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To investigate the inhibition effect on pathogenic microbes and the antimicrobial resistance of
probiotics, a total of 140 probiotics were isolated from 35 kinds of Korean commercially available
Kimchi. Of those, L. plantarum was identified from 53 strains (37.9%), £. faecium from 27 strains
(19.3%), and L. rhamnosus from 7 strains (5.0%) using 16S rRNA gene sequencing. Sixty nine
strains (49.3%) showed overall antimicrobial activity against pathogenic microbes, namely S.
Typhi, S. Enteritidis, E. coli O157:H7, S. flexneri, NAG Vibrio, Listeria monocytogenesis, V.
enterocolitica, S. aureus, S. pyogenes, G. vaginalis, C. albicans, and P. acne. The proportions of L.
plantarum, E. faecium, and L. rhamnosus strains to pathogenic microbes were 75.5%, 40.7%, and
28.6%, respectively. In addition, a resistance test with 18 antimicrobial agents using a disk
diffusion assay revealed a resistance incidence of 98.6% for nalidixic acid, 83.6% for streptomycin,
75.7% for gentamicin 73.6% for vancomycin, 72.1% for norfloxacin, and 67.9% for ciprofloxacin. In
conclusion, L. plantarum, L. sakei, and E. faecium strains with various antimicrobial activities and
broad antibiotic resistance are useful for treating diarrhea in long-term inpatients and for the
alternative use for treating Candida species female vaginitis.
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(Difco)ell Al v skl WA el = 1407]9] #5 9714 F &
A7131 GRtELE Al (Korea)oll SJ=I3te] 7 wtEol| Tt 16S
rRNA 9714 € B4 HIEF S & Genbank®] BLAST search&
T 578 ATE IAS R RE Ak A7IAE B4

18l AR8-E PCR primer$} sequencing primer+= &4 EH 4]

Table 1. Primers used for PCR sequencing of 16S rRNA
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O & AMEE= 210 24 Table 13} Zth.

3. Probiotics HiYFAH2| HH O-4=0i CHEH M|zt

A A F-L Ligocka®} Paluszak [10], Kaewsrichan 5{11]
of o] whe} AASIT & —80°Cell Hate ++& Lacto-
bacilli MRS agar (Difco)oll &4 =811 35°ColA] 10% COs,
24~48A 17k vljoFote] errl o -2 elstar 33 AlthE et
Gk A Al el ARSI

A B2 AN B YA nEE2 LS Yo7l
Eschericia coli O157:H7 (ATCC 43895; E colf O157:H7),
Salmonella Typhi (ATCC 19430; .S, Typhi), Salmonella
Enteritidis (ATCC 13076; . Enteritidis), Shigella flexneri
(ATCC 120225 S. flexneri), Non-agglutinable Vibrio
cholerae (ATCC 25873; NAG-Vibrio), Listeria monocy-
togenesis (ATCC 13932; L. monocytogenesis), Yersinia
enterocolitica(ATCC 9610; Y. enterocolitica), Staphyloco-
ccus aureus(KCTC 1927; S. aureusys & 85 &5 o
O 7= Streprococcus pyogenes(ATCC 19615; .S, pyogenes),
AAS Uo7|= Gardnerella vaginalis (KCTC 5097; G.
vaginali9)®} Candida albicans (KCTC 7752; C. albicans), -1
2|3 W 8H9E Uo7 = Propionibacterium acnes (KCTC
5012; P, acnes) & 452 E0t] F 1252 B vES

A1t

4. Probiotics i HO| ShrtX| LA

A T 3 WA 20179 CLSI guideline M100
S27% 7120 & AJ¥3}9] 0™ [12] T3 Manual of antimicrobial
susceptibility testing [13], WHO [14] % Clinical and Labo-
ratory Standards Institute (CLSI) guidelines [15]& 218}
A AT81IE}. Lactobacilli MRS agar (Difco)S o]-&-3ke] T A
3P4 SRS ARG o T QVFoll A ol ARE-E= B 18%F
O GtAl & HFSt Age EAAFL Table 29} ol
B-lactam Algo] 37}, cephalosporins Alg] 271, amino-
glycosides A=l 27H, quinolone AZo] 37, 1|1l

