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Background. Traditional industrial production of Saccharomyces cerevisiae primarily yields pressed baker's
yeast through multi-stage fed-batch fermentation. However, there is increasing demand for diverse yeast-
based products with tailored functional properties, requiring a more flexible production approach than the
conventional single-product focus.

Objective. This study aimed to develop and propose a flexible fermentation scheme for an industrial
S. cerevisiae strain to enable the production of a variety of yeast products from a single line by optimizing
fermentation parameters to achieve desired biomass characteristics.

Methods. Using the industrial strain . cerevisiae in fed-batch bioreactors, key fermentation parameters — in-
cluding temperature, pH, and carbon/nitrogen dosing profiles — were systematically varied. The resulting
yeast biomass was analyzed for composition (protein, trehalose, glycogen, RNA) and functional properties
(rising power, ethanol tolerance) to assess the impact of the parameter modifications.

Results. Modifying fermentation parameters significantly influenced yeast biomass composition and func-
tional traits. Specific fermentation profiles were successfully developed to produce biomass suitable for va-
rious products, including different forms of baker's yeast, yeast for alcohol/wine/beer production, protein
source yeast, and yeast for extracts. Targeted control of parameters allowed for the accumulation of specific
components essential for each application.

Conclusions. Optimizing S. cerevisiae fermentation parameters is product-specific and allows for the produc-
tion of a diverse range of yeast-based products from a single industrial line. Controlling nutrient dosing,
temperature, pH, and ethanol concentration enables tailoring biomass composition and characteristics,

representing a significant advancement towards a versatile multi-product fermentation model.
Keywords: yeast; biomass; Saccharomyces cerevisiae; fed-batch fermentation; yeast-based product.

Introduction

The industrial production of baker's yeast has
a long-established technological framework, which
has remained largely unchanged over decades. This
classical scheme includes sequential operations
such as the preparation of the nutrient medium,
development of seed cultures, fed-batch fermenta-
tion in large-scale bioreactors, separation and fil-
tration of yeast biomass, followed by forming and
packaging of the final product [1,2]. While this
production line is well optimized and widely adop-
ted across the baking industry, it remains structu-
rally rigid and tailored almost exclusively to the
production of a single output — pressed baker's yeast.

However, in recent years, a profound shift in
consumer demand, industrial application, and sus-
tainability considerations has occurred. The global
interest in yeast-derived ingredients now extends far
beyond traditional baking. Saccharomyces cerevisiae,
the primary workhorse of industrial fermentation,
is increasingly being considered as a multipurpose

platform for the production of brewing and wine
yeasts, ethanol-producing strains, dietary protein
supplements, and functional yeast extracts [3—5, 6].
These developments are motivated not only by
market diversification but also by the broader need
for sustainable, circular biomanufacturing strate-
gies [4, 6]. Despite this shift, conventional yeast
production plants remain constrained by their sin-
gle-product design, unable to adapt efficiently to
the production of biomass with distinct composi-
tional or functional characteristics [4].

This disconnects between existing infrastruc-
ture and new industrial needs defines the core
problem addressed in the present study — the tech-
nological inflexibility of conventional yeast fermen-
tation processes. Most industrial processes are op-
timized for high-yield biomass under growth-favo-
rable conditions, but they do not accommodate
modulation of biomass quality [1, 4]. As a result,
producers are often forced to invest in separate in-
frastructure or downstream processes to meet va-
ried product specifications, which increases both
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operational complexity and production costs. Fur-
thermore, while recent advances in genetic engi-
neering offer solutions for customizing yeast strains,
regulatory and economic barriers frequently limit
their implementation at scale [7, §].

Given this context, there is a clear need for a
process-level solution that enables manufacturers to
use a single strain and bioreactor line to generate
multiple product types with differentiated characte-
ristics. This study aims to develop and validate
such a solution by designing a flexible, multi-out-
put fermentation platform for an industrial strain
of S. cerevisiae. The central hypothesis is that,
through deliberate adjustment of upstream process
parameters, rather than genetic modifications, it is
possible to direct yeast metabolism toward the bio-
synthesis and accumulation of specific components
(e.g., protein, glycogen, trehalose, RNA) that are
essential for applications [9—11].

The research focuses on the systematic mod-
ification of core fermentation parameters, includ-
ing nutrient feeding profiles (carbon/nitrogen ratios
and dosing recipes), environmental conditions (pH
and temperature control throughout fermentation),
and stress triggers (e.g., temperature shock, ethanol
exposure at specific phases) [9—11].

These parameter sets are configured based on
the known metabolic responses of yeast and tai-
lored to distinct product classes: pressed and dry
baker's yeast, ethanol yeast, brewing/winemaking
yeast, protein-enriched biomass for feed/food, and
extract-rich biomass for nutritional additives. The
experimental platform uses industrial-scale bioreac-
tors to evaluate how changes in fermentation dy-
namics influence biomass composition and down-
stream product functionality.

