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RESUMO

Os lactobacilos sdo amplamente utilizados na medicina como bactérias probidticas. Os lactobacilos sao
considerados um dos tipos mais importantes de micrébios intestinais. Essas bactérias tém um efeito
antioxidante e protetor de genes no sistema imunitario e nervoso de seus portadores. Mas algumas estirpes de
enterococos podem ser patégenos e causar doengas como infecgdes do trato urinario, bacteremia, infecgdes
no local da cirurgia, infecgdes na corrente sanguinea, diarréia. A necessidade de estudar as propriedades
benéficas e prejudiciais das bactérias para os seres humanos determina a relevancia do estudo. As
propriedades antioxidantes e pré-oxidantes de 11 estirpes de Enterococcus e 7 metabdlitos das estirpes de
Lactobacillus foram analisadas utilizando uma analise de capacidade de absorgdo de radicais de oxigénio
(ORAC) e um teste de biossensor lux. As bactérias foram incubadas no leite de vaca. Leite ndo fermentado foi
usado como controle. O estudo mostrou que o leite fermentado com enterococos ndo apresentou diferencas
significativas na capacidade antioxidante em comparagdo ao controle. Por outro lado, quase todos os
lactobacilos aumentaram a capacidade antioxidante do leite coalhado em comparacdo com o leite ndo
fermentado. Ou seja, os metabdlitos das estirpes de Lactobacillus mostraram fortes propriedades antioxidantes,
mesmo em baixas concentragdes. Os metabdlitos das estirpes de Enterococcus possuiam propriedades pro-
oxidantes. Eles aumentaram a agéo de outros pré-oxidantes, como paraquat, peroxido de hidrogénio, dioxidina,
e mostraram um efeito sinérgico. O teste do biossensor lux, usado para avaliar o efeito de substancias em
células vivas com um metabolismo complexo, foi mais informativo do que a analise ORAC, que nos permitiu
avaliar as propriedades antioxidantes e pré-oxidantes dos metabolitos de bactérias probidticas. O estudo
revelou ndo apenas a influéncia do efeito direto da substancia de teste na molécula alvo, mas também o efeito
da agdo indireta, interferindo em outros processos bioquimicos de uma célula viva, o que confirmou a
necessidade de usar o teste de biossensor lux para trabalhos adicionais ao escolher estirpes de bactérias
probidticas.

Palavras-chave: Lactobacillus, Enterococcus, produto de leite fermentado, antioxidante, pré-oxidante.

ABSTRACT

Lactobacilli are widely used in medicine as probiotic bacteria. Lactobacilli are considered one of the
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most important types of intestinal microbes. These bacteria have an antioxidant, gene protective effect on the
immune and nervous systems of the host. But some strains of enterococci can be pathogenic microorganisms
and cause diseases such as urinary tract infections, bacteremia, infections at the surgical sites, bloodstream
infections, diarrhea. The need to study the beneficial and harmful properties of bacteria for humans determines
the relevance of the study. The antioxidant and prooxidant properties of 11 Enterococcus strains and 7
metabolites of Lactobacillus strains were analyzed using an oxygen radical absorption capacity (ORAC)
analysis and a lux biosensor test. Bacteria were incubated in cow's milk. Unfermented milk was used as a
control. A study showed that milk fermented with enterococci did not have significant differences in antioxidant
ability compared to control. In contrast, almost all lactobacilli increased the antioxidant ability of sour milk
compared to unfermented milk. That is, the metabolites of Lactobacillus strains have demonstrated strong
antioxidant properties even at low concentrations. The metabolites of Enterococcus strains possessed
prooxidant properties. They enhanced the action of other prooxidants, such as paraquat, hydrogen peroxide,
dioxidine, and showed a synergistic effect. The Lux biosensor test, used to evaluate the effect of substances on
living cells with a complex metabolism, was more informative than the ORAC analysis, which allowed to
evaluate the antioxidant and prooxidant properties of probiotic bacteria metabolites. The study revealed not only
the influence of the direct effect of the test substance on the target molecule, but also the effect of indirect action
by interfering with other biochemical processes of a living cell, which confirmed the need to use the biosensor
lux test for further work when choosing strains of probiotic bacteria.