Primer name Sequence Use
27F 5" (AGA GTT TGA TCM TGG CTC AG) 3 PCR amplification
1492R 5" (TAC GGY TAC CTT GTT ACG ACT T) 3
785F 5" (GGA TTA GAT ACC CTG GTA) 3 PCR sequencing
907R 5" (CCG TCA ATT CMT TTR AGT TT) 3’
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Table 2. The antimicrobials used in this study

Groups Antimicrobials Abbreviation

B-lactam Ampicillin AM
Penicillin P

Oxacillin OX

Cephalosporins Cefotetan T
Cephalothin CF

Aminoglycosides Gentamicin GM
Streptomycin S

Quinolone Ciprofloxacin Clp

Norfloxacin NOR

Nalidixic acid NA

Glycopeptide Vancomycin VA
Tetracyclines Tetracycline TE
Lincosamide Clindamycin CcC

Carbapenem Imipenem IMP
Macrolide Erythromycin E
Others Chloramphenicol C

Trimethoprim/sulfamethoxazole SXT

Refampin RA

Table 3. Identification of probiotics isolated from Kimchi by 16S
rRNA sequencing

Identification of Genbank

No. of isolates (%)

probiotics (Accession No.)

L. plantarum 53 (37.9) NR104573
£ faecium 27 (19.3) NR114742
L. rhamnosus 7 (5.0) NR043408
L. sakei 6 (4.3) NRO42443
Leu. mesenteroides 2 (1.4) CP012009
L. acidophilus 1 (0.7) NR117062
L. alimentarius 1(0.7) LCO63166
L. casei 1 (0.7) KP326371
L. pentosus 1 (0.7) NR029133
S. thermophilus 1(0.7) NR042778
Unidentified 40 (28.6)

Total 140

glycopeptide, tetracyclines, lincosamide, carbapenem,
macrolide Aol Z+ 1714, 7€k G=tA| 7} 27] AR ATt

2 o

1. ZHM 2] pobiotics 22I&

AT ] 1583 718 ol A W= A 2082 AAR 2335
1405+2] probioticsE 2|33} Eﬂﬂ Al A A= 607
(42.9%), 7V7gollA W= x| ell A= 805(57.1%)= 212t &
S} THTable 3).
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Table 4. Distribution of the antimicrobial activity rates of the
cell-free cultured solution of probiotics isolated from Kimchi

No. of antimicrobial

Probiotics No. of isolates activity (%)
E. faecium 27 11 (40.7)
L. acidophilus 1 —*
L. alimentarius 1 1 (100)
L. casei 1 1 (100)
L. pentosus 1 1 (100)
L. plantarum 53 41 (75.5)
L. rhamnosus 7 2 (28.6)
L. sakei 6 4 (66.7)
Leu. mesenteroides 2 -
S. thermophilus 1 1 (100)
Unidentified 40 7 (17.5)
Total 140 69 (49.3)

* Presents not inhibition.

. 22|%l pobiotics #& X

23t 140529 probioticsE 16S rRNA sequencing +-4]
= 1o ARE-E primerse}t 4 A= Table 1, 28 2t} o]
% Lactobacillus plantarume) 535537 .9%)& 7174 wo] 1.2
H o™, Enterococcus faeciun®) 27519.3%), Lactobacillus
rhamnosus 755.0%), Lactobacillus sakel 674.3%),
Leuconostoc mesenteroides 271.4%), Lactobacillus
acidophilus, Lactobacillus casei, Lactobacillus alimentarius,
Lactobacillus pentosus, Streptococcus thermophilus 2%

1540.7%), 157 FE-Fat-2 405+28.6%)°] k.