By shifting the paradigm from fixed to flexible
fermentation, this study contributes to the develop-
ment of a more adaptable and economically effici-
ent model of yeast-based biomanufacturing [4, 5].

Materials and Methods

Strain

Industrial strain of S. cerevisiae YR-1 was pro-
vided by LLC Enzym Company (Lviv, Ukraine).

Medium and cultivation

Yeast growth was investigated during a fed-batch
industrial fermentation in a commercial 120 m® bub-
ble column bioreactors at LLC Enzym Company.

45

Beet molasses previously dissolved to a content of
300 g/1 of total fermentable sugars was used as a
carbon source. Ammonia solution (25% by weight)
was used as a nitrogen source. Sulfuric acid (96%
by weight) was used to adjust the pH of the me-
dium. All components of the nutrient medium
were kindly provided by LLC Enzym Company
(Lviv, Ukraine). After sterilization, the bioreactor
was immediately filled with water, initial carbon
and nitrogen sources, trace elements and vitamins
were added, and the pH was adjusted to 5.4. After
that, the inoculum was set, and the fed-batch fer-
mentation was started. Dosing of molasses, ammo-
nia, aeration, control of pH, temperature, and al-
cohol in the medium occurred automatically ac-
cording to predetermined dosing profiles. After the
end of fermentation, the bioreactor was discharged,
and the yeast biomass was separated from the wort
by means of industrial separation unit (GEA West-
falia Separator).

Growth rate

The growth rate of yeast biomass in the fer-
menter was determined as the ratio of biomass
growth per unit time to the initial biomass concen-
tration in the medium. The average growth rate
was determined as the average value of the growth
rate at each hour of fermentation.

Biomass concentration (YDM)

10 mL of sample was pipetted, weighed (Mett-
ler Toledo AT200; Columbus) and heated for 24 h
at the temperature of 105 °C (drying oven, PF60,
Carbolite Gero). Dried sample was once again
weighted, and the dry matter content (DM) was
calculated according to the following formula:

(mdS — m)
YDM = ~—— = L],
VS [g/L]
where mdS is mass of the crucible with the dried
sample (g); m is mass of the crucible (g); and VS is
volume of the sample (L).

Yield of biomass by substrate

The yield of biomass by substrate was deter-
mined as the ratio of dry biomass grown in the
bioreactor to the mass of raw molasses used for its
cultivation recalculated to 46% total fermentable
sugar (TFS), according to the formula

v - m(biomass100% d.m.)
XIs M (molasses 46% TFS)

x100%.
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Determination of total nitrogen and raw protein
in yeast biomass

Quantitative determination of total nitrogen was
performed according to the method of Kjeldahl [12].
The raw protein content in yeast is calculated by
multiplying of total nitrogen with factor 6.25.

Determination of free amino nitrogen

Free Amino Nitrogen were determined with
commercial kit (Free Amino Nitrogen Assay Kit,
Merck KGaA, Darmstadt, Germany).

Trehalose determination

Trehalose contents of yeast were determined
by the Anthrone reagent method [13].

Glycogen determination

Glycogen were determined with commercial
kit (EnzyChrom™ Glycogen Assay Kit, BioAssay
Systems, Hayward, USA).

Determination of RNA

The amount 0.4—0.8 gm. of yeast cream was
weighed out into a centrifuge tube. Then, 8 ml of
cold 0.25N HCIO, was added to the tube, and the
tube was placed into a 4 °C water bath and held
for 15 min. at 4 °C. Afterward, the tube was cen-
trifuged for 10 min at 4000 rpm, and the superna-
tant was decanted. To the yeast pellet, 5 ml of
0.5N HCIO, was added and shaken thoroughly.
The tube was then placed in a 70 °C water bath for
15 min, with shaking every 3-4 minutes. Afterward,
the tube was centrifuged for 10 min at 4000 rpm.
Without disturbing the yeast pellet, 1 ml of super-
natant was removed and added to 100 ml DI H,O
in a volumetric flask. The mixture was thoroughly
mixed, and measurements were carried out by
spectrophotometer at 260 nm using DI H,O as a
blank. The RNA content was calculated by averag-
ing three consecutive measurements using the for-
mula

%RNA in cream yeast

_ (Absorbance value x Dilution x 0.03365 x 5 ml x 100)
(Wt. of sample in mg x % solids in sample/100)

Determination of viable yeast cells

YM agar medium (MALT WICKERHAM) was
used to determine the number of viable cells. After
preparation, the medium was autoclaved at 120 °C
for 20 min. Following inoculation with the appro-
priate dilutions of the sample to achieve 30—300 co-
lonies, the dishes were incubated at 25—30 °C under
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aerobic conditions for 48 to 72 hours. The number
of colonies forming units (CFU) in the dishes con-
taining 30—300 colonies was counted, and the
weight of the dry matter was referenced [14].

