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To date the issue of safety of bottled natural mineral water receives a lot of attention, as it’s consumption in-
creases every year. As any other product used by humans, it must be safe. Research from previous years confirms
the importance of constant monitoring of the sanitary and microbiological safety of packaged mineral waters. The
purpose of the work was to assess the influence of specific biologically active components (metasilicic and orthoboric
acids) on the sanitary condition of packaged mineral waters (saturated and unsaturated), which were sold in Ukraine
from 2017 to 2021. Sanitary-indicative microorganisms in the studied mineral water were detected in several stages.
During the research methods with solid and liquid nutrient media were used. Liquid glucose-peptone medium, Endo's
medium, oxidase test and microscopy were used to determine the number of coliform bacteria (CB). The total micro-
bial count was determined on nutrient agar at 37°C for 24 hours. To determine Pseudomonas aeruginosa, a liquid
glucose-peptone medium (GPM) was used as an accumulation medium, followed by cultivation on CPC agar, at
37°C for 24-48 hours, King-A medium, and nutrient agar at 42°C and 4°C, oxidase test and microscopy. Hugh-Leifson
medium was used to determine oxidation and fermentation. A regularity was determined in the number and degree
of contamination of MW samples depending on the type and concentration of the specific biologically active com-
ponent. Metasilicic and orthoboric acids have a unidirectional antibacterial effect, but in turn, the effect on sanitary
indicator microorganisms of orthoboric acid is more pronounced. Carbon dioxide and autochthonous microbiota of
the most natural MW act as factors enhancing the antibacterial action. Was determined that the studied specific
biologically active components of natural packaged mineral waters are able to show antibacterial properties by

enhancing the effects of each other.

Key words: packaged natural mineral waters, carbon dioxide, metasilicic acid, orthoboric acid, allochthonous

microbiota.

Connection of the publication with planned re-
search works. The work is a fragment of the research
work «Medical and biological assessment of the quality
and value of underground waters of wells No. 10-K and
No. 13-R of the State Enterprise Sanatorium «Sonyachne
Zakarpattya» in  Transcarpathian region» (state
registration Ne 0107U003503), «Medical and biological
assessment of the quality and value of groundwater
well No. 33-p of the LLC «Ploskiv Mineral Water Plant»
of Svalyava district, Transcarpathian region on the
basis of preclinical studies and clinical trials» (state
registration Ne 0110U00592), «Medical and biological
assessment of the quality and value of groundwater
well No. 3766 m. Zinkiv, Poltava region, to substantiate
the possibility of their industrial spill» (state registration
Ne 0108U011321).

Introduction. Natural mineral waters (MW) as a
resource used by humanity have been known for many
centuries. The healing properties of MW have been
empirically determined since the times of ancient
civilizations [1], but the active study of their biological
effects depending on the chemical composition
and peculiarities of the microbiological state in the
laboratory began only in the first half of the twentieth
century and continues to this day [2]. Despite such a
long period of studying this issue of MW, therefore, since
the beginning of the XXI century, interest in research
on natural MW is only growing [3]. It is caused, on the

one hand, by the absence of side effects during the
use of natural CF, on the other hand, by a high positive
effect with a minimum amount of bioactive elements.
To date, studies that allow us to form unambiguous
conclusions about the effect of specific biologically
active components of CF on the state of autochthonous
microbiota, its physiological and bactericidal properties,
are rare in the available literature [4-7]. Water from
centralized sources of consumption has long established
itself as a rather problematic product. It may contain
a number of factors that adversely affect human
health. These include: residual chlorine after chemical
disinfection of water, particles of substances that are
components of pipes, and in some cases — a high level
of sanitary microorganisms [8, 9]. Considering that
the recommended daily intake of drinking water for
humans, depending on age and gender, is approximately
0.8-2.0 liters [10], and tap water is not always available
and meets certain requirements, packaged natural
MW remains a liquid that can effectively meet the
physiological needs of the body [11].

