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ABSTRACT: In this study we aimed to identify probiotic microorganisms in various pharmacy preparations, market
and homemade probiotic products and investigate the antimicrobial effect of these microorganisms on clinical and
standard Staphylococcus aureus isolates. The probiotic microorganisms were isolated from probiotic products mentioned
above, then identified by Matrix Assisted Laser Ionization Mass Spectrophotometer (MALDI-TOF, Biomeriux) and also
by conventional methods. The tolerance of these probiotic microorganisms to different salt, pH and temperature
conditions was also detected. The antimicrobial activity of the specified probiotic microorganisms on S. aureus was
designated by using spot on lawn and agar well diffusion methods. In our study among 16 probiotic products, 27
various probiotic microorganisms were specified by MALDI-TOF. Additionally, 15 of these probiotic microorganism
species had an isolated reliability value above 90%. In our study 10 probiotic microorganism species, 7 of which were
different from each other were found to maintain their viability in three various pH, salt and temperature conditions.
These probiotic microorganisms were Lactobacillus rhamnosus (P.2 probiotic pharmaceutical product), Enterococcus
gallinarum (homemade whey), Lactobacillus kefiri 1 (homemade kefir), Bacillus megaterium (homemade pickled juice),
Lactobacillus kefiri 2 (homemade kefir), Lactobacillus rhamnosus (P.1 company preparation) Lactobacillus plantarum (P.3
company preparation), Bifidobacterium spp (M.4 company pure kefir), Enterococcus faecium (P.3 company preparation).
We determined that Lactobacillus plantarum isolated from homemade whey had the highest antimicrobial activity on
clinical MRSA 3 (Methicillin resistant Staphylococcus aureus) strain (inhibition zone =45.62 mm * 0.84. Also, we have
found that, probiotic microorganisms isolated from pharmacy preparations, market and homemade probiotic products
showed antibacterial effect on clinical and standard Staphylococcus aureus by spot on lawn method. We designated that
besides probiotic microorganisms isolated from various pharmacy preparations, probiotic microorganisms isolated
from market and homemade products were efficient against clinical and standard S. aureus isolates.
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1. INTRODUCTION

The word probiotic comes from the Greek words “pros” and “bios” which means “for life”. Probiotics
are defined as a single or mixed culture of microorganisms that develop microflora properties with beneficial
effects on the gastrointestinal tract, urogenital canals, and upper respiratory tract [1,2,3] Metchnikoff was the
first scientist to observe the beneficial effects of these bacteria. Metchnikoff attributed the longevity of Balkan
peasants to the consumption of excess fermented dairy products and the probiotic bacteria involved in them
[4-6].

Lactic acid bacteria (LAB) are the most well-known bacteria used as probiotics [7]. Lactic acid, organic
acids, hydrogen peroxide, bacteriocin and other antimicrobial properties of synthesized substances produced
by LAB prevent the development of undesired microorganisms and pathogens in food [4,6,7]. In addition to
modulating intestinal functionality, probiotic microorganisms are also known to have beneficial effects such
as boosting immunity of the host [3]. Additionally, it is known that these microorganisms increase the
biological mechanisms in the body by lowering cholesterol and promoting metabolic homeostasis. Probiotic
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microorganisms can produce various chain fatty acids, vitamins, enzymes, organic acids and antimicrobial

peptides [8].

As it is known staphyloxanthin which is found in Staphylococcus aureus; is membrane bound and
primarily protects the membrane lipid against reactive oxygen radical challenge. Also staphyloxanthin is a
protective protein and protects DNA from free radicals. Ong et al. [6] stated that L. plantarum USM8613
reduced the survival and resistance of S. aureus via autolysis pathways under stress conditions by inhibiting
the biosynthesis of staphyloxanthin in their study.

On the other hand, S. aureus is a common bacterial pathogen with the potential to cause serious
infections in humans and a variety of wild and agricultural animal species. S. aureus isolates are among the
first community and hospital-acquired pathogens all over the world in terms of metabolic potential, virulence
and antibiotic resistance (ABR). S. aureus strains have been implicated in causing serious hospital infections
with tissue and organ pathogens, particularly methicillin-resistant S. aureus (MRSA) strains causing acute and
pyogenic infections, skin and soft tissue infections, urinary tract infections, postoperative wound infections
and infections in a broad spectrum including bacteremia [9,10].

Accordingly, there is a need for alternatives to antibiotics in the treatment and prevention of S. aureus
infections. Specific probiotics that can inhibit the colonization and growth of S. aureus, such as lactic acid
bacteria, have been proposed as a possible alternative to antibiotics and are of great interest [11].

Hence, in our study we aimed to identify probiotic microorganisms in various pharmaceutical
preparations, market and homemade probiotic products and investigate the antimicrobial effect of these
microorganisms against clinical and standard S. aureus strains.

2. RESULTS

All the 77 probiotic isolates in our study were gram positive, Voges Proskauer test negative and
homofermentative. The catalase test was positive in 5 and negative in 72 probiotic isolates among 77 isolates.
The arginine hydrolysis test of 35 probiotic isolates was positive and negative in 42 isolates. A total of 27
species were identified by MALDI-TOF, among these microorganisms 15 species had an isolated reliability
value above 90% (Table 1).

