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Abstract

The present work describes the optimization of the composition of liquid culture medium in sub-merged fermentation in
batch system by varying 7 factors, according to a Hadamard matrix. The work aimed to determine the optimal values of
the varied factors (sugar content, yeast extract, KCI, medium volume (Vw/Vt), inoculation ratio, MgSO,4 x 7H,O,
vitamins) that conducted to a maximum value of the system response, namely the yeast biomass cell weight, (6.61 g) a
parameter relevant from technical and economic point of view. The temperature, stirring rate and air flow rate for the
Hadamard matrix were maintained constant for each process variant. Applying the process, an active yeast biomass with
a protein content of 36.45 g% was obtained. The active yeast biomass of S. cerevisiae PFE-II-3 was used in a further
study to obtain wines at the Pietroasa Viticulture and Winemaking Research and Development Station.

Key words: bioprocess, Hadamard matrix, optimisation, S. cerevisiae, yeast.

INTRODUCTION concentration obtained) (Vieira et al., 2013).
The purpose of optimization consists in
The establishment of the culture media determining the optimal values of the factors
composition and the cultivation conditions in leading to a maximum value of the system
batch fermentation process requires the study of  response, provided that the parameter that
the largest possible number of experimental quantifies the system response is relevant from
variants, depending on the environmental technical and economic point of view
factors used. The use of the optimization (Barbulescu et al., 2010).
techniques allows to study a larger number of  Saccharomyces cerevisiae (S. cerevisiae) is one
factors and to determine their interaction, of the most intensively studied microorganisms
optimizing one or more experimental responses. and, as a cell factory, has a long history of
The factor is a defined parameter (e.g., the successful application in industrial applications
constituent of a culture medium, the physical- (Wronska, 2022; Chuo et al., 2011; Radoi-Encea
chemical conditions etc.) that can have an et al., 2023; Dumitrache et al., 2019; Mihai et
influence on the experimental response al., 2022).
(Srivastava et al., 2017; Chai, 2024; Michel et Several optimization techniques are used to find
al., 2019; Carsanba et al., 2023). The response is the best operational fermentation conditions,
the result of an experiment (e.g., biomass mentioned by different authors in their research
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studies: Taguchi design (Barbulescu et al.,
2021), Latin square method, one-factor-at-a
time (OFAT) experiments (Gonzalez et al.,
1995), Response surface methodology (RSM)
was performed in the study of the optimization
fermentation process by Chen et al. (2022) and
Morteza et al. (2016).

During the medium optimization it must be
considered that a minimal growth requirement
of the microorganism must be fulfilled to obtain
a maximum production of metabolite(s) (Singh
et al., 2017). By performing a fed-batch
cultivation of K. marxianus in lactose-based
culture medium at varying initial lactose
concentrations (10-60 g L") at 30°C, pH 5.0,
dissolved oxygen concentrations greater than
20%, the study elaborated by Lukondeh et al.
(2005) led to a final biomass concentration of up
to 105 g-L.

In general, the carbon and nitrogen sources
present in the medium can influence the
production of metabolites. Carbon source is the
meaningful medium component, as it is an
energy source for the microorganisms and plays
an important role in the growth as well as in the
production of yeast cell biomass. The rate at
which the carbon source is metabolized can
influence the formation of the yeast cell biomass
(Barbulescu et al., 2022). The selection of
nitrogen source and its concentration in the
culture media fermentation also have an
important role in metabolite production. The
microorganism can use both inorganic and/or
organic sources of nitrogen (Marwick et al.,
1999).