Keywords: Lactobacillus, Enterococcus, fermented milk, antioxidant, prooxidant.
AHHOTALWA

Baktepun p. Lactobacillus Wrpoko NpMMeEHSOTCS B MegULMHE B Ka4yecTBe NpoOMoTMYecKnx baktepun.
OHun, a Takke OakTepum p. Enterococcus, COCTaBNSAT BaXKHYK 4YacTb KULIEYHOW MUKPOOMOTLI, obnagaroT
@HTUOKCUOAHTHOW, FreHOMPOTEKTOPHOW aKTUBHOCTBIO M BIIMSIIOT HA MMMYHHYIO U HEPBHYIO cuctemy xossauHa. C
OPpYron CTOPOHbI, HEKoTopble npeactasutenu p. Enterococcus moryT okasaTbCs MaTOreHHbIMM M Bbi3blBaTb
Takne 3aboneBaHud, Kak avapes, WHMEKLMM MOYEeBbIBOOAWMX MyTen, WHdekuun, passuBatomecs npu
XUPYpPruyecknx BMellaTenbcTBax, B T.4. WHMEKUMM KpOBOTOKA. VIMEHHO NO3TOMy BaKHO W3Yy4uTb Kak
NMOMOXMWTENbHbIE, TaK N HEeraTUBHbIE CBOWCTBA AaHHbIX GakTepui. 11 LITaMMOB 3HTEPOKOKKOB M 7 LUTaMMOB
nakro6aumnn 6binM uccnefoBaHbl HA @aHTUOKCUAAHTHYIO U MPOOKCUAAHTHYO aKTMBHOCTb C MOMOLLbIO MeToAa
ORAC u Lux-buoceHcopHoro TecTa. Baktpum MHKyGupoBanum B KopoBbeM Monoke. B kadecTBe KOHTpons
ucnomnb3oBanu HegepMeHTUPOBaHHOE MOJIOKO. Monoko, (epMEHTUPOBAHHOE 3SHTEPOKOKKAMW, He WMEIO
CYLLIECTBEHHbIX pa3nnynin B aHTMOKCMAAHTHON CNOCOBHOCTM MO CpaBHEHUIO C KOHTporeM. HanpoTue, no4yTn Bce
naktobaumnnbl gaxe Npyu HU3KUX KOHLEHTPaUWsX 3HAYUTENbHO YBENUYMBANU aHTUOKCUMAAHTHYI aKTMBHOCTb
(HPEPMEHTUPOBAHHOIO MOJIOKA MO CPaBHEHWIO C HedepMeHTUpoBaHHbIM. MeTabonutbl wWTamMoB 6GakTepui
p. Enterococcus, HanpoTtuB, obnagann NpooKCMAaHTHbIMK cBoncTBaMu. OHKM MOKasanu CUHEPreTUYEecKUn
adhheKkT C AencTBMeM Apyrux NPOOKCMAAHTOB, TakMX Kak MapakeaT, Mepekucb Boaopoa, OWNOKCUMAWMH. Lux-
BUOCEHCOPHBIV TECT, NCMONb30BaHHbIV AN OLEHKN AeACTBUS MeTabonMToB Ha XuBble KNeTKn, okasarncs bonee
uHpopmaTeHbeiM, Yem Metogq ORAC. OH nossonun OUEHWUTb HE TOMbKO aHTMOKCUAAHTHbIE, HO U
NpoOKCUAAHTHbIE CBOWCTBa MeTabonutoB npobuotudecknx 6aktepui. Lux-BUOCEHCOpPHbIM TECT BbISBUM He
TOMbKO NpsiMOe AencTBne MeTabonmMToB Ha MOMEKYNy-MULLIEHb, HO U OMocpeaoBaHHOE, Npoucxosiiee nyTeM
BMellaTenbCTBa MeTabonuMToB B Apyrve OMOXMMUYECKME MPOLLECChl >XMBOW KreTkun. JTO noaTBepxaaeT
HeobXoaAMMOCTb MCNOMb30BaHUs lux-BnoceHCOpHOro TecTa Mnpu AanbHelwen pabote ¢ npobroTuyeckummu
LTaMMamu,

