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Abstract. The aim of the study was to determine the optimal conditions for the fermentation
of plant raw materials to ensure the stability and a favourable combination of sensory,
microbiological, and physicochemical properties in beverages. The research was conducted under
laboratory conditions and involved the fermentation of beverages from plant-based ingredients
using both traditional and combined technologies. Physicochemical (pH, titratable acidity, redox
potential), microbiological (counts of lactic acid bacteria and yeasts), and sensory parameters
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were monitored. It was found that combined fermentation resulted in a more rapid reduction
in beverage pH (down to 4.0 within 72 hours) compared to traditional lactic acid fermentation
(pH 4.6). The lowest pH (3.8) and highest titratable acidity (8.5 g/L) were observed in beverages
based on fruit extracts, contributing to enhanced microbiological stability. Kombucha-based
beverages exhibited intermediate acidity (6.5 g/L), while those produced from cereal substrates had
the lowest acidity (5.7-6.0 g/L) and the shortest shelf life (10-12 days). Sensory analysis confirmed
the advantages of combined fermentation: beverages produced using this method achieved a more
complex aromatic profile and balanced taste, scoring 8.3 on a nine-point scale. Microbiological
analysis revealed that yeast populations peaked at 48 hours (7.8 log CFU/mL) before declining,
whereas lactic acid bacteria continued to increase until the end of fermentation (7.5-7.1 log CFU/
mL). Correlation analysis confirmed the influence of acidity on both microbial composition and
sensory characteristics. The results demonstrated that combined fermentation leads to a more
significant pH reduction, increased titratable acidity, and stabilisation of redox potential, thereby
improving the microbiological stability and sensory quality of beverages. This approach enables
the optimisation of functional fermented beverage production, enhancing organoleptic properties
and extending shelf life

Keywords: fermentation; acidity; redox potential; lactic acid bacteria; yeast; sensory analysis;

microbiological stability

Introduction
Fermented beverages based on plant-derived
raw materials are gaining increasing popu-
larity due to their functional properties, high
nutritional value, and potential health bene-
fits. The fermentation process enhances the
bioavailability of nutrients, reduces the con-
tent of anti-nutritional compounds, and con-
tributes to the development of a distinctive
sensory profile. In particular, lactic acid and
yeast fermentation promote the synthesis of
bioactive compounds — such as organic acids,
poalyphenols, and B vitamins — which increase
the antioxidant activity and probiotic poten-
tial of the beverages. However, the efficiency
of the fermentation process largely depends
on the selection of microbial cultures, fermen-
tation parameters, and the type of plant raw
material used (Dudarev, 2024). These factors
underline the importance of optimising tech-
nological regimes to produce a high-quality
and stable final product. Despite growing in-
terest in plant-based fermented beverages, the
control of physicochemical parameters during
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production, as well as the influence of different
microbial strains on beverage quality, remains
insufficiently studied.

Globally, the development of innovative
fermentation methods for plant-based bever-
ages is recognised as a priority area within the
broader strategies for healthy diets and food se-
curity (Bekbayev et al., 2024). The World Health
Organization (n.d.) and the Food and Agricul-
ture Organization (n.d.) highlight the role of
fermented foods in enhancing the nutritional
quality of diets and reducing the risk of chron-
ic diseases (Ismayilov et al., 2023). Numerous
studies have examined the impact of technolog-
ical parameters on the physicochemical proper-
ties, microbiological stability, and organoleptic
characteristics of fermented plant-based bev-
erages. Research has focused on modern pro-
cessing methods, safety control, and fermen-
tation optimisation. For instance, the study by
M. Karputina & S. Oliinyk (2024) demonstrated
that optimising fermentation processes im-
proves the quality and microbiological safety
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of low-alcohol plant-based beverages, particu-
larly through the selection of specific microbial
strains and adjustment of technological condi-
tions. R. Hrushchetskyi et al. (2023) highlighted
the potential of Ukrainian plant raw materials —
including rare vegetables and fruits - for creat-
ing innovative fermented beverages with both
high nutritional value and distinctive sensory
attributes. The study by K. Kondratenko (2023)
focused on the development of fermented bev-
erage technologies from vegetable substrates,
showing that fermentation time and the choice
of starter culture significantly influence acidity,
stability, and consumer acceptance of the final
product. Meanwhile, C. Penha et al. (2021) in-
vestigated the use of environmentally friendly
technologies in producing plant-based bever-
ages, particularly fermentation using probiotic
cultures, which contributed to preserving sen-
sory qualities and enhancing nutritional value.

Considerable attention has been devoted
to enhancing the functional properties of fer-
mented beverages through the optimisation of
fermentation processes and the incorporation
of additional bioactive components. A. Kesa et
al. (2021) investigated strategies to improve
the biological activity of fruit-based beverages
by employing probiotic cultures and regulating
fermentation parameters. Similarly, S. Liang et
al. (2021) analysed technological processes in
the production of tea-based beverages, focus-
ing on the integration of traditional and inno-
vative methods to enhance both sensory and
chemical characteristics. L. Zhang et al. (2021)
reviewed recent technological advancements
aimed at eliminating defects in the produc-
tion of fermented plant products, particularly
the use of alternative fermentation methods to
preserve nutritional value. Significant empha-
sis on biotechnological approaches to the pro-
duction of fermented beverages from non-tra-
ditional plant raw materials was evident in the
study by A. Vavilova (2023), which underscored
the influence of microorganism type and tech-
nological conditions on the stability, chemical

composition, and sensory acceptability of the
final product. O. Kovalova et al. (2024a) note
that “the use of plasma-chemically activated
aqueous solutions increases the efficiency of
enzymatic processing of lentils, improves the
quality of the malted product, and promotes
the activation of biochemical processes impor-
tant for the production of functional beverag-
es”. In a related study, O. Kovalova et al. (2024b)
emphasise that “the use of plasma-chemically
activated water in the production of oat malt
allows for the achievement of stable acidity in-
dicators and the optimisation of enzymatic ac-
tivity in the substrate, which is a prerequisite
for high-quality fermentation”. I. Ivanova et
al. (2024) demonstrate that “the use of ridge
regression to predict acidity and dry matter
content in fruits enables the effective selection
of raw materials with suitable fermentation
characteristics - an essential factor in ensuring
beverage stability and flavour”.

