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Subject. Lactic acid bacteria, particularly the Limosilactobacillus fermentum species, are important
microorganisms used in the food industry. Studying and optimizing their cultivation conditions to achieve the
maximum yield of viable biomass is a relevant task in biotechnological research. Purpose. To determine the
optimal cultivation conditions for the L. fermentum LF-02 strain in order to obtain the highest amount of
biomass. Methods. The study used the L. fermentum LF-02 strain, which was cultivated to select optimal
parameters on standard MRS medium. The cultivation parameters included incubation time: 8, 10, and 12
hours; inoculum volume (% v/v): 1, 2.5, 5, 7.5, and 10; temperature,°C : 28, 30, 32, 34, 37; and initial pH of
the medium ranging from 5.0 to 7.5 with an increment of 0.5. The growth of the strain was determined using
the serial dilution plating method. To study the growth dynamics and main physiological-biochemical
parameters under the selected optimal conditions, the strain growth was determined by serial dilution
plating, pH was measured potentiometrically, the amount of reducing sugars was determined by the
ferricyanide method, and the content of free amino nitrogen by the ninhydrin method. Results. The optimal
cultivation conditions for L. fermentum LF-02 were determined, promoting the accumulation of the
maximum biomass amount (9.20+0.03 CFU/cm®): incubation time — 10 hours, inoculum volume — 5%,
temperature — 34°C, and medium pH — within the range of 6.0-7.0. Changes in cell count, pH, reducing
sugars, and free amino nitrogen during cultivation under optimal conditions were analyzed. The specific
growth rate of the strain was calculated as 0.410 + 0.04 h™*, the utilization rate of reducing sugars —
72.07+5.12%, and of free amino nitrogen — 26.71+3.56%. Scope of Results. The obtained results can be
used for further optimization of nutrient media and the development of a biotechnology for biomass
production of the L. fermentum LF-02 strain.

Key words: lactic acid bacteria, cultivation parameters, growth dynamics, Limosilactobacillus
fermentum, biotechnology
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Ilpeomem. Monounoxucai 6axmepii, 30kpema euod Limosilactobacillus fermentum € eadxciusumu
MIKpOOp2anizMamu, Wo GUKOPUCIOBYIOMbCS Y XAPHO0Bill NpoMuciogsocmi. Busyenns ma onmumizayis ymos
X KyIbMu8y8aHHs 3 MEMOK OMPUMAHHS MAKCUMATLHOL KITbKOCMI HCUMMEZOAMHOT 0ioMACU € AKMYATbHUMU
3a60aHHAMU  DIOMEXHONO02IUHUX O0CniOdceHb. Mema. BusnauenHs ONMUMATLHUX YMOG KYIbMUBYEAHHS
wmamy L. fermentum LF-02, 3 memoio ompumanus Haneuwoi kitekocmi Oiomacu. Memoou. Y pobomi
suxopucmarno wmam L. fermentum LF-02, sxuii kynemugysanu 3 memoro niobopy onmumMaibHux napamempis
Ha cmanoapmuomy cepedosuwyi MPC. Tlapamempamu ymos Kynomugysants oopano yac: 8, 10 i 12 200un;
6HeCeHHs1 nocisHo2o mamepiany, (00/060)%.: 1, 2,5, 5, 7,5 ma 10; memnepamypy,°C: 28, 30, 32, 34, 37,
nowamkoge pH noowcusernozo cepedosuwa 6io 5,0 0o 7,5 i3 kpokom 3minu 0,5. [pupicm wmamy eusnauanu
MemoooM BUCIBY CepIiHUX pO38edeHb. 3 Memor GU3HAYEHHS. OUHAMIKU POCHY mMA OCHOSHUX (Qi3ionozo-
OIOXIMIYHUX NOKA3HUKIE 34 NIOIOPAHUX ONMUMALLHUX VMO8 KYIbIMUGYSAHHS GUHAYAIU DICM UMAMY
MemoodoM 6uUcigy cepilHux po3eedenb, pH — nomenyiomempuuno, KiIbKicmb pedyKyIOUUux yykpie —
hepuyianionum mMemooom, éMiCm GiIbHO20 AMIHHO20 A30Mmy — HIHZIOpUHOSUM Memoldom. Pesyrvmamu.
Busnaueno onmumanvhi ymosu kyaemugyeanns wmamy L. fermentum LF-02, saxi cnpusioms naxonuuenmio
Maxcumanvroi kinokocmi 6iomacu (9,20 £ 0,03 K YO/CM3): yac imkyoayii — 10 200un, 6HeceHHs NOCIBHO20
mamepiany — 5%, memnepamypa 34°C, pH noowcusnozo cepedosuwya — Oianazon 6i0 6,0 oo 7,0.
Ilpoananizosano sminu xinekocmi kiimuwn, pH, pedykyouux yykpie ma 8iibH020 AMIHHO20 A30My Npu
KYTbmueysanti 3a onmumanbHux ymos. Pospaxoeano numomy weuoxicmo pocmy wmamy 0,410£0,04 2007,
gidcomox ymunizayii peoyxkyrouux yykpie — 12,07£5,12% ma einvnoco aminnoco azomy — 26,71+3,56%
Coepa 3acmocysanna pezynvmamie. Ompumani pe3yromamu MOJICYMb OymMu GUKOPUCAHT 3 Memoio
no0anbULol onmuMizayii noACUBHUX cepedosuly ma po3podyi biomexnonoe2ii ompumanms diomacu wmamy L.
fermentum LF-02.

