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Abstract. Fermenting microflora has been selected by biotechnological activity markers, with various methodological approaches
used, namely: directional selection, selection of bacteriophage-insensitive mutants, protoplast regeneration. The experimental data show a
significant biotechnological potential of the selected lactic acid bacteria. They are characterized by high milk-clotting activity and yield,
the ability to form aromatic compounds and/or viscous components, excellent organoleptic qualities of clots fermented by them, antago-
nistic activity against pathogenic and opportunistic pathogenic microorganisms, and phage-resistance to species-specific virulent phages.
The collection of industrial microorganisms of Institute of Food Resources of National Academy of Agrarian Sciences (IFR NAAS) has
been supplemented with new bioactive strains, in particular, the species Streptococcus thermophilus, Lactobacillus acidophilus, Lactoba-
cillus rhamnosus and Lactococcus lactis. Four bacterial compositions have been created. Three of them (Iprovit-LB-R; Iprovit-LB-A, and
Iprovit-ST) are supposed to be used as functional enrichers for dry foodstuffs or as biologically active supplements. The bacterial prepara-
tion Iprovit-Bifidolux is a universal composition. It can be introduced both as a fermenting culture for milk fermentation and as an enricher
for dry and liquid foodstuffs. Biotechnologies for the production of dry bacterial preparations on the basis of selected strains have been
field-proven at the State Research Enterprise of Starter Cultures that belongs to the IFR NAAS. The data on a wide range of clinical and
therapeutic effects of the bacterial preparation Iprovit-Bifidolux allow recommending it for manufacturing functional foods.
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AwnoTanis. [IpoBeneHo cenekIlito 3aKBanTyBaIbHOI MiKpO(IIOpH 32 MapKepaMH 010TEXHOJIOTTIHOT AKTUBHOCTI 3 BHKOPHUCTAHHIM
PI3HMX METOAOJIOTIYHMUX IIIXOMIB, @ caMe: CIIPSMOBAHOTO BiIOOPY, BiOOpy OakTepiodarHedyTIMBUX MYTaHTIB, METOTy pereHeparii
npoToriactiB. HaBesieHi ekcriepruMeHTalTbHI JIaHHI CBiYaTh PO 3HAYHUNA OIOTEXHOJOTIYHHIA TIOTEHIAN CEJIEKI[IOHOBAHUX MOJIOY-
HOKHCIIMX OakTepiil. BoHM XapakTepH3yIoThCsl BHCOKOIO MOJIOKO3CITATIEHOI0 aKTUBHICTIO Ta YPOXKAHHICTIO, 3aTHICTIO 10 YTBOPEHHS
ApOMaTHYHHX CIOJYK Ta/ab0 B’S3KMX KOMIIOHEHTIB, BIIMIHHOIO OPraHOJENTHKOI (h)epMEHTOBAaHMX HMMH 3TYCTKIB, aHTarOHIiCTHY-
HOIO aKTHMBHICTIO II0JI0 MATOTCHHHUX | YMOBHO NMAaTOreHHUX MiKpPOOpPraHi3MiB, (arocTiiikicTio 10 BuaoceihiyHuX BipyIeHTHHX (a-
riB. [TOMOBHEHO KOMNEKIIIO MPOMHCIOBHX MIKpOOpraHiamiB IHCTUTYTY mpomoBoibumx pecypciB HarionanbHOI akagemii arpapHHX
nayk (ITTP HAAH) HoBuME Gi0aKTHBHMMHM ITamMamu, 30kpema BujiB Streptococcus thermophilus, Lactobacillus acidophilus, Lac-
tobacillus rhamnosus ta Lactococcus lactis. Ctopeno 4 GakrepianbHi KoMno3uLii — Tpu 3 skux: Inposit-LB-R; Inposit-LB-A Tta In-
poBiT-ST npu3HaveHi Ut BUKOPHCTaHHS K (DYHKI[IOHAIBHI 30aradyBadi VI CyXUX MPOJYKTIB 4H Oi0JIOTIYHO-aKTHBHI 100aBKH. ba-
KTepianbHui npenapar InposiT-Bidinomoke € yHiBepcanbHOI KOMITO3HIIEIO, IPHIATHOO TS BIPOBA/DKEHHS SK 3aKBAIlyBalbHA
KyJIBTypa Wi (hepMeHTallii MOJIOKa, TaK i sIK 30aradyBad JUIsl CyXUX 1 piIkuX npoaykTiB. bioTexHoorii BupoOHMIITBA CyXnx OakTepi-
aJIbHUX TperapariB Ha OCHOBI CEJIEKI[IOHOBAHUX IITAMIB ONpAlbOBAHO B IPOMMCIIOBUX YMOBax Ha JleprkaBHOMY JOCIIIHOMY ITian-
puemcri 3akBacok [[IP HAAH. BpaxoByroun HaykoBi JaHi II0Z0 IIMPOKOTO CHEKTPY KIIiHIKO-TepaneBTHYHUX eeKTiB Bil BKUBaH-
Hi OakTepianbHOro npenapary Inposit-bidigomnroke, iioro MoxkHa peKOMEHIyBaTH 1Sl BAKOPHCTAHHS Y BUPOOHUITBI MMPOIYKTIB (y-
HKI[IOHAJIEHOTO Xap9YyBaHHSL.