Concerning the potassium source, Dubencovs
(2021), determined the optimal component
(glucose, phosphorus, nitrogen, and potassium)
concentration relations for the K. marxianus
DSM5422 synthetic growth medium to maintain
the mentioned components in appropriate
amounts during fed-batch cultivations in order
to obtain high cell densities. Potassium is also
important players in cell physiology. In yeasts,
the plasma-membrane H1-ATPase encoded by
the PMA1 gene has an essential role in ion
homeostasis (Morsomme et al., 2000).
Regarding the media volume, from the data
presented by Frincu et al. (2022) it is observed
that the highest amount of wet and dry biomass
was obtained when working on a volumetric
ratio of 200 mL / 500 mL.
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Regarding the inoculation ratio, Vieira et al.
(2013) grown yeast in a PDA slant for 24 h at
32°C, followed by resuspension in sterilized
water and inoculated at a 10% concentration of
the total volume of the fermentation medium for
biomass obtainment. The authors incubated the
flasks in a shaker for 24 h at 32°C and 150 rpm.
Magnesium as sulphate salts, source; is
important for culture media fermentation
(Barbulescu et al., 2010). In accordance with the
literature, the main factors affecting yeast
biomass growth and protein content, are pH,
temperature, time of cultivation and
requirements for carbon, nitrogen, and vitamins.
Barbulescu et al. (2010) in their study
supplemented the media culture with a nitrogen
source and vitamins for optimal growth. It is
known that vitamin is an organic compound that
an organism needs in small quantities to
properly run its metabolic functions (Wronska,
2022).

Referring to vitamins, biotin and pantothenate
are required for the proper growth of brewing
yeast strains (Lukaszewicz et al., 2024). Biotin
(vitamin B7) is an important nutrient for many
fermentations (Han et al., 2019) used 0.002 mg
as growth factor for aerobic growth to produce
glutamic acid.

The goal of the present work was the evaluation
of the influence of different media factors (sugar
content; yeast extract; KCl; media volume;
inoculation ratio; MgSOa4 x 7H20, and biotin) on
wet cells weight development (WCW, g/100
mL), using a Hadamard matrix for seven factors.

MATERIALS AND METHODS

Biotechnological process optimization

The purpose of optimization consisted in the
determination of the optimal fermentation
parameters values in batch system that lead to a
maximum value of the system response, which
are relevant from technical and economic point
of view (Barbulescu et al., 2010).

The Hadamard matrix used in the optimization
of culture media factors for obtaining active
wine yeast biomass is presented in Table 1.

A molecularly identified S. cerevisiae strain,
coded as PFE-II-3, formerly isolated in
UASMV Bucharest vineyard, was used for
liquid inoculum development.
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Table 1. Experimental matrix for K =7 and N =8

Exp. Factor Response
variant X, X X5 X Xs Xe X
1 + + + - + - - i
2 - + + + - + - 2
3 - - + + + - + v3
4 + - - + + + - Va4
5 - + - - + + + ys
6 + - - - + + Yo
7 + + - + - - + v7
8 - - - - - - B v
9 0 0 0 0 0 0 0 Control
The response of the optimisation “y” is corresponding sign in the column related to the

represented by a function (polynomial) in the
form:

y=bo+ b1X1 + b2X2 + ... biXk
where:

- bo= the average value of the response “y
- Xi = value of variable factors (culture medium

factors)
- bi = linear coefficients to be determined (i=1;
2;3;...;k)
we have:
Vi N
bo =25 and bi =2
where:

- Xij is the transposition of the matrix.
To calculate the linear coefficients (bi) it is
sufficient to assign the sign to each answer (yi),

bi=(yi-y2-y3 tya—ys+yet+yr—ys)/8
ba=(y1+y2-y3-ya+ys-ys+y7—ys)/8
bi=(y1+y2+tys-ya—ys+ys-y7—-ys)/8
ba=(-yi+y2+ys +ya—ys-ye+y7—ys) /8
bs= (y1- y2+ys +yat ys-ye-y7—ys)/8
be=(-y1+y2-y3+yst ys+ ye-y7—ys)/ 8

b7=(-yi-y2t y3-yat ys+ystyr—ys)/8

Depending on the results, and the number of
studied factors, the step of the variation can then
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factors for which we want to calculate the
coefficient, then the algebraic sum is made and
divided by the number of experiences (N = 8).
The response is represented by a polynomial in
the form:

y=bo+ biXi + b2X2 + b3X3 + baX 4+ bsXs+

bsX6+ b7X7
where:
boo 3 yi _ (y1+y2+y3+y4+y5+y6+y7+y8)
0= —=
8 8

The interpretation of the results consists in
ranking the factors with a significant influence
on the response, depending on their sign:

bi > 0 — positive influence;

bi < 0 — negative influence

S XY,
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be modified, and a new matrix of the same type
is set up, or following the objectives, other
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matrices are used for a final study, observing the
interactions between different factors.