Knrouoei cnoea: monounoxkucni 6axmepii, napamempu  KyJIbMugy8anHs, OUHAMIKA pPOCHY,
Limosilactobacillus fermentum, 6iomexronozia

Problem statement. Lactic acid bacteria (LAB) are industrially valuable microorganisms
used in various fields of industry [1, 2]. The overall demand for LAB biomass drives research
focused on providing optimal cultivation conditions for strains to increase the yield of viable
biomass [3], lactic acid synthesis [4], and production of specific antimicrobial metabolites [5].

The vast majority of industrially significant LAB strains have complex physiological and
metabolic characteristics, which require careful selection of specific cultivation parameters.
Currently, much research attention is devoted to the optimization of nutrient media for LAB,
particularly the selection of carbon and nitrogen sources and growth factors, due to the high
adaptive potential of these microorganisms to different substrates [3, 6]. Studies have shown that
the choice of carbon source significantly affects the growth, biomass yield, and metabolic activity
of strains, as observed for Limosilactobacillus fermentum cultivated in glucose-maltose media [7].
Despite this, the influence of such parameters as temperature, cultivation duration, aeration level, or
medium pH on biomass and metabolite production has been studied much less frequently [4, 8].

For many LAB, the optimal growth temperature is close to 37°C. At the same time, literature
reports studies investigating the effects of broader or shifted temperature ranges on the growth and
metabolism of Lactobacillus plantarum, including 22-42°C [9], 30-38°C [4], and 30-45°C [1].
The cultivation duration for many LAB strains is often defined by standard intervals, for example,
12-24 hours for L. reuteri [10], 15-24 hours for L. plantarum [11], or 8-14 hours for L. acidophilus,
L. fermentum, and L. mucosae [8]. Another critical factor determining LAB growth and viability is
the pH of the medium. For most lactic acid bacteria, the optimal pH lies within the range of 6.0-6.5
[6]. However, studies have also examined L. plantarum growth at pH 5-7 [12], 4.5-8.5 [13], and
5.5-8.0 [9]. An equally important factor influencing the growth and metabolic activity of lactic acid
bacteria is the amount of inoculum introduced. Reported studies show a variety of inoculum ranges,
including 1-10% for L. plantarum [14], 1-8% for L. plantarum [9, 12], as well as 1-10% for L.
rhamnosus and L. paracasei [9].

Thus, numerous studies on various LAB representatives confirm the significant influence of
temperature, cultivation duration, pH, and inoculum level on growth and metabolic activity. At the
same time, most of these studies focus on L. plantarum, L. reuteri, L. acidophilus, and several other
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species, whereas data on L. fermentum remain scarce and fragmentary. The limited number of
publications devoted to the comprehensive optimization of cultivation conditions for L. fermentum
strains highlights the need for studies that take into account not only the composition of the medium
but also the physical cultivation parameters.

The aim of this study was to determine the optimal cultivation conditions for the L.
fermentum LF-02 strain in order to obtain the highest biomass yield.

Materials and methods. The study used the L. fermentum LF-02 strain isolated from oat
kvass. Liquid MRS medium was used for cultivation according to [15]. The strain was pre-
cultivated for 16 hours at a temperature of 37+£1°C. The main cultivation parameters in this series of
experiments were defined as follows: time — 8, 10, and 12 hours; inoculum volume (% v/v) — 1, 2.5,
5, 7.5, and 10; temperature (°C) — 28, 30, 32, 34, and 37; initial pH of the nutrient medium — from
5.0 to 7.5 with an increment of 0.5. Growth parameters of the strain were assessed by plating serial
dilutions on solid MRS medium.

After determining the optimal cultivation parameters, the changes in the main growth
indicators were evaluated: biomass increase — by plating serial dilutions, pH — potentiometrically,
reducing sugars — by the ferricyanide method according to [7, 16], and free amino nitrogen — by the
ninhydrin method according to [17].

The specific growth rate (u, roxt) was calculated based on data obtained for the exponential
growth phase of the strain between 2 and 6 hours using the formula [18]:

_In(Ng=N,),
ot -t

where N is the number of CFU/cm? after 6 hours of cultivation, N is the number of CFU/cm?®
after 2 hours of cultivation, and t. and ts represent the cultivation times of 2 and 6 hours,
respectively.