Determination of dead cells

The percentage of dead cells was determined
through microscopy using methylene blue. To do
this, 1 ml of yeast suspension was mixed with 1 ml
of methylene blue buffer solution. The cell count-
ing chamber was carefully filled using a pipette.
After filling, the chamber was allowed to stand for
3 minutes to allow the yeast cells to settle and
evenly distribute in the field of view. Following
this, the number of cells was counted. The percen-
tage of dead cells was determined by dividing the
number of blue-stained cells, shrunken, and de-
plasmolyzed cells by the total number of cells
counted in the chamber, using the formula:

X:%XIOO%,

where a is the number of dead, shrunken, deplas-
molyzed cells, and s is the total number of cells
counted in the chamber [14].

Determination of ethanol in wort

Ethanol in liquid sample was extracted by Tri-
n-butyl phosphate (TBP, Sigma Aldrich, USA).
One mL of TBP and 1 mL of aqueous sample was
mixed in a microtube and then vortex vigorously
for 1 min. The mixture was centrifuged at 3,420 x g
for 5 min to separate into two phases. Upper phase,
TBP layer, was clear and transparent, while lower
phase, water later, was turbid. Then, 500 uL of up-
per phase was transferred to a new microtube and
mixed with 500 uLL of dichromate reagent (contain-
ing 10% w/v of K,Cr,0, in 5M of H,SO,), and
vortex vigorously for 1 min. The mixture was set
still for 10 min at room temperature to allow oxi-
dation product in lower phase developed its color
to blue green. One hundred microliters of the oxi-
dation products were diluted with 900 puL. of deio-
nized water. The optical density at 595 nm (A595)
of tested sample was measured in spectrophoto-
meter (T80+ UV/Vis Spectrometer, PG Instrument
Ltd., USA). The ethanol concentration in sample
was estimated from the ethanol standard curve
representing the relationship between A595 and the
concentrations of ethanol [15].

Ethanol tolerance determination

The yeast isolates were screened for its effi-
ciency in ethanol; the tolerance of each isolate was
studied by allowing the yeast to grow in liquid
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YEPG medium. The prepared medium was dis-
pensed into (150 ml) Erlenmeyer flasks and steri-
lized by autoclaving at 121 °C for 15 min. The me-
dium in the flasks were allowed to cool to a tem-
perature of about 45 °C and absolute ethanol was
added in varying percentage concentrations from
6% to 15% with a step of 0.5 [16].

Yeast rising power determination

The rising power was determined according to
the method of the VH Berlin Yeast Industry Insti-
tute. 7.5 g of fresh compressed yeast; or 2.25g of
Instant Active Dry Yeast (IADY); or liquid yeast
equivalent to 7.5 g of Fresh yeast at 30% YDS were
used. A beaker or measuring vessel with 200 ml of
tempered potable water (30 °C) was prepared. The
tempered flour was placed into the kneading
chamber, and the kneader was switched on. The
salt solution was added to the flour, followed by
the yeast suspension. Water was added until a total
of 180 ml was used. All ingredients were thoroughly
mixed for 1 minute, and then water was added until
a dough strength of 500 FE + 50 FE was achieved
on the Farinograph-scale. The dough was left to
rest for 5 min with the lid on the kneading cham-
ber. The dough consistency was adjusted with small
additions of water until it reached 500 FE + 50 FE
again. The dough was removed from the kneader
chamber, and 350 g of dough was placed on a PE-
foil-sheet, then transferred and pressed into the
baking form of the SJA Fermentograph. The filled
baking form was transferred into the tempered SJA
Fermentograph chamber (30 °C). The raising power,
defined as the amount in ml of CO, gas produced
over 2 hours from 1 g dry yeast biomass, was cal-
culated from the CO, gas amount measured after
the break at 60 minutes and the amount developed
until the 120th minute (ml CO,/2 hr/g d.m.) [17].
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Figure 1: Dependence of protein accumulation on temperature
and pH
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Results

The study investigated the impact of varying
fermentation parameters on the biochemical com-
position and functional properties of S. cerevisiae
strain YR-1 biomass. Key parameters analyzed in-
cluded protein, trehalose, glycogen, and RNA con-
tent, as well as functional indicators like rising
power and ethanol tolerance [18].

Dependence of protein accumulation on tem-
perature and pH was determined (Fig. 1). Maxi-
mum protein accumulation was observed at a me-
dium pH in the range of 5.0—6.5, with the highest
accumulation at pH 5.5. Lowering the temperature
from 36 °C contributed to protein accumulation,
reaching a maximum at 30 °C. Thus, the optimal
parameters for maximum protein accumulation by
the strain were found to be a fermentation temper-
ature of 30 °C and pH of 5.5.

The accumulation of storage carbohydrates,
glycogen and trehalose, was also found to be depen-
dent on temperature (Fig. 2). Glycogen accumulated
in optimal conditions for growth with an excess of
carbon source, with the optimal temperature for gly-
cogen accumulation being 30 °C. Trehalose began to
accumulate in the stationary phase of growth under
nitrogen limitation, with an optimal temperature of
36 °C. Maximum trehalose content as a reaction to
temperature shock was achieved with a sharp change
in temperature from optimal for growth to a temper-
ature close to critical for cell viability.