The processing of the resulting fermentation
medium was performed in 2 steps:

» separation of the yeast biomass by
centrifugation at 4500 rpm for 5 minutes;
» purification of the yeast cells biomass using

successive washing with sterile water by

centrifugation at 4500 rpm.
For the determination of wet weight biomass
(WCW) (g/100 mL), 10 mL of samples were
centrifugated at 4500 rpm for 5 minutes and then
weighed. For the determination of dry cell
weight (DCW) (g/100 mL), the resulted wet
biomass was subjected to a drying process at a
Pheonix BM-60 moisture analyser (Lukondeh et
al., 2005). Dry cell weight (DCW) was
determined through gravimetric measurement
after harvesting, washing, and lyophilization of
a2 mL culture sample (Awad et al., 2019).

Physico-chemical analyses

The determination of the protein content for
yeast biomass was performed according to the
Kjeldahl method. The crude protein is obtained
based on the nitrogen content determined by the
Kjeldahl method multiplied by the factor 6.25.
As equipment a digestion Unit Buchi K-426, a
titration unit Titrino Plus 877, a distillation unit
KjelFlex 360, and an analytical balance OHAUS
AX224M (OHAUS Corporation; New Jersey,
USA) were used.

The determination of the ash content was
performed by calcination at 550-600°C. As
equipment, a Nabertherm L9 / 11/ B410 oven
(Lilienthal, Germany) and an analytical balance
(SHIMADZU ATX224R; Kyoto, Japan) were
used.

The moisture content was determined through
drying the samples at 103°C for four hours. As
equipment, a Memmert UNS55 drying oven
(Schwabach, Germany) and an analytical
balance (SHIMADZU ATX224R; Kyoto,
Japan) were used.

Total soluble solids (TSS) were used as of-line
parameter in fermentation bioprocess.

Microbiological analyses

The determination of yeast and moulds was
performed in accordance with the standard SR
ISO 21527-2:2009 - Microbiology of food and
animal feeding stuffs - Horizontal method for
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the enumeration of yeasts and moulds - Part 2:
Colony count technique in products with water
activity less than or equal to 0.95. As cultivation
medium Dichloran Rose-Bengal
Chloramphenicol (DRBC) agar was used and
the incubation was performed at 25 + 1°C for 5
days.

The determination of E. coli was performed in
accordance with the standard SR ISO 16649-
2:2007 - Microbiology of food and animal
feeding stuffs - Horizontal method for the
enumeration of beta-glucuronidase-positive
E. coli - Part 2: Colony-count technique at 44°C
using  5-bromo-4-chloro-3-indolyl  beta-D-
glucuronide. As cultivation medium tryptone-
bile-glucuronide medium (TBX) agar was used
and the incubation was performed at 44 + 1°C
for 18-24 h.

The determination of coliform bacteria was
performed in accordance with the standard SR
ISO 4832:2009 - Microbiology of food and
animal feeding stuffs - Horizontal method for
the enumeration of coliforms - Colony-count
technique. As cultivation medium crystal violet
neutral red bile lactose agar was used and the
incubation was performed at 37 + 1°C for 24 +
2 h.

Optimizing the culture medium and
cultivation parameters for obtaining active
yeast biomass of S. cerevisiae PFE 11-3

Step 1 optimization

Fermentation costs could be reduced by
replacing expensive components with cheaper
sources, such as food sugar, and/or with
increased productivity, and these could
contribute to a successful optimization strategy.
The strain used in liquid media fermentation in
different ratio has been proved to be another
valuable optimization strategy toward the
enhancement of the product yield (WCW) and
the process improvement.

Optimizing the fermentation medium at
laboratory level (using Erlenmeyer flasks)
involves large number of experiments regardless
of the chosen formula and is an open-ended
experiment (Table 2).

The data generated by the shaker flask media
seldom matches the fermentation behavior at the
fermenter level (Kennedy et al., 1994; Kennedy
et al., 1999). Vitamin solution - 0.002 g biotin
was dissolved in 50 mL sterile distilled water at
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50°C for 1 h, with stirring. The inoculation ratio
was established based on the previous
experiments as the salts, C and N source and
vitamin source.

Fermentation using the strain S. cerevisiae
PFE-II-3 for the of optimization
biotechnological process

Obtaining the pure culture of S. cerevisiae yeast
strain.

