130 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2018. N1(74): 130135

UDC 579.86:6049(045)
DOI: 10.18372/2306-1472.74.12301

Natalia Bondarchuk!
Liudmila Reshetniak’

THE INFLUENCE OF BIOTHIN ON GROWTH AND DEVELOPMENT OF BACTERIA
LACTOBACILLUS PLANTARUM

National Aviation University
1, Kosmonavta Komarova ave., Kyiv, 03580, Ukraine
E-mail: 'natalimachelyuk1995@gmail.com; “irs@ukr.net

Abstract

Objective: the aim of the study was to study the effect of biotin on the vital activity of lactic acid bacteria.
Methods: a study of the effect of vitamin H on lactic acid bacteria Lactobacillus plantarum probiotic
"Flactonia” was carried out in a periodic culture on selective nutrient media: MPC and cabbage. Biotin was
added at a concentration of 5 mg/L to the media to stimulate the growth of Lactobacillus plantarum. It was
used nutrient media (MRS and cabbage media) without growth promoter as a control. The study included the
investigation of the dynamics of accumulation of bacteria Lactobacillus plantarum. To achieve this goal,
sampling was carried out within 60 hours. The determination of biomass, active acidity and kinetic
parameters of crop growth was carried out every 6 hours. Such kinetic parameters of bacteria growth as the
rate of exponential growth (u, h™), constant of fission rate (V, h™'), generation time (g, hour). Isolation of
lactic acid microorganisms was carried out by the method of multiseries dilutions. Incubation was carried
out for 2-3 days at a temperature of 37 °© C. The number of colonies was counted by the last three dilutions,
in which the growth of lactic acid bacteria was observed.The pH was determined potentiometrically using a
membrane pH meter. Bacterial biomass was determined by nephelometric method. The optical density of the
suspension was measured at 590 nm. The amount of biomass was expressed in mg of dry cells per mL of
medium. A calibration curve for the dependence of the optical density of the culture fluid on biomass was
used for the calculation. Results and discussion: the effect of the biotin stimulator (vitamin H) on vital
activity, biomass accumulation and cultivation parameters of lactic acid bacteria Lactobacillus plantarum is
investigated in the article. The results of the research indicate that when the biotin was introduced into the
cabbage medium and the MRS medium, the cell division constant increases and the generation time
decrease. In these media with a growth stimulator, the amount of biomass increased by 76% in cabbage
medium and 50% in MRS compared to control. The number of colony-forming units (CFU) in the cabbage
medium was 42%, and in the MRS medium was 28% higher than in the control (without biotin).

Keywords: active acidity; biomass; biotin; CFU; constant of fission rate; generation time; lactic acid
bacteria Lactobacillus plantarum; vitamin H.

of functional foods .

1. Introduction

According to modern concepts, probiotics are living
microorganisms and substances of microbial origin
that determine positive effects on the physiological,
biochemical and immune responses of the hosts
organism (human or animal) under the natural mode
of introducing due to the optimization and
stabilization of its microbiota [1,4].

Bifidobacteria and lactobacilli are used most
often in bacteriotherapy, as well as in the production

These probiotics are called
classic, because their active principle is the strains
isolated from the human gut that dominate in the gut
since the first days of life. In addition, the
lactobacilli, and bradbery inherent ability to colonize
epithelial tissues. In addition, the ability to colonize
the epithelial tissue is characterized by lactobacilli
and bifidobacteria [2,3].

Currently, special attention in the development of
microbial biotechnology is given to selection of
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strains of lactic acid bacteria and bifidobacteria to
obtain a probiotic and enzyme dairy products [5].

The standard formulation of nutrient media
recommended for use for cultivation of industrial
strains of lactobacilli, usually require additional
adjustments to give them the desired growth
properties [6]. Therefore, an important task in the
process of optimizing nutrient media is not only the
choice of available and inexpensive raw materials
and semi-finished products, but also obtaining of
high-quality and competitive probiotics on their
basis.[6,7].

