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Table 1- The diameter of non-growth halo resulting from the effect of total extract and LPE as well as
common antibiotics on halo diameter on Pseudomonas aeruginosa in millimeters (n=3)
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Standard deviation

Bacteria Antibacterial agent Average (+SD)
Imipenem 18.66 3.51

Gentamicin 17.66 0.57

Meropenem 20 4.58

P. aeruginosa Total extract 18.33 1.15
LPE (200 pg) 25.00 1.00

LPE (400 pg) 22.33 0.57

LPE (600 pg) 20 1.52
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Table 2- The diameter of hon-growth halo resulting from the effect of total extract and LPE as well as
common antibiotics on halo diameter on Escherichia coli in millimeters (n=3)

Standard deviation

Bacteria Antibacterial agent Average (+SD)
Ciprofloxacin 0 0.00
Imipenem 6 4

Trimethoprim 9.33 3.05

E. coli Total extract 12.66 2.08
LPE (200 pg) 14.33 1.15

LPE (400 pg) 16.66 0.57

LPE (600 ug) 13.33 0.57
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Table 3- The diameter of non-growth halo resulting from the effect of total extract and LPE as well as
common antibiotics on halo diameter on Salmonella Typhimurium in millimeters (n=3)

Standard deviation

Bacteria Antibacterial agent Average (+SD)

Streptomycin 19 6
Gentamicin 22 2

Trimethoprim 5.66 55

S. Typhimurium Total extract 12.66 2.08

LPE (200 ug) 13.66 0.57

LPE (400 ug) 16.33 1.15

LPE (600 pg) 15.33 0.57

3554 S0 9y p I skl sSTY 6 5SL LPE}fU o las L;.L.S Ciles Sl J1 5 Jeol @Lﬁ
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Table 4- The diameter of the non-growth halo resulting from the effect of total extract and LPE and
also the common antibiotic methicillin on Staphylococcus aureus in millimeters (n=3)
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Standard deviation

Bacteria Antibacterial agent Average (+SD)
Methicillin 0.66 1.15

Total extract 13.33 2.88

S. aureus LPE (200 o) 16.66 0.57
LPE (400 pQ) 17.66 1.52

LPE (600 pg) 26 1.00
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Table 5. The results of comparison of halo diameter for two by two antibiotics on Pseudomonas
aeruginosa

Bacteria  Antibacterial

Antibacterial

Average  Standard Significant

agent 1 agent 2 differences error
Gentamicin 2.00000 1.91899 0.315
Meropenem -1.33333 1.91899 0.499
Imipenem Total extract .33333 1.91899 0.865
LPE (200 ug)  -6.33333*  1.91899 0.005
LPE (400 ug)  -3.66667 1.91899 0.077
LPE (600 ug) -1.66667 1.91899 0.400
Imipenem -2.00000 1.91899 0.315
Meropenem -3.33333 1.91899 0.104
Gentamicin Total extract -1.66667 1.91899 0.400
LPE (200 ug) -8.33333*  1.91899 0.001
LPE (400 ug) -5.66667*  1.91899 0.010
LPE (600 ug)  -3.66667 1.91899 0.077
Imipenem 1.33333 1.91899 0.499
Gentamicin 3.33333 1.91899 0.104
p Meropenem Total extract 1.66667 1.91899 0.400
aerugi.nosa LPE (200 ug)  -5.00000*  1.91899 0.021
LPE (400 pg)  -2.33333 1.91899 0.244
LPE (600 ug) -.33333 1.91899 0.865
Imipenem -.33333 1.91899 0.865
Gentamicin 1.66667 1.91899 0.400
Meropenem -1.66667 1.91899 0.400
Total Extract LPE (200 -6.66667*  1.91899 0.004
HO)p.
LPE (400 ug)  -4.00000 1.91899 0.056
LPE (600 ug)  -2.00000 1.91899 0.315
Imipenem 6.33333* 1.91899 0.005
Gentamicin 8.33333* 1.91899 0.001
Meropenem 5.00000* 1.91899 0.021
LPERO0MO) 1o Extract  6.66667%  1.91899  0.004
LPE (400 ug) 2.66667 1.91899 0.186
LPE (600 ug) 4.66667* 1.91899 0.029
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Imipenem 3.66667 1.91899 0.077
Gentamicin 5.66667* 1.91899 0.010
Meropenem 2.33333 1.91899 0.244
LPE(400M0) 1o Extract  4.00000  1.91899  0.056
LPE (200 ug)  -2.66667 1.91899 0.186
LPE (600 ug) 2.00000 1.91899 0.315
Imipenem 1.66667 1.91899 0.400
Gentamicin 3.66667 1.91899 0.077
Meropenem 33333 1.91899 0.865
LPE6OOMO) 1o Extract  2.00000  1.91899 0315
LPE (200 ug) -4.66667*  1.91899 0.029
LPE (400 ug)  -2.00000 1.91899 0.315
P.
~a0% B
o

