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Abstract

Purpose Scientific information regarding the microbial content and functional aspects of fermented beverages traditionally
produced in certain parts of Europe are scarce. However, such products are believed to have some health benefits and might
contain functional bacterial strains, such as probiotics. The aim of the study was to identify such lactic acid bacteria strains
isolated from water kefir and, for the first time, from braga, a Romanian fermented beverage made of cereals.

Methods Lactic acid bacteria (LAB) were identified to species level based on (GTG)s-PCR fingerprinting and 16S rRNA gene
sequencing. Selected strains were screened for their antibacterial activity and probiotic potential.

Results Eight isolates belonging to seven Lactobacillus species were recovered from the two drinks. The identification of LAB
involved in the fermentation of braga (Lactobacillus plantarum, Lactobacillus fermentum, and Lactobacillus delbrueckii) is
firstly reported here. Five of the Lactobacillus isolates showed antibacterial activity against pathogenic bacteria, including
Listeria monocytogenes, Escherichia coli, Staphylococcus aureus, and Salmonella enterica. Moreover, most of them showed
a good resistance to pH 2.5 and some survived at high concentrations of bile salts (up to 2%). Two L. plantarum isolates were able
to inhibit all the indicator strains, and showed the best viability (about 70%) after a sequential treatment simulating the passage
through the gastrointestinal tract.

Conclusion Based on the results, the most promising candidates for designing new probiotic products are: L. plantarum BR9
from braga and L. plantarum CR1 from water kefir.
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Introduction

Foods and beverages obtained through fermentation processes
constitute an important part of human diet. Fermentation is
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work. used since ancient times for food preservation, but it also
contributes to the sensory characteristics and nutritional qual-

DX Medana Zamfir ity of the final food product. Moreover, the probiotic effect of
medana.zamfir@ibiol.ro lactic fermentation products is widely recognized (Séukand

et al. 2015). Results of clinical studies confirm the positive
effect of probiotics on gastrointestinal and allergic diseases,
and also their contribution to immunomodulation and the ben-
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healthy gut microbiota and consecutively, in the prevention of
several metabolic and cardio-vascular diseases (Quigley
2013).

Many research studies have focused on the traditional
fermented foods and beverages in Africa, South-America, or
Asia, but there is little or no scientific information concerning
the plant-based fermentations still in use or used until the
recent past in certain regions of Europe (Sdukand et al.
2015). A deep microbiological and functional characterization
of such “forgotten” foods or beverages could be useful, par-
ticularly in terms of interesting tastes and perceived healthi-
ness (Soukand et al. 2015).

For instance, braga is a refreshing, non-alcoholic drink with
oriental specific, prepared from fermented cereals (especially
millet, but also wheat bran, corn meal, etc.). In the review on
cereal-based fermented foods and beverages (Blandino et al.
2003), braga was included as an indigenous Romanian prod-
uct, without associated data on the microorganisms involved
in its fermentation. Some authors consider braga as a
Romanian variety of boza (Afilipoie and Gontariu 2015).
Nowadays, it is only produced in few places in the South-
East of the country, but it used to be a very appreciated drink
in the past for its sweet-sour taste and its characteristic odour.
It was also believed to have health-promoting effects, proba-
bly due to the high content of vitamins, minerals, enzymes,
and phytonutrients, similarly with boza (Todorov and
Holzapfel 2015).