The experiments were conducted in triplicate. The obtained results are presented as mean
values * standard deviation. To determine the statistical significance of differences between means,
one-way analysis of variance (ANOVA) was applied, and Duncan’s test was used for mean
comparison at a significance level of p < 0.05. Mean values marked with different letters indicate
statistically significant differences, while identical letter markings indicate no statistically
significant difference between groups.

Results and discussion. To determine the optimal cultivation time for the maximum biomass
accumulation by the strain, cultivation was carried out at a temperature of 37°C with an inoculum
volume of 10% (v/v), which is standard for the cultivation of most LAB. The results are presented
in Figure 1.

920 The highest biomass accumulation was
918 | I observed after 10 and 12 hours of cultivation
(9.17 £0.02 CFU/cm® and 9.14+0.01 CFU/cm?,
o | ) respectively). The obtained values showed no
‘ [ L statistically significant difference when compared
J with each other. A comparatively lower value was
observed after 8 hours of cultivation, indicating
insufficient time to achieve the maximum cell
count. The absence of statistically significant
‘ . . differences between 10 and 12 hours of cultivation
3 10 12 indicates that the culture had entered the stationary
Tiane, b growth phase. Therefore, 10 hours was selected as
Fig. 1. Effect of cultivation duration on the optimal cultivation time, ensuring the highest
biomass accumulation of L. fermentum LF-02  biomass accumulation within a shorter period.
According to the literature, for most LAB
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such as L. fermentum, L. reuteri, L. rhamnosus, L. acidophilus, and L. plantarum, the exponential
growth phase lasts on average 10-12 hours, followed by a transition to the stationary phase, which
is consistent with the obtained results [14, 19, 20].

The effect of inoculum volume on biomass accumulation by the strain was analyzed at a
temperature of 37°C and a cultivation duration of 10 hours. The results are presented in Figure 2.

924 According to the obtained results, the
om | 2 lowest cell growth values were observed with
1% and 2.5% inoculum volumes, with no

: statistically significant difference between these

variants. The maximum biomass increase was
recorded with a 5% inoculum (9.20+0.02
CFU/cm®), while further increasing the
inoculum volume to 7.5% and 10% did not
result in a significant rise in biomass compared
. . ‘ . , to 5%. Thus, for further experiments, an
! 25 5 7.5 10 inoculum volume of 5% was selected as
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Fig. 2. Effect of inoculum volume on biomass . I_n the study on optimizing the cultl\_/atlon
accumulation of L. fermentum LF-02 conditions of L. plantarum AS-14, the highest

biomass yield was obtained with a 5%
inoculum volume [21]. For L. brevis RK03, an increase in biomass growth was observed with
increasing inoculum volume [22]. The study [23] identified 3% as the optimal inoculum volume for
L. fermentum BLN3. Similarly, in [24], the authors reported maximum biomass accumulation by
L. plantarum when using a 3% inoculum. For the L. plantarum p6 strain, the optimal inoculum
volume was determined to be 2%, providing the highest growth performance compared to 4% and
6% [12]. The obtained results are partially consistent with the findings presented in this study.

To investigate the effect of different temperatures on the growth of the strain, a cultivation
time of 10 hours and an inoculum volume of 5% were selected. The results are shown in Figure 3.

930 It was found that lower temperatures
9.5 o 2 (28°C, 30°C , and 32°C) were unfavorable for
9.00 \ B biomass accumulation by the strain, with the
3 o0 . + lowest value recorded at 28°C (8.92+0.03
D 010 I CFU/cm?®). Statistically significant differences
p 1 were observed for each tested temperature,
Eig: ) except for 34°C and 37°C, which showed the
o highest values of 9.24 + 0._01 CFU/cm3 a_md
. 9.20+0.02 CFU/cm?, respectively. Considering
5 . ‘ , ‘ ‘ the obtained results and the economic

’ 2 30 2 34 37 feasibility of wusing a lower cultivation
Temperature, °C temperature, 34°C was selected as the optimal

Fig. 3. Effect of temperature on biomass temperature and applied in further experiments.
accumulation of L. fermentum LF-02 The optimization of the cultivation

medium and conditions for L. plantarum AS-14
conducted in [21] indicated that the optimal temperature of 40°C was more effective for achieving
higher biomass yields compared to 35°C. However, in [24], 35°C was identified as the optimal
temperature. The highest biomass yield for L. plantarum 200655 was obtained at 30°C, compared to
32°C and 35°C [25]. In study [5], it was reported that temperatures of 32°C, 37°C, and 40°C had no
significant effect on the growth of L. fermentum SA715, whereas lowering the temperature to 25°C
did not favor biomass accumulation. Similar results were obtained for L. fermentum BLN3, with the
optimal temperature ranging from 33°C to 37°C [23]. These findings are, to some extent, consistent
with the data obtained in this study.
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The determination of the optimal initial pH value of the cultivation medium was carried out
by incubating the culture for 10 hours with a 5% inoculum at a temperature of 34°C, as shown in
Figure 4.