3. Probiotics Y= Bl D= 0f| Chet M|zt
12%2] WA n]AiEof| it probiotics®] S-S A1
O AT} Fe] 2t 140529] AA A Q1 3kt 49.3% (69)F+= 1t
ERJthTable 4). #EHEL L. plantarum 535 & 415
(75.5%)7}F Bt 23s e AL, ofolA] L. sakei 6F & 45
(66.7%), E. faecium 277 % 11540.7%)°14 Fa-43-& et
WSlow, L. alimentarius, L. casei 1311 L. pentosus 2+ 15
M L. rhamnosus 75 % 275(28.6%), L2 1L S, thermophilus
1527} B Qs Ui QAck. oA i efolof] ot w5
A ;L= Table 5, 67 kT £ coliO157HT& ARt
F= 155710.7%)°19L, S typhi AAI= 2057(14.3%), S.
enteritidiss= 185(12.9%), S. flexneri= 315422.1%), Y.
enterocolitica= 573.6%), NAG- Vibriox 325%(22.9%) 1
23 L. monocytogeness AT 5= 135(9. 5%)E Let
WCHTable 3, 4). T3t S pyogeness A H53= 25
(1.4%), S. aureus=271.4%), P. acnese 45(2.9%), 18] 3L
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Table 5. The inhibition effects of cell-free cultured solution of probiotics to pathogenic microbes

No. of inhibited isolates

No. of

Probiotics isolates E coli  Salmonella Salmonella  Shigella - \u .+ Gardnerella  Candida

0157:H7 Typhi Enteritidis flexnerii vaginalis albicans
E. faecium 27 2 3 3 3 4 1 —*
L. acidophilus 1 —* - - - - - -
L. alimentarius 1 - 1 - - 1 - -
L. casei 1 - - - - 1 - -
L. pentosus 1 - - - 1 1 - -
L. plantarum 53 12 14 14 25 24 1 -
L. rhamnosus 7 - 2 1 2 1 - -
L. sakei 6 1 - - - - - -
Leu. mesenteroides 2 - - - - - - -
S. thermophilus 1 - - - - - - -
Unidentified 40 - - - - - - -

Total 140 15 (10.7%) 20 (14.3%) 18 (12.9%) 31 (22.1%) 32 (22.9%) 2 (1.4%) 0 (0%)

* Presents not inhibition.
" Presents non agglutinable vibrio.

Table 6. The inhibition effects of cell-free cultured solution of probiotics to pathogenic microbes

No. of inhibited isolates (%)

— No. of
Probiotics isolates Staphyrococcus — Staphyrococuus — Propionibacterium Listeria Yersinia
aureus pyogenes acnes monocytogenes enterocolitica

E. faecium 27 2 2 2 4 3

L. acidophilus 1 - - - _* _

L. alimentarius 1 - - - - _

L. casei 1 - - - - _

L. pentosus 1 - - - 1 -

L. plantarum 53 - - 1 6 1

L. rhamnosus 7 - - 1 2 1

L. sakei 6 - - - _ _

Leu. mesenteroides 2 - - - - _

S. thermophilus 1 - - - - _

Unidentified 40 - - - - _

Total 140 2 (1.4%) 2 (1.4%) 4 (2.9%) 13 (9.3%) 5 (3.6%)
* Presents not inhibition.
G vaginalis=251.4%) R0 C. albicanss 2182 0.2 9 penicillin 10%, imipenem 10.7% ZL&] 3L ciprofloxacin /3
A= probioticsi= 8] =] 2] ¢Fotct. £9] 67.9%% LERGTE
4. Probiotics HiRFo40| M| LIAIAIE —

L =

B213} probioticsol] et 314l WA B 344 A8 ATt
L Table 73+ 2ok Ampicillin 3 &S 11.4%01 9 swep- Wzl S-AABAN LelH B Fo] fA
tomycin 83.6%, sulfamethoxazole/trimethoprim 59.3%, 2] QA1 U AT} ZHE B2 AL O 8
o]
AA

i)