KurouoBi ciioBa: MOJIOYHOKHMCII OakTepii, cenexmis, OakTepioparHedyTInBi MyTaHTH, Ol0TEXHOJOTIYHHUN TOTEHINAl,
(yHKIIOHANEHE XapuyBaHHS.
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Introduction. Formulation of the problem and to the search for effective methodological solutions for

their industrial application. Research institutions of the

_Much attention is paid worldwide to the issues of se-  Netherlands, Denmark, France, Sweden, and Germany are
lection of biologically active lactic acid bacteria cultures
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commonly recognized as leaders in researching the physi-
ology and genetics of lactic acid bacteria. The best known
enterprises developing and manufacturing bacterial prepa-
rations for dairy industry are Chr. Hansen, as well as Dan-
isko, Danon, Rhodia, and others [1].

However, domestic dairy industry needs to be sub-
stantially updated as for introducing effective bacterial
preparations to broaden the products assortment — in
particular, to manufacture new and authentic fermented
milk products and cheeses. This certainly requires a
deep scientific background of the problem, fundamen-
tal changes in the selection and evaluation of microor-
ganism cultures, new methodological solutions for the
selection of lactic acid bacteria by markers of valuable
industrial characteristics, principles for constructing
starter preparations based on them. All of the above in-
dicates how important and promising the problem is.

Introducing a scientifically based strategy for the
search for, selection, and rotation of highly active
strains of lactic acid bacteria of different taxonomic
groups, establishing the conditions for combining them
effectively in complex bacterial compositions will ex-
pand the range of domestic bacterial preparations, im-
prove the productivity of the fermentation of the milk
base, prevent great material and energy losses when
manufacturing starter cultures and products based on
their use in the presence of phage contamination.

Analysis of recent research and publications

According to experts’ estimates, about 80 % of
food production is somehow related to microbiological
processes (the production of cheese and fermented
milk products, bread baking, winemaking, beer brew-
ing, rye beer and vinegar making, fermentation and
pickling fruit, vegetables, meat, and fish).

The species of bacteria used for these industries gener-
ally belong to the genera Lactococcus, Streptococcus,
Pediococcus, Leuconostoc, and Lactobacillus and are iso-
lated from their natural sources, namely plants or fermented
dairy and meat products. As a result of the consumption of
nutrients, lactic acid bacteria produce various metabolites
and organic acids that do not only have a preservative effect
due to suppressing the growth of microorganisms that
cause food spoilage, but also improve the sensorial qualities
and texture of foodstuffs [2].