2.1. Detection of the inhibition percentages of probiotic microorganisms at various pH, salt and
temperatures

Bacteria isolated from the products and preparations were found to be low in density and high
percentage inhibition compared to the control in the medium of pH 1.5, pH 2 and pH 3.2 and also the bacteria
could not survive in environments other than pH 3.2. It was observed that cell densities did not increase
significantly in the medium which pH was 3.2 when compared to initial hours however as a result of spot
sowing, L. kefiri 1(1a-1A), L. rhamnosus (2f-2A), L .plantarum (1c-2.2.A), L. plantarum (2a-2A), Bifidobacterium spp.
(8b-1A), E. gallinarum (1c-1.1.2), B. megaterium (le-3), L. kefiri 2 (1a-2.1), L. rhamnosus (2b-6) and E. faecium (2a-
2M) strains were found to be alive. This was the main criterion for choosing the suitable the probiotic bacteria
for the antimicrobial tests in our study (Figure 1, 2 and 3).

In general, the isolated bacteria were found to have lower OD> values in the medium containing 1%,
0.30% and 0.15% bile salt compared to the control values OD;. When the growth of the bacteria on the medium
containing bile salt in three various ratios was examined, their concentration (OD;) was found to be highest in
the medium value containing 0.15% bile salt. On the other hand, it was found that the strains other than L.
rhamnosus (2{-2A), L. helveticus (3a-A), L. paraplantarum (1d-3A), L. plantarum (1c-2.2.A), L. pseudomesenteroides
(1d-3A), L. lactis ssp. lactis (3d-4A), E. faecium (2b-1A), L. plantarum (2a-2A) did not survive despite the increase
in OD values compared to 0 hours. In addition, L. kefiri (1a-1A), L. rhamnosus (2f-2A), L. helveticus (3a-A), L.
paraplantarum (1d-3A), L. plantarum (1c-2.2.A), L. pseudomesenteroides (1d-3A), L. lactisssp.lactis (3d-4A), E.
faecium (2b-1A), L. plantarum (2a-2A) strains were found to survive in all three salt conditions (Figure 4, 5 and
6).

Temperature values of bacteria isolated from products and preparations generally have been found to
have low OD values at temperatures of 4 °C, 22 °C and 45 °C when compared to control. However, L. rhamnosus
(2f-2A), Lactococcus lactisssp.lactis (3d-4A), B .megaterium (le-3), L. kefiri (1a-2.1), L. pseudomesenteroides (3b), S.
salivarus ssp. thermophilus (2e-M) strains were found to have higher OD values than the control group at 45 °C.
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According to the results of spot-on lawn, it was observed that all probiotic bacteria survived at 22 °C and 45

°C (Figure 7, 8 and 9).

Table 1. Species identified by MALDI-TOF MS

Isolate Isolated source Species identified by MALDI-TOF MS  Reliability
code value
1 la- Al Homemade kefir 1 Lactobacillus kefiri 1 99.9
2 2f-2A P.1 company preparation Lactobacillus rhamnosus 99.9
3 3a-A M.2 commercial company product Lactobacillus helveticus 9.1
4 1d-3A Homemade whey Lactobacillus paraplantarum 99.9
5 1c-2.2.A Homemade whey Lactobacillus plantarum 99.9
6 1d-3A Homemade whey Leuconostoc pseudomesenteroides 99.9
7 3d-4A P.5 commercial company product Lactococcus lactis ssp.lactis 99.9
8 2b-1A P.2 company preparation Enterococcus faecium 99.9
9 2a-2A P.3 company preparation Lactobacillus plantarum 99.9
10 | 1b-2A Homemade Yogurt Lactobacillus delbruecki 99.9
11 | 3b-1A M.4 company pure kefir Bifidobacterium spp 921
12 | 1d-2A Homemade whey Lactobacillus curvatus 99.9
13 | 3a-1 M.2 commercial company product Leuconostoc pseudomesenteroides 99.9
14 | 1le-2 Homemade pickled juice Bacillus pumilus 99.9
15 | 1c-1.1.2 Homemade whey Enterococcus gallinarum 98.4
16 | 1e3 Homemade pickled juice Bacillus megaterium 99.9
17 | 3d-1 M.1 commercial company product Leuconostoc pseudomesenteroides 99.9
18 | 1a-2.1 Homemade kefir 2 Lactobacillus kefiri 2 99.9
19 | 2b-6 P.2 company preparation Lactobacillus rhamnosus 99.9
20 | 2b-3 P.2 company preparation Enterococcus faecium 99.9
21 | 1d-3 Homemade whey Lactobacillus paraplantarum 99.9
22 1 3b M 4 company pure kefir Leuconostoc pseudomesenteroides 97.9
23 | 3c-2 M.6 company fruity kefir Lactococcus lactis ssp. lactis 99.9
24 | 3e-1 M.7 company fruity kefir Lactococcus lactis ssp. lactis 99.9
25 | 2e-M P.4 company preparation Streptococcus salivarus ssp. thermophilus ~ 99.9
26 | 2b-M P.2 company preparation Enterococcus faecium 99.9
27 | 2a-2M P.3 company preparation Enterococcus faecium 99.9