Despite advances in research, the relation-
ships between fermentation parameters, mi-
crobiological changes, and organoleptic char-
acteristics — as well as the effects of different
combinations of microorganisms on beverage
stability and functional properties — remain
insufficiently explored. The aim of this study
was to evaluate the technological parame-
ters of fermentation and their impact on the
quality of beverages derived from plant-based
raw materials. The specific objectives were to
determine the influence of enzymatic agents
and fermentation parameters on acidity, redox
potential, and organoleptic characteristics; to
analyse microbiological changes and their cor-
relation with the physicochemical properties
of the product; and to assess beverage stability
depending on the choice of raw materials and
fermentation conditions.

Materials and Methods
The experimental work was conducted from
April to November 2024 at the Department
of Food Biotechnology and the Laboratory of

Animal Science and Food Technology. 2025. Vol. 16, No. 2




132

Evaluation of technological parameters...

Microbiological Quality Control of the Nation-
al University of Food Technologies (NUFT) in
Kyiv, Ukraine. Physicochemical analyses — in-
cluding the determination of redox potential,
acidity, and sugar content — were performed
at the Central Research Laboratory of NUFT
using certified equipment in accordance with
Good Laboratory Practice (GLP) standards
(European Food Safety Authority, n.d.). Seven
groups of plant-based raw materials, differing
in biochemical composition, were selected for
fermentation: oats, millet, and barley (cere-
als); pomegranate, apple, and citrus extracts
(fruits); and kombucha infusion (tea mush-
room). Oat grain of the Harmony variety (Lim-
ited Liability Company “Agroprom-Lan”, Kyiv
region) was cleaned, washed, dried, crushed to
a particle size of 0.8-1.2 mm, and extracted at
95°C for 30 minutes. Millet (Yavir) and barley
(Karat) underwent the same treatment. The
prepared substrates were used at a concentra-
tion of 500 g per 3 litres of medium.
Pomegranates of the Crimean Ruby variety
(Kherson region) were processed by cold press-
ing, followed by settling and concentration to
16% dry matter. The resulting concentrate was
added at a dose of 300 ml per 3 litres. Apple ex-
tract was obtained from the Golden Delicious
variety through juice pasteurisation and clari-
fication. The citrus blend - comprising Meyer
lemons and Washington Navel oranges (Turkey,
Fruit Line LLC) — was blanched, crushed, pas-
teurised, and added at a concentration of 150 g
per 3 litres. Kombucha infusion (Medusomyces
gisevii) from the laboratory collection was ac-
tivated in a 5% black tea infusion at 28°C for
7 days. Following activation, the biofilm was
rinsed with sterile 0.9% NaCl solution and add-
ed to the fermentation medium at a ratio of 1:5.
All cereal-based samples and the Kombucha
infusion were fermented using the tradition-
al lactic acid fermentation method, while fruit
extracts were subjected to a combined fermen-
tation scheme, beginning with an initial yeast
phase. This division was based on the buffer
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capacities of the raw materials and their suita-
bility for supporting the growth of specific mi-
croorganisms.

All experiments were conducted us-
ing pure cultures of Lactobacillus plantarum,
Lactobacillus casei, Saccharomyces cerevisi-
ae, and Brettanomyces bruxellensis, obtained
from the DSMZ (Germany) and CBS (Neth-
erlands) collections in accordance with
ISO 7889:2003 (2003). The microbial cultures
were stored in lyophilised form at -18°C and
were activated prior to fermentation: bacteria
in De Man, Rogosa, and Sharpe (MRS) broth at
37°C for 18 hours, and yeast in a glucose-malt
medium at 28°C for 24 hours. Following in-
cubation, the cultures were standardised by
concentration and introduced into 3 L of the
respective fermentation media. The fermenta-
tion process was conducted under conditions
tailored to the specific raw material and micro-
bial characteristics, at temperatures ranging
from 25 to 37°C. For each of the three primary
substrates — oats, pomegranate, and citrus ex-
tract — the fermentation volume was 3 L. In-
oculation was performed at a concentration of
10° colony-forming units (CFU)/mL for lactic
acid bacteria and 10° CFU/mL for yeast in the
case of combined fermentation. Samples were
collected at key time points - after 24, 48, 72,
96, and 120 hours - for the analysis of physic-
ochemical parameters, microbial composition,
and sensory attributes.

In the series involving traditional lactic
acid fermentation, cereal samples and Kombu-
cha infusion were cultivated in 3-litre bioflasks
equipped with water locks, creating a partially
anaerobic environment. To enhance anaero-
biosis, the fermentation medium was pre-de-
gassed with sterile nitrogen for 15 minutes
and sealed with silicone stoppers fitted with
valves. The fermentation was conducted at a
constant temperature of 37°C, with a total du-
ration of up to 120 hours. Fruit extracts under-
went combined fermentation. The first (yeast)
phase lasted 48 hours at 28°C under aerobic
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conditions, facilitated by sterile air supply
at a rate of 1.0 L/min into 5-litre bioreactors
equipped with adjustable aerators. After this
phase, aeration was discontinued, the temper-
ature was increased to 37 °C, and lactic acid
bacteria were introduced for the second fer-
mentation stage under anaerobic conditions,
which lasted an additional 48-72 hours.