S
. o

e rlo

HO e DT
o3 o

vancomycin 73.6%, gentamicin 75.7%, tetracycline 10%, < 2k gloeu(16, 17] E3] A4S probiotics
oxacillin 70%, norfloxacin 72.1%, nalidixic acid 98.6%, W A|AE9) 718 Eoksto] 7HA] Zgke] X gof |2 o
erythromycin 32.1%, cephalothin 19.3%, clindamycin 26.4%, A9l St EARA TulEA 2HE I UH18).
rifampicin 22.9%, cefotetan 97.1%, chloramphenicol 10%, H A% of| A= GatAof] Wo L-2E A7) Q] hkRlo] At
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Table 7. Distribution of resistant, intermediate and susceptible
isolates in probiotics isolated from Kimchi to antimicrobial agents

No. of isolates (%)

Antimicrobials

Resistant  Intermediate Susceptible
Ampicillin 16 (11.4) 11 (7.9 113 (80.7)
Streptomycin 117 (83.6) 5 (3.6) 18 (12.9)
Sulfamethoxazole/ 83 (59.3) 12 (8.6) 45 (32.1)
Trimethoprim
Vancomycin 103 (73.6) 2 (1.4) 35 (25.0)
Gentamicin 106 (75.7) 0 34 (24.3)
Tetracycline 14 (10.0) 8 (5.7) 118 (84.3)
Oxacillin 98 (70.0) 18 (12.9) 24 (17.1)
Norfloxacin 101 (72.1) 24 (17.1) 15 (10.7)
Nalidixic acid 138 (98.6) 1(0.7) 1(0.7)
Erythromycin 45 (32.1) 0 95 (67.9)
Cephalothin 27 (19.3) 34 (24.3) 79 (56.4)
Clindamycin 37 (26.4) 28 (20.0) 75 (53.6)
Rifampicin 32 (22.9) 24 (17.1) 84 (60.0)
Cefotetan 136 (97.1) 1(0.7) 3(2.1)
Chloramphenicol 14 (10.0) 1(0.7) 125 (89.3)
Penicillin 14 (10.0) 57 (40.7) 69 (49.3)
Imipenem 15 (10.7) 0 125 (89.3)
Ciprofloxacin 95 (67.9) 22 (15.7) 23 (16.4)

(¢

Aot S-S ABHAZ 4= Sl+= probiotics 7S A5l = Al
7 35%2] X ellA] 1405-¢] probioticsE #2]6F3 21, o5
O {82 [, plantarum (37.9%), E. faecium (19.3%)°] %}
Asta o AeF9EAE L rhamnosus, L. sakel, L. alimen-
tarius, L. acidophilus, L. pentosus3) L. sakei= )Tt AL
doflA Bare XA 223t fAE 5 Lactobacillus’t
63.7%%1 Zof| H]3f| & Al A= 50%E T 2o =4 UErst
©m[19], Kwon 51201 ZA[oll= 30% ool fritatEo]
Qo 1 F SHFORE [ plantarum, L. brevis, E.
faecalis 1311 Leu. mesenteroides?) & 511 sFQch, Az
Foll= Lactobacillus %2] 4HFE21], A7 7o A=
Pediococcus 42 ARt o] el Ertal B E] 31 9o
H[22], & A HA A= B faeciume] 19%4 A& ﬁiﬂ
Zazdol whet ohefet 7 RS U SIT &
AgARE ¥ 1405 5 49.3%01A St Uehd L U%
H Byg AwEE NAG-Vibroof Hist Ft4o] 22.9%,
fexneri=22.1%% ©]% 714 =9y o™, S Typhis=14.3%, .
enteritidis 12.9%, E. coli O157:H7 10.7%, L. monocyto-
genes 9.3% w0 & UERTE B Adof| A= titkro] Wit
of| LA} FH S A WS Yebd L. plantarum,
L. sakei, Z1e) 1L E, faecium?} 24717k A X 5 AR
S X SA] A 4= Q= 80t Gt A = AT XY
= QJE o] ofohH etA] X5 & probiotics A 2]A] A3 H}

oy, rlot

1#1

-101‘ o9k ‘1
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