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Objectives. The purpose of this study was to develop an objective instrumental method for
assessing microbial contamination and expressing the probiotic and antibiotic properties of food,
pharmacological, and other products.

Methods. The developed method consists of periodic (every 2 h) registration of changes in pH,
redox potential, and electrical conductivity of a liquid nutrient medium incubated in the presence
and absence of viable test microorganisms and test samples.

Results. Using liquefied CO, from 10 different types of plant materials, we carried out a
comparative analysis of probiotic and antibiotic activities against Lactobacillus acidophilus of
various concentrations of subcritical whole extracts obtained.

Conclusions. Among the studied plant extracts, the most active prolonged antibiotic properties
were exhibited by extracts from the leaves of Eucalyptus globulus Labill. and seeds of Illicium
verum Hook.f. at a concentration in the test medium (C,) more than 3 vol %, whereas the most active
prolonged probiotic properties were exhibited by an extract from the herb of Mentha arvensis L.
at C,, = 0.2 vol %. In most cases, the initial antibiotic activity of the tested extracts (TEs) was
greater than their prolonged activity. Also, the mid-term (in terms of TEs interaction time with
test microorganisms) antibiotic activity of TEs was intermediate in value between their initial
and prolonged activity. In the test medium, the decreasing concentration of TEs decreases
their antibiotic activity monotonically and increases their probiotic activity, suggesting that the
biological activity of products, including various plant extracts, is largely determined not only by
the raw material and the method of extracting biologically active substances from it but also by
the concentration of the extract in the product and by the interaction time of the said product with
microbiota and others. In most cases, a significant number of tests could establish the exact nature
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of these dependencies. The proposed method is much more rapid, objective, and informative and
less laborious and material-intensive than using standard microbiological methods in assessing
the initial microbial contamination and the probiotic and antibiotic properties of various samples
of both the new and already approved pharmaceuticals, foods, and other products, as well as
the individual ingredients and additives.

Keywords: microbiological biotesting, antibiotic properties, plant extracts, microbiological
contamination, electrochemical methods
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HAYYHAS CTATHA
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JIJI51 CPABHUTEJILHOTO AHAJIM3A NPO- 1 AHTUOMOTUYECKUX CBOMCTB
PA3JIMYHBIX IKCTPAKTOB
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Ienu. Pazpabomams bbicmpyto U 06beKMUBHYIO UHCMPYMEHMANTbHYI MEMOOUKY OUEHKU MU-
KpOoOHOUL obcemeHeHHOCMU, A MAKIKE NPOo- U AHMUOUOMUUECKUX C8OTICME pAa3UUHbLX 00pa3yo8
nuweeoti, hapmarosiozuueckoli U UHOU NPOOYKYUUU.

Memoout. PaspabomaHHast MemoouKa 3aKaouaemest 8 nepuoouueckoll (uepes Kaxooie 2 u) pe-
sucmpayuu usmeHeHutl pH, pedokxc nomeHyuana u a1eKmponpo8ooHocmu sKUOKOU numamesio-
HOUL cpeldbl, UHKYOUpYeMOoll 8 npucymemeuu U 8 0mecymcemaue KRKU3IHeCcnoCoOHbLX Mecmosblx Mu-
KPOOP2aHU3MO8 U mecmupyemblx 06pasyos.

Pesynomamet. C nomowbro npedcmaeieHHOU MeMOOUKU NPOBEOEéH CPABHUMENbHbLU AHAUS
npo- u aHmubuomuueckoii akmusHocmu ¢ omHoweHuu Lactobacillus acidophilus pasHbix KOH-
UEHMPAUULL YeSlbHbIX OOKPUMUUECKUX SKCMPAKMOE, NOLYUEHHBLX C NOMOULbIO cokuskeHHozo CO,
u3z 10 pasauuHbLx U008 PACMUMENBLHO20 CblPbSL.