Keywords: Lactobacillus, Enterococcus, KUCIIOMOTOYHbILU Mpodykm, aHmuokcudaHm, rnpooKcudaHm.

1. INTRODUCTION administered in adequate amounts confer a
health benefit on the host” (Report of a joint...,

Lactobacilli are widely used in medicine 2006).
and veterinary as probiotic bacteria (Acurcio et Lactobacilli are considered one of the
al., 2(_)14; Ruzicka et al., 2016; Alfaia et al., 2018; most important types of intestinal microbes.
Beatrice et al., 2018; Maldonado et al, 2018; preyious studies have proven that these bacteria

Tarabees et al., 2019; Zhu et al., 2019; Mekadim  p5ye an antioxidant, genoprotective effect on the
et al, 2019; Petrut et al., 2019; Barbieri et al., jmmune and nervous system of the host

2019). The World Health Organization defines (Rybalchenko et al., 2014; Liévin-Le Moal and
probiotics as “live microorganisms which when Servin, 2014; Saez-Lara et al., 2015; Wang et al.,
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2016; Wang et al, 2017; Chistyakov et al., 2018;
Mekadim et al., 2018). In addition to lactobacilli,
bifidobacteria are actively used as probiotics, and
they have similar properties (Saez-Lara et al,
2015; Wang et al., 2016).

Probiotics affect the balance of intestinal
microflora, suppressing enhanced inflammatory
responses, immune system stimulation, prevent
diarrhea instead of using antibacterial drugs (Bin,
1995; Burns and Rowland, 2000; de Roos and
Katan, 2000; Marteau, 2001; Liévin-Le Moal and
Servin, 2014; Saez-Lara et al., 2015; Wang et al.,
2016). In addition to medications, often in
everyday life people get probiotic bacteria and
their metabolic products in their daily food. This is
why cow milk was chosen as a culture medium
for probiotic bacteria in this study. Milk itself has a
rather high antioxidant activity (Khan et al., 2017).

Currently, researchers are interested in
studying enterococci, which are also main types
of the intestinal microbiome (Dominguez-Bello et
al., 2010; Franz et al, 2011). It is known that
enterococci can also affect immune system
regulation, normal intestinal microflora
maintenance, antitumor activity, antimicrobial
activity, antioxidant activity, and lowering
cholesterol levels (Pieniz et al., 2014; Molina et
al., 2015; Guo et al, 2016; Li et al, 2017).
According to the literature, strains of all the
presented lactobacilli species are able to exhibit a
different spectrum of antioxidant activity (Corsetti
et al., 2008; Amaretti et al., 2013; Mishra et al.,
2015).

On the other hand, some strains of
enterococci can be pathogens and cause
diseases such as wurinary tract infections,
bacteraemia, surgical site infections, bloodstream
infections, diarrhea (Schaberg et al, 1991;
Foulquié Moreno et al., 2006), and can be toxic in
food production (Franz et al., 2001). Disputes
about the applicability of various strains of
enterococci as probiotics are still ongoing (Ghosh
and Zurek, 2015; Anadén et al., 2016; Joshi and
Biswas, 2017; Carasi et al., 2017; Li et al., 2018;
Igonina et al., 2018; Sparo et al., 2018; Popovic
et al., 2018; Braiek et al., 2019).