Among 27 species identified in our study, 10 species, 7 of which were different from each other were
found to maintain their viability in three various pH, salt and temperature conditions. These probiotic
microorganisms were L. rhamnosus (P.2 probiotic pharmaceutical product), E. gallinarum (homemade whey),
L. kefiri 1 (homemade kefir), B. megaterium (homemade pickled juice), L. kefiri 2 (homemade kefir), L. rhamnosus
(P.1 company preparation) L. plantarum (P.3 company preparation), Bifidobacterium spp. (M.4 company pure
kefir), E. faecium (P.3 company preparation). These probiotic bacteria were included in the study in order to
find out their antibacterial activity against clinical and standard S. aureus (Table 2, 3 and 4).
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Figure 1. Inhibition percentages of probiotic microorganisms at pH 1.5

la-1A: Lactobacillus kefiri 1, 2f-2A: Lactobacillus rhamnosus, 1c-2.2A: Lactobacillus plantarum, 2a-2A: Lactobacillus
plantarum, 3b-1A: Bifidobacterium spp, 1c-1.1.2: Enterococcus gallinarum, 1e-3: Bacillus megaterium, 1a-2.1: Lactobacillus
kefiri 2, 2b-6: Lactobacillus rhamnosus, 2a-2: Enterococcus faecium.
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Figure 2. Inhibition percentages of probiotic microorganisms at pH 2

la-1A: Lactobacillus kefiri 1, 2f-2A: Lactobacillus rhamnosus, 1c-2.2A: Lactobacillus plantarum, 2a-2A: Lactobacillus
plantarum, 3b-1A: Bifidobacterium spp, 1c-1.1.2: Enterococcus gallinarum, 1e-3: Bacillus megaterium, la-2.1: Lactobacillus
kefiri 2, 2b-6: Lactobacillus rhamnosus, 2a-2: Enterococcus faecium.
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Figure 3. Inhibition percentages of probiotic microorganisms at pH 3.2

la-1A: Lactobacillus kefiri 1, 2f-2A: Lactobacillus rhamnosus, 1c-2.2A: Lactobacillus plantarum, 2a-2A: Lactobacillus
plantarum, 3b-1A: Bifidobacterium spp, 1c-1.1.2: Enterococcus gallinarum, 1e-3: Bacillus megaterium, la-2.1: Lactobacillus
kefiri 2, 2b-6: Lactobacillus rhamnosus, 2a-2: Enterococcus faecium.
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Figure 4. Inhibition percentages of probiotic microorganisms at 0.15% bile salt

la-1A: Lactobacillus kefiri 1, 2f-2A: Lactobacillus rhamnosus, 1c-2.2A: Lactobacillus plantarum, 2a-2A: Lactobacillus
plantarum, 3b-1A: Bifidobacterium spp, 1c-1.1.2: Enterococcus gallinarum, 1e-3: Bacillus megaterium, 1a-2.1: Lactobacillus
kefiri 2, 2b-6: Lactobacillus rhamnosus, 2a-2: Enterococcus faecium.
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Figure 5. Inhibition percentages of probiotic microorganisms at 0.30% bile salt

la-1A: Lactobacillus kefiri 1, 2f-2A: Lactobacillus rhamnosus, 1c-2.2A: Lactobacillus plantarum, 2a-2A: Lactobacillus
plantarum, 3b-1A: Bifidobacterium spp, 1c-1.1.2: Enterococcus gallinarum, 1e-3: Bacillus megaterium, la-2.1: Lactobacillus
kefiri 2, 2b-6: Lactobacillus rhamnosus, 2a-2: Enterococcus faecium.

%1 Bile Salt

100
- l.ﬁ

,\ef u 24 Hour

2, I
>

50

1(-‘1.5-

% inhibition
2

® 48.Hour

72.Hour
-150
-200
-250

Lactic acid bacteria

Figure 6. Inhibition percentages of probiotic microorganisms at 1% bile salt

la-1A: Lactobacillus kefiri 1, 2f-2A: Lactobacillus rhamnosus, 1c-2.2A: Lactobacillus plantarum, 2a-2A: Lactobacillus
plantarum, 3b-1A: Bifidobacterium spp, 1c-1.1.2: Enterococcus gallinarum, 1e-3: Bacillus megaterium, 1a-2.1: Lactobacillus
kefiri 2, 2b-6: Lactobacillus rhamnosus, 2a-2: Enterococcus faecium
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Figure 7. Inhibition percentages of probiotic microorganisms at 4°C.

la-1A: Lactobacillus kefiri 1, 2f-2A: Lactobacillus rhamnosus, 1c-2.2A: Lactobacillus plantarum, 2a-2A: Lactobacillus
plantarum, 3b-1A: Bifidobacterium spp, 1c-1.1.2: Enterococcus gallinarum, 1e-3: Bacillus megaterium, 1a-2.1: Lactobacillus
kefiri 2, 2b-6: Lactobacillus rhamnosus, 2a-2: Enterococcus faecium.
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Figure 8. Inhibition percentages of probiotic microorganisms at 22°C

la-1A: Lactobacillus kefiri 1, 2f-2A: Lactobacillus rhamnosus, 1c-2.2A: Lactobacillus plantarum, 2a-2A: Lactobacillus
plantarum, 3b-1A: Bifidobacterium spp, 1c-1.1.2: Enterococcus gallinarum, 1e-3: Bacillus megaterium, la-2.1: Lactobacillus
kefiri 2, 2b-6: Lactobacillus rhamnosus, 2a-2: Enterococcus faecium.
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Figure 9. Inhibition percentages of probiotic microorganisms at 45°C
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la-1A: Lactobacillus kefiri 1, 2f-2A: Lactobacillus rhamnosus, 1c-2.2A: Lactobacillus plantarum, 2a-2A: Lactobacillus
plantarum, 3b-1A: Bifidobacterium spp, 1c-1.1.2: Enterococcus gallinarum, 1e-3: Bacillus megaterium, 1a-2.1: Lactobacillus
kefiri 2, 2b-6: Lactobacillus rhamnosus, 2a-2: Enterococcus faecium.

