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Antagonistic inhibitory effects of probiotics against pathogenic
microorganisms in vitro
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2 9 Probiotics® THIRF MUY vBETY SFH|FANA Y AFE A ATHE FABH] S8 20169 147
129707 =W AAZRE 3t probiotics 58 £85H% 16S rRNA sequencing &3t AE5H E4& &3
14079] L2Hlo|QEAE FA5AH. o]F FatHo] 23t probiotics 4F(Enterococcus faecalis, Lactobacillus
plantarum, Lactobacillus rhamnosus, and Lactobacillus reuteri )T+ B¥4 U|BE 6% (Candida albicans,
Salmonella Enteritidis, E. coli O157:H7, Shigella flexneri, 5[3phy]ococcu5 aureus, and Pseudomonas
aeruginosa)?r9] SRl A o] A AA|AIHONA probiotics #FES HFE HIF ol 447 FdH R AA
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A} oI’ in vitro oA AFA AAATE BHE AT F714E0 W2 pHOll 97t el Ao g ABZbE
ool A:zE 3= HAoA E2H probiotics 5+ 432 oA, W & W7 A ARAZHN AL s
o] i & Aoz 7=y F5 o] gt X FA|E probiotics T FUAY d HAGA 0| 34 7| Aoz 4zt
Hr}

Abstract To investigate the antagonistic inhibitory effects in a mixed culture between probiotics and
various pathogenic microorganisms, 140 probiotics were identified using a 16 rRNA sequencing
phylogenetic analysis method, and various probiotics strains were isolated from Korean kimchi from
January to December 2016. The antagonistic inhibition test of a mixed culture of four probiotics
(Enterococcus faecalis, Lactobacillus plantarum, Lactobacillus rhamnosus, and Lactobacillus reuteri) with
excellent antimicrobial activity and six pathogenic microorganisms (Candida albicans, Salmonelia
Enteritidis, £ coli O157:H7, Shigella flexneri, Staphylococcus aureus, and Pseudomonas aeruginosa)showed
that the growth of most probiotics strains increased normally after culture, but growth was inhibited
almost completely in most pathogenic microorganisms, except for S Enteritidis. This antagonistic
inhibitory effect in vitro was attributed to the low pH of the lactic acid and organic acid produced
during fermentation. As a result, four probiotics strains isolated from Korean Kimchi are very likely to
be developed as therapeutic agents for female yeast infections and colon and skin care. In the future,

these therapeutic agents will help improve public health related to probiotics.
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Table 1. Strains and media used in this study

Strains Medium
Enterococcus faecalis MRS agar
Lactobacillus plantarum MRS agar
Lactobacillus rhamnosus MRS agar
Lactobacillus reuteri MRS agar
Gt i
el
Eschericia coli O157:H7 TsA
(ATCC 43895)
Shigella Hexneri XLD agar

(ATCC 12022)
Staphylococcus aureus
(KCTC 1927)
Pseudomonas aeruginosa
(KCTC 1750)

Baird-Parker agar

Cetrimide agar

2.1.2 Probiotics?} Ctfst
LOIMO| ZEN Mgt

Probiotics®} Y/ JnBE il FA
2 43 JAAEL Denkova S[18]3 Cunha 5{19],

Ocana 512019 A89HEE w5ttt
7 HYhA FFEL Tryptic soy agar(Difco, MI,
USA)oIA w483 H P4 AFE SRISH £ Tryptic
soy broth(Difco, MI, USA)°ll A FE3taL 35T, 244
7 iﬂ"éﬁﬂohg St FHE 3,000 rpmollAl 1087
AHET & ASHE W + Folgds B A
A ez 21]- MAst & #F BT E MacFarland scale
0.5(1.5 x 10° CFU/mL)& 243 5 108 ©A 343}
of ARSIt Probiotics w5+ MRS agar(Difco,
MI, USA)OIA 237t H=t 34 7578 DU F MRS
broth(Difco)oll A &5kl 35CollA 24A1%F m15714d
(10% COJHF= 3t #AZS 3000 rpmolA 1023t
AR & ASAS WYL o FolgE Eo A
AAe2 221 A& & # 555 MacFarland scale
0.5(1.5 x 10° CFU/mL)& 243 3 104 T4 3|48}
of Ag5FATh BAIuFET probiotics S &
igsl7] Ysto] probiotics& HiA] MRS broth(Difco)2}
B =S iSHiR|Q] tryptic soy broth(Difco)
(SHA FARFEIS2 MRS broth(Difco)gd AHE3HE &
% probiotics #55 10° CFU/mL 10 (#,
= 106 CFU/mL2 10 @, 50 w Z 100
T 35CoA 24A17F 1]57]143(10%