In this work, the antioxidant activity of
lactobacilli and enterococci strains metabolites
were investigated using two different methods.
Oxygen Radical Absorbance Capacity (ORAC)
assay, which is a common method for assessing
the antioxidant activity of different substances
and compounds, including bacterial metabolites
(Mishra et al., 2015); and the lux-biosensor test, a
promising method to identify the interaction of

substances occurring in vivo in a living cell
(Manukhov et al., 1999; Prazdnova et al., 2015;
Chistyakov et al., 2018).

2. MATERIALS AND METHODS

2.1. Probiotic strains

The metabolites of 11 Enterococcus
strains and 8 Lactobacillus strains were analyzed.
6 Enterococcus strains: E. durans 6380, E.
durans 6363, E. durans 6379, E. durans 6413, E.
durans 6451, E. faecium 9683, and 2
Lactobacillus strains: L. rhamnosus RH and L.
paracasei 2647 were obtained from the collection
of experimental mutagenesis laboratory. 5
Enterococcus strains: E. durans 61, E. faecium
67, E. faecium 75, E. faecium 81, E. faecium 115
and 6 Lactobacillus strains: L. plantarum 83, L.
acidophilus 94, L. casei 100, L. rhamnosus 108,
L. casei 116, L. brevis 122, were clinical isolates,
kindly provided by Pokudina Inna Olegovna,
laboratory "Biomedicine", SFedU. All strains were
identified by MALDI-TOF mass spectrometry on a
Microflex LT instrument (Bruker Daltonics GmbH,
Leipzig, Germany) with Biotyper software
(version 3.0) (Bruker Daltonics).

All bacteria were cultured at 37°C in 10 ml
cow milk for 3 days. Ultra-pasteurized cow milk
brand "Prostokvashino", Danone-Unimilk, fat
content of 2.5% was used. Supernatants were
collected by centrifugation  (Minispinplus;
Eppendorf, Leipzig, Germany) of fermented milk
at 6000 rpm for 7 min.

2.2. Lux-biosensor test

Escherichia coli strains MG1655 (pSoxS-
lux) (obtained from Manukhov, State Scientific
Center Genetika, Moscow, Russia) were used as
Lux biosensors, identifying induction of Sox
operon, which is involved in SOS-reparation and
serve as a part of the cellular antioxidant defense
system (Zavilgelsky et al., 2007). Antioxidant
activity was evaluated by the ability of bacterial
metabolites to reduce Sox-response, stimulated
by addition of dioxidine (2,3-
Quinoxalinedimethanol,1,4-dioxide, Biosintez,
Penza, Russia) up to 2.25x10-° M, paraquat (N,N’
-dimethyl-4,4’ -bipyridinium dichloride, Sigma
Aldrich, Saint-Louis, MO) up to 10® M and
hydrogen peroxide (Ferrain) up to 10° M
concentrations respectively (Prazdnova et al.,
2015). The obtained supernatants were
consecutively diluted 10, 100, 1000 times with the
above reagents. Milk and it's dilutions was used
as a control.
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The methodology for Lux biosensors
bioluminescence detection was thoroughly
described by Manukhov et al. (1999). A brief
description is provided below. Pre-incubation of
supernatant with culture was performed for 30
min. For luminescence measurements, an LM-
01A automatic microplate luminometer
(Immunotech, Praha, Czech Republic) was used.
Measurements were carried out every 10 min for
120 min. To evaluate the influence of studied
factors on Sox operon expression, the induction
factor (Is) was calculated according to Equation
1:

Is = (Le/Lk) — 1 (Eq. 1)
where Lk and Le are luminescence intensities of
control (without any substances, only Ilux-
biosensors and water) and experimental samples
(lux-biosensors  with  inducer or probiotic
metabolites or both) respectively.

To characterize the protective activity of
the studied concentration, the mean value of P
during the whole duration of measurements was
used. Each experiment was conducted at least
three times in triplicate and the statistical analysis
was performed using Student’s t-test. Confidence
intervals were calculated using MICROSOFT
EXCEL (Microsoft Corporation, Redmond, WA)
for P = 0.05.