Lactobacilli are  chemo-organoheterotrophs,
which are very demanding on power supplies. They
predominantly ferment hexoses (glucose, fructose,
mannose, galactose) among carbohydrates and
disaccharides (lactose, maltose, sucrose). Only
heterofermentative species ferment pentoses (ribose,
xylose, arabinose). Lactose is a disaccharide, so it
must be broken down by the enzyme galactosidase
to glucose and galactose before taking the path of
catabolism. Then galactose is phosphorylated to
glucose-6-phosphate [8,9].

Lactobacilli require for their development in
addition to carbohydrates , also various growth
factors: amino acids, vitamins, nucleotides.

Probiotic "Lactona" contain lactic acid bacteria
Lactobacillus plantarum, which participate in the
formation of the optimal composition of the
intestinal microbiota. Lactobacillus  plantarum
require the full culture media for their growth and
development, so vitamins as additional sources of
energy are added to nutrient media. According to the
literature, biotin is used in the concentration of 1-10
mg / | to stimulate growth and development and
increased  production of  metabolites  for
Lactobacillus plantarum [10].

2. Analysis of the latest research and publications

To date, much attention is paid to the study and
improvement of probiotics on the basis of lactic acid
bacteria. Many works are devoted to the role of
probiotics for human health. In the works of foreign
and domestic scientists ( S. Salminem, E. Isolauri, T.
Onnela, T. Vakhitov, L. Petrov, V. Bondarenko, J.
Magnusson, K. Str?m, St. Roos, J. Sj?gren, J.
Schn?hrer) the main questions of the theory
regarding  preparations that normalize the
composition and function of the gastrointestinal tract

3. The influence of biothin on biomass growth,
active acidity and growth of culture Lactobacillus
plantarum.

A study of the dynamics of bacterial growth of
Lactobacillus plantarum showed that active growth
of biomass on a cabbage medium with vitamin H
was observed for 24 hours of cultivation (fig.1). So
the value of the optical density with the growth of
microorganisms on a medium with a vitamin is three
times higher than the result of growth on a control
medium.

The value of the optical density was 50% higher on
media with biotin starting from 22 hours than in the
control (fig. 2). This indicates that in the medium of
MRS with the growth stimulator were accumulated
more cells of the culture.
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Fig.1. Dynamics of the optical density change from the
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0,8
07
06 =
-
205
=
£ 04 / —4— MRS medium (control)
'*E
0,3
o MRS medium with
0,2 // biotin
0,1

o] 10 20 30 40 50

T, h

Fig.2. Dynamics of the optical density change from
the time of cultivation of L. plantarum on the MRS

The number of viable cells of Lactobacillus
plantarum on the medium of MRS (Fig. 3) and the
cabbage medium (Fig. 4) with vitamin H at the end
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of the cultivation process is 28% and 42% higher

than in media without stimulant.
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In addition, we studied the changes of active acidity
under the influence of biotin on the growth and
development of lactic acid bacteria. It was
determined that the value of active acidity was
significantly lower on the medium of MRS with the
growth stimulator starting from 22 h. This indicates
that acid was accumulated in the medium with biotin
in 12% more than in the medium without it (Fig. 5).
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Fig.5. The dynamics of changes in acidity
microorganisms L. plantarum on MRS medium
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Fig.6. Dynamics of change of active acidity
by L. plantarum microorganisms on cabbage medium

The pH values practically did not differ from each
other under the conditions of culture growth in the
cabbage medium with vitamin and without (Fig. 6).
According to the presented data, it can be seen that
the addition of biotin to the nutrient medium leads to
a significant increase in the productivity of
Lactobacillus plantarum with an increase in lactic
acid production.

4. The Kkinetic parameters of growth of bacteria
L. plantarum

The kinetic parameters of growth were determined
for a more detailed characterization of growth and
development of bacteria on the medium of MRS and
cabbage medium with biotin (Table 1).