7}
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COy) HiFS 3 & 2411 T B u¥E} probioticsE

5ol D= viAE ARESte] #E S5k =g
FS Yste] MRS broth(Difco)?t tryptic soy

broth(Difco), Potato dextrose broth(Difco, MI,
USA)E 5% &3t & probioticsE 10° CFU/mL 10
ul A3+ 10° CFU/mL HYATAES 10 W, 50 w %
100 W& FFotal =gotet. Skt A2 35T
A 24A7F WEZ14(10% COyp) B st C
albicans= T71H|%Y), SYRE HiFAL SA] FAELE
A2 Baird-Parker agar(Difco, MI, USA), A&dl
g7 $AgtS XLD agar(Difco, MI, USA), P
aeruginosa= Cetrimide agar(Difco, MI, USA) 18]
1 C albicans= Potato dextrose agar(Difco, MI,
USNE AH8ste] @48 Sgsidh 4 24L 919t
of 2 EEOIE 109 T ST F 100 s Wi
W] U T AT 20NN 24-48A17F v
sttt
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3.1 Probiotics?t HeADO
o Z™ Ax|gt

Probiotics@} 942G U aWd C albicans &
3t o] FEska =743 k= Table 29 2
t}. L. plantarum (1.8 x 10° CFU/mL), L. reuteri (9.5
x 10° CFU/mL), L. rhamnosus (8.2 x 10° CFU/mL),
E. faecalis (1.8 x 10° CFU/mLY5-2 @47} 34 &7}
SIRARE € albicanse A9 FAEEA U1 L
reuteri 22| 37A/3%NA= 33 CFU/mL & AA A&

| 4=7t| ST

Table 2. The competitive relationship of probiotics
and C albicans after 24 hours in mixed
broth culture

No. of isolates(CFU* /ml)
after 24 hours

Strains ——
initial inoculm

L. plantarum 1.0x10° 1.8x10°
C. albicans 2.0x10° 0

L. reuteri 1.0x10° 9.5x10°
C. albicans 2.0x10° 3.3x10'
L. rhamnosus 1.0x10° 8.2x10°
C. albicans 2.0x10° 0

E. faecalis 1.0x10° 1.8x10°
C. albicans 2.0x10° 0

* presents colony forming unit
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AEQ] S Enteritidis & &3
A wjRjol] HEstka Z3M= Table 33 2t

L. plantarum(4.0 x 10° CFU/mL), L. reuteri (1.3
x 10’CFU/mL), L. rhamnosus (1.3 x 10’CFU/mL),
E faecalis (6.1 x 10® CFU/mL)S B% #5471 A
=7} stem, Z49] S Enteritidis® #E 242
2.6x10° 1.1x10°%, 1.1x10°, 6.0x10°% 34 Z7lel=
235 YeERlT

2345

Table 3. The competitive relationship of probiotics
and S. Enteritidis after 24 hours in mixed
broth culture

No. of isolates(CFU* /ml)

Strains initial inoculm after 24 hours
L. plantarum 2.0%10° 4.0%10°
S Enteritidis 1.0x10° 2.6%10°
L. reuteri 1.0x10° 1.3%107
S Enteritidis 1.0x10° 1.1x10°
L. rhamnosus 3.0x10° 1.3%10°
S, Enteritidis 1.0x10° 1.1x10°
E. faecalis 2.0%x10° 6.1x10°
S Enteritidis 1.0x10° 6.0x10°

* presents colony forming unit

E3S probiotics®t £ coli O157:H7E Z3HAA f
Ao FFSk &Hg A= Table 49 Zoh L
plantarum (2.5 x 10° CFU/mL), L. reuteri (6.8 x 10
® CFU/mL), L. rhamnosus (6.6 x 10° CFU/mL), £
faecalis (9.7 x 10° CFU/mDE AHE4E oS 2
A B7I¥YeY B coli O157:H79) B% L
plantarumP] HfAE 1.0 x 10°°02 #57}F thh A%
H RO\, L reuteri, L. rhamnosus, E. faecalisP|~=
9] wt/d7go] AR Sttt