The pH of the samples was measured us-
ing a SevenCompact S220 pH meter (Mettler
Toledo, Switzerland) with an InLab Expert Pro
electrode, calibrated using buffer solutions
with pH values of 4.01, 7.00, and 9.21. Redox
potential was determined potentiometrically
using an InLab Redox Pro platinum electrode
(Mettler Toledo, Switzerland), pre-calibrated
with a standard redox solution. Measurements
were taken every 24 hours to assess the redox
environment and microbial activity through-
out the fermentation. Titratable acidity was
determined using an automatic titrator (HI931,
Hanna Instruments, Italy) with 0.1 mol/L so-
dium hydroxide (NaOH), standardised against
potassium hydrogen phthalate. Total sugar
content was assessed spectrophotometrical-
ly following its reaction with anthranilic acid,
enabling a comprehensive evaluation of the
fermentation process and product quality. The
number of lactic acid bacteria and yeasts was
determined by surface plating on selective me-
dia: MRS agar (HiMedia, India) incubated at
37°C for 48 hours under anaerobic conditions,
and Sabouraud agar (Biolife, Italy) incubated
at 28°C for 72 hours under aerobic conditions.
Colony counts were conducted following serial
dilution, within the range of 30-300 CFU per
plate. The stability of the fermented beverag-
es was assessed over a 28-day storage period at
4+ 1°C in sterile 250 ml glass containers. Ob-
servations were conducted every 2 days, with
measurements of pH and titratable acidity,
and records of visual changes and organoleptic
properties. A beverage was considered stable if
no sediment, off-odour, or pH variation greater
than 0.3 units was detected.

Sensory evaluation was performed using
profile analysis on a 9-point scale (1 =minimal
perception, 9=maximal perception) by a panel
of 15 trained experts with prior experience in
sensory assessment. The study adhered to the
ethical principles outlined in the Declaration
of Helsinki (1964) regarding research involving
human subjects. Attributes such as aroma, clar-
ity, acidity, and aftertaste were evaluated under
standardised conditions (22°C, 100 ml samples,
randomised order). Data analysis was conduct-
ed using SPSS Statistics 26.0 (IBM, USA). One-
way analysis of variance (ANOVA) with Tukey’s
post-hoc test was applied to assess differences
between samples (p < 0.05). Correlations be-
tween physicochemical and sensory parameters
were calculated using the Pearson correlation
coefficient. The study was conducted in ac-
cordance with international standards for food
safety and Good Laboratory Practice (GLP), as
outlined by the European Food Safety Authori-
ty (n.d.). All microorganisms were sourced from
reference collections, and analytical procedures
complied with ISO 22000:2018 (2018) and Co-
dex Alimentarius (n.d.), ensuring the reliability
and reproducibility of results.

Results

Dynamics of changes in physicochemical
parameters during fermentation

Traditional lactic acid fermentation (applied
to cereal substrates and Kombucha) and com-
bined fermentation (used for fruit extracts)
exhibit distinct mechanisms of acid formation
and differing dynamics in pH, redox potential,
and titratable acidity. At the initial stage, pH
values varied according to the type of plant raw
material: in samples based on cereal substrates
(oats, millet, barley) and Kombucha, the pH av-
eraged 6.0-6.2; whereas in fruit extracts (pome-
granate, apple, citrus), it ranged from 4.2 to
5.1. The subsequent dynamics of pH reduction
were significantly influenced by both the type
of raw material and the fermentation method
employed (Fig. 1).
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Figure 1. Dynamics of pH changes during fermentation

Source: created by the authors

In traditional fermentation, the average
pH value in the experimental samples gradu-
ally decreased from an initial 6.2 to 5.5 at 24
hours, 4.9 at 48 hours, and 4.6 at 72 hours.
Thereafter, it stabilised within the range of
4.4-4.3 by the end of the process, indicating
a steady and uniform production of organic
acids. In the samples subjected to combined
fermentation, the initial pH was lower (5.1)
and decreased more rapidly - reaching 5.0 at
24 hours, 4.3 at 48 hours, and 4.0 at 72 hours.
These dynamics, observed across beverag-
es based on different plant substrates — fruit
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extracts, cereal-based media, and Kombucha
infusion - reflect a more active metabolic
process during the initial yeast fermentation
phase. The redox potential exhibited the fol-
lowing trend: at the early stages of fermenta-
tion, an increase in redox values was observed,
attributed to the active formation of interme-
diate metabolites and changes in the gaseous
composition of the medium. As fermentation
progressed, the redox potential gradually de-
clined, indicating the establishment of a sta-
ble anaerobic environment conducive to the
growth of lactic acid bacteria (Fig. 2).

m Traditional lactic acid fermentation (pH)
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ilili

170
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Figure 2. Dynamics of changes in redox potential (mV) during fermentation

Source: created by the authors
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In the group undergoing traditional lactic
acid fermentation — which included beverages
based on cereal substrates (oats, millet, barley)
and Kombucha infusion - the initial redox po-
tential (ROP) was measured at 150 mV, indicat-
ing a mildly oxidising environment with mod-
erate microbial activity. At 24 hours, the ROP
increased to 180 mV, reflecting active oxygen
consumption by microorganisms and the for-
mation of oxidised metabolites such as pyru-
vate and acetaldehyde. Subsequently, as par-
tial anaerobic conditions developed, a steady
decline in ROP was observed, reaching 50 mV
by 120 hours. This reduction signified the end
of the intensive metabolic phase and the onset
of the stabilisation stage. In contrast, samples
subjected to combined fermentation (i.e., bev-
erages based on fruit extracts such as apple,
pomegranate, and citrus) exhibited a different
ROP dynamic. While the initial value was like-
wise 150 mV, it rose more sharply to 210 mV at
24 hours, indicative of a high rate of primary
yeast metabolism, typical in substrates rich in
readily available simple sugars. This spike re-
flects the excessive production of electron-do-
nating compounds and a transient increase in
oxidation potential. A subsequent decline in
ROP to 80 mV by the final stage indicated par-
tial degradation of intermediate metabolites
and the establishment of a moderately reducing
environment - though less pronounced than in
traditional fermentation.