2.3. ORAC assay

The total antioxidant capacity (TAC) was
assessed using ORAC assay. It was carried out
using an ORAC Assay Kit (ab233473) (Abcam
plc., UK). The  fluorescence intensity
measurement was performed using a FLUOstar
Omega, (BMG Labtech, Germany). The
supernatants were diluted with fluorescein
consecutively by 10, 100, 1000 times. Milk and its
dilutions were used as a control (Amorati and
Valgimigli, 2015; Mellado-Ortega et al., 2017).

3. RESULTS AND DISCUSSION:

3.1. Determining antioxidant
microorganisms by the ORAC assay

activity  of

The antioxidant capacity of studied
microorganisms is shown in Table 1. Milk was
used as a control, all bacteria were grown on
milk. Milk fermented with enterococci had no
significant differences in antioxidant capacity
compared to control. In contrast, almost all
lactobacilli increased the antioxidant capacity of

fermented milk compared to not-fermented.
There were no significant differences in ORAC
value in the case of strains L. casei 100 and L.
brevis 122, they did not significantly differ from
non-fermented milk, while strains L. plantarum 83
and L. rhamnosus RH showed the most
significant increase in antioxidant capacity
compared to control by about two times. It should
be noted that the activity of lactobacilli did not
depend on the species.

3.2. Determining antioxidant activity of lactobacilli
using lux-biosensors

Lactobacillus metabolites did not show
prooxidant activity - the change in the
luminescence induction factor of the biosensor
did not significantly differ from the control
(Table 2). The addition of an inducer (paraquat)
caused a high increase in the luminescence of
biosensors, (Is) paraquat ranged within 23.9-
27.4. For estimations, an average value of 24.2
was used. Unfermented milk showed a high
protective activity, reducing the luminescence
level of the lux-biosensor by 26% at a volume in
solution of 10% (Table 2). In less concentrated
solutions, the protective activity of milk decreased
to 9%. Almost all lactobacilli demonstrated
varying antioxidant properties and protected the
biosensor cells from the action of superoxide.
The greatest protective effect showed by L.
plantarum 83 (91%), L. rhamnosus RH (84%) and
L. acidophilus 94 (70%). L. casei 100 and L.

brevis 122 did not show significant results
compared to the control.
The direct reaction of E. coli MG1655

PSoxS-lux with the lactobacilli and enterococci
metabolites, and the ability of these metabolites
to protect cells from the action of paraquat
causes superoxide generation in the cell (Dinis-
Oliveira et al., 2008). Paraquat in reaction with
enzymes of the respiratory chain of the cell leads
to the superoxide generation (Dinis-Oliveira et al.,
2008). Hydrogen peroxide and dioxidine are also
able to activate the SoxRS in vivo (Manchado et
al., 2000; Sycheva et al., 2004). As the volume of
supernatant in solution decreased, its effect also
decreased. However, with a decrease in volume
from 10% to 1%, the protective activity of the
supernatant practically did not decrease. Even
with a supernatant volume of 0.01%, the
protective activity of fermented milk was still
recorded, significantly exceeding the activity of
unfermented milk (10-42%, depending on the
strain).

3.3. Determining antioxidant activity of enterococci
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using lux-biosensors

The supernatant of  Enterococcus
fermented milk in a volume of 10% caused a
significant increase in induction factor of the E.
coli MG1655 PSoxS-lux (Table 3). E. durans
6380, E. durans 6413, E. faecium 9683 had the
maximum prooxidant effect (3.7, 3.4, 3.2,
respectively). A decrease in the supernatant
content to 1% led to the disappearance of this
effect. The simultaneous action of fermented milk
and paraquat led to a significant increase in the
induction factor. If (Is) of paraquat was 25.2, then
adding 10% of supernatant and paraquat at the
same time increased (Is) to 45.5 in the case of E.
faecium 9683. The biggest increase was caused
by E. faecium 9683, E. durans 6380, E. durans
6413, E. faecium 67 (an increase of 81%, 75%,
69% and 63%, respectively).