Table 4. The competitive relationship of probiotics

and £ coli O157:H7 after 24 hours in
mixed broth culture

No. of isolates(CFU* /ml)

Strains initial inoculm after 24 hours
L. plantarum 2.0x10° 2.5x10°
E. coli O157:H7 1.0x10° 1.0x10°
L. reuteri 1.0x10° 6.8x10°
E. coli O157:H7 1.0x10° 0
L. rhamnosus 15%x10° 6.6x10°
E. coli O157:H7 1.0x10° 0
E. faecalis 2.0x10° 9.7x10°
E. coli O157:H7 1.0x10° 0

* presents colony forming unit
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112]3 probiotics®}t S Aexnerie TFYA| vl Ao
AEsly #4545 =45 A= Table 59 2t} L
plantarum(3.9 x 10° CFU/mL), L. reuteri (2.1 x 10°
CFU/mL), L. rhamnosus (1.9 x 10° CFU/mL), £
faecalis (5.1 x 10° CFU/mL)52o.& thiE 457 3

A *7}0}@ O E. faecalis 949 TGS A5kl
= WEE S flexneri /370l 100% AA= At

Table 5. The competitive relationship of probiotics
and S flexneri after 24 hours in mixed
broth culture

ulR|et0 2 probiotics®t P aeruginosaS TG
3t ¥ 3T 44 AF}= Table 77 Zoh L
plantarum (1.7%10° CFU/mL), L. reuteri (8.8x10°
CFU/mL), L. rhamnosus (1.7x10° CFU/mL) E.
faecalis (9.7x10° CFU/mL)S2& HiE 374 3
Z7VF FEEROY, P aeruginosa = A fAREo
Al 100% A7F = Ak

Table 7. The competitive relationship of probiotics
and P. aeruginosa after 24 hours in mixed
broth culture

No. of isolates(CFU* /ml)
initial inoculm after 24 hours

Strains

No. of isolates(CFU* /ml)
initial inoculm after 24 hours

Strains

L. plantarum 2.0x10° 3.9x10° L. plantarum 2.0x10° 1.7x10°
S. Hexneri 1.5%x10° 0 P. aeruginosa 1.0x10° 0
L. reuteri 3.0x10° 2.1x10° L. reuteri 3.0x10° 8.8x10°
8. Hexneri 1.5%10° 0 P. aeruginosa 1.0x10° 0

L. rhamnosus 2.0x10° 1.9x10° L. rhamnosus 3.0x10° 1.7x10°
S. Hexneri 15x10° 0 P. aeruginosa 1.0x10° 0
E. faecalis 1.5%x10° 5.1x10° E. faecalis 2.0%10° 9.7x10°
8. Hexneri 1.5%x10° 41x10° P. aeruginosa 1.0x10° 0

* presents colony forming unit * presents colony forming unit
E3F probiotics® S aureuss Y F 54 23E  9otd, EZE  probiotics 4%

St o= A¥= Table 63 2t} L. plantarum 2.6 x
10° CFU/ml), L reuteri (9.5 x 10° CFU/ml), L.
rhamnosus (7.4 x 10° CFU/ml), E faecalis
(9.1x 10°CFU/mI)S-0.8 iy 27t 27 2715t
o}, Z42}9] proioticsOll Hgt S aureusd] #5= Z+
ZF 7.9x10°, 3.3x10% 1.7x10°, 3.2x10° 2 #=7F of
& A A=A

Table 6. The competitive relationship of probiotics
and S aureus after 24 hours in mixed
broth culture

No. of isolates(CFU* /ml)

Strains initial inoculm after 24 hours
L. plantarum 2.0x10° 2.6x10°
S. aureus 1.0x10° 7.9%10°
L. reuteri 3.0x10° 9.5%10°
S, aureus 1.0x10° 33%x10°
L. rhamnosus 2.0x10° 7.4%x10°
S. aureus 1.0x10° 1.7x10°
E. faecalis 2.0x10° 9.1x10°
S. aureus 1.0x10° 3.2x10°

* presents colony forming unit
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(Enterococcus tfaecalis, Lactobacillus plantarum,
Lactobacillus rhamnosus & Lactobacillus reuteri )
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