
Parameters Tea (% w/v) 3.0 4.5 6.0
0.5 10 23 45
1.0 4 21 66
0,
SCOBY growth (g%) 15 0 - o4
2.0 43 93 58

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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2.5 65 146 203
3.0 128 19 99
0.5 3.32 £0.01¢ 3.36 £0.01B 3.38 £0.01A
1.0 3.50 +0.01A 3.36 + 0.008 3.26+ 0.01f€
pH 1.5 3.28 +0.01f¢ 3.40 + 0.004B 3.47 +0.00A
2.0 3.60 + 0.002A 3.50 £ 0.01¢ 3.58 £ 0.018
2.5 3.57 +0.01pA 3.44 +0.008 3.44 +0.0148
3.0 3.49 +0.014¢ 3.56 + 0.002A 3.53 £ 0.018
0.5 38.31 +0.28¢eA 41.91 £0.91eA 34.42 + 0.64¢B
1.0 31.23 £ (.79 63.54 + (.15¢48 69.09 + 6.69b4
Volatile acidity (mEq 1.5 79.83 + 0.14bA 66.15 + 2,528 46.12 + (0.394¢
L) 2.0 50.96 +(.144d8 59.75 + 1.62dA 51.42 + (0.53<B
2.5 71.68 +1.12 83.23 +(.77aA 83.74 + 0.532A
3.0 94.26 + (.28 71.03 +2.268 73.30 + 0.298
0.5 ND 0.13 +0.00¢ ND
1.0 0.19 £0.01¢ 0.16 £ 0.01de 0.18 £0.01¢
Alcohol content (% 1.5 0.16 £ 0.02¢ 0.21 +£0.03¢ ND
v/v) 2.0 0.35 +0.05° 0.26 + 0.04¢d 0.23 +0.04¢
2.5 0.19 £ 0.03¢ 0.38 + 0.04> 0.43 +0.05°
3.0 0.44 +0.022 0.50 + 0.062 0.51 £ 0.07¢

ND = Not detected. The results are expressed as mean + standard deviation of triplicates. Means
followed by different letters, lowercase vertically and uppercase horizontally, indicate significant
differences by Tukey’s test (p <0.05).

Due to the microbial diversity present in SCOBY, a set of physicochemical reactions happens
during kombucha fermentation [17]. By the action of the invertase enzyme, yeasts hydrolyze sucrose
into glucose and fructose, which will be further used to produce ethanol via glycolysis. In turn, AAB
utilizes ethanol as a substrate to produce acetic acid; it also produces new layers of biofilm whilst
using glucose to produce gluconic and glucuronic acids. The ethanol produced also stimulates yeasts
to hydrolyze more sucrose molecules. This dynamic promotes pH reduction, increases acidity, and
decreases sucrose levels [17]. It's a complex process that requires control of a variety of parameters
that influence fermentation, such as the kind of tea utilized, fermentation time, temperature, pH,
bacterial and yeast composition of SCOBY [12], and the research of the ideal amount of raw material
that will be utilized during kombucha’s production.

4. Conclusions

The 26 °C temperature and high green tea concentrations favored the fermentation process, as
evidenced by SCOBY growth, which is produced by acetic-acid bacteria. The combination of
temperature and green tea concentration also influenced the alcohol content produced through
kombucha fermentation. At a green tea concentration of up to 2.5% (w/v), non-alcoholic kombuchas
were obtained at both temperatures studied (20 and 26 °C). The volatile acidity agreed with the
Brazilian Normative Instruction and International Recommendations up to 2.0 (% w/v) in tea at 26
°C. Under other conditions, volatile acidity exceeded the limit of 130 mEq L-1 and may be
unpalatable. High sugar concentrations (6.0% w/v) did not favor SCOBY growth at 20 °C, suggesting
a low fermentation process, possibly due to stress on microorganisms in the fermentation broth.
Therefore, the sugar concentration must be studied in closer relation to the other ingredients and
fermentation conditions to favor the fermentation process. Knowledge of ingredient and production-
condition variations is fundamental to understanding the fermentation dynamics and quality of the
kombucha beverage.
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