925 A negative effect was observed at

. 2 a more acidic initial pH values of 5.0 and 5.5,
920 + + as well as at the alkaline value of 7.5. The
{‘ pH range from 6.0 to 7.0 was found to be the

most favorable for biomass accumulation by
the strain. Therefore, it can be concluded
. that the optimal pH range for biomass
|+‘ accumulation lies between 6.0 and 7.0. For
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further studies, the initial pH of 6.5 was
‘ ‘ _ , , selected, corresponding to the standard pH
5.0 55 60 65 70 75 of MRS medium.

pH The study [26] reported an optimal

Fig. 4. Effect of initial medium pH on biomass initial pH value of 6.28 for the cultivation

accumulation by L. fermentum LF-02 medium  when  optimizing  biomass
accumulation conditions for Lactobacillus

rhamnosus LS-8. For L. plantarum, the study [24] identified an initial pH of 6.5 as the most
favorable for biomass accumulation, although a pH of 7.0 promoted faster biomass production
compared to 6.5. Investigation of the pH effect on biomass accumulation by L. plantarum 200655
indicated an optimal range between 6.5 and 7.5 [25]. In the case of L. fermentum IMDO 130101, the
highest relative growth rate was observed at medium pH values from 5.5 to 6.5, which partially
corresponds with our results [27]. The study [23] reported an optimal pH value of 6 for the
cultivation of L. fermentum.

To investigate the dynamics of growth, acid formation, and the consumption of key nutrients
in the medium, changes in the concentrations of carbohydrates and free amino nitrogen were
analyzed during the 10-hour cultivation of the strain, with a 5% inoculum, at 34°C, and an initial
medium pH of 6.5. The results are shown in Figure 5.

9,00

16,25 22,50
9,20 115
16,00 20,00, E
9,00 , £
- = 1,10 &b
5,75 17,5078 | -
5 8.80 7 rd -
5 = 0]
E 1550 (1500 § |y 05 &
O 860 a 2 2
A 15,25 ’12,50.%‘3 .g
2 8,40 g 11,00
— 15,00 110,003 =
~ 8
8,20
1475 17,50 10955
8,00 1450 5,00
0 2 4 6 8 10
Time
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Fig. 5. Dynamics of growth, acid formation, and consumption of major medium nutrients
by the strain

The main increase in cell number was observed during the first 8 hours of cultivation,
accompanied by a decrease in pH to 4.56+0.01. After 10 hours, a further increase in CFU/cm?® to
9.20+0.03 was detected, consistent with previously obtained data; the specific growth rate was
0.410 + 0.04 h'. The pH value did not change after 8 hours compared to the previous measurement,
which may indicate maximal acid accumulation by the strain. Changes in the concentrations of
reducing sugars and free amino nitrogen showed their gradual depletion relative to the initial level:
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sugar utilization reached 72.07+5.12%, while free amino nitrogen utilization was 26.71+3.56%.
Thus, it can be concluded that during the logarithmic growth phase, the strain consumed carbon
sources more actively than nitrogen sources.

Similar results regarding growth dynamics were observed during the cultivation of the
L. fermentum IMDO 130101 strain. The culture entered the stationary growth phase within the first
10 hours of cultivation in a medium containing 1% glucose, reaching 9.3-9.4 CFU/cm?®. Complete
depletion of 10 g/dm? of glucose was recorded after 10 hours of incubation, which corresponds to
the findings obtained in the present study [27]. The study [5] demonstrated comparable results, with
the stationary phase observed at the 10th hour of cultivation based on optical density and Log10
CFU/cm? data; however, the specific growth rate was 0.72 h!, which may be attributed to the use of
a different carbon source — sucrose.

Conclusions. The optimal parameters for cultivating Limosilactobacillus fermentum LF-02 on
the commonly used MRS medium were determined. The highest biomass yield was observed after
10 hours of cultivation with a 5% inoculum at a temperature of 34°C. The optimal initial pH range
of the cultivation medium for strain growth was found to be between 6.0 and 7.0, with no
statistically significant differences between these values. The dynamics of growth and changes in
key physiological and biochemical parameters were analyzed under the selected optimal cultivation
conditions. The maximum cell concentration reached 9.20+0.03 CFU/cm?3, accompanied by a
decrease in pH to 4.56 + 0.01.

The obtained results indicate the possibility of achieving high growth performance of the
strain under the selected cultivation conditions, allowing for the maximum biomass yield and more
efficient utilization of energy and material resources.
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