The main task of the dairy industry is constant ex-
ploring new ways to improve the taste and texture of
products in order to meet consumers’ demand, or re-
ducing additives, sugar, fat, and the total calorie con-
tent, or introducing probiotic microflora that has func-
tional, healing effects on the human body. This re-
quires the constant creation of new starter cultures with
improved properties [3].

Analysis of scientific information shows that pro-
duction technologies for bacterial preparations based
on strains of lactic acid bacteria and other microorgan-
isms are being developed in the following aspects: im-
proving the texture-forming ability of strains (in par-
ticular, optimizing the metabolic pathway of exopoly-
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saccharides (EPS), bacteriophage-resistant mutants,
etc.) [4]; increasing a product’s stability (low postoxi-
dation strains of Lactobacillus) [5]; elimination of
traits undesirable in any food fermentation (for exam-
ple, elimination of resistance to antibiotics) [6]; in-
creasing stress resilience (Lactobacillus and Bifidobac-
terium strains with probiotic properties, with increased
resistance to phenol or bile) [7]; changing the acid-
producing properties of strains by adjusting carbohy-
drate metabolism [8]; increasing the productivity of
fermenting cultures (growth rate, yield, functionality).
Scientists of the whole world put a lot of effort and use
various methodologies and techniques to obtain phage-
resistant sntrains of lactic acid bacteria. Although lactic
acid bacteria have natural mechanisms of resistance to
bacteriophages, it is necessary to select bacteriophage-
resistant strains constantly due to the high adaptability
and biodiversity of bacteriophages [9].

Industrial strains can be improved using classical
methods based on natural strain-improving strategies,
such as: screening wild-type strains from natural
sources [10], mutagenesis [11], adaptation [12], and di-
rectional selection [13]. The above listed classical
methods can be combined with natural gene transfer
mechanisms (such as conjugation, transduction, and
transformation) to create industrial strains, including
phage-resistant ones, with improved properties. The
use of genetic engineering methods, which have great
potential for developing anti-phage mechanisms based
on specific point mutations in bacterial DNA, and the
creation of phage-resistant mutants are currently lim-
ited because the industrial use of genetically modified
microorganisms is illegal [14].

Selected strains, as starter cultures, or cocultures, can
be used in biotechnological processes of fermentation of
livestock raw materials can help to achieve the desired
properties in situ, with the product remaining perfectly nat-
ural and healthy. Examples are strains of lactic acid bacte-
ria, which are capable of producing antimicrobial substanc-
es, sugar polymers, sweeteners, aromatic compounds, bene-
ficial enzymes (dietary supplements), or cultures with
health-improving properties, so-called probiotic strains.
Probiotic strains are used in functional starter cultures to
produce fermented foods [15].

The aim of the work is to search and select cul-
tures of lactic acid bacteria with high biotechnological
potential, and to study the prospects of industrial use of
the selected cultures.

The objectives of the research are:

1) to screen biotechnologically active strains of
various taxonomic groups;

2) to create effective bacterial compositions based
on them;

3) to field-test the biotechnologies developed;

4) to study the functional effect of the selected strains.

Research materials and methods

The objects of the research were newly selected
cultures of lactic acid bacteria, microorganism compo-
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sitions, bacterial preparations, and fermented dairy
products. During the work, traditional and novel mi-
crobiological, technological, and biochemical research
methods were used. Selection studies of strains were
carried out in accordance with the Bergey’s Manual of
Determinative Bacteriology [16]. The number of mi-
croorganisms was determined by the number of colony
forming units (CFU) in an agarized medium, using the
tenfold dilutions method. The bacteriophages ratio was
determined by the double agar method with the addi-
tion of 10 mM CaCl, [17]. By the method of co-
cultivation of lactic acid bacteria with test cultures in a
liqguid medium, the antagonistic activity titre was de-
fined as the maximum dilution of the bacterial mixture
after 24 hours’ cultivation, which the test culture was
plated from. The lactose content was determined by
high performance liquid chromatography on a LC-5