Therefore, every year the demand of the population
for packaged MW is growing, so naturally the variety of
both packaged therapeutic and table MW, which can
be used in the medical field, and table MW, suitable
for daily consumption, is increasing [12, 13, 14]. Due
to the aseptic conditions of packaging after filling into
containers, natural MW becomes a closed system that
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has no connection with the environment. This favorably
affects its shelf life [15].

Like every food product consumed by the population,
packaged natural MW should be systematically checked
for compliance with sanitary and hygienic conditions,
and in particular, sanitary and microbiological control.
MW used in industrial packaging must meet the
requirements of DSTU 878-93: «Packaged mineral
waters. Technical specifications» and Directive 2009/54/
EU of the European Parliament and of the Council on the
exploitation and marketing of natural mineral waters
[16, 17].

The importance of safety of packaged natural
mineral waters cannot be overestimated. The number
of publications on this topic remains at a high level. Even
with the improvement of the quality of life in the world,
the problem of safety of water consumed by humans is
still extremely acute and does not allow to abandon its
constant monitoring [18, 19, 20].

The methods used in the packaging of water are
important factors for maintaining its safety, but in
addition to artificially improving the sanitary condition
and saturation with carbon dioxide (CO,), natural
MWs have components that contribute to natural
purification. Such factors can be some biologically active
compounds in a certain concentration — orthoboric
(H,BO,) and metasilicic (H,SiO,) acids, and the presence
of autochthonous microbiota of mineral water also
plays an important role [21, 22].

The purpose of the work was to analyze the effect of
specific biologically active components (methosilicicand
orthoboric acids) on the sanitary condition of packaged
mineral waters sold in Ukraine from 2017 to 2021.

Object and methods of research. In this study, the
analysis of the sanitary and microbiological condition
of packaged carbonated and non-carbonated mineral
natural drinking and therapeutic drinking waters of
Ukraine, which contained methasilicic or orthoboric
acid as a specific biologically active component, was
carried out.

To determine the number of coliform bacteria (CB),
first of all, liquid glucose-peptone medium was used,
and at the next stage — Endo medium. Colonies obtained
on Endo medium were inoculated into semi-liquid
glucose-peptone medium, the presence of oxidase
was determined and microscopy was performed. The
number of saprophytic microorganisms as a total
microbial count was determined on nutrient agar at 37°C

Table — Sanitary and microbiological condition of natural pack-
aged MW, which contain methosilicic and orthoboric acids

for 24 hours. For the determination of Pseudomonas
aeruginosa, liquid glucose-peptone medium (LPM) was
used as an accumulation medium, then cultivation was
carried out on pseudomonas isolation medium with
the addition of N-cetylpyridinium chloride (CPC agar) at
37°C for 24-48 hours. The resulting colonies continued
to be cultured on King-A medium, as well as on nutrient
agar at 42°C and 4°C, and at the final stage, oxidase test
and microscopy were performed. Hugh-Leifson medium
was used to determine oxidation and fermentation.
Methodological techniques and methods used in the
research are given in the manual [23].

The following natural packaged MWs were used in
the study:

1. Natural table non-carbonated MW, H_SiO, content
is 35-48 (mg/l);

2. Natural table highly carbonated MW, H,SiO,
content is 35-48 mg/l;

3. Natural medicinal strongly carbonated table water
MW, H_SiO, content is 50-150 mg/I;

4. Natural medicinal strongly carbonated table water
MW, the content of H,BO, is 35-120 mg/l;

5. Natural medicinal strongly carbonated table water
MW, the content of H,BO, is 100-250 mg/I;

6. Natural medicinal table non-carbonated MW,
H,BO, content is 50-160 mg/I;

7. Natural medicinal table carbonated water, the
content of H,BO, is 50-160 (mg/l).

Boric mineral waters are those in which content of
boron in the form of H_BO, is from 0.035 g/1 [24]. Silicon
MWs are considered to be those with silicon content in
the form of H,SiO, from 0.050 g/I [24].

Research results and their discussion. Table
and medical-table waters containing orthoboric and
methasilicic acids as a specific component were
selected from the array of data obtained in the process
of sanitary-microbiological study of packaged mineral
waters of Ukraine during 2017-2021. Among the studied
waters there were both those containing CO, and non-
carbonated (table).