Different fermentation schemes were investi-
gated for obtaining yeast biomass suitable for vari-
ous products: yeast concentrate, pressed yeast for
bakery, pressed yeast for alcohol production, dry
instant baker's yeast, dry yeast for wine and beer
production, yeast as an alternative protein source,
and yeast for yeast extracts. Table 1 summarizes
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Figure 2: Dependence of accumulation of glycogen and treha-
lose on temperature
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the main fermentation parameters (fermentation
time, specific growth rate, seed percentage, initial
and final YDM concentration, protein, trehalose,
glycogen, and RNA content, and yield) for each
product type. Table 2 presents the characteristics of
the final yeast products, including rising power,
shelf life, ethanol tolerance, total nitrogen, free
amino nitrogen, viable cells, and dead cells.

Innov Biosyst Bioeng, 2025, vol. 9, no. 3

For yeast concentrate (liquid yeast for ba-
kery), fermentation parameters were set to achieve
maximum biomass accumulation, presence of gly-
cogen, and absence of trehalose, without tempera-
ture shock (Fig. 3a). Ethanol concentration was
maintained at 0.15% (w/w). Nitrogen dosing stop-
ped one hour before carbon dosing.

Table 1: Characteristics of the fermentation process under different yeast growing conditions

Fermen- Initial Final
Product tation u Seed, concen-  concen- Protein, Trehalose, Glycogen, RNA, Yield,
tve time (average), % > tration  tration % (on % (on % (on % (on gYDM/
yp © h(=D) ° YDM, YDM, dm) dm) dm) dm) ¢TFS
g/l
Liquid
yegst for 17.0 0.15 738 55 69.9 48.1 9.0 7.0 4.0 51.1
bakery ) ’ ) ) +1.2 +0.8 +0.2 +0.3 +0.3 +0.5
Pressed
yeast for 165 0.13 117 76 65.0 44.0 12.0 8.0 4.5 54.2
bakery ’ ’ ) ) +0.9 +0.5 +0.3 +0.2 +0.3 +0.7
Pressed
y]easltqf(l)r 65.3 47.3 10.0 8.0 4.0 52.0
alcoho . . . . . .
fermen- 17.0 0.14 9.3 6.0 +0.8 +0.8 +0.2 +0.3 +0.3 +0.4
tation
Dry yeast 69.8 42.2 18.0 5.0 3.0 54.5
for bakery 190 0.2 102 71 +0.8 +07  +04  £02 +0.2 +0.5
Dry yeast
for wine & 60.0 38.0 22.0 5.0 4.5 50.7
beer 165 013 M7 70 gs 105 £03 £02 03 +07
production
Protein
source 15.0 0.18 6.7 37 54.8 65.1 1.8 1.3 6.0 46.0
yeast ) ) ) ) +0.7 +0.9 +0.1 +0.3 +0.3 +0.8
Yeast for
49.7 60.5 2.1 1.9 8.0 48.5
yeast 2002080 40 o9 108  +00  +02  +04  +05
extracts
Notes. p — specific growth rate, YDM — yeast dry matter, TFS — total fermentable sugar (p < 0.05).
Table 2: Characteristics of yeast-based finished products
.. Ethanol Free
p Raising power, Shelf life, tolerance, 'Total amino Viable cells, Dead
roduct type mlCO,/2hr/g days %V /Y) nitrogen, nitrogen CFU/g cells,
d.m. % ’ %
ethanol %
Liquid yeast for )
bakery 990 + 27 5 8.0 7.7+0.2 N/A >1.0-10E + 09 <5
Pressed yeast for 930 + 23 40 9.5 7.0+0.2 N/A  >LO10E+09 <10
bakery
Pressed yeast for )
alcohol fermentation N/A 24 13.5 7.5+0.2 N/A >1.0-10E + 09 <10
Dry yeast for bakery 890 + 25 730 10.0 6.7 +0.2 N/A >5.0-10E + 09 <30
Dry yeast for wine & N/A 1095 120 61402 N/A  >LOI0E+10  <I0
beer production
Protein yeast (dry) N/A 730 N/A 105+03 1.2+£0.1 <I1.0-10E + 02 N/A
Yeast extracts (dry) N/A 730 N/A 122+04 6.7+0.2 <I1.0-10E + 02 N/A

Notes. N/A — not applicable (p < 0,05).
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Figure 3: Parameters of the fermentation process of S. cerevisiae yeast strain YR-1 for various fields of application: (a) liquid yeast,
(b) pressed baking yeast, (c) pressed baking yeast for alcohol production, (d) instant dry baker's yeast, (¢) dry yeast for winemaking

and brewing, (f) protein source yeast, (g) yeast for the yeast extracts
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For pressed baking yeast, fermentation in-
cluded a changed nitrogen dosing profile, stopping
two hours before molasses completion, and an
increased temperature to 33 °C in the second
half (Fig. 3b). A maturation stage was included.