A decrease in the concentration of
supernatant to 1% neutralized this effect in half of
the studied strains, and a decrease to 0.1%
neutralized this effect in all of these strains.When
superoxide appears in the cell, the production of
soxS gene products increases and the cell begins
to glow brighter. Luminosity correlates with the
amount of superoxide in the cell (Chistyakov et
al., 2018).

3.4. Studying the effect of enterococcal
metabolites on the Sox response induced by
various inducers

Hydrogen peroxide and dioxidine were
used as inducers. The Enterococcus metabolites
had a prooxidant effect. For comparison, (Is) of E.
durans 6380 was - 3.5-3.7, (Is) of hydrogen
peroxide at a concentration of 10-3 M — 5.4. The
effect was observed only in high concentrations
of the supernatant - 10%, sometimes 1% and

quickly disappeared upon dilution. When
superoxide inducer was introduced into the
solution, Enterococcus metabolites led to a

significant increase in the Sox response. Table 4
clearly showed that this is not a simple addition of
the activity of metabolites and paraquat, but a
synergistic effect. That is, the metabolites of
Enterococcus do not have a strong prooxidant
effect directly, but significantly increase the effect
of paraquat. To find out if this effect is specific to
paraquat, or it works similarly on other types of
prooxidants, other inducers, such as hydrogen
peroxide and dioxidine were used.

(Is) of the hydrogen peroxide was 5.4, of
the dioxidine — 5.1. It is significantly lower than
(Is) of paraquat. The fact is that E. coli MG1655
PSoxS-lux responds primarily to superoxide.

Paraquat in reaction with enzymes of the
respiratory chain of the cell leads to the
superoxide generation. Hydrogen peroxide and
dioxidine are also able to activate the SoxRS in
vivo, therefore, they generated a similar
response, but their induction factor was lower.
However, enterococcal metabolites also showed
a synergistic effect with these inducers,
significantly increasing (Is) when combined.

Paraquat was used as a positive control,
the obtained induction factors of paraquat slightly
differ from those presented above, since this is a
different experiment. In general, differences
between different replicates are not significant.
The metabolites of these strains significantly
increased (Is) of dioxidine (up to 96% in the case
of E. faecium 9683), and also increased (Is) of
hydrogen peroxide (up to 52% in the case of E.
durans 6451).

4. CONCLUSIONS:

Considering that milk itself has a rather
high antioxidant activity, in all experiments the
effect of metabolites of probiotic bacteria was
studied by using unfermented milk as a control.
The ORAC assay was used to evaluate
antioxidant and prooxidant properties of probiotic
bacteria metabolites. The metabolites of
Enterococcus bacteria did not show any
antioxidant activity compared to non-fermented
milk. Lactobacillus bacteria varied greatly in their
ability to synthesize substances with antioxidant
properties.

The ability to form antioxidant metabolites
in high concentrations is a feature of the strain
rather than a species. Therefore, it seems
promising to isolate the genetic characteristics of
highly active strains in order to create a super-
producer strain in the future. The same
characteristics were evaluated by using another
method, which allows to evaluate the effect of
bacterial metabolites on the metabolism of living
cells. Lux-biosensor E. coli MG1655 PSoxS-lux
cells carrying plasmids with [uxCDABE operon
from the photobacterium Photorhabdus
luminescens under the control of E. coli
promoters. The production of soxS gene products
increases and the cell begins to glow.