On the other hand, a more recently described fermented
beverage is water kefir or sugary kefir (Gulitz et al. 2011;
Fiorda et al. 2017), in which kefir grains are used with a
non-dairy substrate (sucrose or brown sugar solution with
or without fresh fruit). The historic origin of this beverage
is not well known, but a first scientific report dates back in
1889 (Beijerinck 1889). Milk-based kefir has been exten-
sively studied and it is known as an excellent source of
probiotics, with many potential health benefits (Prado
etal. 2015). However, research on water kefir is still scarce
and it mainly deals with its microbial diversity (Laureys
and De Vuyst 2014; Fiorda et al. 2017). In general, the
microbial species present in water kefir grains include lac-
tic acid bacteria (LAB), mainly lactobacilli and
leuconostocs, acetic acid bacteria (Acetobacter species),
and yeasts, mainly species of Candida, Saccharomyces,
Pichia, Hanseniaspora, and Kluyveromyces (Gulitz et al.
2013; Fiorda et al. 2017). The diversity and quantitative
abundance of the different species might differ consider-
ably from region to region (Laureys and De Vuyst 2014;
Zanirati et al. 2015). A clear domination of Lactobacillus
group is observed within the bacterial composition, simi-
larly with milk kefir. However, several Lactobacillus spe-
cies (i.e. L. harbinensis, L. hilgardii, L. hordeii, L. nagelli,
L. perolens, L. satsumensis), typical for water kefir have
been reported (Fiorda et al. 2017).
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Moreover, the beneficial effects of sugary kefir beverages
on human health have been described in the past years
(Rodrigues et al. 2016; Muneer Alsayadi et al. 2018). A large
variety of microorganisms with probiotic potential and anti-
bacterial activity against pathogenic microorganisms such as
Streptococcus pyogenes, Staphylococcus aureus, E. coll,
Listeria monocytogenes, Pseudomonas aeroginosa, etc., have
been isolated from sugary kefir grains (Golowczyc et al.
2011).

The aims of the study were to identify the lactic acid bac-
teria isolated from two types of fermented beverages, namely
water kefir and, for the first time, braga and to characterise
these strains in terms of antibacterial activity and probiotic
potential.

Material and methods
Isolation and purification of the bacterial isolates

One sample of commercial braga bought from a cake shop in
Bucharest, one sample of home-made water kefir, and one of
kefir grains, both obtained from a private person in Bucharest,
were available for this study. Customized de Man-Rogosa-
Sharpe (MRS) agar media (Man et al. 1960), containing either
20 g/l of glucose (MRSg), or 20 g/l of fructose (MRSY) as
carbon source, were used for isolation of LAB. Appropriate
dilutions (107°~10"°) of the samples were spread onto the agar
media, and then plates were incubated at 37 °C for 48 h.
Colonies were randomly picked up and purified by successive
cultivations on liquid and solid medium.

Identification of the isolated strains
Phenotype characterization

The pure isolates were tested for their Gram reaction, catalase
activity, and morphology. Gram-positive and catalase-
negative isolates were stored at — 80 °C in the corresponding
liquid isolation medium, supplemented with 25% (v/v) of
glycerol. They were further identified to genus and species
level by using molecular methods.

(GTG)s-PCR fingerprinting

Genomic DNA was extracted from overnight cultures, using a
Pure Link Genomic DNA kit (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s guidelines. PCR ampli-
fications of genomic DNA were performed with a
Mastercycler pro S (Eppendorf, Hamburg, Germany) as de-
scribed before (Grosu-Tudor et al. 2014), using the (GTG)s
primer, 5'-GTGGTGGTGGTGGTG-3" (Versalovic et al.
1994).
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Table 1

Taxonomic affiliation of the strains isolated from water kefir and braga using different isolation media