The preinoculum of yeast cultures of S.
cerevisiae PFE I1-3 were grown and developed
on YPG (yeast extract, peptone hy-soy, and
glucose) (Barbulescu et al., 2024) or YPS (yeast
extract, hy-soy peptone, and sucrose) agar slant
medium - 48 h at 30°C. This yeast was
previously isolated from the Tamaioasa
Romaneasca grape by Barbulescu et al. (2024)
and identified in 2023 by MALDI-TOF
techniques and was validated by PCR molecular
technique.

Obtaining the liqguid inoculum. The liquid
inoculum was obtained in 100 mL of YPG
medium/500 ml Erlenmeyer flasks, (yeast

extract were purchased from Sigma - Aldrich,
peptone hy-soy were purchased from VWR
Chemicals, and glucose were purchased from
VWR Chemicals), inoculated with 2 tubes of
previously developed pre-inoculum and left to
incubate for a maximum of 14-16 h, at 240 rpm
overnight at 30°C (Figure 1).

The experimental matrix for K =7 and N = 8
media is shown in Table 3 and the factors tested
for optimisation in Table 4.

Figure 1. Experimental variants at the laboratory level

Table 2. Concentration level taken in the experiment - optimization step 1

Media factors

Concentration level (g %)

-1 0 1

Xi Sugar 7 8 9

X2 Yeast extract E.D. 0.5 0.7 0.9

X3 KCl 0.04 0.05 0.06

X4 Medium volume Vw/Vt ratio 100/500 150/500 200/500

Xs Vitamin 0.5 1 1.5

Xe Inoculation ratio (%) 5 10 15

X7 MgSO4 x TH20 0.04 0.05 0.06

Table 3. Experimental matrix for K =7 and N =8
Optimization factors Response (yi)
Sugar E.D. KC1 %if:ﬁ;z;‘:;;r: Vitamin Inoculation MgSO4 xTH20 WCW (wet
g% g% g% Vw/Vt ratio g% ratio (%) (v/v) g% wgelllgbl:)t E:ell})
X1 X2 X3 X4 X5 X6 X7

+ - + - - y1

- + + - + - y2

- - + + - + y3
+ - - + + + - N

- + - - + + + ys

- + - - + + Yo
+ - + - - + y7

- - - - - - - s

0 0 0 0 0 0 0 Control
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Table 4. Media factors tested for optimization

Optimization factors Response
YE KCl Medium L. Inoculation MgS04
Exp. E)fp. Sugar (Yeast volume Vitamin .o (%) xTH20 WCW v
no. variant (g %)  extract) %) (mL) ) (mL) vIv) (g %) (g/100
(g %) Vw/Vt ratio mL)
X1 X2 X3 X4 X5 X6 X7
1 1 9 0.9 0.06 100/500 1.5 5 0.04 4.02 yl
2 2 7 0.9 0.06 200/500 0.5 15 0.04 4.09 y2
3 3 7 0.5 0.06 200/500 1.5 5 0.06 2.67 y3
4 4 9 0.5 0.04 200/500 1.5 15 0.04 3.58 y4
5 5 7 0.9 0.04 200/500 1.5 15 0.06 4.33 y5
6 6 9 0.5 0.06 100/500 0.5 15 0.06 3.30 y6
7 7 9 0.9 0.04 200/500 0.5 5 0.06 4.11 y7
8 8 7 0.5 0.04 100/500 0.5 5 0.04 2.89 y8
9  Control 8 0.7 005  150/500 1 ) 10 0.05 3.28  Control
RESULTS AND DISCUSSIONS to the preceding factorial plan. This allows a
better settlement of the optimal regions. A new
By performing fed-batch cultivation of S. experimental plan was established (Table 7) in

cerevisiae PFE-II-3 in a complex medium it was
possible to achieve a final biomass
concentration of up to 50 g/L. The results for
fermentation for obtaining active yeast biomass
of S. cerevisiae PFE-I1-3 are presented in Table
5. The response obtained represented the answer
for the following optimization calculation, as is
presented in Table 6.

Optimization Step 2

In accordance with the most influent factor from
the Table 6 were established the next step of
optimisation in the Table 7, based on the results:
(u) * (c). Following the optimization method,
the variation step of the most influent factor is
chosen within a more reduced space compared

which variable factors are: sugar, yeast extract,
inoculation ration and vitamin, the rest of the
ingredients remaining unchanged.