chromatograph (Shimadzu). To obtain dry bacterial
preparations, the biomass of the sample cultures was
accumulated in industrial reactors with the working
and total volumes 700 and 1000 dm?, respectively. The
biomass obtained was centrifuged from the culture flu-
id, and mixed with a cooled protective medium. The
drying was carried out on a TG15 freeze dryer, with
the initial temperature minus (30 £ 2)°C, final temper-
ature plus (20 & 2)°C, residual pressure not more than
13.3-10° Pa (0.133 kgf/cm?, drying time 24-28 h).

Results of the research and their discussion

A number of biotechnological properties of strains
selected with different techniques have been studied.
The strains selected are listed in Table 1.

Table 1 — Species and selection technique of the lactic acid bacteria strains considered

Genus, species I}leucrtzzesrtgi?li- Origin Method of obtaining
Lactococcus lactis ssp. lactis 5 Curdled milk Directional selection
Lactococcus lactis ssp. cremoris 2 Sour cream Directional selection
Lactobacillus rhamnosus 2 Cheese Directional selection
. Cheese, sour cream, Directional selection,

Streptococcus thermophilus 14 yoghurt selection of bacteriophage-insensitive mutants
tﬁgg?ﬁﬂs”us delbrueckii - ssp. 2 Yoghurt Directional selection
. . . Directional selection,

Lactobacillus acidophilus 4 Yoghurt protoplasts regeneration method

Each of them was characterized by high milk-
clotting activity (MCA) and yield, ability to form aro-
matic compounds and/or viscous components, excel-
lent sensorial qualities of fermented clots. Most of

them were phage-resistant to species-specific phages.
The parameters of the main technological properties of
the strains are given in Table — 2.

Table 2 — The technological properties of the lactic acid bacteria strains considered

. Number of Number of strains
: Number of se- Yield in milk, x'10 phage- able to synthesize
Genus, species lected strains MCA, h CFU/cm® resistant Viscous polvmers diacetyl,
strains poly acetoin
L. lactis ssp. lactis 5 7-12 7.4-20.0 3 0 2
L. lactis ssp. cremoris 2 6 1.0-6.3 1 1 0
L. rhamnosus 2 19-22 6.7-8.2 2 2 2
S. thermopilus 14 3-9 6.4-15.0 11 11 2
Lb. delbrueckii ssp. bul-
garicus 2 5-6 6.8-7.8 2 2 0
Lb. acidophilus 4 5-7 5.6-7.4 4 4 0

Cultures of L. rhamnosus and some strains of L.
lactis ssp. lactis had a high level of accumulating aro-
matic compounds, such as diacetyl (DC) and acetoin
(AC). During the fermentation, most DC was formed
by L. rhamnosus strains (up to 600% of the initial lev-
el) (Table. 2). The ability of thermophilic streptococci
to synthesize DC and AC was determined only in 2 of
the 12 strains studied and was significantly less inten-
sive — the diacetyl content was (0.03—-0.05) mg/100 g.

The strains studied differed in the level of lactose
consumed. In particular, Lb. acidophilus, S. thermophi-
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lus, L. delbrueckii ssp. bulgaricus fermented 20 to 50%
lactose after 18-h cultivation, and mesophilic lactic ac-
id cocci and bacilli of Lb. rhamnosus species — about
18-37% (Table 3).