Pressed yeast for the alcohol industry involved
maintaining a higher ethanol content (0.2% w/w,
rising to 0.5% w/w after nitrogen stop), similar ni-
trogen dosing to pressed baking yeast, and increased
temperature to 33 °C in the second half (Fig. 3c).

Instant dry baker's yeast fermentation featured
increased carbon dosing duration, nitrogen dosing
with initial excess followed by decrease and stop
three hours before molasses completion, and a sharp
temperature rise (thermal shock) after nitrogen
stop (Fig. 3d).

Dry yeast for winemaking and brewing used a
shorter fermentation time, reduced nitrogen do-
sage, and lower alcohol content compared to dry
baker's yeast fermentation (Fig. 3e).

Yeast as a source of alternative protein in-
volved carbon dosing throughout fermentation to
maintain maximum growth rate, maintaining op-
timal temperature and pH for biomass accumula-
tion, and nitrogen dosing before the end of mo-
lasses dosing (Fig. 3f).

Yeast for yeast extracts production featured
maximum and simultaneous dosing of carbon and
nitrogen sources throughout fermentation, main-
taining optimal temperature (28 °C) and pH (5.5),
and a significantly decreased fermentation duration
(12 hours) (Fig. 3g).

Table 1 and Fig. 3 illustrate the specific para-
meter profiles and their resulting impact on bio-
mass composition and yield for each product type.
Table 2 shows the corresponding functional prop-
erties of the final products.

The observed dependencies of protein, glyco-
gen, and trehalose accumulation on temperature,
pH, and nutrient availability (Figs. 1 and 2) align
with established knowledge regarding yeast me-
tabolism and stress response. Specifically, the op-
timal conditions identified for protein synthesis
(30 °C, pH 5.5) correspond to favorable conditions
for general anabolic processes. Glycogen accumu-
lation under excess carbon and optimal growth
conditions reflects its role as a readily mobilizable
storage compound for maintaining vitality. The ac-
cumulation of trehalose under nitrogen limitation
and temperature shock confirms its crucial role in
protecting cells against environmental stresses, par-
ticularly dehydration encountered during drying
processes (Tables 1 and 2).

Innov Biosyst Bioeng, 2025, vol. 9, no. 3

The results presented in Table 1 and Fig. 3
demonstrate the feasibility of implementing distinct
fermentation strategies to achieve desired biomass
characteristics for seven different product types.
For instance, maximizing protein content for
food/feed applications requires maintaining optim-
al growth conditions and excess nitrogen, whereas
producing dry yeast necessitates conditions pro-
moting trehalose accumulation for drying resis-
tance. The data in Table 2 further validates that
these tailored fermentation processes result in final
products with the required functional properties,
such as high rising power for baker's yeast, high
ethanol tolerance for alcohol yeast, and high viable
cell counts for dry wine/beer yeast as per Interna-
tional Oenological Codex standards.

In addition to quality indicators of the fer-
mentation process, it is also important to take into
account indicators that affect the economy of the
process, such as substrate yield, final biomass con-
centration and fermentation duration. A high yield
of the process is achieved by maintaining condi-
tions optimal for growth in the first half of fermen-
tation and optimal for the product in the second.
The necessary concentration of biomass is achieved
by changing the duration of the first part of fer-
mentation, during which intensive accumulation of
biomass occurs. The findings confirm that the bio-
chemical composition and functional properties of
S. cerevisiae biomass are highly dependent on the
specific fermentation parameters employed.

Discussion

This study assessed the feasibility of trans-
forming a classical single-product yeast production
scheme into a flexible, multi-product fermentation
platform using an industrial S. cerevisiae strain. The
design was based on the systematic variation of key
upstream parameters, including nutrient dosing stra-
tegies, temperature, pH, and ethanol concentra-
tion, with the goal of modulating yeast biomass
composition and function to match application-
specific requirements. While the findings demon-
strate the viability of this strategy at an industrial
scale, several aspects of the experimental design,
limitations, and broader implications warrant criti-
cal analysis.

The study employed a quasi-factorial appro-
ach, wherein one or more variables (e.g., nitrogen
depletion timing, carbon feed duration) were se-
quentially modified to assess their impact on bio-
mass composition. This approach enabled the
identification of causal trends between specific
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fermentation conditions and biochemical or func-
tional outcomes (e.g., protein, trehalose, and gly-
cogen accumulation). However, the experimental
design lacks full factorial structure, which restricts
the ability to evaluate higher-order interaction ef-
fects, such as temperature x pH or nitrogen x etha-
nol, that are known to exhibit synergistic or anta-
gonistic behavior in yeast metabolism [4, 9].