Source Isolate* Isolation Identification

Closest bacterial type strain name

Percentage of nucleotide

medium (accession number) identity (%)
Water kefir ~ CR1 MRSg Lactobacillus
plantarum
CR2 MRSg Lactobacillus nagelii
CR3 MRSf Lactobacillus Lactobacillus satsumensis NRIC 0604T 99.58
satsumensis (NR_028658.1)
CR4 MRSf Lactobacillus nagelii Lactobacillus nagelii NRIC 0559T (NR_041007.1) 99.22
CRS MRSf Lactobacillus Lactobacillus ghanensis 1L489T (NR_043896.1) 99.86
ghanensis
Water kefir ~ CR11 ~ MRSf Lactobacillus
grain plantarum
CRI12  MRSf Lactobacillus Lactobacillus harbinensis NBRC 1009827 99.86
harbinensis (NR_113969.1)
CR13 MRSf Lactobacillus
harbinensis
Braga BR6 MRSg Lactobacillus Lactobacillus plantarum CIP 1031517 (NR_104573.1) 99.22
plantarum
BR7 MRSg Lactobacillus Lactobacillus fermentum NBRC 158857 98.00
fermentum (NR _113335.1)
BR8 MRSf Lactobacillus
Sfermentum
BRY MRSf Lactobacillus
plantarum
BRI0  MRSf Lactobacillus Lactobacillus delbrueckii subsp. lactis DSM 200727 91.40
delbrueckii (CP022988.1)
BR14 MRSg Lactobacillus
fermentum
BR15 MRSg Lactobacillus
fermentum

*Underlined strains were further screened for antibacterial activity

16S rRNA gene sequencing

16S rRNA gene sequencing was performed for one isolate
selected from each cluster of identical genomic fingerprints
(seven isolates in total). PCR amplification of 16S rRNA
genes and subsequent purification of the amplicons were per-
formed as described previously (Grosu-Tudor et al. 2014).
Sequencing of the amplification products was performed at
Macrogen Europe (Amsterdam, The Netherlands). The DNA
sequencing runs were assembled using the BioEdit software
and the sequences were compared with those available in da-
tabases of the National Center for Biological Information
using the BLAST search program (www.ncbi.nlm.nih.gov/
BLAST)).

Screening for antibacterial activity of the isolated
lactobacilli

Eight strains of lactobacilli (underlined in Table 1), one of each
species found in braga and water kefir samples, respectively,
were tested for antibacterial activity against the following
strains: Bacillus cereus CBAB, Bacillus subtilis B17, Listeria
monocytogenes ATCC 1911-1, Staphylococcus aureus ATCC

25923, Salmonella enterica ATCC 14028, and E. coli
ATCC25922. Bacterial pathogens were grown in Brain Heart
Infusion medium (BHI, Merck, Darmstadt, Germany), at 37 °C,
except for the two bacilli, grown at 30 °C. To test the inhibitory
activity, 10 pl of overnight LAB cultures were spotted on
MRSg agar plates and incubated at 37 °C. After the growth of
bacteria, MRS agar plates were covered with BHI agar medi-
um, inoculated with the indicator strains, and incubated over-
night at the optimum growth temperature of each indicator
strain (as above). Alternatively, cells of the tested LAB strains
were heat killed (1 h at 80 °C) before being spotted and tested
for antibacterial activity.

In order to determine the nature of the inhibition, several
approaches were used. Firstly, LAB cultures were centrifuged
for 10 min at x 10,000 g. Cells were washed, suspended in
0.8% saline, and spotted (10 pul) on BHI plates previously
inoculated with the indicator strains. Secondly, cell free cul-
ture supernatants (CFCS) were tested for antibacterial activity
using the agar well method (Mayr-Harting et al. 1972).
Finally, CFCS were subjected to ammonium sulphate precip-
itation (60% saturation). The precipitates thus obtained were
dissolved in potassium phosphate buffer (5 mM, pH 6.5) and
their activity was tested against the indicator strains.
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Production of lactic acid

Lactic acid production was determined using HPLC, in order
to check if this correlates with the antibacterial activity of the
producing strain. A Jasco HPLC System (Jasco Europe,
Cremella, Italy), equipped with a PRPx300 (Hamilton,
Switzerland) column, maintained at 60 °C, and coupled with
a photodiode array (PDA) detector, was used. Elution was
performed with 2.5 mM H,SO,, at a flow rate of 0.5 ml/
min. All determination were done in triplicate and the results
are given as mean value = standard deviation (SD).