During the study, samples of mineral table water
containing low concentrations of H_SiO, (35-48 mg/l)
were found to contain CB and P. aeruginosa, even in
samples containing CO,. In the mineral therapeutic and
table water containing H_SiO, in concentrations of 50-
150 mg/I, the presence of sanitary microorganisms was
also detected, although in lower concentration and with
lower frequency.

This indicates that CO, does not
guarantee the microbiological safety of

No 2017 year 2018 year 2019 year 2020 year 2021 year :I:jegicA)(l;Lheomuigcg|Itrzgft(i:gsn:orirj(eoi?zyr?atlc
T T T 2 y slows
ii”h‘/l”vl\'/e M g Pl wm g P. T(':V' cel P TC'V' cel Pl wm g P. | down the growth rate of bacteria, but not

C @ lc a a @ lc 3 | completely stops it [25].
MW containing H,SiO, Silicic acids have a bacteriostatic effect
1 21023/ 0|75/ 0| 0|00 |12520)|0|116] 7 | O | based on the ability to change the surface
2 0/]0|0|24[{0|0]0]0|29]|75|/0]|12| 3|0 | charge and communication between
3 0|0 |010-252| 01145 0|0|0|0(|0]| 0] 0|0/ cellsand, therefore, to prevent bacterial
MW containing H3B0O3 attachment and the formation of bacterial

4 |o1{o|o|o]|o|o]o10 o|oo1]o0|[o0]| 0] o] o] groups.[26,27].

5 ololo|lolololo|lo|lolo1lolo|lo|o]o A certain number of saprophytic
6 ololololololololololololo1| o] o | microorganismswas determined in the MB
7 olololololololololololol1s| o] o whendeterminingthe total microbial count

Notes: TMC — total microbial count (CFU/ml); CB — coliform bacteria as coli-index; P.a. —

Pseudomonas aeruginosa (CFU/ml).

(TMC), in the case of waters containing
H,SiO, in concentrations of 35-48 mg/I,
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the number of colonies varied from 1 to 25 CFU/ml,
indicating the presence of autochthonous microbiota.

H,BO, in amounts less than 10 g/I has a bactericidal
effect. The mechanism of its action on microorganisms
has not been finally determined. In turn, boric acid
in vitro inhibits the growth of yeast, gram-positive
and gram-negative bacteria, as well as the formation
of biofilms, modulating the metabolites released by
microorganisms [28].

MW containing H,BO, and CO, were determined to
be safe according to the studied indicators, with the
exception of MW containing H3BO3 at concentrations
of 50 mg/l — 160 mg/I without the addition of CO,. In
2018, the presence of MW in the amount of 9 bacterial
cells per 1 liter of MW was determined. The results
obtained indicate that H,BO, or H,SiO, with CO, in the
complex mutually enhance the antibacterial properties
of each other.

In other types of MW containing H,BO,, the presence
of microorganisms was observed while determining
the total microbial count within the normal range, on
average 1-10 CFU/ml. Determination of the presence
of a certain number of non-pathogenic microorganisms
indicates that even MW with a bactericidal component
has its own microbiota, which has adapted to exist in
this environment.

The influence of such factor as autochthonous
microbiota is still under active study. As for the exact
determination of its ability to antibacterial action is not
enough to study all possible ways of influence of each
of the species of microorganisms of the autochthonous
microbiota, because it is necessary to take into account
their interspecific interactions. In the studied types of
water, the autochthonous microbiota can be considered
not as a direct antibacterial factor, but as a concomitant

one. Since representatives of autochthonous microbiota
are natural inhabitants of these waters, they have
mechanisms that help to survive in the environment.
While representatives of CB and P. aeruginosa,
introduced from outside, do not have such mechanisms
[15, 22, 29].

Thus, the mechanisms of interaction of
microorganisms within communities, as well as
the impact of these communities on opportunistic
pathogens require further detailed study.

Conclusions.