The highest ROP values were recorded in
fruit-based substrates undergoing combined
fermentation, demonstrating intensive early
metabolic activity. In contrast, the lowest val-
ues were observed in cereal- and tea-based sub-
strates under traditional fermentation, where
more strongly reducing conditions developed -
favourable for the stable growth of lactic acid
bacteria. The titrated acidity in the experimen-
tal samples increased progressively throughout
the fermentation process; however, the rate of
increase was markedly influenced by the type
of raw material and the fermentation method

employed. The highest acidity level - up to
3.1g/L - was observed in samples based on
pomegranate extract during combined fermen-
tation, indicating active organic acid produc-
tion facilitated by yeast activity in the initial
stage. In contrast, beverages derived from oat
substrates reached an acidity of 2.2 g/L after
120 hours, while Kombucha-based samples ex-
hibited the lowest final acidity, at only 1.4 g/L,
reflecting a lower intensity of acidogenesis dur-
ing traditional fermentation. During the first 24
hours, titrated acidity increased gradually, par-
ticularly in samples undergoing traditional lac-
tic acid fermentation, where values rose from
0.2 to 0.5 g/L. However, after 48 hours, samples
subjected to combined fermentation exhibited
a more pronounced increase in acidity, reaching
1.9 g/L at 72 hours and 3.1 g/L at 120 hours -
approximately 41% higher than that observed
under traditional fermentation conditions.
These results confirm that the inclusion of
yeast cultures in the initial fermentation stage
promotes more intensive acid formation and
stimulates greater microbial metabolic activi-
ty. The dynamics of acidity change underscore
the importance of selecting an appropriate fer-
mentation strategy to regulate the acid-base
balance of the product and ensure its microbi-
ological and physicochemical stability (Fig. 3).
During the fermentation process, the rate
of acidity increase depended on both the com-
position of the microbial consortium and the
type of substrate. Samples undergoing com-
bined fermentation demonstrated not only
higher final acidity values (up to 3.1 g/L in the
case of fruit extracts), but also a more stable
and gradual increase in acidity after 48 hours,
compared to traditional lactic acid fermenta-
tion, where the increase was less pronounced
(maximum 2.2 g/L for cereal-based substrates).
This indicates a synergistic interaction be-
tween yeast and lactic acid bacteria, result-
ing in more active organic acid formation. In
contrast, the traditional scheme - particularly
when fermenting beverages based on oats or

Animal Science and Food Technology. 2025. Vol. 16, No. 2
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Kombucha - exhibited a smoother and less in-
tense increase in acidity, reflecting lower met-
abolic activity in the absence of an initial yeast
phase. The results confirmed that the dynamics
of physicochemical changes during fermen-
tation are significantly influenced by both the
microbial consortium and the chosen techno-
logical approach. Combined fermentation led
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3 Combined fermentation (pH)
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Titrated
acidity

to a more intensive increase in titrated acidity
and a more rapid decrease in redox potential,
indicating more active organic acid formation
and the establishment of a stable anaerobic en-
vironment. It was determined that monitoring
acidity and redox potential levels is essential
for optimising the fermentation process and
ensuring the stability of the final product.

m Traditional lactic acid fermentation (pH)
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Figure 3. Dynamics of changes in titrated acidity during fermentation

Source: created by the authors

Microbiological changes during

the fermentation process

During the fermentation of plant-based bever-
ages produced from various raw materials — in-
cluding cereal substrates (oats, millet, barley),
fruit extracts (pomegranate, apple, citrus),
and kombucha infusion - significant changes
were observed in the populations of lactic acid
bacteria and yeasts, which directly influenced
the quality of the final product. In the first 24
hours, Saccharomyces cerevisiae exhibited the
most rapid growth, reaching peak cell counts at
48 hours. This phase was accompanied by in-
creased production of organic acids and etha-
nol, which created favourable conditions for the
subsequent development of lactic acid bacteria.
Following this, an intensive increase in the

populations of Lactobacillus plantarum and Lac-
tobacillus casei was recorded, contributing to a
further reduction in pH and stabilisation of the
fermentation process. The competitive interac-
tion between bacterial and yeast strains played
a crucial role in shaping the microbial com-
position of the final product. By 72 hours, the
concentration of S. cerevisiae began to decline,
largely due to increased acidity across all ex-
perimental samples. In contrast, Brettanomyces
bruxellensis, which exhibits greater tolerance to
acidic conditions, remained metabolically ac-
tive until the end of the fermentation period.
However, its population levels were consist-
ently lower than those of S. cerevisiae, indicat-
ing reduced competitive ability under the given
fermentation conditions (Table 1).

Table 1. Dynamics of changes in the number
of microorganisms during fermentation (logarithm (log) CFU/ml)

Time (hours) Saitél:.g‘t;grirg;ces stg;:,‘;gg fses Lgi;glt’gfg'l::s Lactobacillus casei
0 3.2 2.8 3.0 3.1
24 6.5 3.2 4.2 4.0
48 7.8 4.0 5.8 5.5
72 6.9 4.2 6.8 6.5

Animal Science and Food Technology. 2025. Vol. 16, No. 2
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Table 1. Continued

. Saccharomyces Brettanomyces Lactobacillus . .
Time (hours) cerevisiae bruxellensis plantarum Lactobacillus casei
96 5.2 4.1 7.2 6.9
120 4.0 3.9 7.5 7.1

Source: created by the authors

The results of the analysis indicate a dis-
tinct phase-dependent dynamic in the devel-
opment of microorganisms. Yeast cultures,
notably Saccharomyces cerevisiae, reached peak
concentrations at 48 hours (7.8 log CFU/ml), af-
ter which their numbers declined due to chang-
es in the chemical environment. As pH levels
decreased and organic acids accumulated, lac-
tic acid bacteria — particularly Lactobacillus
plantarum - exhibited active proliferation, in-
creasing from 3.0 log CFU/ml at the initial stage
to 7.5 log CFU/ml at 120 hours. These findings
confirm a consistent phase dynamic in microbi-
al development across all types of plant-based
substrates, although slight variations in quan-
titative parameters were observed. The elevated
levels of L. plantarum in the final samples high-
light its high adaptability to acidic conditions,
a key factor in ensuring beverage stability. The
active growth of lactic acid bacteria during the
second fermentation phase was accompanied
by a gradual decline in yeast populations. This
underscores the importance of selecting appro-
priate microbial strains and maintaining con-
trolled fermentation parameters to establish a
stable microbial profile, regardless of the plant-
based substrate used.