Another limitation is the scale of implementa-
tion: although the experiments were conducted in
industrial-scale bioreactors (120 m?), the study did
not include the use of fermenters of a different vo-
lume and, accordingly, did not investigate the im-
pact of scaling up the process. This limits the sta-
tistical power and reproducibility of the conclu-
sions. Moreover, while biomass composition was
comprehensively characterized, genomic or tran-
scriptomic analyses were not performed, which
constrains mechanistic insight into metabolic shifts
observed under different conditions. While the
study focused on phenotypic and biochemical end-
points (e.g., dry matter yield, trehalose content,
rising power), this limits the mechanistic under-
standing of the observed shifts in metabolism. Inte-
grating transcriptomic or metabolomic analyses, as
proposed by Yook and Alper [8], would provide
valuable insight into the regulatory circuits driving
biomass differentiation.

At the same time, the results presented in the
article confirm and expand existing knowledge
about yeast physiology. For example, the increased
protein accumulation under optimal pH (5.5) and
temperature (30 °C) aligns with established models
of anabolic growth [4, 9]. Similarly, glycogen ac-
cumulation during active growth and trehalose ac-
cumulation during nitrogen limitation or thermal
stress are consistent with their known roles as
energy storage and cytoprotective molecules, re-
spectively [3, 11]. These observations support the
conclusions of Halasz & Lasztity, who describe
trehalose as a stress marker critical for desiccation
tolerance in dried yeast [18]. Importantly, the
study advances the field by demonstrating that
these metabolic shifts can be intentionally steered
through process control, rather than relying on
post-fermentation modification or genetic engi-
neering. While Sirisena ef al. [10] explored how
proteolysis alters amino acid composition post-
process, our findings show that biochemical pro-
files can be preconditioned at the fermentation
stage, offering advantages in cost and functionality.

This work supports the growing consensus that
S. cerevisiae can serve as a modular bioproduction
platform, capable of yielding diverse biomass pro-
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files under tailored process conditions [5—7]. The
proposed model allows for the production of bak-
ing, brewing, ethanol, protein, and extract-grade
yeast using a single strain and equipment line. This
contrasts with the traditional paradigm of specia-
lized strains and facilities [1, 2], representing a sig-
nificant advancement in resource efficiency, pro-
duction flexibility, and process sustainability [6].

Nevertheless, the assumption of universal
strain suitability must be approached cautiously.
The use of a single industrial strain S. cerevisiae
YR-1 may limit generalizability, as strain-specific
responses to stress or nutrient shifts are well-
documented [5, 8]. The downstream processing
protocols were also held constant, which may not
be optimal for all product types, particularly dried
or extract-based yeasts that require specific stabili-
zation or cell lysis strategies [11].

Furthermore, process economics, including
yield, energy input, and cycle time, were only
briefly discussed. As noted by Vieira et al. [19] and
Zakhartsev et al. [20], optimal conditions for bio-
mass quality may not coincide with those for max-
imum productivity, requiring a more detailed anal-
ysis of economic trade-offs in future work.

To progress toward a fully adaptive and indu-
strially viable fermentation model, future research
should focus on several key directions. First, im-
plementing full factorial designs and response sur-
face modeling would allow for a deeper under-
standing of interaction effects between process va-
riables and their influence on biomass quality. Ad-
ditionally, integrating omics-level data, such as
transcriptomics and metabolomics, would enable
the elucidation of underlying regulatory mechan-
isms that govern observed phenotypic changes in
yeast under varying fermentation regimes. Long-
term studies evaluating the genetic and physiologi-
cal stability of S. cerevisiae strains under alternating
fermentation conditions are essential to ensure
process robustness and reproducibility. Equally im-
portant is the refinement of downstream processing
steps, which must be tailored to the specific re-
quirements of each product type to maintain quali-
ty and vyield. Finally, a comprehensive techno-
economic assessment comparing this flexible fer-
mentation approach with conventional single-pro-
duct lines would be instrumental in demonstrating
its industrial viability and cost-effectiveness.

Conclusions

This study demonstrates that precise manipu-
lation of fermentation parameters, such as nutrient
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feeding, pH, temperature, and ethanol concentra-
tion, enables targeted modulation of S. cerevisiae
biomass composition in a fed-batch process. By
adjusting these variables, it is possible to steer the
accumulation of specific intracellular components
such as protein, trehalose, glycogen, and RNA,
thereby tailoring the biomass to meet the require-
ments of various industrial applications. The pro-
posed flexible fermentation strategy allows for the
production of multiple yeast-based products using
a single industrial strain and platform, representing
a significant advancement over traditional single-
product processes. This approach enhances re-
source efficiency and operational adaptability with-
out the need for genetic modification or separate
infrastructure. At the same time, certain limitations
were identified. The absence of molecular analyses
restricts mechanistic understanding, and down-
stream processing was not optimized for individual
product types. Moreover, strain stability under va-
rying conditions requires further validation. Future
research should focus on integrating omics ap-
proaches, refining downstream protocols, and as-
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sessing long-term process robustness. Overall, the
study establishes a scalable, sustainable model for
adaptive biomanufacturing, contributing to the de-
velopment of versatile yeast-based production sys-
tems aligned with modern bioprocess engineering
principles.