Probiotic potential
PCR amplification for the detection of stress-related genes

DNA extracted from the tested strains was screened through
PCR amplification for the presence of several genes involved
in bile salt tolerance (LBA 1446, bsh), survival at low pH
(LBA 1272, groEL), or tolerance to both low pH and bile salts
(cIpL) (Turpin et al. 2011). The PCR mixture (25 ul)
contained 0.5 ul ANTP mix (Promega), 1.25 ul of each primer,
2.5 ul MgCl,, 0.125 pl Tag DNA polymerase (Promega), 5 ul
Taq buffer, and 3 pl of the DNA template. The PCR condi-
tions were as follows: initial denaturation for 5 min at 94 °C,
35 cycles of 94 °C for 30 s, an annealing temperature depend-
ing on the primer for 1 min, and 72 °C for 1 min, and a final
elongation at 72 °C for 10 min. The PCR products were then
separated on an agarose gel (1.5%), to check the presence of
the specific amplicons (Table 2).

In vitro determination of acid, enzymes, and bile tolerance

Tolerance to low pH, enzymes, and bile salts was determined
in vitro for the strains showing a high antibacterial activity
against several indicator strains. Tested strains were cultivated
overnight in MRSg, at 37 °C. Bacterial cells were collected by
centrifugation (10 min at x 5000 g) and resuspended in:
MRSg (control), MRSg with pH adjusted to 2.5 (with 1 N
HCI), MRSg supplemented with various concentrations

(0.2%, 0.4%, 0.8%, and 2%) of bile salts (Fluka, Germany),
MRSg (pH adjusted to 2.5), supplemented with 0.3% pepsin
(Sigma-Aldrich, Germany), and MRSg (pH adjusted to 7.0)
supplemented with 0.1% pancreatin (Serva Electrophoresis
GmbH, Germany), respectively. Bacterial cells were incubat-
ed for 3 h at 37 °C in these environments and then, the viable
cells were counted by plating on MRSg agar. The results are
expressed as the percentage of living cells after 3 h of incuba-
tion reported to the viable cells number of the control.

Survival of tested strains under conditions simulating
the passage through the gastrointestinal tract

The five strains showing good antibacterial activity were cul-
tivated overnight in MRSg, at 37 °C. The CFU counts were
determined for each culture, and were used as controls. Cells
were then collected by centrifugation (10 min at x 5000 g),
resuspended in MRSg with pH adjusted to 2.5, and incubated
for 1 hat37 °C. Cells were further collected by centrifugation,
resuspended in MRSg, pH 2.5, supplemented with 0.3% pep-
sin, and incubated again for 30 min at 37 °C. Finally, cells
were collected and resuspended in MRSg with pH adjusted to
7.0, supplemented with 0.1% pancreatin and 2% bile salts,
except for strain Lb. ghanensis CRS, for which we used
0.2% bile salts, final concentration. Suspensions were incu-
bated for 3 h at 37 °C. After each step of the treatment, the
CFU counts were determined and the viability was expressed
as the percentage of living cells reported to the viable cells
number of the control.

Results
Isolation and identification of the LAB strains

Seven Gram-positive isolates were obtained from the sample
of braga and ten from the water kefir sample. Two of the latter
isolates were catalase-positive and were no longer studied.
Based on the (GTG)s-PCR profile similarity, the 15 remaining
isolates were grouped in seven clusters (results not shown).