Organoleptic characteristics

of fermented beverages

The sensory properties of beverages obtained
through the fermentation of various plant sub-
strates (oats, pomegranate extract, kombucha
infusion, apple and citrus extracts) were in-
fluenced not only by the fermentation condi-
tions, but also by the specific characteristics of
the raw materials. The development of taste,
aroma, and texture was a result of microbial

metabolic activity, utilising available carbohy-
drates, amino acids, and polyphenols. It was
found that beverages based on pomegranate and
citrus extracts exhibited the most intense aro-
matic profiles and pronounced acidity, whereas
those derived from oats and kombucha infusion
had a milder taste and lower overall acidity rat-
ings. These differences reflect the distinct met-
abolic responses of microorganisms to different
substrates, as confirmed by sensory analysis.

Fermented beverages may exhibit sour,
slightly sweet, or mildly bitter aftertastes, de-
pending on the microbial strains used and
fermentation parameters. Lactic acid bacteria
contribute to the production of lactic and ace-
tic acids, imparting a gentle acidity and creamy
texture, while yeasts produce alcohols and es-
ters that enhance the aromatic complexity (Bo-
goyavlenskiy et al., 2022). Previous studies have
demonstrated that combined fermentation
strategies significantly improve the sensory
qualities of fermented beverages by providing
a more harmonious flavour balance and a richer
aroma (Gadhoumi et al., 2021; Pinto et al., 2022).
Throughout the fermentation process, nota-
ble shifts in acidity perception were observed,
which directly influenced the overall taste
profile. Beverages produced using combined
fermentation exhibited more pronounced sour-
ness, balanced sweetness, and a more complex
aromatic composition. This is attributed to the
metabolic activity of yeast cultures during the
initial fermentation phase. In contrast, beverag-
es subjected to traditional lactic acid fermenta-
tion had a milder, though less complex, flavour,
resulting from the gradual accumulation of or-
ganic acids without the aromatic contributions
associated with yeast metabolism (Table 2).

Animal Science and Food Technology. 2025. Vol. 16, No. 2
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Table 2. Tasting evaluation of organoleptic characteristics of beverages

Parameter Traditional lactic acid fermentation Combined fermentation
Acidity 6.5+0.3 7.8+0.4
Aroma 5.9%+0.5 8.2%0.3
Complexity of taste 6.0£0.4 8.1%£0.3
Balance 7.2%£0.3 7.9+0.4
Texture 8.0+0.2 7.5+0.3
Overall rating 7.0+£0.3 8.3%£0.2

Source: created by the authors

The results of the tasting evaluation indi-
cate that combined fermentation significantly
enhanced the aromatic profile of the beverage
and enriched its taste complexity. The highest
scores were recorded for aroma (8.2 +0.3) and
taste balance (7.9 £0.4), confirming the positive
influence of initial yeast fermentation on the
development of the beverage’s sensory char-
acteristics. In contrast, traditional lactic acid
fermentation contributed to a softer texture
(8.0%0.2) and lower perceived acidity (6.5+0.3),
resulting in a more neutral flavour profile.
These findings confirm that the type of fermen-
tation has a significant impact on the sensory
properties of the beverage. Combined fermen-
tation offers more distinct organoleptic char-
acteristics, making it a promising approach for
improving the quality of functional beverages.

The effect of the type of plant raw material
on the quality of beverages

The study evaluated three main types of plant
raw materials: beverages based on kombucha
(Medusomyces gisevii), fruit extracts (apple,
pomegranate, citrus), and cereal substrates

(oats, millet, barley). It was established that
each substrate had a distinct influence on fer-
mentation dynamics, acidity levels, redox po-
tential, and the overall stability of beverages
during storage. Titrated acidity, a key indicator
of fermented beverages, significantly influences
both stability and organoleptic characteristics
(Petrenko et al., 2022). In the kombucha-based
samples, titrated acidity was comparatively
lower, indicating a slower fermentation process
thanin fruit-based beverages. The lowest acidity
values were recorded in cereal-based beverages,
which can be attributed to the composition of
the substrate and the specific characteristics of
the fermentation process. The storage stability
of the beverages was also strongly affected by
the type of raw material used. Fruit-based bev-
erages demonstrated the highest stability, with
a shelf life of 20-22 days. In contrast, kombu-
cha-based beverages had a shorter shelf life (14
days), likely due to gradual changes in acidity
and sediment formation. The least stable were
the cereal-based beverages, which showed a
higher tendency toward phase separation and
microbiological instability (Table 3).

Table 3. Physical and chemical characteristics of beverages depending on the type of raw material

. Titrated acidi Redox potential | Storage stabili

Raw material type pH (final value) (@0) ty (£V) (gdays) ty
Kombucha 3.7 6.5 -120 14
Apple extract 3.6 7.8 -150 20
Pomegranate extract 34 8.5 -170 22
Citrus extract (orange, lemon) 3.5 8.1 -160 21
Oat substrate 4.3 5.7 -85 10
Millet substrate 4.1 6.0 -90 11
Barley substrate 4.2 5.9 -88 10

Source: created by the authors

Animal Science and Food Technology. 2025. Vol. 16, No. 2




Petrova et al.

139

The results of the study confirmed that the
type of raw material significantly influences the
physicochemical and sensory characteristics
of the beverages. The highest titrated acidity
values (6.8-7.5 g/1) and the best tasting scores
(8.5 £ 0.2 points) were observed in samples
based on fruit extracts, which can be attribut-
ed to their high content of available sugars and
the active metabolism of lactic acid bacteria.
Kombucha-based beverages were characterised
by a moderate level of acidity (5.2-6.0 g/1) and
balanced taste profiles (7.8 0.3 points), while
cereal-based samples exhibited the lowest
acidity (4.7-5.5 g/1) and the shortest shelf life
(10-12 days), likely due to less intensive fer-
mentation activity. These findings suggest that
the choice of raw material plays a crucial role in
determining the overall quality and shelf life of
fermented beverages. Thus, the results indicate
a significant impact of the type of plant-based
raw material on the technological parameters
of fermentation and the quality of the final
product. Beverages produced from fruit ex-
tracts demonstrated the lowest pH, the highest

acidity, and the best storage stability, making
them a promising choice for the production of
stable fermented beverages with pronounced
sensory attributes. In contrast, beverages based
on kombucha and cereal substrates had a mild-
er taste and lower acidity, which may appeal to
consumers who prefer less acidic drinks.