The direct reaction of E. coli MG1655
PSoxS-lux with the lactobacilli and enterococci
metabolites, and the ability of these metabolites
to protect cells were evaluated from the action of
paraquat. Lactobacillus metabolites are powerful
antioxidants significantly protect cells from the
action of superoxide radical formed by paraquat.
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Moreover, they themselves do not negatively
affect the Sox-response of the cell. Even in small
concentrations (0.01% supernatant), a significant
protective effect was observed. The strains that
showed the highest antioxidant capacity when
using the ORAC assay showed the most
significant protective effect in the bioluminescent
test. This suggests the possibility of comparing
the results of studies obtained in these different
methods.

Enterococcal metabolites also showed a
synergistic effect with these inducers, significantly
increasing (Is) when combined which means that
these metabolites do not affect the stage of
interaction of paraquat with the enzymes of the
respiratory chain, but the stage of cell response
to the appearance of free radicals. This effect
should be considered when choosing
enterococcal strains to create probiotic
preparations. After all, the body is constantly
exposed to prooxidants obtained from food and
air, as well as produced in the cells of the body,
and an increase in the number of intestinal
enterococcus can increase the oxidative load on
the body.

The lux-biosensor test was more
informative than ORAC. It evaluates the effects of
substances on living cells with a complex
metabolism. Therefore, the study can reveal not
only the effects of the direct action of test
substance on the target molecule, but also the
effects of the indirect action through intervention
in other biochemical processes of the living cell.
Therefore, it's recommended to use the lux-
biosensor test while selecting probiotic bacteria
strains for further work.
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Strain ORAC value (umol TE/100 g)
Milk (control) 10121210
E. durans 61 912456

E. faecium 67 1265+112
E. faecium 75 1252+43
E. faecium 81 9481108
E. faecium 115 1143197
E. durans 6363 10241144
E. durans 6379 1255186
E. durans 6380 940+84

E. durans 6413 8691132
E. durans 6451 1020+£208
E. faecium 9683 1186144
L. plantarum 83 2086+163*
L. acidophilus 94 1668+212*
L. casei 100 10661104
L. rhamnosus 108 1841+91*
L. casei 116 1465+124*
L. brevis 122 11124164
L. paracasei 2647 1342+110*
L. rhamnosus RH 2145184~

Data represent average values + standard deviation (SD).
*p<0.05 vs. control.
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Table 2. Induction factor (Is) of the E. coli MG1655 PSoxS-lux strain with the addition of lactobacilli-
fermentated milk supernatants with and without inducer (paraquat). The values of increased (1) and
decreased () (Is) compared to (Is) of control are given in parentheses, %

Strain Volume of supernatant in solution, %
10 1 0.1 0.01

Control no paraquat 0

with paraquat  25.2
Milk no paraquat 1.2 -1.4 1.1 1.0

with paraquat  18.6 (26%])) 20.9 (17%]) 21.4 (15%)) 22.9 (9%))
L. plantarum no paraquat 0.9 1.1 -0.8 1.0
83 with paraquat ~ 2.3* (91%]) 2.8* (89%]) 7.6*(70%)) 14.6* (42%))
L. acidophilus  no paraquat 0.3 0.7 0.2 0.9
94 with paraquat  7.6* (70%]) 9.1* (64%]) 13.1*(48%)) 19.9* (31%))
L. casei 100 no paraquat -0.4 0 -0.3 0.4

with paraquat  16.9 (33%]) 18.9(25%]) 209 (17%)) 23.2 (8%))
L. rhamnosus no paraquat 1.3 0.4 0.9 -0.7
108 with paraquat  8.3* (67%)) (15149/0 ) 12.9% (49%) 18.4% (27%))
L. casei 116 no paraquat 0.8 0.7 -04 0.8

with paraquat (15153% ) (14?5?/0 ) 19.2* (24%]) 22.7* (10%])
L. brevis 122 no paraquat -0.5 0.5 1.1 -0.3

with paraquat  17.1 (32%)) 18.2(24%]) 20.7 (18%)) 23.2 (8%))
L. paracasei no paraquat 1.4 -0.2 0.3 1.1
2647 with paraquat (1??6']% ) (13%?/0 ) 20.4 (19%])  23.2 (9%])