It should be noted that two strains of
Lb. acidophilus had a low acid-producing ability — the
value of the AFT parameter did not exceed 180°T. This
resulted from the selection of strains by the protoplast
regeneration method [18].
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Table 3 — The amount of fermented lactose and the acid production level of lactobacilli during their
growth in milk (after 18 h of fermentation)

. Number of selected Uilized lactose, % Acid formation threshold (AFT), °T
Genus, species strains Mnin — Minax Minin — Mimax
L. lactis subs. lactis 5 18-25 88-110
L. lactis ssp. cremoris 2 19-22 100-106
Lb. rhamnosus 2 28-37 140-160
S. thermophilus 14 40-48 108-116
Lb. acidophilus 4 20-45 180-350
Lb. delbrueckii ssp. bulgaricus 2 39-50 365-370

Note: Mpin, Mmax— minimal and maximal values of a parameter

The antagonistic activity of the cultures was investi-
gated by the method of co-cultivation with test cultures of
pathogenic and opportunistic pathogenic microorganisms.
It has been found that in a pure culture, the number of test
cultures was 10° CFU/cm?, and during co-growth with lac-
tobacilli, the cells of the test cultures were thousands and
millions of times fewer (Table 4).

The study of the antagonistic activity of the cultures
has shown that the lactobacilli, compared to mesophilic

cocci and thermophilic streptococci, more actively sup-
pressed the development of test cultures. Besides, it has
been found that the lactic acid bacteria studied had a greater
inhibitory effect on all test cultures compared to the control
(pH 3.8). So, it can be assumed that their inhibitory effect is
associated with the production of not only acids, but, possi-
bly, of certain antimicrobial agents as well.

Table 4 — Titre of the antagonistic activity of lactic acid bacteria, g CFU/cm? (co-cultivation)

. Test-cultures
Strains E. coli St. aureus Pr. vulgaris Bac. subtilis
L. lactis ssp. lactis L 1 4 5 5 5
L. lactis ssp. cremoris IT1 4 5 5 5
S. thermophilus 2/14n 4 4 3 4
S. thermophilus ET-1 5 5 3 5
S. thermophilus CT-rp. 4 4 3 4
S. thermophilus O-4 5 5 3 5
Lb. acidophilus R 18/H 2 3 2 2
Lb. acidophilus Lb. Kgq 2 1 less than 1 1
Lb. rhamnosus 3333 2 2 less than 1 2
Control 1, pH 3,8 5 6 6 6
Control 2, pure test-culture 8 8 8 8

Note: mean error — 3-5 %, p < 0.05

The studies have shown high antagonistic activity
of lactic acid bacteria, thus allowing determination of
their antimicrobial action intensity and the breadth of
the spectrum of pathogenic and opportunistic patho-
genic microorganisms sensitive to them.

Generally, the studies allowed selecting, by a
complex of traits, these strains (out of the newly se-
lected cultures) as promising: L. lactis subsp. lactis L
1, L. lactis ssp. cremoris P 1; Lb. acidophilus R 18/H
and Lb. acidophilus K9 and 3333. Among the thermo-
philic streptococci, preference was given to strains of
S. thermophilus 2/141, ET-1, CT-gr. and O-4, which are
included in the collection of industrial strains of Insti-
tute of Food Resources of National Academy of Agrar-
ian Sciences (IFR NAAS).

Recently, starter cultures have begun to be employed
more widely: if earlier, they were only used for the produc-
tion of fermented dairy products, now they often become
functional enrichers for dry and liquid products, as well as
biologically active supplements (BAS).
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So, we have created four varieties of bacterial com-
positions. Three of them (LB-R, LB-A, and ST) are in-
tended to be used as functional enrichers for dry prod-
ucts, or as BAS, while Bifidolux is a universal composi-
tion that can be used as a milk fermenting culture as well
as an enricher for dry and liquid products, a BAS, etc.