Correlation analysis between
physicochemical, microbiological

and organoleptic indicators

The fermentation process represents a com-
plex system of biochemical and microbiologi-
cal transformations that determine the final
quality of the beverage. Key interrelated pa-
rameters include the medium’s acidity, redox
potential, the number of lactic acid bacteria
and yeast, as well as organoleptic characteris-
tics that influence the product’s consumer ap-
peal. Identifying correlations among these in-
dicators enables the detection of patterns that
can be applied to optimise the technological
process and enhance the stability of the final
product (Table 4).

Table 4. Correlation analysis between key fermentation parameters

Parameters pH RedO).( Number of la_ctic Amount of Sensm"y
potential acid bacteria yeast evaluation
pH 1.00 -0.79 -0.91 -0.65 0.64
Redox potential -0.79 1.00 -0.87 0.79 -0.54
Number of lactic acid bacteria | -0.91 -0.87 1.00 -0.60 0.85
Amount of yeast -0.65 0.79 -0.60 1.00 -0.74
Sensory evaluation -0.64 -0.54 0.85 -0.74 1.00

Note: statistical relationships between indicators are established using the Pearson correlation coefficient

Source: created by the authors

The results of the correlation analysis re-
vealed a significant interdependence among
the key fermentation parameters, indicating a
complex interaction between physicochemical
changes, microbiological activity, and the sen-
sory properties of the beverages. The most pro-
nounced was the inverse correlation between
pH level and the number of lactic acid bacte-
ria (-0.89), confirming the active production of
organic acids during fermentation. The redox

potential showed a strong inverse correlation
with lactic acid bacteria development (-0.85),
supporting the formation of an anaerobic envi-
ronment throughout the fermentation process.
At the same time, a positive correlation was ob-
served between redox potential and yeast count
(0.76), highlighting the influence of initial yeast
fermentation on overall metabolic activity. A
significant correlation was also noted between
titrated acidity and organoleptic indicators
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(0.82), underlining the key role of accumulat-
ed organic acids in shaping the beverages’ fla-
vour and aroma profile. Furthermore, the num-
ber of lactic acid bacteria correlated positively
with sensory evaluation (0.85), demonstrating
their beneficial impact on the final taste and
aroma, attributed to the synthesis of organic
acids and volatile compounds responsible for
the product’s characteristic profile. Conversely,
excessive yeast proliferation in the later stag-
es of fermentation negatively affected sensory
attributes (-0.74), likely due to the accumula-
tion of undesirable volatile metabolites such
as ethyl alcohol and phenolic compounds. The
correlation analysis thus confirmed a strong
relationship between physicochemical, micro-
biological, and sensory parameters during fer-
mentation. Active growth of lactic acid bacteria
and the corresponding decrease in redox poten-
tial were found to be favourable for achieving a
high-quality flavour profile. However, excessive
yeast activity at later stages may impair organo-
leptic quality, emphasising the need for optimi-
sation of fermentation conditions. These find-
ings are critical for the further standardisation
of fermentation processes and the assurance of
consistent quality in fermented beverages.

Discussion
The results confirmed the significant influence
of technological fermentation parameters on
the microbiological, chemical, physical, and
organoleptic characteristics of beverages, ne-
cessitating comparison with other studies to
evaluate the consistency of trends and identify
the key factors affecting final product quali-
ty. The study established that combined fer-
mentation — comprising an initial yeast phase
followed by lactic acid fermentation - led to a
greater reduction in pH and higher accumula-
tion of organic acids, thereby enhancing prod-
uct stability. Similar findings were reported by
I. Males et al. (2022), who observed that the
addition of medicinal and aromatic plants to
functional beverages influenced fermentation
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rate and improved the sensory profile, no-
tably by increasing aroma intensity and re-
ducing undesirable bitterness. Furthermore,
N. Terefe (2022) emphasised that the regula-
tion of fermentation parameters is essential
for ensuring microbiological stability - corre-
sponding with the current findings on the in-
fluence of titratable acidity and redox potential
on product quality. T. Mishra et al. (2024) con-
firmed that adherence to hygienic production
conditions and the quality of initial raw ma-
terials are critical to preventing undesirable
microbial growth during storage. This aligns
with the present data, which showed higher
stability in fruit-based beverages compared to
those derived from kombucha and cereals. Sim-
ilarly, L. Rodriguez et al. (2021) demonstrated
that fermentation of fruit substrates enhances
levels of bioactive compounds - particularly
polyphenols and organic acids — which sup-
ports this study’s observations of increased
acidity and antioxidant activity in pomegran-
ate extract samples. In addition, V. Esperanca et
al. (2022) reported that fermented beverages
made from nuts and cereals exhibit reduced
microbiological stability due to elevated pro-
tein content, which promotes the growth of
unwanted microflora. This corresponds with
the more rapid microbial spoilage observed in
oat- and barley-based samples in the present
study. H. Liu et al. (2023) investigated the im-
pact of innovative fermentation technologies
and concluded that microbial composition con-
trol is key to optimising fermentation and en-
hancing organoleptic properties. This confirms
the findings of intensified formation of volatile
aromatic compounds in beverages undergoing
combined fermentation, which improved their
sensory appeal.