Table 2 List of primers used for the detection of stress-related genes (Turpin et al. 2011)

Gene Primer sequence Annealing temperature (°C) Expected amplicon size (bp)

groEL F: TTCCATGGCKTCAGCRATCA 58 163
R: GCTAAYCCWGTTGGCATTCG

LBA 1272 F: GGCCGGTGTTCCACTAGTCC 58 210
R: ACGTTGGGTCGATTTGACGA

clpL F: GCTGCCTTYAAAACATCATCTGG 56 158
R: AATACAATTTTGAARAACGCAGCT T

bsh F: ATTCCWTGGWTWYTGGGCA 58 384
R: AAAAGCRGCTCTNACAAAWCKAGA

LBA 1446 F: GCTGGAGCCACACCGATAACR: 58 275

CAACGGGATTATGATTCCCATTAGT
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The DNA extracted from a representative isolate of each clus-
ter was submitted to 16S rRNA gene sequencing. Results are
included in Table 1, which shows the taxonomic affiliation of
the 15 isolates, together with the corresponding isolation me-
dium. The percentage of nucleotide identity of the sequenced
DNA with the sequence of a type strain is also shown.

The isolates from braga were mainly identified as
L. fermentum (four isolates) and L. plantarum (two isolates).
The isolates were recovered from both MRSg and MRSf me-
dium (Table 1). One isolate recovered from MRS was iden-
tified as L. delbrueckii. Among the five isolates obtained from
the water kefir sample, one was identified as L. plantarum,
isolated from MRSg, and two as Lactobacillus nagelli, isolat-
ed from both growth media. Moreover, one isolate of
Lactobacillus satsumensis, and one of Lactobacillus
ghanensis were only recovered from MRSf. From the kefir
grain, we could only get one L. plantarum and two
Lactobacillus harbinensis isolates; they were only recovered
from MRSf medium (Table 1).

However, all the strains isolated from MRSf were also able
to grow on MRSg, and therefore, MRSg was further used for
the growth of all isolates.

Antibacterial activity of the isolated lactobacilli

Except for L. nagelii CR2, which had a slight and variable
inhibitory activity against the two bacilli, all the other tested
LAB strains exhibited a clear antagonistic activity against at
least two of the indicators used in this study. The antibacterial
activity was variable among the strains (Table 3).
L. fermentum BRS and L. delbrueckii BR10 were only able
to inhibit B. cereus and B. subtilis, with BR8 being more
effective. The other lactobacilli had the ability to inhibit, to a
certain extent, all the indicator strains. The highest inhibition
was observed against the two bacilli. L. plantarum BR9 had a
high inhibitory activity against L. monocytogenes and E. coli.
L. plantarum CR1 and L. satsumensis CR3 were very effec-
tive against S. enterica and E. coli, while L. ghanensis CR5
against S. aureus. Finally, L. harbinensis CR12 showed a high
inhibitory activity against most of the indicator strains
(Table 3).

However, no inhibitory activity was detected when cells
were heat killed or when the living cells were washed and
suspended in saline before being tested (results not shown).
Moreover, neither CFCS nor the ammonium sulphate precip-
itated CFCS inhibited any of the indicator strain (results not
shown).

Production of lactic acid
Most of the strains produced over 140 mM lactic acid

(Table 3), with the highest production for L. ghanensis CRS
(about 170 mM). Only two strains produced less lactic acid,

namely L. fermentum BRS8 (about 97 mM) and L. harbinensis
CR12 (about 130 mM).

Probiotic potential
PCR amplification for the detection of stress-related genes

Among the genes screened for the survival at low pH, clpL
and LBA 1272 were detected in all eight tested strains, al-
though the bands corresponding to the specific amplicons
had variable intensity (Fig. 1). The gene groEL was found in
five of the eight strains, except for L. nagelli CR2,
L. satsumensis CR3, and L. ghanensis CRS. Resistance to bile
salts was screened using the primers for bsh, clpL, and LBA
1446 genes. LBA 1446 genes were detected in almost all
strains, except for L. ghanensis CRS, while bsh genes were
only found in the two L. plantarum strains, BR9 and CRI1.
These two strains were the only ones harbouring all the
screened genes.