Table 1

The kinetic parameters of the exponential growth of
lactic acid bacteria L. plantarum

Medium of L. V,h' | gh |puh!
plantarum cultivation

Cabbage medium 0,55 1,81 0,3
(control)

Cabbage medium with 0,76 1,31 0,32
biotin.

MRS medium (control) 0,63 1,58 0,31
Medium MRS with 0,84 1,19 0,34
biotin.

It can be seen from the obtained data that
Lactobacillus plantarum on a medium with a growth
stimulator are characterized by the highest constant
of fission rate (v) - 0.84 h', at the shortest
generation time (g) - 1.19 h. The culture of
Lactobacillus plantarum developed at the slowest
rate on a cabbage medium without vitamin H, as the
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value of constant of fission rate (v) was 0.55 h™'. The
culture had the longest generation period (g) - 1.81 h
on this variant of the nutrient medium. The specific
rate of exponential growth fluctuated in the same
range for all variants of the experiment and
amounted 0.30-0.34.

5. Conclusions

The study showed a positive effect of biotin on the
growth and development of lactic bacteria
Lactobacillus plantarum

It was determined that the introduction of biotin
into the cabbage medium and MRS the amount of
biomass increased by 76% and 50%, respectively,
compared with the control variants of these media.

It has been shown that the addition of biotin to
cabbage medium and MRS medium leads to a
decrease in the active acidity. These data
demonstrate that the number of cells in the culture is
increased, since the amount of organic acids
becomes larger when the nutrient medium is
acidified.

The addition of biotin in both nutrient media
leads to an increase in the rate constant of cell
division and a decrease in generation time in
comparison with the control. This indicates that
biotin stimulates the vital activity of lactic acid
bacteria Lactobacillus plantarum.
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Bnuiue 6ioTnHy Ha picT Ta po3BuTOK 0akTepii Lactobacillus plantarum

HamionaneHuii aBianiiiauit yaisepcutet, nmpoct. Kocmonasta Komapoga, 1, Kuis, 03058, Ykpaina
E-mail: 'natalimachelyuk1995@gmail.com; *irs@ukr.net