The results from step one goes to improve the
results and that is why in the next step 3 variants
were selected which are presented in Tables 8
and 9. For the next step, the liquid yeast
inoculum S. cerevisiae PFE -1I-3 was obtained.
The results concerning the pH and TSS, Brix for
the fermentation process is described in Table 9.
According with the optimization method, the
variation step of the most influent factor is
chosen in a smaller space compared to the
previous factorial plan, and this allows a better
placement of the optimal regions.

Table 5. Results for fermentation for obtaining active yeast biomass of S. cerevisiae PFE-11-3

Cultivation time Ana!yses/ vi V2 V3 V4 Vs Ve V7 V8 M
(h) Variants
0 pH 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 6
TSS, Brix 8.9 7.4 7.7 8.4 7.2 8.3 9.3 7.4 8.6
16 pH 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 4.8
TSS, Brix 2.5 1.5 1.5 1.7 1.4 1.6 1.4 1.6 1.7
18 pH 5 5 5 5 5 5 5 5 4.5
TSS, Brix 1.3 1.3 1.2 1.1 1.3 1.6 1.3 1.2 1.5
20 pH 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
TSS, Brix 1.3 1.1 1.2 1.0 1.3 1.6 1.3 1.1 1.5
Legend: TSS = Total Soluble Solids
) SR
Otherwise: by = (yi1-y2—y3 t ya—ys t ye+ y7—ys) / 8 - z]: g - 0.13
& Xs )
by=yity2-ys-ystys-yotyr-ys)/8  — —~" g =0.51
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8

z X3 Vi
bi=(yi1+y2+ys-ya—ys+ys-y7-ys) /8 - 3 =-0.10
1
i Xq)i
ba=(yity2tystys—ys-ys tyr-ys) /8  — g ~—-ool
1
zg“ Xs Vi
bs=(y1- y2tys tyat ys-ye-y7-ys) /8 - g 0.03
1
ZS“ X6
be=(-yr+ y2-ys tystystys-yr-ys) /8 - g —020
1
8 x
z 7Vi
b7= (- yi- Y2+ y3 - yat yst yet y7-ys) / 8 - g - 0.02
1
where:
D Vi
b= £a g = (it yatystyatystystyr tys)/8=4.03
bi>5.76
Table 6. Step 2 of optimisation
Environmental factors X1 X2 X3 X4 Xs Xs X7
Base level 8 0.7 0.05 150 1 10 0.05
Variation unity (u) 1 0.2 0.01 50 0.5 5 0.01
Linear coefficient (c) 0.13 0.51 -0.1 -0.01 0.03 0.2 -0.02
(u) * (¢) 0.13 0.102 -0.001 -0.5 0.015 1 -0.0002
Table 7. Concentration level taken in the experiment - optimization step 2
Experimental variants
Media factors
M-V10 Vi1 Vi2
X1 sugar 8 8.13 8.26
X2 Yeast extract 0.7 0.802 0.904
X3 KCl 0.05 0.049 0.048
X4 Media volume: Vw/Vt ratio 150 149.5 149
Xs Vitamins 1 1.015 1.03
X6 Inoculation ratio (%) (v/v) 9 10 11
X7 MgSO4 x7 H,0O 0.05 0.0498 0.0496
Table 8. The answer of the experimental variants by varying the experimental factors
Optimization factors Response
Exp. Sugar e:((f::ct ¢ KCl Medlzln:'l())lume Vitamin  Inoculation = MgSOsx7H20 WCW
variant o o io (° o
@%) gy @%) v ratio (mL)  ratio (%) (v/v) (8%) (/100 mL)
X1 X2 X3 X4 X5 X6 X7
V10 8 0.7 0.05 150 1 9 0.05 4.07
Vi1 8.13 0.802  0.049 149.5 1.015 10 0.0498 4.63
V12 8.26 0.904  0.048 149 1.015 11 0.0496 4.78
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Table 9. Fermentation to obtain yeast biomass of S. cerevisiae PFE-II-3

Cultivation time (h) Analyses V10 Vi1 V12
0 pH 6 6 6

TSS, °Brix 9.3 10.4 11.4

16 pH 4.5 4.5 4.5

TSS, °Brix 2.3 2.5 3.2

18 pH 4.5 4.5 4.5

TSS, °Brix 1.8 24 2.8

20 pH 4.5 4.5 4.5

TSS, °Brix 1.8 24 2.8

Optimization Step 3

A new experimental plan was established (Table
10), in which variable factor is the media volume
Vw/Vt ratio (mL) Xa, and the rest of the
parameters are unchanged.