In vitro determination of acid, enzymes, and bile tolerance

Except L. harbinensis CR12, all strains showed a very good
survival at pH 2.5 (Table 4). The percentage of viable cells
was above 90% for most of these strains, while for CR12, it
was about 39%. The two L. plantarum strains, and also
L. satsumensis CR3 showed a very good resistance to high
concentrations of bile salts (up to 2%), with a percentage of
viable cells of about 50% or above. A lower viability was
detected for L. harbinensis CR12 (about 49%, and 45%, in
the presence of 0.8% and 2% bile salts, respectively).
L. ghanensis CRS did not survive at such high levels of bile
salts. However, a high percentage of viable cells (about 78%)
was recorded in the presence of 0.2% bile salts, while at 0.4%
bile salts, the percentage was much lower (about 39%).

The tested strains were not significantly affected by the
pancreatin, the viability of most of them being above 90%
(Table 4). The two L. plantarum strains kept a high viability
(over 90%) after the treatment with pepsin. The other strains
were affected in a variable degree, but the viability loss can
also be attributed to the low pH (pH 2.5) of the medium used
for this treatment.

Survival of tested strains under conditions simulating
the passage through the gastrointestinal tract

L. plantarum BR9 and L. plantarum CR1 showed a good
survival rate (over 70%) after the treatment simulating the
passage through the gastrointestinal tract (GIT) (Table 5).
L. satsumensis CR3 and L. harbinensis CR12 completely lost
their viability after the sequential analysis, although the indi-
vidual treatments with pepsin, pancreatin, and bile salts did
not have such a dramatic effect, the viability rate being at least
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Table 3

Lactic acid production (HPLC) and antibacterial activities (spots overlayed with indicator strains) of L. fermentum BRS, L. plantarum BRO,

and CR1, L. delbrueckii BR10, L. nagelli CR2, L. satsumensis CR3, L. ghanensis CRS, and L. harbinensis CR12

LAB Lactic  Indicator strain
strain  acid®

(mM)  Bacillus cereus Bacillus Listeria monocytogenes Staphylococcus aureus Salmonella enterica E. coli ATCC

CBAB subtilis B17 ~ ATCC 1911-1 ATCC 25923 ATCC 14028 25922

BR8 97+1  +++ +++ - - - -
BR9 140+4  +++ +++ ++ + + +++
BRIO 153+2 + ++ - - - -
CR1 142+3  ++ +++ + + ++ +++
CR2 1581 +/- +/- - - - -
CR3 14743 +++ +++ + + ++ ++
CR5 170+5  +/- +++ + +++ + +
CRI2  130+2 44+ +++ ++ +++ + +++

?results are given as mean value =+ standard deviation

- no inhibition zone; + diameter of the inhibition zone > 18 mm; ++ diameter of the inhibition zone >25 mm; +++ diameter of the inhibition zone >

30 mm; +/- variable

50%. Finally, L. ghanensis CRS kept a good viability (over
50%) after the sequential analysis, but only when we used
0.2% bile salts. Higher concentrations of bile salts resulted
in the complete loss of the viability.

Discussion
The microbial content of Romanian braga was not reported

yet, but taking into account its similarity with boza, in terms of
preparation and taste, it is expected to find similar

microorganisms in both drinks (i.e. lactobacilli, leuconostocs,
and yeasts) (Blandino et al. 2003; Mollendorff et al. 2016).
The LAB diversity of our sample of braga was limited to
three Lactobacillus species, namely L. plantarum, L.
fermentum, and L. delbrueckii, possibly due to the storage/
preservation methods. While the first two Lactobacillus spe-
cies are widely spread among fermented foods, including
fermented plant foods, L. delbrueckii was mostly isolated
from milk-based fermented foods. However, some subspecies
of L. delbrueckii, namely delbrueckii, and the more recently
described sunkii, and jakobseni, have been found in cereal and

Fig. 1 Evidence of the presence in the genomic DNA of specific genes
involved in the stress resistance (groEL, bsh, clpL, LBA1446, and
LBA1272). 1, Lb. fermentum BRS8; 2, Lb. plantarum BR9; 3, Lb.
delbrueckii BR10; 4, Lb. plantarum CR1; 5, Lb. nagelli CR2; 6, Lb.