Table 2. pH values of supernatants

Probiotic Bacteria pH values
1 2b-6 Lactobacillus rhamnosus 413
2 1c.1.1.2 Enterococcus gallinarum 4.09
3 Lactobacillus sakei ATCC 15521 4.87
4 1a-1A Lactobacillus kefiri 5.77
5 2f-2A Lactobacillus rhamnosus 4.04
6 1c-2.2.A Lactobacillus plantarum 3.89
7 2a-2A Lactobacillus plantarum 3.96
8 3b-1A Bifidobacterium 5.10
9 2a-2M Enterecoccus faecium 3.93
10 1a-2.1 Lactobacillus kefiri 6.06
11 1e-3 Bacillus megaterium 6.32
12 Lactobacillus acidophilus ATCC4356 4.42
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2.2. Detection antimicrobial effect of probiotic microorganisms by spot on lawn method

In our study probiotic bacteria; Lactobacillus plantarum isolated from homemade whey showed the
highest antimicrobial activity against clinical MRSA strain 3 (45.62 mm /zone) (Table 3)

Antimicrobial activity of (a) Enterococcus faecium (2a-2M) on clinical MRSA 3 is seen at Figure 10.
Additionally, Figure 11 reflects the antimicrobial activity of (b) Lactobacillus acidophilus ATCC 4356 and
(c) Bifidobacterium spp. (3b-1A) on clinical MSSA strain 9.

Table 3. Antibacterial effect* of probiotic bacteria on against standard and clinical S. aureus strains

S
= [£))
3 § & 3 g 5 5 < § T g
-~ ™~
: 0§, L% % § S« § (7 E 3§ %%
. =y R -~
Bacteria  E =9 2o §< S« Sa S< _gﬁ S s &, 80 IV
TY &= §Y <9 <4 [ _Y g S£§ g o =Y
HE HE dd 48 98 S8 a8 ®|/% HY S8 48 49<
MRSA1 2326 2245 1906 1347 2544 2437 2275 1267 2748 478 0 19.66
MRSA2 2453 2399 2445 1597 2959 2966 2979 1374 2799 851 0 19.89
MRSA3 3456 267 3749 1898 3164 4562 2809 1818 3071  7.78 0 2245
MRSA4 1828 2111 2069 852 2292 2425 1944 1204 2688  3.50 0 26.35
MRSA5 2366 176 1855 918 2111 26 2679 1471 2607 175 0 16.29
MSSA6 2955 208 2168 1264 2105 3254 2643 1713 2664 6.8 0 14.70
MSSA7 1439 1880 1521 432 2353 2257 2935 483 2201 5.0 0 15.39
MSSAS8 34 2581 2914 587 2621 2639 3463 1836 323 0 0 26.15
MSSA9 1983 1814 195 1228 2486 2958 2301 1512 2583 321 0 21.49
MSSA 2006 2746 2064 368 2408 2545 2481 1870 1990 826 0 11.04
10
S.aurens 2097 258 2909 367 2399 2573 2158 1621  21.24 0 0 1855
ATCC
29213

S. aureus 2754 2825 2809 1047 3218 3277 3236 25.21 3247 10.57 0 28.5
ATCC
25925
S. aureus 7.2 23.02 1685 3337 3391 2755  33.89 32.02 23.49 23.62 0 30.25
ATCC
43300

*The values given in the table express the inhibition zone diameters in mm
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Figure 11. Antimicrobial activity of (b) Lactobacillus acidophilus ATCC 4356 and (c) Bifidobacterium spp. (3b-
1A) on clinical MSSA strain 9.

2.3. Detection of antimicrobial effect of probiotic microorganisms by agar well diffusion method

Antimicrobial activity of probiotic bacteria on S. aureus by agar well diffusion method was investigated
but no effect was observed. Using the same method, ciprofloxacin showed a 24.17 mm (100 pgmL1) inhibition
zone against S. aureus strains.

3. DISCUSSION

Recently the usage of probiotics, known as live microorganisms, which have health benefits to the host
when applied in sufficient quantities, has increased worldwide. In parallel with the studies declaring the
probiotic properties of microbial species, the number of food containing probiotics, food supplements and
drugs are widely used all over the world [12].

Probiotic products, also known as “pharmaceutical preparations” are products that are supplemented
with microorganisms, various enzymes, vitamins and aroma components that have beneficial effects on the
health of the host, are widely used all over the world (Europe, Japan and other Far East countries) [3]. Tablets
or capsules containing probiotics are not used as substitutes in the treatment of diseases, but they are sold as
health-promoting products [3,13].

Lactic acid bacteria are common examples of probiotics [7]. In our study, 4 homemade probiotic
products, 5 pharmaceutical preparations and 7 market products were identified by using MALDI-TOF MS
and conventional methods. These microorganisms are among the probiotic microorganisms identified by
Coskun (2014) [14].