1. It was determined that at a concentration of 35
mg/| to 48 mg/| of methosilicic acid in the composition
of the MW, it has no antibacterial properties, even in
combination with carbon dioxide, and at a concentration
of 50 mg/l to 100 mg/l it has a bacteriostatic effect,
affecting the formation of bacterial communities.

2. It was found that the presence of orthoboric acid
in the composition of CF at a concentration of 35 mg/I-
250 mg/l with the addition of carbon dioxide causes
bactericidal effect of CF in all cases. However, without
CO,, the antibacterial effect of mineral natural packaged
water containing H_BO, is reduced.

3. It was determined that orthoboric acid and
metasilicic acid in combination with CO, enhance the
antibacterial effect of each other.

4. Autochthonous microbiota of natural mineral
waters containing methosilicic or orthoboric acids may
be an additional antibacterial factor.

Prospects for further research. Conducting
research to determine the impact of each of the above
components individually and in combination on the
sanitary and microbiological condition of packaged
mineral waters.
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OCOBJIUBOCTI BN/INBY CNEUUNDPIYHUX BIOZTIONYHO AKTUBHUX KOMMNOHEHTIB HA AJIOXTOHHY MIKPO-
BIOTY ®ACOBAHUX MIHEPAJ/IbHUX BOA4

Nasapb A. A., 'ywa C. I, Koesa K. A., Mypartos B. H.

Pe3stome. Ha cborofHiwHii AeHb NuTaHHIO 6e3nekn pacoBaHUX MiHepanbHUX NpupogHux Bog (MB) npuaina-
H0Tb 3HAYHY yBary, OCKi/IbKM LOPOKY 36iNblUyeTbCsA ii CNOXMBaAHHA. AK i ByAb-AKUIA iHWNIK NPOAYKT, BXKUBAHUN Nt0-
OMHO0, BOHa Mae 6yTn 6e3neyHoto. [ocnifKeHHA nonepesHix PoKiB NiATBEPAKYIOTb BAaXK/AMBICTb NOCTIMHOIO MoO-
HITOPUHTY caHiTapHO-MiKpobionoriyHoro ctaHy ¢pacoBaHMx miHepanbHUX Bog (MB). MeTtoto poboTn 6yno ouiHUTK
BNMB cneundiyHnX 6ioNoriYHO aKTUBHUX KOMMOHEHTIB (MeTaKpeMHieBOi Ta OpTOBOPHOT KUC/IOT) Ha CaHiTapHUNA
cTaH dpacoBaHux npupoaHUx MB (HacMyeHUX Ta HEHAaCUYEHUX AiOKCMAO0M BYI/ELI0), WO peasnizoByBanuncs B YKpaiHi
3 2017 no 2021 poku. CaHiTapHO-MOKA30Bi MiKpoopraHiamu B gocnigxysaHux MB BuABnAAM B KilibKa eTanis. Bu-
KOPWUCTOBYBAIM METOAM MOCIBY Ha WiNbHI Ta pigKi NOXMBHI cepenosumLLa. A BU3HAYEHHS KiNbKOCTi KONIPOPMHUX
6aKTepiin BUKOPMUCTOBYBANM PiflKe IMIOKO30-NeNToOHe cepenoBulLe, cepegosuile EHAO, OKCMAA3HMIA TECT Ta MiKpo-
cKonis. 3arasibHe MiKpobHe YMCN0 BU3HAYanM Ha NoxKMBHOMY arapi npu 37°C npotarom 24 roguH. Ans BU3HAYEHHSA
Pseudomonas aeruginosa, sk cepefoBuLLE HAKOMUYEHHSA, BUKOPUCTOBYBAIOCA PifKe rHOKO30-NenToOHe cepesoBu-
e, gani NpoBOAWUAN KyNbTUBALi0 Ha cepedoBuul 3 N-uetunnipuguHiem xaopuaom (npu 37°C npotarom 24-48
roauH), i Ha cepepoBuLli KiHr-A, a TakoX Ha noxusHomy arapi (npu 42° Cra 4°C). [Jani NpoBOAMAN OKCUMAA3HUI
TECT Ta MiKpocKonito. s BU3HauYeHHA oKcuaaLlii Ta pepmeHTal,ii BUKOPUCTOBYBaM cepesoBulLe Xbto-JlendcoHa.
3a pesynbraTaMm A0CANiIAKEHb BCTAHOBAEHO 3aKOHOMIPHICTb Y Ki/IbKOCTi Ta CTyneHi KOHTamMiHauii 3paskis MB 3a-
NIEXKHO Bif, TMNY Ta KOHLEeHTpaL,ii cneumdiyHoro 6ioNorivHO akTMBHOIrO KOMMNOHeHTa. MeTakpemHieBa Ta opTobopHa
KMCNOTU MAOTb OAHOCMPSMOBAHY aHTMOaKTepianbHy Aito, ane B CBOIO Yepry Ais Ha CaHiTapHO-NOKa30Bi MiKpoop-
raHi3Mun opToH6OPHOT KUCNOTU BUPAXKeHa cuabHiwe. [ioKeua, ByrneLto Ta ayTOXTOHHa MiKpobioTa cammx NpupoaHnX
MB BMCTynatoTb K NOCUOKYI paKTopu aHTMBaKTepianbHOI A4ii. BUsHaveHo, Wo AocnigxeHi cneundiyni 6ionoriy-
HO aKTUBHi KOMMOHEHTU NpUpPoAHNX dacoBaHnx MB 34aTHI NPOABAATU aHTUOaKTepianbHi BAACTUBOCTI MOCU/THOOUM
epeKTM ogMH OaHOTO.