Table 5 shows the makeup of the bacterial composi-
tions created: 1) LB-R — Lb. rhamnosus single-species
preparation containing one selected strain; 2) LB-A — a
preparation of two newly isolated Lb. acidophilus strains;
3) ST-— a preparation of 3 selected S. thermophilus
strains; 4) Bifidolux — a complex preparation: Lb.. rham-
nosus (a newly isolated strain), Lb. acidophilus (a strain
with low acid production energy, obtained by protoplast
regeneration), 4 strains of S. thermophilus (one is a bacte-
riophage-insensitive mutant, obtained by the spontaneous
mutagenesis method; the other three are isolated from
self-fermented authentic products such as yoghurt),
bifidobacteria (three strains from the IFR NAAS collec-
tion).
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Table 5 - The main biotechnological parameters of the dry bacterial preparations

Biotechnological parameters Iprovit-LB-R Iprovit -LB-A Iprovit -ST Llfi)fgg\élltjx
Lb. rhamnosus content in g, Ilg CFU 10.7+0.2 - - 10.1£0.3
Lb. acidophilus content in g, Ilg CFU - 10.0+0.1 - 9.0+0.1
S. thermophilus content in g, Ig CFU - - 10.5+0.2 10.2+0.1
Bifidobacteria content in g, Ilg CFU - - - 10.9+0.3

Yield of raw biomass, g 2000+£50 1200+50 1500+50 2300+50

Yield of dry preparation, g/dm?® 15.5+0.5 11.9+0.5 12.6+0.5 18.0+0.5

Practical evaluation of the research results. The
bacterial preparations production biotechnologies have
been field-tested at the State Research Enterprise of
Starter Cultures that belongs to the IFR NAAS. The bio-
technological parameters of the dry bacterial preparations
are presented in Table 5.

The functional effect of the bacterial preparation
Iprovit-Bifidolux has been clinically tested at lvano-
Frankivsk Children’s Clinical Hospital (Ch. Doctor R. Y.
Koturbash, Honoured Doctor of Ukraine), Ivano-
Frankivsk Regional Clinic (A. L. Shapoval, PhD (Medi-
cine), Assoc. Prof.; Ya. Lyakhnovsky, PhD (Medicine),
Assistant) and Horodenka Central District Hospital of
Ivano-Frankivsk Region (Ch. Doctor A.V. Kosovets;
D. V. Verezhak, Board Certified in dental surgery). The
doctors have found that the bacterial preparation Iprovit-
Bifidolux and dairy products based on it are well tolerat-
ed by patients and have no negative consequences. A
positive effect on patients’ microflora has been noted: an
increase in the number of lactic and bifidobacteria with
normal enzymatic activity, the elimination of pathogenic
and opportunistic pathogenic bacteria, and of fungi of the
genus Candida. The immunomodulatory effect of these
products has been recorded. It consisted in an increase in
the number of leukocytes and lymphocytes after their
preceding decrease, and, conversely, in a decrease in
their pool during leuko- and lymphocytosis. A normal-
ized CD* CD®" ratio of immunoregulatory lymphocyte
subpopulations has been noted, which means an increase
in the subpopulation of inducer T-lymphocytes. Changes

in the humoral link consisted in the normalized parame-
ters characterizing the anti-infective resistance and the
tendency to a decrease in inflammatory processes.

Conclusion

A methodology has been developed for obtaining
biotechnologically active lactic acid bacteria strains with
the use of various selection techniques: directional selec-
tion, selection of bacteriophage-insensitive mutants and
the protoplast regeneration method. The active strains
were screened by their biotechnological characteristics:
milk-clotting activity level, bacterial yield, acid produc-
tion energy, resistance to aggressive intestinal com-
pounds, ability to reduce lactose levels during milk fer-
mentation, ability to form aromatic compounds and vis-
cous components, good sensorial qualities, antagonistic
effect against technically harmful and opportunistic path-
ogenic microflora.

The results obtained have established the prospects
for the practical use of the selected lactobacilli strains in
the new bacterial preparations not only for traditional
products, but also for those of functionally directed ac-
tion. It has been clinically proved that the use of the bac-
terial preparation Iprovit-Bifidolux and dairy products
based on it is reasonable and promising to restore the
homeostasis, normalize the microbiocenosis, correct the
immune system, increase the body’s nonspecific defence,
and accelerate the healing of erosions and intestinal ul-
cers.
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