The results of the sensory evaluation con-
firmed the significant influence of fermentation
technological parameters on the taste and aro-
ma characteristics of the beverages. In samples
subjected to combined fermentation, a richer
and more complex flavour profile was recorded.
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This finding aligns with the study by C. Viejo et
al. (2019), which employed artificial intelligence
to assess consumer preferences for ferment-
ed beverages and demonstrated that a higher
content of organic acids and volatile aromat-
ic compounds was positively correlated with
overall sensory appeal. Similarly, M. O’Sullivan
(2017) investigated consumer expectations and
identified that the most desirable traits in fer-
mented beverages included a balanced acidity,
light texture, and pleasant aroma — consistent
with the higher evaluations observed in the
combined fermentation samples. The influence
of microbial composition on organoleptic char-
acteristics was also highlighted in the study
by C. Battistini et al. (2018), where the use of
probiotic strains contributed to a more complex
aromatic profile in plant-based beverages. This
supports the present findings of elevated vola-
tile compound levels in samples fermented with
yeast. Furthermore, Z. Han et al. (2025) demon-
strated that fermentation of fruit and vegeta-
ble beverages with Lactobacillus spp. reduces
undesirable bitter notes and enhances texture,
which concurs with the increased sensory ap-
peal noted in beverages based on pomegranate
and citrus extracts.

The relationship between fermenta-
tion processes and the functional properties
of beverages was further explored by N. Ab-
baspour (2024), who found that combined fer-
mentation stabilised bioactive compound pro-
files, positively influencing the flavour balance
of the final product. In addition, S. Malakar et
al. (2020) established that fermentation under
optimised parameters not only improves taste
but also enhances microbiological stability
during storage. The observed improvements in
nutritional and sensory quality underscore the
importance of microbial transformation pro-
cesses in shaping beverage characteristics. Cor-
relation analysis between physicochemical and
organoleptic parameters revealed the critical
role of fermentation type in ensuring product
stability. These findings are supported by the

study of M. Tangyu et al. (2019), which showed
that fermentation of plant-based milk enhanc-
es sensory attributes through protein structure
modification and increased levels of aromatic
compounds. Finally, the importance of Lactoba-
cillus strains in fermentation was confirmed by
E. Hashimoto et al. (2025), who demonstrated
that careful microbial selection contributes to
optimising the acidity-aroma balance in fer-
mented beverages.

The results confirmed that cereal sub-
strates have a specific effect on the quality of
fermented beverages, particularly due to their
high concentration of polyphenolic compounds
and their ability to influence product stabili-
ty. This finding is consistent with the study by
D. Konrade et al. (2019), which examined the
fermentation of extruded cereals and found
improvements in the bioavailability of antiox-
idants and the stability of sensory characteris-
tics. Similar results were reported in the study
by P. Cichoniska et al. (2022), which showed
that the fermentation of cereal-based bever-
ages increases the concentration of bioactive
compounds and enhances their stability. Cor-
relation analysis of the main parameters fur-
ther confirmed that the level of acidity plays a
decisive role in determining the organoleptic
quality of beverages. This conclusion is sup-
ported by the study of O. Oyewole et al. (2022),
which demonstrated that acidity regulation is
essential for improving the texture and aroma
of fermented beverages. Moreover, M. Bibra et
al. (2021) confirmed that implementing adapt-
ed fermentation strategies can enhance prod-
uct stability, particularly by reducing the for-
mation of undesirable volatile compounds that
may negatively affect consumer perception.

The choice of starter cultures significantly
affects the final quality of fermented beverages,
especially their probiotic activity and microbi-
ological stability (Shydlovska & Koiba, 2023).
This is consistent with the findings of G. Gun-
gor et al. (2024), who demonstrated that the
use of probiotic strains in combination with
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Propionibacterium spp. improves both bever-
age stability and functional properties. Similar
trends were observed by A. Harper et al. (2022),
who investigated the fermentation of plant-
based dairy alternatives and confirmed that the
activity of lactic acid bacteria directly influenc-
es the texture, viscosity, and flavour profile of
the beverages. Additionally, the study by P. As-
rani et al. (2019) found that traditional fermen-
tation methods can be adapted to enhance the
bioactive properties of beverages, particularly
through the control of temperature and fermen-
tation duration. The results of the current study
confirmed the significant influence of fermen-
tation technological parameters on the quali-
ty of plant-based beverages, particularly their
acidity, microbiological stability, and sensory
properties. It was established that the combina-
tion of lactic acid bacteria and yeast improves
the taste and aroma profile of the product, in
agreement with findings from other studies.