In various studies it was shown that Streptococcus salivarius subsp. thermophilus and Lactobacillus
delbrueckii subsp. bulgaricus were isolated from commercial yoghurt [15], Enterococcus faecalis from local cheeses
[16], Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus kefir and Streptococcus thermophilus from kefir
samples[17], Lactobacillus acidophilus and Bifidobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus
have been isolated from yogurt and probiotic products [18].
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In our study, probiotic microorganisms identified in dairy products and pharmaceutical preparations
coincide with the microorganisms identified in the studies mentioned above.

In their study Schillinger and Lucke (1989) investigated the antibacterial effect of 19 Lactobacillus sakei, 3
L. plantarum and lcurvatus strains isolated from meat and meat products against Lactobacillus and Listeria
monocytogenes microorganisms [19]. The investigators reported that while all of the L. sakei strains formed
inhibition zone against indicator microorganisms by spot on lawn method, only 6 out of 19 L. sakei strains
formed inhibition zones by agar well diffusion method [19].

In a studythe antimicrobial effects of various lactobacilli species isolated from fermented sausage on
was investigated against L. monocytogenes and S. aureus by spot on lawn and agar well diffusion methods. It was
shown that the antibacterial effect of Lactobacillus species against L. monocytogenes and S. aureus varied
according to both indicator microorganisms and spot on lawn and agar well diffusion methods and it was
found that antibacterial effect of lactobacilli species was higher in spot on lawn method. The investigators
reported that although some strains of L. sakei showed inhibitory effect against L. monocytogenes by spot on
lawn method, the same strains did not show inhibitory effect by well diffusion method [20].

In our study, the antimicrobial effect of supernatants of the isolated probiotic microorganisms against
clinical MSSA and MRSA strains and standard S. aureus was investigated by using agar well diffusion method.
However, the cultures of these microorganisms were found to form an inhibition zone against clinical and
standard S. aureus strains by spot on lawn method. As it is known, supernatants were prepared by
centrifugation and filtration processes and do not contain alive microorganisms but contain the metabolic
products of the probiotic microorganisms.

The probiotic bacteria which take place in our study had not shown any effect when their supernatant
was used (in agar well diffusion method), but when they were used alive (as in spot on lawn method) against
clinical (MRSA and MSSA) S. aureus and reference strains of the same bacteria were effective.

4. CONCLUSION

In this study, we have found that probiotic microorganisms isolated from pharmacy preparations,
market, and homemade probiotic products showed antibacterial activity on clinical and standard
Staphylococcus aureus by spot on lawn method. We designated that the microorganisms mentioned above were
efficient against clinical andstandard Staphylococcus aureus isolates.

The results from this study suggest the possible use of probiotic microorganisms as a natural
alternative for treatment of S. aureus treatment of infections and may eliminate the concerns of antibiotic
resistance.

5. MATERIALS AND METHODS

As stated in Table 4, in our study, the 5 clinical MSSA (methicillin-susceptible) and 5 MRSA (clinical
methicillin-resistant) S. aureus isolates obtained from Haydarpasa Numune Training and Research
Hospital/Microbiology Laboratory together with 3 standard S. aureus strain (S. aureus ATCC 43300, S. aureus
ATCC 25923 and S. aureus ATCC 29213) were used. The ethics of clinical isolates were obtained from Marmara
University Ethics Committee. Additionally, the standard probiotic microorganisms used in our study were
Lactobacillus acidophilus ATCC 4356 and Lactobacillus sakei ATCC 15521.

A total of 16 probiotic products were used; 4 are homemade products (yogurt, whey, pickle juice and
kefir), 7 are market products (plain and fruit kefir, fruit yogurt whey) and 5 are different pharmaceutical
preparations. Dilutions of the probiotic products were made and 100 pL of them was spread on the surface of
the MRS and all petri dishes were incubated for 72 hours at 37 °C under anaerobic and aerobic conditions and
at 39 °C under microaerophilic conditions [15,21].

Morphological and biochemical properties of the isolates were first determined by Gram stain, catalase,
gas production from glucose, arginine hydrolysis and Voges-Proskauer tests. Fresh cultures were then
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Table 4. Clinical isolates and standard strains

Clinical strains Source of clinical strains
MRSA 1 Blood

MRSA 2 Tracheal aspirate
MRSA 3 Tracheal aspirate
MRSA 4 Wound

MRSA 5 Wound

MSSA 6 Tracheal aspirate
MSSA7 Throat

MSSA 8 Wound

MSSA 9 Wound

MSSA 10 Tracheal aspirate

Standard strains 1 S. aureus ATCC 43300

Standard strains 2 S. aureus ATCC 25925

Standard strains 3 S. aureus ATCC 29213

identified by MALDI-TOF MS (Matrix assisted laser desorption ionization time-of-flight mass spectrometry)
(Biomeriux, France). Identified isolates were stored at -20 °C in MRS Broth containing 20% glycerol for use in
antimicrobial activity testing [15,21].

5.1. Identification of isolated microorganisms by MALDI-TOF-MS

A single colony was taken from the fresh culture on MRS agar plate and spread on a slide. Then 0.9 uL
of VITEK MS CHCA (matrix solution) was added and allowed to dry. E. coli was used as the control strain.
After the slides were then read on the MALDI-TOF MS device and expressed in Table 1 [22].