Buteoout. [IposedeHHble UCCAe008AHUSL NOKA3AIU, UMO Ccpedu UCCe008AHHbBLX PACMUMENbHBLX
aKempaxmos Haubosiee aKkmugHble NPOJIOH2UPOBAHHbLE aHMuUbUOMuUUecKue ceolicmeaea NPosi8uUU
aKCmMpPaKmeol U3 aucmoes sgKanunma uaposuorozo (Eucalyptus globulus Labill.) u cemar 6adwvsi-
Ha Hacmosuwezo (Illicium verum Hook.f.) npu ux KoHuermpayuu 8 mecmosoti cpede (C,,) 6orvue
3 00.%; a Haubosee aKxmugHble NPOJIOH2UPOBAHHblE npobuomuueckue cgolicmea Nposieusl IKC-
mpaxkm u3 mpagel mamet nyzoeoil (Mentha arvensis L.) npu C, = 0.2 06.%. HauanvHas aHmu-
buomuuecKkass AKMUBHOCMb MeCmupo8aHHblx skcmparxmos (T3) e boavuwuHcmee cryuaes dolna
bonbue UX NPOSNOH2UPOBAHHOU akmueHocmu. B mo epemsi kak cpedHecpouHas (no epemeHu
ezaumodeticmeaust TO ¢ mecmogbiMU MUKPOOP2AHUIMAMU) aHMUbOUOMUueckas akmugHocmes TO
KaK npasusio 6bL1a NPOMEIKYMOUHOU NO 8eAUUUHE MEIKOY UX HAUAIbHOU U NPOSIOH2UPOSAHHOU
axmueHocmbeto. IIpu smom ¢ ymeHovweHuem KoHueHmpauyuii TS @ mecmosoti cpede ux aHmubuo-
muuecKkast akmugHOCmMb MOHOMOHHO YMEeHbULAIACL, A NpoduoMmuUUecKas aKmugHOCMb Yeenuuu-
eanace. Takum o6pasom ouesuoHo, umo buo02uUecKast AKMuU8HOCMb NPOOYKYUU, 8Karouarouell
Pa3nuuHble pacmumenibHble 9KCmpaKmul, 8 3HAUUME/IbHOU cmeneHu onpedesisiemest He moJibKo
CbLPLEM U CNOCOBOM IKCMPALUPOBAHUSL U3 HE20 OUO002UUeCKU AKMUBHbIX 8eujecms, HO U KOH-
yeHmpayueli s3KcmpaKma 8 NpooyKyuu, a makiKe spemeHem e3aumoodeticmaust YnomsHymou
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npooykyuu ¢ mukpobuomoti u m.n. Ipuuem mouHwblil xapaxmep smux 3asucumocmeil 8 601b-
wuHecmee cayuaes moxKem 6blmsb YCMaHO8NeH UL C NOMOULLIO 3HAUUMESIbHO20 UUC/IA MEeCMO-
eblx ucnoimaHuil. IlocneorHue yoobHO NpPoeooums ¢ NOMOUWLIO npedcmasieHHOolU 8 amoll pabome
MemoouKuU, Komopask No3eossiem cyuiecmeeHHo bosiee bblempo, 06beKmu8HoO U UHPOPMAMUEBHO,
a makKoKe cyulecmeeHHo meHee mpyooémMKo U MAMEPUANIOEMICO, UeM NPU UCNOTb308AHUU CIMAH-
0apmMHBLX MUKPOOUOSI02UUECKUX MEMOO08, OUeHUBAMb UCXOOHYIO MUKPOOHYO 0bcemeHeHHOoCMb,
a maroke npo- u aHmubuomuueckue ceolicmea pasiuuHblX 06pasyoe KarK HO8ol, maK U yxe
JonyweHHol K ynompebneHuto npooyKyuu, a makike omoesbHblX UHzpedueHmo8 U 006a80K K

OHO1L.

Knroueevle cnosa: 6uomecmupoeauue Munpo6u0ﬂozuuecrcoe, aHmubuomuueckKue ceozicmea,
aKempaxkmol pacmumeJibHble, .M.U.K?pO6Ha&t O6C€M€HeHHOCTnb, asleKkmpoxumuuecKue Mmemoobl

Mna yumupoeanusn: Cubupues B.C., Heunnopenko Y.}O. MeTonuka 31eKTPOXUMHYECKOTO OMOTECTUPOBAHUS
JUISL CPAaBHUTEIHBHOTO aHAJIN3a IIPO- M AaHTHOMOTHYCCKUX CBOUCTB Pa3IMYHBIX SKCTPAKTOB. TOHKUE XUMUUECKUe MEeXHOI02UU.
2020;15(6):34-43. https://doi.org/10.32362/2410-6593-2020-15-6-34-43