Interests disclosure

The authors declare that there is no conflict
among the contributing authors related to the fi-
nancial or non-financial interests that are directly
or indirectly related to the work submitted for pub-
lication.

Acknowledgements

We would like to thank the laboratory and
production staff from LLC Enzym Company, for
conducting the fed-batch fermentation and down-
stream processes as well as the analyses regarding
fermentation and final products.

[1]  Reed G, Nagodawithana TW. Yeast technology. Springer; 1991. DOI: 10.1007/978-94-011-9771-7
[2] White J, Munns DJ. Nutrilites and the production of pressed yeast. J Inst Brew 1950;56(3):194-202.

DOI: 10.1002/j.2050-0416.1950.tb01532.x

[3] Mustafa G, Arshad M, Bano I, Abbas M. Biotechnological applications of sugarcane bagasse and sugar beet molasses.
Biomass Convers Biorefinio 2020;13:1489-501. DOI: 10.1007/s13399-020-01141-x

[4] Lisiéar J, Scheper T, Barbe S. Turning industrial baker's yeast manufacture into a powerful zero discharge multipurpose
bioprocess. Ind Biotechnol. 2017;13(4):184-91. DOI: 10.1089/ind.2017.0018

[5] Freund O. Bakers' and nutritional yeast production. Proc Annu Meet Am Soc Brew Chem. 1964;22(1):70-3.

DOI: 10.1080/00960845.1964.12006740

[6] Nya E, Etukudo O. Industrial potentials of saccharomyces cerevisiae. Br J Multidiscip Adv Stud. 2023;4(2):23-46.

DOI: 10.37745/bjmas.2022.0152

Wang Z, Qi X, Ren X, Lin Y, Zeng F, Wang Q. Synthetic evolution of Saccharomyces cerevisiae for biomanufacturing:

Yook S, Alper HS. Recent advances in genetic engineering and chemical production in yeast species. FEMS Yeast Res. 2025

Ma J, Sun Y, Meng D, Zhou Z, Zhang Y, Yang R. Yeast proteins: The novel and sustainable alternative protein in food

Sirisena S, Chan S, Roberts N, Dal Maso S, Gras SL, Martin JO G. Influence of yeast growth conditions and proteolytic
enzymes on the amino acid profiles of yeast hydrolysates: Implications for taste and nutrition. Food Chem. 2024 Mar;437(Pt

Zhou P, Liu Q, Zhao Y, Wu Y, Shen J, Duan T, et al. Yeast protein as a fishmeal substitute: impacts on reproductive
performance, immune responses, and gut microbiota in two sow hybrids. Front Cell Infect Microbiol. 2025 Apr;15:1579950.

Lynch JM, Barbano DM. Kjeldahl nitrogen analysis as a reference method for protein determination in dairy products.

(7]
approaches and applications. mLife. 2025;4:1-16. DOI: 10.1002/mif2.12167
(8]
Jan 30;25:f0af009. DOI: 10.1093/femsyr/foaf009
[91
applications. Trends Food Sci Technol. 2023 May;135:190-201. DOI: 10.1016/j.tifs.2023.04.003
[10]
2):137906. DOI: 10.1016/j.foodchem.2023.137906
[11]
DOI: 10.3390/fcimb.2025.1579950
[12]
J AOAC Int. 1999;82(6):1389-98. DOI: 10.1093/jacac/82.6.1389
[13]

Yemm EW, Willis AJ. The estimation of carbohydrates in plant extracts by anthrone. Biochem J. 1954;57(3):508-14.
DOI: 10.1042/bj0570508



Innov Biosyst Bioeng, 2025, vol. 9, no. 3 53

[14] International Organisation of Vine and Wine. International oenological codex [Internet]. Oiv.net. [cited 2025 Apr 23].
Available from: https://www.oiv.int/sites/default/files/publication/2024-03/CODEX%200enologique %20EN %202024.pdf

[15] Sriariyanun M, Mutrakulcharoen P, Tepaamorndech S, Cheenkachorn K, Rattanaporn K. A rapid spectrophotometric method
for quantitative determination of ethanol in fermentation products. Oriental J Chem. 2019;35(2):744-50. DOI: 10.13005/0jc/350234

[16] Bakare V, Abdulsalami MS, Onusiriuka BC, Appah J, Benjamin B, Ndibe TO. Ethanol production from lignocellulosic
materials by fermentation process using yeast. J Appl Sci Environ Manag. 2019;23(5):875. DOI: 10.4314/jasem.v23i5.17

[17] VERSUCHSANSTALT DER HEFEINDUSTRIE E.V. Test Report VH Berlin Standard Operating Procedure SOP H 04
dough raising Comparison of VH Berlin standard equipment with the ANKOM RF Gas Production System [Internet].
Ankom.com. [cited 2025 Apr 23].
Available from: https://www.ankom.com/sites/default/files/document-files/VH-Berlin_Dough_Rising Comparative.pdf

[18] Halasz A, Lasztity R. Use of yeast biomass in food production. CRC Press; 2017. DOI: 10.1201/9780203734551