@ Springer

LBA1272

LBA1446

satsumensis CR3; 7, Lb. ghanensis CRS; 8, Lb. harbinensis CR12; M,
1 kb DNA ladder. Arrows indicate the position of the specific amplicon
for each gene
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Table 4  Survival of the tested strains after 3 h of incubation at pH 2.5 or in the presence of bile salts or GIT enzymes

Strain Percentage of viable cells® (%)
pH 2.5 0.2% BS 0.4% BS 0.8% BS 2% BS 0.3% pepsin (pH 2.5) 0.1% pancreatin (pH 7.0)
BR9 91+3 nt nt 63+3 61+1 90+1 98+1
CRI1 94+3 nt nt 66+5 65+3 95+2 99+0
CR3 93+2 nt nt 52+6 49+6 85+1 89+1
CR5 71+£5 78+3 39+2 0 0 70+5 96+0
CRI12 39+3 nt nt 49+3 45+5 40+6 96+1

?results are given as the mean value of three values =+ standard deviation

nt, not tested

vegetable-based products (Kudo et al. 2012; Adimpong et al.
2013). The carbon source used in the isolation media might
play an important role for the recovery of this species from a
fermented product. In our study, L. delbrueckii was only iso-
lated from MRST, although the subsequent growth was possi-
ble on MRSg.

The LAB composition of the water kefir samples was more
diverse. Four Lactobacillus species have been isolated from
the beverage and two from the grains, but only L. plantarum
was common for the two types of samples. Along with
L. plantarum, in the grain we could find L. harbinensis, while
in the home-made beverage L. nagelli, L. satsumensis, and
L. ghanensis were present. Except L. ghanensis, all found
lactobacilli have been previously detected in the water
(sugary) kefir grains (Fiorda et al. 2017). On the other hand,
L. ghanensis is common for cocoa fermentation (Nielsen et al.
2007), but it was also found in a muscovado-based kefir in the
Philippines (Elegado et al. 2016). It is important to note that
from MRSg we could only isolate L. plantarum and L. nagelli,
while the other lactobacilli were only isolated from MRST.
This proves that the carbon source available for fermentation
can influence species’ diversity and frequency (Fiorda et al.
2017). Moreover, the use of various substrates (fruit) for the
manufacture of water kefir may be responsible for the differ-
ences observed between the grain and beverage microbiota.

Most of the lactobacilli isolated from water kefir and braga
showed antibacterial activity against several (spoilage or path-
ogenic) Gram-positive and Gram-negative bacteria, indicating
their potential probiotic effect, but also their ability to inhibit
the growth of undesirable bacteria and, consequently, their
essential role in the preservation of such fermented foods
(Tamang et al. 2009). The inhibitory activity was observed
only when viable LAB cultures were tested. It was not detect-
ed in the CFCS or in the ammonium sulphate-precipitated
CFCS. We can assume that the inhibitory activity was due to
the production of organic acids, especially lactic acid, which
decreases the pH of the surrounding medium, making it un-
suitable for the growth of many other bacteria, including path-
ogens (Khalil et al. 2018). However L. harbinensis, producing
one of the lowest amount of lactic acid, had the highest

activity against most of the indicator strains. It is possible,
therefore, that a combination with other organic acids, or with
other compounds, contributes to the inhibitory activity. A
synergistical activity of lactic acid and acetic acid has been
previously reported against E. coli and S. enteritidis (Piard and
Desmazeaud 1991). On the other hand, the lack of activity in
the CFCS shows that the presence of the producing cells is
important in order to exert the antibacterial activity.