INTRODUCTION

The development of objective, fast, and
available for a wide range of applications methods
for the quantitative assessment of the probiotic and
antibiotic properties of a large number of samples of
new and approved-to-use products in pharmaceutical,
cosmetic, food, feed, and other sectors of the national
economy is becoming increasingly important. The
abovementioned methods are one of the important
components of the product quality and safety
monitoring system. In the implementation of the
abovementioned methods, both multicellular and
unicellular test living organisms are used. Unicellular
living organisms are used both because of they are the
cheapest, available and statistically reliable model of
living organisms, in general, and because they are also
the model of useful natural human microbiota and
natural microbiota that can cause various infectious
diseases, toxicosis, allergic reactions, and contribute
toward the spoilage of food and other products.

However, more time, materials, and labor
of qualified personnel are required in standard
microbiological testing (visual assessment of the
overall survival of microorganisms or the size of the
zone of growth retardation of their colonies), resulting
in incomplete, subjective, and static information on
disorders of the vital functions of test organisms
[1-3]. Thus, the use of instrumental technologies in
microbiological testing seems promising. Among
them, optical and electrochemical methods are simple
in execution, reliable, and universal.

In products manufactured and consumed
by human society, there is an increasing lack of
biologically active substances (BAS) of natural
origin that contribute to the normal development and

functioning of the human body (the human body is only
weakened by stresses, presence of various physical
and chemical factors of environmental pollution,
lack of natural lighting and physical activity, and
contacts with numerous extraneous microbiota, etc.)
and symbiotically associated beneficial microbiota,
or suppress microbiota’s vital activity that is harmful
to humans.

Because of the complexity of achieving the
desired degree of purity, stereospecificity, and other
parameters, the production of concentrated synthetic
analogs of BAS at the current level of technology
development to achieve a sufficiently high degree
of biological activity of such compounds is costly
and ineffective. In addition, BAS of natural origin
has significantly lower side effects in terms of the
spectrum width and intensity of action to humans
and other living organisms compared with synthetic
agents. Main sources of BAS that are used as
functional additives to pharmaceuticals, foods, and
other products are extracts and essential oils obtained
from various plant materials.

Essential oils obtained by distillation or cold
or hot pressing of plant raw materials [4] give
the opportunity to achieve a significantly greater
and stable biological activity of the final product
compared with aqueous, alcoholic, and other plant
extracts (PEs) obtained without removing extractants.
Therefore, essential oils are now widely used as (i)
additives to foods, pharmaceuticals, cosmetics, and
other products, which have selective or low-specific
promicrobial or antimicrobial actions, (ii) additives
with various types of normalizing action used, inter
alia, in the treatment of various diseases, and (iii)
preserving, antioxidant, aromatizing, flavoring,
and other types of additives [3, 4-13]. In addition,
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essential oils are used as antiseptics, environmental-
friendly insecticides and pesticides, and additives to
various dental, wound-healing, and other medical and
packaging materials [5, 14-19].

However, only sufficient volatile and thermostable
substances can be extracted from raw materials by
distillation, and only a little yield of the final product
is achieved by pressing, which is too critical to the raw
materials. Therefore, recently the extracts obtained
from plant materials via the subsequent removal of
the extractant from the final product by increasing
temperature and lowering pressure are used instead
of using essentials oils. Currently, PEs obtained using
liquefied carbon dioxide (CO,PE) as an extractant
are the most common. Liquefied carbon dioxide is
then completely removed from the final product by
changing the pressure and temperature of the latter
[20-26].

Particularly, Biozevtica (Dedovsk, Moscow
oblast, Russia)' not only has developed but also put
into production, followed by a fairly widespread
sale, a whole line of yogurts, mayonnaise, vegetable
and butter oils, spicy mixtures (dry, fat, or water-
soluble), juices, lemonades, and other products with
additives of various CO,PEs (which is also produced
by Biozevtica).