300.004

Halo

200.00-

100.00

F60%

r40%

oo

LPE200 LPE400 LPEG00 Meropenem Imipenem TE

0%

Gentamicin

Figure 1- Prato diagram (ranking) to compare the killing power of antibacterial agents, gentamicin,
imipenem, meropenem, total extract and LPE in concentrations of 200, 400 and 600 pg of L. casei
supernatant against P. aeruginosa
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Table 6. The results of comparison of halo diameter for two by two antibiotics on S. aureus
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B . Antibacterial Antibacterial Average Standard Significant
acteria .
agent 1 agent 2 differences error
LPE 200 -3.33333* 1.33333 0.031
LPE 400 -4.33333* 1.33333 0.009
Totalextract | pEgog  _1266667%  1.33333 0.000
Methicillin 12.66667* 1.33333 0.000
Total extract 3.33333* 1.33333 0.031
LPE 200 LPE 400 -1.00000 1.33333 0.471
LPE 600 -9.33333* 1.33333 0.000
Methicillin 16.00000* 1.33333 0.000
Total extract 4.33333* 1.33333 0.009
LPE 200 1.00000 1.33333 0.471
5. aureus LPE 400 LPE 600 8.33333* 1.33333 0.000
Methicillin 17.00000* 1.33333 0.000
Total extract 12.66667* 1.33333 0.000
LPE 600 LPE 200 9.33333* 1.33333 0.000
LPE 400 8.33333* 1.33333 0.000
Methicillin 25.33333* 1.33333 0.000
Total extract -12.66667* 1.33333 0.000
Methicillin LPE 200 -16.00000* 1.33333 0.000
LPE 400 -17.00000* 1.33333 0.000
LPE 600 -25.33333* 1.33333 0.000
S. aureus
5% &
2 150.00=
(354
T

FS0%
100007

F25%

50.00-

5300

—hook—
0o T T T T 12890t 0%

LPE 600 LPE 400 LPE 200 TE Methicillin

Figure 2- Prato diagram (ranking) to compare the killing power of antibacterial agents, Methicillin,
total extract and LPE in concentrations of 200, 400 and 600 pg of L. casei supernatant against S.
aureus
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Table 7. The results of comparison of halo diameter for two by two antibiotics on S. Typhimurium