MeTa: BUBUMTH BIUIUB OIOTHHY Ha XHUTTEMSIILHICTE MOJOYHOKHCIMX Oaktepi. Mertoam: 00’ €KTOM
JOOCHipKEHHsT Oynu MonouHokucnmi Oakrtepii Lactobacillus — plantarum, sxi Buginunu 3 mpoOioTHKa
«®DnakToHis». [l KyIpTUBYBaHHS OakTepili BHKOPHUCTOBYBAIIM CEJICKTHBHI MOKuBHI cepenouma: MPC Tta
kamyctsae. s ctuMmysamii pocty Oaktepiii Lactobacillus plantarum B cepemoBwimia momaBamd 5 MI/i
Oiotuny. KoHtposiem Oynu BHUIlle Ha3BaHI CEPElOBHUINA 0€3 CTUMYJIATOPY pocTy. JOCHiKeHHS BKIHOYAIH
BHBUCHHS JMHAMIKM HakomwueHHsi Oaktepiéi Lactobacillus plantarum. Jlna uporo mpotsrom 60 roauH
TIPOBOIMIM BiZOip MPpo0: KOXKHI 6 TOAWH BU3HAYAIN 0ioMacy, aKTHBHY KHUCJIOTHICTE Ta KIHETUYIHI TTapaMeTpr
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POCTYy KyNbTyp: IIBHKICTh €KCHOHEHIIOHAJIBHOTO POCTY (L, TOj '), KOHCTAHTA IUBHMAKOCTI MiCHHS
v, roz[_l), yac reHepaiii (g, rona). BumineHHs MOIOYHOKHCIUX MiKpPOOPTaHi3MiB MPOBOAMIN METOJOM
GaraTocepiiiHuX po3BexeHb. IlociBu iHKyOyBamu mporsirom 2-3 xi6 mpu Temmeparypi 37 °C. Kimbkicts
KOJIOHIH MipaXxoBYBaJH IO TPHOM OCTaHHIM PO3BEICHHSM, B SIKMX CHOCTEpITald PICT MOJOYHOKHCIHX
Oaktepidi. pH BH3HAYaIM MOTEHI[IOMETPHYHO 3a JIOMOMOror MemOpanHoro pH-merpa. bakrepianbhy
Oiomacy BH3Ha4amu HedeIOMETPUIHUM MeTooM. ONTHYHY TYCTHHY CYyCHeH3ii BuMiptoBaim npu 590 HM.
Biomacy BHpaxkann B Mr CyXWX KITHH Ha M cepenoBumia. s po3paxyHKy BHKOPHCTOBYBAIU
KaJgiOpyBaJIbHY KPHBY 3aJIC)KHOCTI ONTHYHOI TYCTUHH KYJbTypalbHOI piguHU Bix Olomacu. PesyiabraTtm: y
CTaTTi MOCIiPKEHO BIUIMB CTUMYIsATOpa pocTy OioTmHY (BiTamin H) Ha >KUTTEMisUIBHICTH, HAKOTMYEHHS
OiomMacu Ta mapameTpu KyJbTHBYBaHHS MOJIOYHOKHCIHMX Oaktepiit Lactobacillus plantarum. PesynbpraTu
JOCIHIKeHb CBiAYaTh Mpo Te, IO MPHU BHECEHHI OIOTHHY B KallycTsiHE cepefoBuiue Ta cepepoBuiie MPC
301IBIIYETbCS KOHCTAaHTA IIBUAKOCTI JMiJICHHS KITHHH Ta 3MEHIIYEThCS dYac reHeparii. B  maHux
CepeIOBHUIIax 31 CTUMYJISITOPOM POCTY KiTbKiCTh OiomMach 30impImiIachk B KarmycTssHoMy Ha 76% 1 B MPC Ha
50% mopiBHSIHO 3 KoOHTpoyeM. KinbkicTh KosoHieyTBoprolounx opraHizmiB (KYQO) Ha kamycTssHOMY
cepenosuii, Oyna Ha 42%, a Ha cepenoButni MPC Ha 28% Buina Hixk B KoHTpoJIi (0e3 OioTuHY).

KuarouoBi cjioBa: akTMBHA KHUCIIOTHICTh; Oiomaca; OiotmH; KYO; Biramin H; MosouHokucm Oaktepii
Lactobacillus plantarum; MBHUAKICTb EKCIIOHEHLIaJBHOTO POCTY; KOHCTAHTa MHIBHAKOCTI MAiJICHHS; 4Yac
reHepartii.

H.JI. Bounapuyxk', JI. P. Pemernsik’

Bansinue 0moTHHY Ha pocT M pa3Butue 6aktepuii Lactobacillus plantarum

HaumonanbsHbIil aBuanimoHHbIN yHUBEepcuTeT, poctt. Kocmonasta Komapoga, 1, Kues, 03058,
YkpanHa