In comparison with essential oils, CO,PEs
have a significantly wider variety of BAS included
in their composition. If the extraction is carried out
with pressure above 7.6 MPa and a temperature of
the carbon dioxide (CO,) below 31°C, the extracts
are called “subcritical.” Otherwise, the extracts
are called “supercritical” because the CO,, being
in a supercritical state, exhibits both the liquid and
gas properties. Besides, CO,PEs are categorized
into “selective” (obtained at low CO, pressures and
having a composition closer to essential oils) and
“whole” (obtained at high CO, pressures). In addition
to volatile components common for essential oils,
whole subcritical CO,PEs (the richest in various
BAS) contain heavier plant resins, paraffins,
pigments, and others and have more viscous pasty
consistency compared with “ordinary” essential oils;
however, they are easily dissolved by both ethers and
vegetable oils (although, in some cases, slight heating
is required to dissolve them).

The purpose of this study was to develop a quick
and objective instrumental method for assessing the
microbial contamination and expressing the probiotic
and antibiotic properties of various products, as well
as individual ingredients and additives, followed by a
comparative analysis using the developed method for
the influence of various PEs on the dynamics of the
human microbiota.

! URL: https://biozevtika.ru. Accessed October 06, 2020.

MATERIALS AND METHODS

We took whole subcritical extracts produced
by Kazanskii zavod ekstraktov (Kazan, Russia)?
using liquefied CO, at a pressure of 7.3 MPa and a
temperature of 20°C from the following types of plant
materials: leaves of southern blue gum (Eucalyptus
globulus Labill.) (No. 1), clove buds (cloves,
Syzygium aromaticum L. Merr. & L.M. Perry) (No. 2),
ginger roots (Zingiber officinale Roscoe) (No. 3),
shoots of common sage (Salvia officinalis L.) (No. 4),
creeping thyme herb (thyme, Thymus serpyllum L.)
(No. 5), oregano herb (Origanum vulgare L.) (No. 6),
field mint herb (Mentha arvensis L.) (No. 7), shoots
of rosemary (Rosmarinus officinalis L.) (No. 8), star
anise seeds (star anise, //licium verum Hook.f.) (No. 9),
and cardamom green seeds (Elettaria cardamomum
L. Maton) (No. 10). This plant was chosen because it
is currently the largest producer in Russia of CO,PEs,
which are used as sources of dietary supplements in
medicine, veterinary medicine, cosmetic and food
products, household chemicals, etc. Raw material No. 1
was obtained from Australia; raw materials Nos. 2, 3,
and 8-10 were from India, and raw materials Nos. 4
and 5-7 were from Russia (Krasnodar krai and Kazan
precincts, respectively).

On the basis of the existing our developments on
various methods of instrumental biotesting [27-33],
to analyze the effect of different concentrations
of the tested extracts (TEs) on the dynamics of the
vital activity of microorganisms, we developed the
method, as described in the following.

Four series of measurements were carried out for
each batch of TE, and before the beginning of each
batch, a nutrient medium was prepared, which was a
sterile aqueous solution with pH 7.2 £ 0.2, containing
5-g/L glucose, 20-g/L protein hydrolyzate, and 2-g/L
NaCl. The nutrient medium was then inoculated with
Lactobacillus acidophilus ATCC 4356, which were
selected as typical representatives of the microbiota
because they are widespread both outside and
inside the human body and other living organisms,
which are actively participating in the destruction
of various biopolymers, and also because they are
widely used by humans in many biotechnological
processes, including bioconservation, ensiling, and
obtaining various fermented milk products. Then, the
mentioned culture medium with test microorganisms
was incubated at 37.0 £ 0.1°C until the content of viable
microorganisms reached approximately 5 x 10° cells/mL,
which was verified by a nephelometric method using
a bacterial turbidity standard.

The obtained test medium was poured into the
test measuring capacities (MCs), in which the amount

2 URL: https://extract.market. Accessed October 06, 2020.
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of TE required to achieve its specified concentration
in the test medium was previously added each (three
MCs in parallel). In this case, we used the following
as control (which was also placed in the MC in
triplicate): a test medium with viable microorganisms
without TE (control-1) and a solution with a given
concentration of TEs in a sterile nutrient medium
(control-2).