[19] Vieira ED, Andrietta Md GS, Andrietta SR. Yeast biomass production: A new approach in glucose-limited feeding strategy.
Braz J Microbiol. 2013;44(2):551-8. DOI: 10.1590/s1517-83822013000200035

[20] Zakhartsev M, Yang X, Reuss M, Portner HO. Metabolic efficiency in yeast Saccharomyces cerevisiae in relation to tempera-
ture dependent growth and biomass yield. J Therm Biol. 2015;52:117-29. DOI: 10.1016/j.jtherbio.2015.05.008

B. €poxiH, B. JlybeHeLb
HauioHanbHun yHiBepcuTeT “JIbBiBCbka noniTexHika”, J1beiB, YkpaiHa

BMPOBHULITBO NMPOAOYKTIB HA OCHOBI APDKOXIB: BArATOL|INTbOBE BUKOPUCTAHHSA TPAOULIMHOT ®EPMEHTALIT

Mpo6nemartuka. TpaguuiliHe NnpomucroBe BUpOBHULTBO ApixaxkiB Saccharomyces cerevisiae 3ocepemxeHe nepeBaxHoO Ha BUPOGHWUL -
TBi NpecoBaHUX Nekapcbkux ApikmkiB. OAHaK NOMUT Ha PiIBHOMAHITHI APPKOXKOBI NPOAYKTM 3i creuianbHO nigibpaHnMm yHKUioOHaNbHUMM
BNACTMBOCTSAMM 3pOCTaE, i Lie BUMarae 6inblu rHy4koro nigxoay 40 BUPOGHULTBA, HiXXK TpaauuiiHa opieHTauist Ha OOUH NPOAYKT.

MeTa. Po3pobuTti Ta 3anponoHyBaTu rHy4Ky cxemy hepmeHTaLii Ans npomMmucrnoBoro wramy S. cerevisiae, WwWob 3abe3neunTtu BUpOG-
HULITBO Pi3HOMAaHITHMX OPKOXKOBUX MPOAYKTIB 3 OAHIET NiHii 3aBAsKM onTuMmidauii napameTpiB dpepmeHTauil Ana OOCArHEHHsT GaxaHnx
XapaKTepucTuk Giomacu.

MeToauka peanisauii. 3 BUKOPUCTaHHAM LWITaMy APKAXIB S. cerevisiae y nputoyHux Biopeaktopax NpoBeAEeHO CUCTEMATUYHY 3MiHY
KIMYoBUX NapameTpiB dhepmeHTaLii, Bknoyaoun Temnepatypy, pH i npodini Ao3yBaHHsA Byrneuto/azoTy. OTpumany apixmkoy Gioma-
cy aHanidyBanu Ha cknag (6inok, Tperanosa, rnikoreH, PHK) Ta dpyHkuioHanbHi BnacTMBoCTi (NigiomMHa cuna, TonepaHTHICTb 4O eTaHo-
ny) 4Nns ouiHKM BNN1BY MoaudikaLii napameTpis.

PesynbTatn. Mogndikauis napameTpis depmeHTaLii CyTTEBO BMNUHYNa Ha cknag i yHKUioOHanbHi BNacTUBOCTI ApiKAXOBOI biomacy.
Bynu ycniwHo po3pobneHi cneumdiyHi npodini depmeHTauii Ana oTpuMaHHsa Giomacu, NnpuaaTHOT AN Pi3HUX NPOAYKTIB, BKIOYaYM
pi3Hi bopMM NekapcbkUx ApixaXiIB, APPKAXI ANs BUPOOGHMUTBa cnnpTy/BUHa/NMMBa, APDKIXI ik Mxepeno binka Ta apikmxi Ans ekcTpak-
TiB. LlinboBMiN KOHTPONb NapameTpiB AaB MOXUBICTb HAKOMUYYBAaTK CrieumdidHi KOMMNOHEHTU, HEODBXiAHI ANSA KOXHOro 3aCTOCYBaHHS.
BucHoBku. OnTumisauis napameTpie hepmeHTalii S. cerevisiae 3anexwuTb Big NPOAYKTY i fae 3Mory BUpOOGnATM pi3HOMaHITHUIA acop-
TUMEHT APiKIKOBUX NPOAYKTIB 3 OAHIEI NPOMUCMOBOI MiHii. KOHTPONb A03yBaHHS MOXMBHMX PEYOBUH, TeMnepaTypu, pH Ta KoHUeHTpa-
Lii eTaHONy Aae MOXNMBICTb afanTyBaTU CKNaf i xapakTepucTuku Giomacy, LWo € 3Ha4YHNM KPOKOM [0 YHiBepcanbHoi 6baratonpoaykro-
BOi Moaeni hepmeHTaLi.

KniouoBi cnoBa: apixmxi; 6iomaca; Saccharomyces cerevisiae; npuToyHa hepmeHTaLisi; NPOAYKTU Ha OCHOBI APDKAXIB.