. Antibacterial Antibacterial Average Standard -
Bacteria . Significant

agent 1 agent 2 differences error

Total extract 9.33333* 2.70214 0.004

LPE (200 ug) 8.33333* 2.70214 0.008

- LPE (400 ug) 5.66667 2.70214 0.055

Gentamicin | be (600 pg) 6.66667* 2.70214 0.027

Streptomycin 3.00000 2.70214 0.286

Trimethoprim 16.33333* 2.70214 0.000

Gentamicin -9.33333* 2.70214 0.004

LPE 200 -1.00000 2.70214 0.717

Total Extract LPE 400 -3.66667 2.70214 0.196

LPE 600 -2.66667 2.70214 0.340

Streptomycin -6.33333* 2.70214 0.034

Trimethoprim 7.00000* 2.70214 0.021

Gentamicin -8.33333* 2.70214 0.008

Total Extract 1.00000 2.70214 0.717

LPE 400 -2.66667 2.70214 0.340

LPE 200 LPE 600 -1.66667 2.70214 0.547

Streptomycin -5.33333 2.70214 0.068

Trimethoprim 8.00000* 2.70214 0.010

Gentamicin -5.66667 2.70214 0.055

Total Extract 3.66667 2.70214 0.196

N LPE 200 2.66667 2.70214 0.340

S. typhimurium LPE 400 LPE 600 1.00000 2.70214 0.717

Streptomycin -2.66667 2.70214 0.340

Trimethoprim 10.66667* 2.70214 0.001

Gentamicin -6.66667* 2.70214 0.027

Total Extract 2.66667 2.70214 0.340

LPE 200 1.66667 2.70214 0.547

LPE 600 LPE 400 -1.00000 2.70214 0.717

Streptomycin -3.66667 2.70214 0.196

Trimethoprim 9.66667* 2.70214 0.003

Gentamicin -3.00000 2.70214 0.286

Total Extract 6.33333* 2.70214 0.034

Streptomycin LPE 200 5.33333 2.70214 0.068

LPE 400 2.66667 2.70214 0.340

LPE 600 3.66667 2.70214 0.196

Trimethoprim 13.33333* 2.70214 0.000

Gentamicin -16.33333* 2.70214 0.000

Total Extract -7.00000* 2.70214 0.021

Trimethoprim LPE 200 -8.00000* 2.70214 0.010

LPE 400 -10.66667* 2.70214 0.001

LPE 600 -9.66667* 2.70214 0.003

Streptomycin -13.33333* 2.70214 0.000
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Figure 3-Prato diagram (ranking) to compare the killing power of antibacterial agents, Gentamicin,
Streptomycin, Trimethoprim, total extract and LPE in concentrations of 200, 400 and 600 pg of L.
casei supernatant against S. Typhimurium
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Table 8. The results of comparison of halo diameter for two by two antibiotics on E. coli

Antibacterial  Antibacterial

Average Standard

Bacteria agent 1 agent 2 differences error Significant
Total extract -6.66667* 1.73663 0.002
LPE (200 ug) -8.33333* 1.73663 0.000
Imipenem LPE (400 ug) -10.66667* 1.73663 0.000
) LPE (600 ug) -7.33333* 1.73663 0.001
E. coli Trimethoprim -3.33333 1.73663 0.076
Ciprofloxacin 6.00000* 1.73663 0.004
Imipenem 6.66667* 1.73663 0.002
Total extract LPE (200 ug) -1.66667 1.73663 0.353
LPE (400 ug) -4.00000* 1.73663 0.037
LPE (600 ug) -.66667 1.73663 0.707
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Trimethoprim 3.33333 1.73663 0.076
Ciprofloxacin 12.66667* 1.73663 0.000
Imipenem 8.33333* 1.73663 0.000
Total extract 1.66667 1.73663 0.353
LPE 200 LPE (400 pg) -2.33333 1.73663 0.200
LPE (600 pg) 1.00000 1.73663 0.574
Trimethoprim 5.00000* 1.73663 0.012
Ciprofloxacin 14.33333* 1.73663 0.000
Imipenem 10.66667* 1.73663 0.000
Total extract 4.00000* 1.73663 0.037
LPE 400 LPE (200 ug) 2.33333 1.73663 0.200
LPE (600 pg) 3.33333 1.73663 0.076

Trimethoprim 7.33333* 1.73663 0.001
Ciprofloxacin 16.66667* 1.73663 0.000
Imipenem 7.33333* 1.73663 0.001
Total extract .66667 1.73663 0.707
LPE 600 LPE (200 ug) -1.00000 1.73663 0.574
LPE (400 pg) -3.33333 1.73663 0.076
Trimethoprim 4.00000* 1.73663 0.037
Ciprofloxacin 13.33333* 1.73663 0.000
Imipenem 3.33333 1.73663 0.076
Total extract -3.33333 1.73663 0.076
Trimethoprim LPE (200 pg) -5.00000* 1.73663 0.012
LPE (400 ug) -7.33333* 1.73663 0.001
LPE (600 pg) -4.00000* 1.73663 0.037
Ciprofloxacin 9.33333* 1.73663 0.000
Imipenem -6.00000* 1.73663 0.004
Total extract -12.66667* 1.73663 0.000
Ciprofloxacin LPE (200 pg) -14.33333* 1.73663 0.000
LPE (400 pg) -16.66667* 1.73663 0.000
LPE (600 p) -13.33333* 1.73663 0.000
Trimethoprim -9.33333* 1.73663 0.000

E. coli T
150.00 E

Halo

100.00-

50.00

T T

re0%

40%

00
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LPE400 LPE200 LPEG600 TE Trimethoprim Imipenem Ciprofloxacin
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Figure 4-Prato diagram (ranking) to compare the killing power of antibacterial agents, Trimethoprim,
Imipenem, Ciprofloxacin, total extract and LPE in concentrations of 200, 400 and 600 pg of L. casei
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Table 9-Results of the comparison of the halo diameter of the total extract antibiotic for two pairs of

bacteria
Antibacterial Bacteria 1 Bacteria 2 dAverage Standard Significant
ifferences error
5.00000* 1.74801 0.021
S. aureus
P.aeruginosa ¢ i pimurium  5.66667* 1.74801 0.012
E. coli 5.66667* 1.74801 0.012
P. aeruginosa -5.00000* 1.74801 0.021
S. aureus S. Typhimurium .66667 1.74801 0.713
Total extract E. coli .66667 1.74801 0.713
S P. aeruginosa -5.66667* 1.74801 0.012
Typhirﬁurium S. aureus -.66667 1.74801 0.713
E. coli .00000 1.74801 1.000
P. aeruginosa -5.66667* 1.74801 0.012
E. coli S. aureus -.66667 1.74801 0.713
S. Typhimurium .00000 1.74801 1.000
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Figure 5- Prato chart (ranking) to compare the inhihitorv nower of | . casei total extract on pathogenic
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Table 10-Results of comparing the halo diameter of LPE 200 antibiotic for bacteria two by two