Then both the test and all control MCs were
incubated at 37.0 £ 0.1°C for another 6 h. The pH,
redox potential (E, mV) and specific linear low-
frequency electrical conductivity (X, mS/sm) values
of the test media contained in each of the MCs were
sequentially recorded with an interval of 2 h. In
this case, the pH and E values were recorded using
an Expert-001 ionomer (Econix-Expert, Moscow,
Russia)® with combined electrodes ESK-10601/7 and
ERP-105, whereas the values of X were recorded
using an Expert-002 conductometer (Econix-Expert)
with a sensor UEP-P-S operating at a frequency of
1.6 kHz.

After that, we calculated the total degrees of
activation (+) or inhibition (=) of the vital activity
of test microorganisms by the given concentrations
of the tested samples after & hours of their joint

incubation in a liquid test medium (¢,,, %) by the
following Equation (1):
€, = (€, 10.7e,, + 0.7¢, /2.4 (1)

The values of ¢ ot Epp and ¢, were determined
separately from pH E, and X Values of the test
media in the MC during the incubation of these MC
according to the following Equation (2):

g, = 100 x (AYr,, —AYe,)/AYc,, )

The index i shows the measurements for which para-
meter (pH, £ or X) were taken into account in Equation (2):
for example, € s = 100 x (AYep,, - AYc )/AYc

The Values of AYt,, and AYc, were determmed as
averaged over a sarnple of N samples with the same
concentrations of extracts prepared in the same way
from one type of raw material (in our case, N=3 x 4 =12),
changes in the values of the i-parameter of the test
medium (pH, E, or X) that occurred k hours after the
start of incubation of this medium in the presence
of a given concentration of TE (AY? observed in the
test MC) or in the absence of TE (AYc observed in
control-1 MC). For example, AYtpH’2 = pH., - pH,,

3 URL: http://ecosolution.ru. Accessed October 06, 2020.

and AYe,, = X, — X, (where pH_  is the pH value
of the medium in the test MC at the beginning of its
incubation, pH_, is the pH value of the medium in test
MC 2 h after the start of its incubation, X  is the X
value of the medium in control-1 MC at the beglnmng
of incubation, and X, is the X value of the medium in
control-1 MC 4 h after the start of incubation).

The error in determining each of the averaged
quantities ¢ ot Epp and ¢, was calculated in a
standard way [34-36]. On the basis of the standard
formula Az(x) = X(Ax06z/8x) [34-36], the total
error in determining the value ¢, was calculated as
Ag, =(Ag, +0.7Ag, + 0.7A¢,)/2.4.

To assess the general degree of activation or
inhibition of the vital activity of test microorganisms
by the given TE concentrations, we chose the
parameters pH, £, and X because they are most
reliably measured instrumentally and, at the same
time, sensitive enough to be used in controlling the
acceleration or deceleration of conversion by viable
microorganisms present in the test medium and
catabolites present in the same medium into anabolites
after k& hours of incubation of the mentioned test
medium in the presence of TE as compared with the
control, in which TE is absent. The sensitivity is due
to the transformation of catabolites into anabolites
by microorganisms, which significantly changes the
acidity, electrochemical redox potential, and electrical
conductivity of the test media.

The legitimacy of combining three quantities € ,
g,,and € into one parameter £, can be explained by the
fact that each of these quantities was independently
normalized to the control values of its defining
indicator and, thus, uniformly (percentage relative to
the control) reflected the change in metabolism test
microorganisms in the presence of TE, at the same
time characterizing this change somewhat differently,
because changes in pH, E, and X in the test medium
caused different metabolic processes carried out by
the presence of viable microorganisms. As a result,
the total value of ¢, characterized the changes in
the metabolic activity of test microorganisms more
informatively and adequately than each of the values
of ¢ . &,, and g, separately.

The latter is confirmed by the fact that for ¢,
there was a 90% significant correlation with the
change in the number of colonies forming units of
test microorganisms, which is determined using the
standard method [1-3, 37, 38].