5.2. Determination of probiotic properties of isolates

Probiotic bacteria were activated twice by passage in MRS broth. Optical densities of active cultures
were adjusted to 0.60 £ 0.02 at 600 nm on a spectrophotometer (Helios-Thermo, UK). Bacteria adjusted to 2%
of the medium volume (60 pl) were inoculated into 3 ml MRS broth tubes containing pH 1.5, 2, 3.2. Next, 200
ul of the suspension from the test tubes was dispensed into each of the flat-bottomed 96-well microplate wells
[22].

Microplates were then incubated for 24, 48, 72 hours at anaerobic, aerobic 37 °C or 39 °C under
microaerophilic conditions. After incubation, 5 pL was taken from each well, stained on MRS agar, and petri
dishes were incubated. In addition, the microplates were recorded as OD» by measuring optical densities at
630 nm. As a control, each bacterial strain was incubated in MRS broth medium with pH 6.4 £ under anaerobic,
aerobic at 37 °C or microaerophilic conditions at 39 °C for 24, 48, 72 hours own growth conditions and after 24,
48, 72 hours its optical density was measured at 630 nm by microplate reader and recorded as OD;.

Experiments were carried out in triplicate and after that the average value was obtained. The growth of
bacteria in various pH media compared to the control was determined using the % inhibition formula below.
The growth of bacteria at various pH conditions compared to control was determined using the formula
below. In these conditions, the presence or absence of bacteria was determined according to the formation of
stains [22].
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% Inhibition = OD;-OD, ; OD; x100
OD:;: Control
OD2: Growth rate of bacteria in various pH, bile salt and temperature environments.

5.4. Detection of the inhibition percentages of probiotic microorganisms at various bile salt concentrations

In order to determine the growth of the bacteria at various bile salt concentrations. The optical density
values were taken from the adjusted bacteria (0.60 + 0.02) After that OD values were taken from the adjusted
bacteria by 2% and inoculated into 3 tubes containing MRS broth medium 0.15%, 0.30%, 1% bile salt. Then 200
ul from the test tubes of suspension was dispensed into each of the flat bottom 96 well microplate wells. The
microplates were then incubated under anaerobic, aerobic at 37 °C or microaerophilic conditions at 39 °C for
24, 48, 72 hours. Following incubation, 5 pL was taken from each well and spot seeded on MRS agar and the
petri dishes were incubated. In addition, microplates were recorded as OD» by measuring their optical density
at 630 nm. As a control, each bacterium was incubated in MRS broth medium without bile salt. The growth of
the bacteria at various pure salt conditions according to the control was determined by the formula below.
The presence or absence of bacteria in these conditions was determined according to the spot formations [22].

5.5. Detection of the inhibition percentages of probiotic microorganisms at various temperature values

In order to determine the bacterial growth at various temperatures, the method applied at 5.4 was used.
The growth of the bacteria at various temperature conditions compared to the control was determined using
the formula below. Also, the viability of bacteria in these conditions was determined according to spot
formulations on MRSA agar which were taken from the examples in wells described above [22].

5.6. Detection antimicrobial activity of probiotic microorganisms by spot on lawn method

The antimicrobial effect of lactic acid bacteria on clinical S. aureus microorganisms that were found to
be alive at all three various pH, salt and temperature conditions was firstly determined by spot on lawn
method. After the isolates were activated twice on MRS broth medium, 5 pl of each active culture was added
to 15 mL MRS agar medium and spot was cultured. Then the petri dishes were incubated under anaerobic,
aerobic at 37 °C or microaerophilic conditions at 39 °C for 24 hours. After incubation, suspensions of S. aureus
strains used as test microorganism equivalent to the turbidity standard of McFarland 0.5. Then 50 uL of the
prepared suspensions were transferred to TSA (0.7% agar) tubes containing 5 mL of soft agar and vortexed.
The mixture was poured onto the petri with colonies of lactic acid bacteria isolates and allowed to solidify for
30 minutes at room temperature. The petri dishes were incubated at 37 °C for 24 hours. Then the diameters of
the inhibition zones formed as a result of incubation were measured by digital caliper and recorded in mm.
All experiments were performed in triplicate and the average results were taken [23, 24,25].

5.7. Preparation of probiotic bacteria supernatant

Probiotic bacteria were seeded into tubes containing MRS broth medium and subcultured twice at 37
°C for 18 hours. At the end of the incubation, MRS broth medium containing bacteria was centrifuged at 4000
g for 30 minutes and the cells were precipitated, and the resulting supernatant was filtered (0.22 pm) and then
used in agar diffusion method [24].

5.8. Detection antimicrobial activity of probiotic microorganisms by agar well diffusion method

Another method used to determine the antimicrobial activity of lacticacid bacteria on S. aureus in our
study was agar well diffusion method. The pH of the prepared probiotic bacteria supernatants was measured
and recorded using a pHmeter (Hanna,Germany) and sterilized again by filtration (0.22 pm). Then 0.1mL of
S. aureus suspensions prepared equivalent to McFarland 0.5 turbidity standard was added to Mueller Hinton
Agar (MHA) (which was cooled to 40-45 °C and shaken well, later poured into sterile petri dishes of 90 mm
diameter in 4 + 0.5 mm thickness. After that, 6 mm diameter wells were punched by using sterile punch at 2.5
cm intervals. A volume of 50 pL of the bacterial supernatant was placed into each well one by one from the
supernatant and controls. The petri dishes were incubated under aerobic conditions at 37°C for 24 h. and the
diameter of the inhibition zones formed was measured by using a digital caliper and recorded in mm. All
experiments were performed in triplicated. Ciprofloxacin (200 pg mL-) was used as the positive control and
sterile distilled water was used as the negative control [25-28].

http://dx.doi.org/10.29228/jrp.525
JResPharm 2023; 27(6): 2374-2388

2386


http://dx.doi.org/10.29228/jrp.525

Tetik et al. Journal of Research in Pharmac
Antimicrobial effect of probiotic microorganisms on q
Staphylococcus aureus ResearchArticle

Acknowledgement

This work was supported by Marmara University Scientific Research Projects Coordination Unit under
grant number SAG-C-YLP-111115-0506.