L. rhamnosus
RH

no paraquat

0.8 0.2 0.5

1.2

with paraquat

4.0* (84%]) 5.8 (77%l) 7.3* (71%))

22.9* (38%])

*p<0.05 vs. paraquat + milk.
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Table 3. Induction factor (Is) of the E. coli MG1655 PSoxS-lux strain with the addition of enterococci
fermented milk supernatants, with and without inducer (paraquat). The values of increase (1) and
decrease (|) (Is) compared to (Is) of control are given in parentheses, %

Strain

Inducer

Volume of supernatant in solution, %

10 1 0.1 0.01
no paraquat 0
Control with paraquat ~ 25.2
no paraquat 1.2 -1.4 1.1 1.0
Milk : o o 214 o
with paraquat  18.6 (26%]) 20.9 (17%) (15%1) 22.9 (9%))
E_ durans 61 no paraquat 2.6 0.4 1.1 -0.3

with paraquat

39.1"* (55%1)

27.3"* (8%1)

24.7 (2%])

23.2 (8%))

no paraquat

3.8*

1.2

0.6

0.8

E.faecium 67\ in paraquat  41.1** (63%1) (21762/;) 25.0 (1%) (212(5?/0 )
no paraquat 2.7* 0.9 -0.6 0.1
E.faecium 75 \ih paraquat  31.2** (24%1) 21.7 (14%.) (211522 ) 235(7%)
no paraquat 3.1* 0.7 0.4 1.2
E.faecium 81 in paraquat  35.1%* (39%1) 24.2 (4%) (21051/0 ) 238(6%)
no paraquat 3.0* 0.4 0.6 1.0

E. faecium 115

with paraquat

38.1** (561%1)

27.2"* (8%1)

24.0 (5%])

22.8 (9%)

no paraquat

2.9"

-0.7

1.1

0.3

E.durans 6363 i paraquat  38.8** (54%1) (2182";3/0 ) 235 (7%]) 23.1 (9%))

no paraquat 2.3 0.9 0.6 -0.3
E.durans 6379\ ith paraquat  33.6* (33%1) 21.4 (15%)) (21223/0 ) (212& )

no paraquat 3.7" 0.2 0.8 1.2
E. durans 6380 . x 29.2** 27.8** 21.6

with paraquat  44.0** (75%7) (16%1) (10%1) (14%1)

no paraquat 3.4* 0.7 0.8 0.9
E. durans 6413 : - 29.6** 27.6** 22.1

with paraquat ~ 42.5** (69%1) (17%1) (10%1) (12%1)

no paraquat 2.7* 0.6 0.6 0.9
E.durans 6451 i baraquat  35.3 (40%1)  22.6 (10%)) (2126Z/0 ) 23407%))
Cgooum  oRESL ST g8 05 1L
9683 with paraquat  45.5** (81%7) (11%1) (10%1) (11%1)

*p<0.05 vs. (Is) of milk
**p<0.05 vs. (Is) of paraquat + milk
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Table 4. Induction factor (Is) of the E. coli MG1655 pSoxS-lux strain with the addition of enterococci
fermented milk supernatants with and without different inducers. The values of increase (1) and
decrease (|) (Is) compared to (Is) of control are given in parentheses, %

Inducer No fermented Milk E. durans E. durans E. faecium
milk 6380 6451 9683

No inducer 0 1.0 3.5% 2.8* 3.2%

Paraquat 25.4 191 4300 (70%1)  43.4%* (T1%1)  44.9% (T7%1)

(24%\)
Hd *% R s
pgror:()i(gjeen o4 4.8(11%]) 7.5™(39%1) 82" (52%1)  7.7** (43%1)

Dioxidine 5.1 43 (15%]) 9.4** (84%1) 9.5 (86%1)  10.0" (96%1)

*p<0.05 vs. (Is) of milk
**p<0.05 vs. (Is) of inducer + milk
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