With the proposed method, it is possible to
determine the microbial contamination (C,,) of
the tested samples. For this, the calculation is
performed similarly to Equations (1) and (2), where
AYt is determined for control-1 MC and AYc for
control-2 MC. The obtained C|, value is multiplied

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2020;15(6):34-43

38



Vladimir S. Sibirtsev, Ulyana Yu. Nechiporenko

by the calibration factor, determined previously on
the basis of comparing the results obtained using
the proposed method with the results obtained for
the same concentrations of the same TEs using the
aforementioned standard microbiological testing
method. In this case, the resulting C,; value will
show how many viable microorganisms were initially
present in the test sample. Moreover, if the test samples
are incubated in selective nutrient media instead of
the “general accumulative” nutrient medium used in
this study, then the proposed method can be used to
determine both the total microbial contamination of
these samples and the contamination of individual
species and strains of microorganisms.

RESULTS AND DISCUSSION

The table and figure present the most interesting
data obtained by the proposed method concerning the
objects of this study.

As can be seen in the figure, in the change in the
concentration of TEs in the test medium (C,,), the
nature of both probiotic and antibiotic activities can
change quite significantly.

TEs obtained from different parts of different
plants also had different probiotic and antibiotic
activities. This is particularly seen in, for example,
comparing the antibiotic activity of extracts obtained
from the leaves of eucalyptus globular, oregano herb,

The total degree of activation (+) or inhibition (—) of the vital activity of Lactobacillus acidophilus
(g,,» %), determined after 2, 4, and 6 h of their incubation in a liquid nutrient medium
in the presence of different amounts of whole subcritical extracts obtained using liquefied CO,

from various plant materials (CO,PE)

No. of raw material
Biological activity
1 2 3 4 5 6 7 8 9 10
conc. CO,PE 3.0 vol %
€5 Yo -84 —44 =51 -60 =51 =51 —42 —65 —63 —58
€4 o =77 —42 —47 =53 —40 =53 =30 —58 —58 53
€, %0 —67 =37 —42 —42 =37 —49 28 47 =53 —49
conc. CO,PE 1.5 vol %
€5 Yo 24 -13 -15 17 -15 -15 -12 -19 -18 -17
€, %0 22 —-12 -13 -15 —-12 -16 -9 -17 -17 -15
€, Yo -19 -11 —-12 —-12 -11 —-14 -8 -13 -15 -14
conc. CO,PE 0.5 vol %
€, % 15 22 20 22 20 18 16 18 16 20
g, % 5 8 7 8 7 6 5 6 5 7
€ Yo -10 -7 -5 -7 —6 =5 -4 =5 -5 —6
conc. CO,PE 0.2 vol %
€, Yo 28 26 32 38 32 33 52 41 39 36
€4 Yo 26 28 29 33 25 32 48 36 36 33
€, %0 23 26 26 26 23 31 42 29 33 31

Note. See the Materials and Methods section for the method in determining &

. and the corresponding raw material Nos. 1-10 used

to prepare the tested extracts. The relative error in determining €, for all values indicated in the table was in the range from 10 to 20%.
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&v,% : (d)

9 10

Comparative biological activity of the tested extracts (TEs)
against L. acidophilus at different TE concentrations in the
test medium (a: 3.0 vol %; b: 1.5 vol %; c: 0.5 vol %;

d: 0.2 vol %). The ordinate shows the €, (%) values
determined for TE based on the results of measuring the
pH, redox potential, and electrical conductivity of liquid
nutrient media with L. acidophilus after 2, 4, and 6 h
of incubation according to Equations (1) and (2). The
abscissa shows the number of raw materials from which
TEs were obtained.

and meadow mint grass, where at C,, = 3 vol %, the
values of g, were —67 + 8%, —49 + 6%, and —28 + 4%
(see table for extracts Nos. 1, 6, and 7). Also, this
is seen as well in comparing the probiotic activity
of the same extracts, where at C . = 0.2 vol %, the
values of €,, were 23 + 3%, 31 + 4%, and 42 + 5%,
respectively).

Among the extracts studied, the most active
prolonged  (long-term)  antibiotic  properties
(quantitatively characterized in the table by the value
of €60 determined after 6 h of incubation of test
microorganisms in the presence of TE) were shown
by extracts from the leaves of eucalyptus globular
and seeds of star anise with C,, > 3 vol % (see table
for extracts Nos. 1 and 9). The most active prolonged
probiotic properties were shown by an extract from
the herb of meadow mint at C, . = 0.2 vol % (see table
for extract No. 7).