The static cultivation of the microorganism was
developed in tubes with a slant medium
incubated at 30°C — 48 h, to obtain the
maintenance strain and the static S. cerevisiae
PFE-II-3 culture preinoculum;

Cultivation to obtain the inoculum was carried
out in a discontinuous system by shaking 500 ml

Erlenmeyer flasks with 149 mL YPG liquid
media, in a closed incubator shaking system at
240 rpm, 30°C for 12-18 hours overnight.

The liquid inoculum of S. cerevisiae PFE-II-3
was obtained further in a shaker with stirring at
240 rpm, at a temperature of 30°C, overnight.
In the next phase, the fermentation was carried
out for step 3 of optimization to improve the
concentration of wet weight biomass by growing
the inoculation ratio because has the highest
positive influence (Tables 10 and 11).

Table 10. The response of media factors for the development of S. cerevisiae PFE -11-3 yeast biomass

Experimental media factors Answer
. Yeast Media volume .. .  Inoculation
Experimental Sugar KCl1 . Vitamin . MgSOsx TH20
. o extract o Vw/Vt ratio ratio o WCW
variants (g %) o (g %) (mL) o (g %)
(g %) (mL) (%) (v/v) (g/100 mL)
X1 X2 X3 X4 X5 X6 X7
V13 8.26 0.904 0.048 149 1.015 10 0.0496 4.6
Vi4 8.26 0.904 0.048 149 1.015 15 0.0496 5.24
Vi5 8.26 0.904  0.048 149 1.015 20 0.0496 5.35
Table 11. Obtaining active yeast biomass for optimization step 3
Cultivation time (h) Analyses Vi3 Vi4 V15
0 pH 6 6 6
TSS, Brix 10 10.1 9.1
20 pH 4 4 4
TSS, Brix 1 1.1 0.7

It is observed that the best experimental variant
was obtained for V3 based on the WCW yield.
Biomass study of Torrellas et al. (2023) were
performed by using molasses provided by
Lessafre Iberica (60 g/L of sucrose for batch
experiments, 100 g/L of sucrose for fed-batch
phase and 20 g/L in diluted molasses
experiments), supplemented with 7.5 g/L
(NH4)2S04, 3.5 g/L KH2PO4, 0.75 g/L MgSOs4,
and 10 mL/L vitamin solution.

The vitamin solution contained 0.5 mg/L D-
biotin, 1 mg/L calcium pantothenate and 1 mg/L
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thiamine hydrochloride (Torrellas et al., 2023).
The optimized variant V3 has the following
performance parameters: 5.35 g/ 100 mL WCW
(as active wet yeast biomass) and 1.33 g/100 mL
DCW (as active dry yeast biomass).

The obtained active yeast biomass of
S. cerevisiae PFE 1I-3 was analyzed from
physical-chemical and microbiological point of
view (Table 12), and it is observed that the
sample was free of microbiological
contamination and the cell viability decreases
over time after 8-14 months.
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Table 12. Physico-chemical and microbiological characterization of active dry yeast biomass for winemaking testing

Sample S. cerevisiae PFE I1-3 active yeast biomass
Physico-chemical analyses
Protein 36452 %
Ash 3.19%
Humidity 5.62 %

Microbiological analyses

Yeasts and Molds after optimisation
Yeasts and Molds after 8-14 months
E. coli

Coliforms

3.2x10° UFClg
3.2x104 UFClg

under 10 UFC/g
under 10 UFC/g

CONCLUSIONS

The technology for the production of the active
yeast biomass of S. cerevisiae PFE 11-3 was
optimized using a Hadamard matrix by varying
7 factors:

The best variant was for V3 which consists in
varying of the following process parameters:
sugar content - 8.26 g %; yeast extract - 0.904 g
%; KCl -0.048 g %; media volume 149.5
mL/500 mL Erlenmeyer flasks, inoculation ratio
20%; MgS0O4 x TH20 - 0.0496 g %; vitamins -
1.015 mL.

It is noticed that the cell viability for the active
yeast biomass decreases over time after 8-14
months.
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