Conclusions
The study found that the technological param-
eters of fermentation significantly influenced
the physicochemical, microbiological, and or-
ganoleptic characteristics of beverages derived
from plant-based raw materials. Combined fer-
mentation led to a more intensive decrease in
pH (to 4.3 in 72 hours) compared to traditional
lactic acid fermentation (4.9). During fermen-
tation, the redox potential declined to -170 mV
in beverages based on pomegranate extract,
indicating the establishment of a stable an-
aerobic environment. The type of raw material
determined the final physicochemical parame-
ters and beverage stability. Beverages produced
from fruit extracts had the lowest pH (down to
3.4 in pomegranate extract) and the highest
titrated acidity (8.5 g/L). Fermented beverages
obtained from kombucha and cereal substrates
were characterised by a final pH of approxi-
mately 4.3 (at 120 hours) and titrated acidity
ranging from 1.4 to 2.2 g/L. This profile reflects
a moderate level of acidogenesis, attributable
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to the buffer properties of the protein-polysac-
charide matrix of cereals and the specific met-
abolic activity of microorganisms in substrates
rich in complex carbohydrates. In samples with
fruit extracts, titrated acidity reached 3.1 g/L at
a lower pH (3.8), indicating a more active for-
mation of organic acids. Beverage stability was
dependent on the type of raw material: fruit
extract-based beverages remained stable for
up to 22 days, kombucha for 14 days, and cere-
al-based beverages for 10-12 days.
Microbiological analysis revealed consist-
ent changes in microorganism populations.
Saccharomyces cerevisiae reached its peak
(7.8 log CFU/mL) at 48 hours, after which its
population declined. Simultaneously, lactic
acid bacteria (Lactobacillus plantarum and Lac-
tobacillus casei) increased steadily, reaching
7.5-7.1 log CFU/mL by 120 hours. Sensory eval-
uation confirmed the advantages of combined
fermentation: beverages produced using this
method achieved the highest scores for aroma
(8.2 £0.3), flavour complexity (8.1 +0.3), and
balance (7.9 + 0.4). Traditional lactic acid fer-
mentation produced a softer texture (8.0+0.2)
and lower acidity (6.5 # 0.3). Beverages based
on fruit extracts received the highest overall
sensory score (8.3%0.2), while those based on
cereal substrates had a less pronounced aro-
matic profile (up to 7.0). Correlation analysis
demonstrated a significant relationship be-
tween pH and the growth of lactic acid bacteria
(correlation coefficient -0.91). Excessive yeast
activity in the later stages of fermentation
negatively affected the sensory properties of
beverages (-0.74), indicating the need to op-
timise fermentation conditions. The study’s
limitations include the absence of long-term
assessments of beverage stability under real
storage conditions and the use of a limited se-
lection of plant raw materials. Future research
should focus on investigating the degradation
mechanisms of functional components dur-
ing storage, assessing the potential of nat-
ural preservatives, and developing adaptive
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fermentation protocols to maintain beverage Funding
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AHoTaris. MeTow JOCTiIKeHHST 6Y/I0 BUSHAUUTM ONTUMAaIbHI YMOBU (epMeHTallii pOCTMHHOI
CUPOBMHM [jIs1 3a6e3reveHHs] CTaGibHOCTI Ta KOMILIEKCY CEHCOPHMX, MiKpo6iomoriunmx i
(bisMKo-XiMiUHMX TIOKa3HMKIB HAMOiB. JIOCTIMKEHHS ITPOBOAMIOCS B J1a6OpaTOPHMX YMOBax i
BK/TIOUA/I0 (pepMEHTAlliI0 HAMOiB i3 POCIMHHMX IHTPeNi€eHTIB 3a TPaAMIIiiiHOI Ta KOMGiHOBaHOIO
TEXHOJIOTiSIMY, KOHTPOIb (¢i3uko-ximiuaux (pH, TMTpoOBaHa KUCIOTHICTh, OKMCHO-BiZHOBHUIt
MOTeHIIiat), MiKpo6ioIOriuHKX (UMCEeNTbHICTh MOMIOUHOKMUCINX O6aKTepiii i ApiskasKiB) Ta CEHCOPHUX
nmapameTpiB. BcTaHOBJIEHO, 10 KOMGIHOBaHa ()epMEeHTAILisl CIIPUSIa iHTEHCUBHIIIOMY 3HVDKEHHIO
KucaoTHocTti HamoiB (pH mo 4,0 Ha 72 roguHi) MOPIBHSHO 3 TPAgUIIITHUM MOJOUYHOKVCIUM
6pomiHHsM (4,6). HaitHyokunit pH (3,8) Ta HailBUIIY TUTPOBAHY KUCJIOTHICT (8,5 1//1) Masu Haroi 3
(PYKTOBUX €KCTPAKTIB, 110 3a6€3MeuyBasIo iXHI0 MikpobionoriuHy cTabinpHicTb. Hamoi 3 uaitHoro
rpuba Maju cepeHIo KUCIOTHICTS (6,5 I/11), a 3pa3Ky Ha OCHOBI 3/1aKOBUX CyOCTpaTiB — HAIMEHIITy
(5,7-6,0 r/n) i Haiikoporuit TepmiH 36epiraHHs (10-12 gHiB). CeHCOpHMII aHaMi3 MiATBEpOUB
repeBaru KoMbiHOBaHOI (hepMeHTallii: HAMOi, OTPMMAaHi 3a 11i€l0 TEXHOJIOTi€0, MaJIy CKJIaIHIIINit
apoMaTuuHuit Tpodinb i 36amaHcoBaHMit cMak, mocsralounu 8,3 6ama 3a IeB’SITMOATbHOIO
mkaso. Mikpobionoriunmii aHasi3 mokasaBs, IO APDKMKI mocsranu miky (7,8 log KYO/mn)
Ha 48-it ToAuHi, MCAS YOro iX YMCEIbHICTh 3HMKYBaiacs, TOHi SIK MOJOYHOKMUCII Oakrepii
3pocTanau 1o KiHig ¢pepmenTanii (7,5-7,1 log KYO/mu). Kopensuiiiauit aHami3 migTBepauB BIUIUB
KMCIOTHOCTI Ha MiKpOOHMIT CKJIaf, i CEHCOPHI XapaKTepUCTMKM HamoiB. OTpuMMaHi pe3yabTaTu
MiATBEpAWIY, 0 KOMGiHOBaHA (epMeHTAallisl CIIpUsiE GUIBIIOMY 3HMKEHHIO pH, mifBUIEHHIO
TUTPOBAHOI KMUCIOTHOCTI Ta crabiiisalii OKMCHO-BiIHOBHOTO TMOTeHIliady, 10 3abe3mneuye
Kpalny Mikpo6io/loTiuHy CTa6iIbHICTb i CEHCOPHi XapaKTepUCTUKM HATIOiB. BUKOPUCTaHHS 1IbOTO
MigX0oy MO3BOJISIE ONMTUMI3yBaTH BUPOOGHUIITBO (YHKIIOHATHHMX (EePMEHTOBAHMX HATMOIB i3
MOKPAIleHVMI OPTaHOMENITUIHMMM BIACTUBOCTSIMU Ta MIOFOBKEHVM TepMiHOM 36epiraHHs

KirouoBi cjioBa: 6pofiHHS ; KUCIOTHICTh ; OKMCHO-BiZHOBHMI TTOTEHIIia/T; MOJIOUHOKMCITi 6aKkTepii;
JIPiKIKi; CeHCOPHMIT aHaTi3; MiKpo6iomoriuna cTabibHiCThb

Animal Science and Food Technology. 2025. Vol. 16, No. 2



https://orcid.org/0000-0001-8612-3981
https://orcid.org/0000-0002-5845-2582
https://orcid.org/0000-0002-6710-570X
https://orcid.org/0009-0006-3071-0806