Author contributions: Concept -N.T., P.R., E.R; Design -P.R., N.T., E.R,; Supervision - P.R,, E.R..; Resources - N.T,
PR, ER,; Materials - N.T., P.R.,, R.A;. Data Collection and/or Processing - N.T., PR, R.A; Analysis and/or
Interpretation - N.T., P.R., E.R,, R.A ; Literature Search - N.T., P.R.; Writing - N.T., P.R.; Critical Reviews - P.R., ER.

Conflict of interest statement: “The authors declared no conflict of interest”. However, Research Square platform
preprinted our study without our permission and knowledge under http ://doi.org/10.21203 /1s.3.rs-1701189/v1.

REFERENCES

[1] Compare D, Sgamato C, Nardone OM, Rocco A, Coccoli P, Laurenza C, Nardone G. Probiotics in gastrointestinal
diseases: All that glitters 1s not gold. Dig Dis. 2022;40(1):123-132. https:/ /doi.org/10.1159/000516023.

[2] Ghannoum MA, McCormick TS, Retuerto M, Bebek G, Cousineau S, Hartman L, Barth C, Schrom K. Evaluation of
microbiome alterations following consumption of BIOHM, a novel probiotic. Curr Issues Mol Biol. 2021;43(3):2135-
2146. https://doi.org/10.3390/cimb43030148

[3] Hashim ZA. Evaluation of bacterial contents, package labelling and antimicrobial activity of some commercial
probioticproducts available in local market. ] Res Pharm. 2022;26(3):502-509. http://dx.doi.org/10.29228 /jrp.147

[4] Castellone V, Bancalari E, Rubert J, Gatti M, Neviani E, Bottari B. Eating fermented: Health benefits of LAB-fermented
foods. Foods. 2021;10(11):26-39. https:/ /doi.org/10.3390/foods10112639

[5] Ouwehand AC, Vesterlund S. Antimicrobial components from lactic acid bacteria. In: Salminen S, (ed). Lactic Acid
Bacteria. 3rdedn. Marcel Dekker,New York,2004, pp 375-397.

[6] Ong]s, Taylor TD, Yong CC, Khoo BY, Sasidharan S, Choi SB, Ohno H, Liong MT. Lactobacillus plantarum USM8613
aids in wound healing and suppresses Staphylococcus aureus infection at wound sites. Probiotics Antimicrob Proteins.
2020;12(1):125-137. https:/ /doi.org/10.1007 /s12602-018-9505-9

[7] Dinger, E., Kivang, M. Invitro evaluation of probiotic potential of Enterococcus faecium strains isolated from Turkish
pastirma. Archives of Microbiology. 2021;203(6), 2831-2841. https://doi.org/10.1007/s00203-021-02273-y.

[8] Yoha KS, Nida S, Dutta S, Moses JA, Anandharamakrishnan C. Targeted delivery of probiotics: perspectives on
research and commercialization. Probiotics Antimicrob Proteins. 2021;27:1-34. https:/ /doi.org/10.1007 /s12602-021-
09791-7

[9] Yilmaz M, Seker E. Investigation of mecA, vanA and PVL genes in Staphylococcus aureus strains isolated from bovine
mastitis in small holder dairy farms. Etlik Vet Mikrobiyol Derg.2022; 33 (1): 50-55.
https:/ /doi.org/10.35864 /evind.1008728

[10] Aliskan HE, Basustaoglu A. Determination of biofilm formation properties of methicillin sensitive and resistant
Staphylococcus aureus isolates by conventional and molecular methods. Mikrobiyoloji Bul. 2020;54(2):223-234.
https://doi.org/ 10.5578 /mb.69204

[11] Park S, Classen A, Gohou HM, Maldonado R, Kretschmann E, Duvernay C, Kim GK, Ronholm J. A new, reliable,
andhigh-throughput strategy to screen bacteria for antagonistic activity against Staphylococcus aureus. BMC
Microbiol. 2021;21(1):189. https://doi.org/10.1186 /s12866-021-02265-4

[12] Mazzantini D, Celandroni F, Calvigioni M, Panattoni A, Labella R, Ghelardi E. Microbiological Quality and
Resistance to an Artificial Gut Environment of Two Probiotic Formulations. Foods. 2021;10(11):2781.
https://doi.org/10.3390/foods10112781

[13] Rolfe RD. The role of probiotic cultures in the control of gastrointestinal health. J Nutr. 2000;130:396-402.
https://doi.org/10.1093/jn/130.2.396S

[14] Coskun T. Probiotics. In: Kara A, Cogkun T (eds) Prebiotics and probiotics from theory to clinic.: Omiir Typography
AC, Istanbul, 2014, pp:56-7.