Antibacterial Bacteria 1 Bacteria 2 dAverage Standard Significant
ifferences error
S. aureus 8.33333* 0.70711 0.000
P. aeruginosa S. Typhimurium 11.33333* 0.70711 0.000
E. coli 10.66667* 0.70711 0.000
P. aeruginosa -8.33333* 0.70711 0.000
LPE 200 S. aureus S. Typhimurium 3.00000* 0.70711 0.003
E. coli 2.33333* 0.70711 0.011
P. aeruginosa -11.33333* 0.70711 0.000
S. Typhimurium S. aureus -3.00000* 0.70711 0.003
E. coli -.66667 0.70711 0.373
E. coli P. aeruginosa -10.66667* 0.70711 0.000
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S. aureus -2.33333* 0.70711 0.011
S. Typhimurium 0.66667 0.70711 0.373
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Figure 6 - Prato chart (ranking) to compare the inhibitory power of LPE 200 of L. casei on pathogenic
agents
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Table 11-Results of comparing the halo diameter of LPE 400 antibiotic for bacteria two by two

Antibacterial Bacteria 1 Bacteria 2 Average Standard Significant
differences error
S. aureus 4.66667* 0.84984 0.001
. S. 6.00000* 0.84984 0.000
P. aeruginosa S
Typhimurium
E. coli 5.66667* 0.84984 0.000
P. aeruginosa -4.66667* 0.84984 0.001
LPE 400 S, 1.33333 0.84984 0.155
S. aureus . .
Typhimurium
E. coli 1.00000 0.84984 0.273
S Tyohimurium P. aeruginosa -6.00000* 0.84984 0.000
- 1YP S. aureus -1.33333 0.84984 0.155
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E. coli -.33333 0.84984 0.705
P. aeruginosa -5.66667* 0.84984 0.000
E coli S. aureus -1.00000 00.84984 0.273
' S. 33333 .84984 0.705
Typhimurium
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Figure 7- Prato chart (ranking) to compare the inhibitory power of LPE 200 L. casei on pathogenic
agents
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Table 12-Results of the comparison of the diameter of the non-growth halo obtained from LPE 600
for two pairs of pathogens

Antibacterial Bacteria 1 Bacteria 2 Average Standard Significant
differences error
S. aureus -5.66667* 0.81650 0.000
P. aeruginosa  S. Typhimurium 5.00000* 0.81650 0.000
E. coli 7.00000* 0.81650 0.000
P. aeruginosa 5.66667* 0.81650 0.000
LPE 600 S. aureus S. Typhimurium 10.66667* 0.81650 0.000
E. coli 12.66667* 0.81650 0.000
P. aeruginosa -5.00000* 0.81650 0.000
S. Typhimurium S. aureus -10.66667* 0.81650 0.000
E. coli 2.00000* 0.81650 0.040
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P. aeruginosa -7.00000* 0.81650 0.000
E. coli S. aureus -12.66667* 0.81650 0.000
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The purpose of this study was to investigate the activity of
probiotic extract achieved from Lactobacillus casei against the
growth of 4 standard drug-resistant bacterial strains and to
compare its antimicrobial effect with some common antibiotics
in vitro. L. casei was cultured in standard MRS medium and
under anaerobic conditions. Probiotic dry extract was extracted
after separating the mass of living cells by centrifugation and
stabilized by lyophilization. The investigation of antimicrobial
activity was done using the diffusion-disc method, the results
were analyzed using SPSS software with a significance level of
P<0.05. There was a significant difference between all
antimicrobial agents (P<0.05). The findings showed that LPE
was able to control resistant pathogenic bacteria. The highest
inhibitory effect of LPE was evaluated against Staphylococcus
aureus with a diameter of 26 mm of non-growth halo and on the
other hand, the lowest effect was evaluated against Escherichia
coli with a diameter of 13.3 mm of non-growth halo. Although
LPE had the greatest effect compared to antibiotic agents
against 3 bacterial strains, it was weaker than gentamicin and
streptomycin in the case of Salmonella typhi. Despite the
significant antibacterial effects of LPE against several strains of
gram-negative and gram-positive bacteria, more studies are
necessary before its clinical administration and to prove its
beneficial role in the treatment of infectious diseases.
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