Probiotic properties are widely spread among LAB, so the
same properties can be expected with high probability in an
environment with a high LAB diversity, such as the water
kefir (Waldherr et al. 2010). The ability to inhibit the growth
of pathogenic bacteria is an essential feature of a probiotic
product. Besides that, a probiotic bacterial strain must survive
the passage through the GIT, meaning a low pH and the pres-
ence of certain enzymes and bile salts, and must reach the
target site in an adequate number to elicit an effect (Mills
et al. 2011). Most of the newly isolated strains, exhibiting
antibacterial activity, showed a good resistance to pH 2.5.
However, no relationship could be found between the pH-
survival capacity and the presence/absence of LBA 1272,
groEL, and clpL genes that have been described to be involved
in the survival at low pH (Turpin et al. 2011). Moreover, a
good resistance to bile salts was observed for most strains.
Except L. ghanensis CRS and L. harbinensis CR12, they kept
a viability of over 50% after exposure for 3 h to 0.8% bile
salts. Among the genes screened for the bile salt resistance, the
presence of bsh genes seems to result in a higher survival rate
of the harbouring strains in the presence of bile salts up to 2%
(w/v), comparing with the strains lacking these genes. The two
L. plantarum strains were the only strains harbouring bsh
genes; they have shown a percentage of viable cells of over
60% in the presence of 2% bile salts, comparing with less than
50% for the other strains. Moreover, these two strains were the
only ones able to survive, with very good viability rate, under
the conditions simulating the passage through the GIT. The
role of bsh genes in the bile salts survival has been frequently
discussed and it was shown that expression of bsh genes in-
creases after exposure to bile (Duary et al. 2012), and that
strains lacking these genes are sensitive to bile salts (Turpin
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Table 5 Survival of the tested strains under conditions simulating the
passage through the GIT

Strain Percentage of viable cells® (%)
pH 2.5 0.3% pepsin 0.1% pancreatin +2% BS
lh 30 min 3h

BR9 98+1 94+0 77+6

CRI1 1000 96+ 1 79+5

CR3 90+10 90+10 0

CR5 93+3 83+5 55+£5P

CR12 49+1 47+1 0

results are given as the mean value of three values + standard deviation

®the BS concentration in this case was 0.2%, since this strain does not
survive at higher BS concentrations

et al. 2011). In our study, L. satsumensis CR3 and
L. harbinensis CR12, lacking bsh genes, still showed a good
survival in the presence of 0.8% and even 2% of bile salts. In
these two strains we could find, however, LBA 1446 genes.
On the contrary, L. ghanensis CRS, lacking both bsh and LBA
1446 genes, was much more sensitive, proving that LBA 1446
genes might have a contribution to the bile salts resistance. On
the other hand, some of the genes thought to be involved in the
pH or bile salt resistance, namely LBA 1272 and c/pL, were
present in all strains. This could be due to the existence of a
conserved domain in the corresponding proteins encoded by
these genes, from several Lactobacillus species (Turpin et al.
2011). We can assume, therefore, that resistance to low pH
and bile salts is the result of a combination of mechanisms and
genes and it is variable among species and even among
strains.

Conclusion

To our knowledge, this is the first report on the identification
of LAB isolated from braga, a Romanian fermented beverage,
closely related to boza. The presence of L. ghanensis in water
kefir is also reported for the first time in Europe. Three
Lactobacillus species were isolated from braga, and five
Lactobacillus species were obtained from a home-made water
kefir and the corresponding grains. Most of the tested strains
were able to inhibit several Gram-positive and Gram-negative
bacteria. Based on their antimicrobial activity and their good
resistance to low pH and high concentrations of bile salts, and
also based on their good survival under conditions simulating
the passage through the GIT, L. plantarum BR9, isolated from
braga, and L. plantarum CR1, isolated from water kefir, seem
to be promising candidates for designing new probiotic prod-
ucts. In contrast to the milk kefir, one of the main benefits of
water kefir or cereal-based beverages is the possibility to be
consumed by vegetarians and lactose-intolerant consumers
(Fiorda et al. 2016).
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