KntouoBsi cnoBa: ¢pacoBaHi NpMpoaHi MiHepanbHi BOAW, AIOKCUA BYI/IeLt0, MeTaKpeMHieBa KMCN0Ta, opTobopHa
KMCNOTa, CaHiTapHO-MiKpPObioNoriYHMIA CcTaH, aHTMbaKTepianbHa Aif, aI0XTOHHA MiKkpobioTa.

FEATURES OF THE INFLUENCE ON ALLOCHTHONOUS MICROORGANISMS OF SPECIFIC BIOLOGICALLY ACTIVE
COMPONENTS OF PACKAGED MINERAL WATERS

Lazar A. D., Gushcha S. G., Koieva K. A., Muratov V. N.

Abstract. Nowadays the issue of safety of bottled natural mineral water receives a lot of attention, as it’s
consumption increases every year. Like any other product used by humans, it must be safe. Research from previous
years confirms the importance of constant monitoring of the sanitary and microbiological safety of packaged mineral
waters. The purpose of the work: to assess the influence of specific biologically active components (metasilicic and
orthoboric acids) on the sanitary condition of packaged mineral waters (saturated and unsaturated), which was sold
in Ukraine from 2017 to 2021. Materials and methods. Sanitary-indicative microorganisms in the studied mineral
water were detected in several stages. During the researching were used methods withsolid and liquid nutrient
media were used. Liquid glucose-peptone medium, Endo’s medium, oxidase test and microscopy were used to
determine the number of coliform bacteria (CB). The total microbial count was determined on nutrient agar at
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37°Cfor 24 hours. To determine Pseudomonas aeruginosa, a liquid glucose-peptone medium (GPM) was used as an
accumulation medium, followed by cultivation on CPC agar, at 37°C for 24-48 hours, King-A medium, and nutrient
agar at 42°C and 4°C, oxidase test and microscopy. Hugh-Leifson medium was used to determine oxidation and
fermentation. The results. A regularity was determined in the number and degree of contamination of MW samples
depending on the type and concentration of a specific biologically active component. Metasilicic and orthoboric
acids have a unidirectional antibacterial effect, but in turn, the effect on sanitary indicator microorganisms of
orthoboric acid is more pronounced. Carbon dioxide and autochthonous microbiota of the most natural MW act
as factors enhancing the antibacterial action. Conclusions. 1t was determined that the studied specific biologically
active components of natural packaged mineral waters are able to show antibacterial properties by enhancing the
effects of each other.
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