In most cases, the initial (short-term) biological
activity of TEs (quantitatively characterized inthe table
by the value of ¢, determined after 2 h of incubation
of test microorganisms in the presence of TEs) was
significantly greater than their prolonged activity.

This was probably because of both the adaptation of
the test microorganisms to the presence of TE and a
decrease in the activity and the total amount of BAS
contained in TE per cell of the test microorganism
over time. Moreover, the latter took place because
the total number of cells of microorganisms increased
during incubation of the test medium containing
them, whereas the activity and total amount of BAS
contained in TE decreased during incubation because
of biochemical and physicochemical denaturation
and destruction of the mentioned BAS.

The medium-term (in terms of the interaction
time of TE with the test microorganisms) biological
activity of TE (quantitatively characterized in the
table by the value of ¢, ,, determined after 4 h of
incubation of test media with TE) was intermediate
in value between ¢, and ¢, and only sometimes (as,
for example, in the case of extracts Nos. 2 and 9 with
Cye = 1.5 vol %) exceeded both ¢, and ¢, of the
same TE (see table and figure).

The decrease in TE concentrations in the test
medium decreased their antibiotic activity against
test microorganisms significantly and monotonously
and increased, on the contrary, their probiotic activity.
For example, at C,, = 3.0, 1.5, and 0.2 vol %, the ¢,
values for the extract from the leaves of the globular
eucalyptus were —67 = 8%, —19 £+ 3%, and 23 £ 3%,
respectively, and the values of ¢, for the extract from
the herb of meadow mint were —28 + 4%, —8 + 1%,
and 42 + 5%, respectively (see table for extracts Nos.
1 and 7).

The indicated effective concentrations of
TEs turned out to be significantly higher than, for
example, the widely used synthetic antiseptic with
a broad spectrum of action, such as chlorhexidine
bigluconate (CHG), which we studied in the form of
a 0.05% aqueous solution manufactured by Rosbio
(Russia) [29], which already at C ., = 0.0001 and
0.001 vol % showed ¢,, = =35 £ 5% and —1 = 6%
for L. acidophilus. However CHG is not intended
for internal use, and the advantages of PEs over
antibiotics have already been discussed above. On the
basis of these data, the method of rapid instrumental
microbiological testing can be successfully used to
assess the probiotic and antibiotic properties of not
only PEs but also many other drugs and materials
(including those obtained synthetically).

CONCLUSIONS

With the proposed method, it is possible to
assess the initial microbial contamination much more
quickly (within a few hours, not days), objectively,
and informatively than using standard methods, as
well as to determine the effect on the dynamics of life
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activity of test microorganisms of samples of various
products (for example, PEs).

The greater objectivity of the proposed
technique is achieved by reducing the role of the
subjective human factor when replacing visual
methods with instrumental ones in the measurement
process. We achieved greater information content
of the proposed technique because of the following.
Firstly, instrumental measurement methods are more
sensitive than visual ones used in standard methods.
Secondly, the proposed method makes it possible to
assess the dynamics of changes in the vital activity of
microorganisms over a set of arbitrarily selected time
intervals, in contrast to standard procedures, where
measurements are made only once, at the end of the
incubation period of the tested samples. Thirdly, the
proposed method involves assessing changes in the
vital activity of microorganisms at once by several
independent indicators (such as pH, redox potential,
and electrical conductivity of the test medium),
and not just one (turbidity of the test medium, the
number of colonies of microorganisms, or the size of
the zone of their growth inhibition), as in the case of
using standard techniques. The technique presented
here uses fewer materials and is less labor-intensive
compared with similar standard methods and also
provides many more opportunities for automating the
entire analysis process.

All this makes the presented technique much
more accessible for mass use than the previously
used standard methods of microbiological testing and
assessment of microbial contamination of samples of
various products, which is very relevant because one
of the important conditions for ensuring the proper
level of safety and quality of life of people is not only
timely and qualitative testing of the probiotic and
antibiotic properties of new products and individual
ingredients and additives to them but also constant
wide monitoring of microbial contamination, as well
as probiotic and antibiotic properties of products
already admitted for mass consumption to identify
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