[15] Durak Y, Uysal A, Aladag MO, Akin D. Ticari yogurt érneklerinden canli laktik asit bakterilerinin izolasyonu ve
sayimu (Isolation and counting of live lactic acid bacteria from commercial yogurt samples). SUFEFD. 2015; 41:83-88.

[16] Dumani A, Yoldas O, Akcimen B, Yilmaz $, Koksal F. Farkli gesitteki Tiirk peynirlerinde Enterococcus faecalis tiirtintin
tespiti. Atatiirk Univ Dis Hek Fak Derg. 2015;25(1):35-9. https:/ /doi.org/10.17567/dfd.97125

[17] Tomar O, Caglar A, Akarca G. Kefir ve saghk agisindan ©nemi. AKU FEMUBID. 2017;17(2):834-853.
https://doi.org/10.5578 /fmbd.57533

[18] Celikel A, Goncii B, Akin MB, Akin MS. Siit tirtinlerinde probiyotik bakterilerin canliligini etkileyen faktorler. Batman
Universitesi Yasam Bilimleri Dergisi. 2018;8(1/2):59-68.

http://dx.doi.org/10.29228/jrp.525
JResPharm 2023; 27(6): 2374-2388

2387


http://dx.doi.org/10.29228/jrp.525
https://doi.org/10.1159/000516023
https://doi.org/10.3390/cimb43030148
http://dx.doi.org/10.29228/jrp.147
https://doi.org/10.3390/foods10112639
https://doi.org/10.1007/s12602-018-9505-9
https://doi.org/10.1007/s00203-021-02273-y
https://doi.org/10.1007/s12602-021-09791-7
https://doi.org/10.1007/s12602-021-09791-7
https://doi.org/10.35864/evmd.1008728
http://www.mikrobiyolbul.org/managete/fu_folder/2020-02/2020-54-2-223-234.pdf
https://doi.org/10.1186/s12866-021-02265-4
https://doi.org/10.3390/foods10112781
https://doi.org/10.1093/jn/130.2.396S
https://doi.org/10.17567/dfd.97125
https://doi.org/10.5578/fmbd.57533

Tetik et al. Journal of Research in Pharmac
Antimicrobial effect of probiotic microorganisms on q
Staphylococcus aureus ResearchArticle

(19]
[20]
[21]
[22]
[23]

[24]

[25]

[26]

[27]

[28]

Schillinger U, Lucke FK. Antibacterial activity of Lactobacillus sakei isolated from meat. Appl Environ Microbiol. 1989;
5(8):1901-1906. https://doi.org/10.1128/aem.55.8.1901-1906.1989

Ozdemir H, Kiplili O, Celik HT. Determination of antibacterial effects of Lactobacilli isolated from Turkish
Fermented Sausage. Gida. 2002; 27(6): 539-544.

Tuncer Y, Ozden B, Akcelik M. Lactococcus lactis subsp. from tulum cheese partial characterization of bacteriocins
produced by lactis YBML9 and YBML21 strains. SDU Fen Bil Enst Der. 2008;12(2):141-148.

Goderska K, Czarnecki Z. Characterization of selected strains from Lactobacillus acidophilus and Bifidobacterium
bifidum. Afr ] Microbiol Res. 2007;1(6): 65-78.

Altuntas EG, Ayhan K, Okcu G, Erkanli K, Balct MH, Sonakin $S. Antimicrobial activities of lactic acid bacteria
isolated from raw milk and cheese samples. Gida. 2010; 35(3):197-203.

Hassan M, Javadzadeh Y, Lotfipour F, Badomchi R. Determination of comparative minimum inhibitory concentration
(MIC) of bacteriocins produced by enterococci for selected isolates of multi-antibiotic resistant Enterococcus spp. Adv
Pharm Bull. 2011;1(2):75-79.

Vijayakumar PP, Muriana PM. A microplate growth mbhibition assay for screening bacteriocins against Listeria
monocytogenes to differentiate their mode-of-action. Biomolecules. 2015;5(2):1178-1194.
https://doi.org/10.3390/biom5021178

Boyanova L, Stephanova-Kondratenko M, Mitov 1. Anti-Helicobacter pylori activity of Lactobacillus delbrueckii
subsp. bulgaricus strains: preliminary report. ] Appl Microbiol. 2008;48:579-584. https://doi.org/10.1111/j.1472-
765X.2009.02571.x

Mattana CM, Satorres SE, Sosa A, Fusco M, Alcaraz LE. Antibacterial activity of extracts of Acacia aroma against
methicillin-resistant and methicillin-sensitive Staphylococcus. Brazilian ] Microbiol. 2010;41(3):581-587.
https://doi.org/10.1590/51517-83822010000300007

EUCAST (2015) Disc diffusion method for antimicrobial susceptibility testing issue. Verison 5.0.

http://dx.doi.org/10.29228/jrp.525
JResPharm 2023; 27(6): 2374-2388

2388


http://dx.doi.org/10.29228/jrp.525
https://doi.org/10.1128/aem.55.8.1901-1906.1989
https://doi.org/10.3390/biom5021178
https://doi.org/10.1111/j.1472-765X.2009.02571.x
https://doi.org/10.1111/j.1472-765X.2009.02571.x
https://doi.org/10.1590/S1517-83822010000300007