E-mail: 'natalimachelyuk1995@gmail.com; “irs@ukr.net

Hens: m3yunth BiusiHUE OHOTHHA Ha S>KU3HEACATENLHOCTH MOJIOYHOKHCIBIX Oaktepuil. MeToabl: 0OBEKTOM
HCCTICIOBAHNST OBUTH MOJIOYHOKHCIBIC Oaktepuu Lactobacillus plantarum, KOTOpBIe BBIICTHIN W3 MPOOHOTHKA
«Dnakronus». sl KynbTHBHUpOBaHMS OaKTepWil MCIIONB30BAIN CENIEKTHBHBIC TUTarenbHble cpenpl: MPC un
kanyctHoe. [l crumynsmmu pocra Oakrepuii Lactobacillus plantarum B cpemy mo0aBisiii 5 Mr/in OHOTHHA.
KonTposem ObiH BEIIIIEHA3BaHHBIE CPEIbI Oe3 CTUMYJISITOpa pocTa. VcenemoBaHus BKIFOYAIN U3yYeHHe TUHAMUKH
HakoIuteHus 6akTepuit Lactobacillus plantarum. J1is 3toro B Tedenne 60 9acoB IMPOBOAMIIA OTOOP MPo0: KaKable 6
YacoB ONpECIsUT OMOMAcCy, aKTUBHYIO KHCJIOTHOCTh M KUHETHYECKHE MapameTphl pocTa KYJBTYp: CKOPOCTh
eKCTIOHEHIIHOHAIBHOrO pocTa (W, u™'), KoHcTaHTy ckopoctH jenenust (V, u™'), Bpems renepammu (g,4). Binernenne
MOJIOYHOKHCITBIX MUKPOOPTaHM3MOB TIPOBOMIIA METOIOM MHOTOCEPHIHBIX pa3BeneHHHH. [loceBbl MHKyOMpoBam
B Teuenne 2-3 cyrok npu Ttemmeparype 37 °C. KommuecTBO KONOHMIA MOJCUMTHIBAIM IO TPEM MOCICTHAM
pasBeneHHeM, B KOTOPBIX HaOMO#aIM pOCT MOMOYHOKHCIBIX OakTepuid. pH ompenessinmg NOTeHIIMOMETPHIECKU C
roMorislo MemoOpanHoro pH-mertpa. bakrepuanbHyto Onomaccy omnpenensuii He(elTOMETPHYECKUM METOIOM.
OnTrYecKyIo IIOTHOCTh CyCcHIeH31H M3Mepsii Tipy 590 HM. Bruomaccy BbIpakalii B MI' CyXHX KIIETOK Ha MJI CPEJIbL.
Jns pacuera WCTONB30BAIM KaTMOPOBOYHYIO KPHBYIO 3aBHCHMOCTH ONTHYECKOH IUIOTHOCTH KYJBTYpalTbHON
KHIKOCTH OT OMoMacchl. Pe3yIbTaThl: B CTaThe UCCIIEIOBAHO BIMSHUE CTEMYJIATOpA POcTa OWMOTHHA (BUTAMUH
H) nHa *xu3HenesTeNnsHOCTh, HAKOIUICHHS OHMOMAacCHl M TapaMeTphbl KyJIbTHBHPOBAHUS MOJIOYHOKHUCIBIX OaKTepHid
Lactobacillus  plantarum. Pe3ynbTaThl HCCIICIOBAHUNA CBHICTEIBCTBYIOT O TOM, YTO TPH BHECEHHM OWOTHHA B
KaIrycTHyto cpeny u cpeny MPC yBennumBaeTcsi KOHCTaHTa CKOPOCTH JENCHUS KJIETKH M YMEHBIIACTCS BpeMs
reHeparyi. B maHHBIX cpefiax co CTUMYIISITOPOM POCTa KOJIMIECTBO OMOMACCHI YBENMYMIIACh B KalTyCTHOM Ha 76%
u B MPC na 50% mo cpaBHeHHMio ¢ KoHTposieM. KommdectBo komonmeobOpasyromux opranusmMoB (KOE) nHa
KaITyCTHO# cpere, Oblia Ha 42%, a Ha cpene MPC Ha 28% Beliie, ueM B KoHTpoJie (6e3 OMoTHHA).

KiroueBbie ciaoBa: Butamud H; OmormH; KOE; Omomacca; momouHokucisle Oaktepun Lactobacillus
plantarum; axTUBHas KHUCIOTHOCTh; CKOPOCTh KCIOHCHIIUAILHOTO POCTA; KOHCTAaHTa CKOPOCTH JICTICHHS,
BpEMs TeHEpaIWH.
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