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Isolation and Antibiotic Susceptibility of Enterococcus spp.
from Fermented Soy Paste
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Abstract

To evaluate the antibiotic risk of Enterococcus in fermented soy paste, Enterococcus spp. were isolated and
identified from 31 Cheongkukjang and 17 Doenjang samples. Exactly 123 Enterococcus spp., 119 from Cheong-
kukjang and four from Doenjang, were ultimately isolated. The most frequently collected Enterococcus isolates
in Cheongkukjang were 69 strains of E. faecium and 20 strains of E. faecalis. All four Enterococcus spp. from
Deonjang were identified as E. faecium. All isolates were sensitive to ampicillin, chloramphenicol, penicillin,
and tetracycline. However, they showed broad spectra from sensitivity to resistance to erythromycin, ripampin,
and streptomycin. Vancomycin minimum inhibition concentration (MIC) of Enterococcus spp. from Cheongkukjang
ranged from 0.25 to 8 pg/mL. Almost all strains were sensitive to vancomycin, but eight strains showed inter—
mediate resistance to vancomycin. Seventeen strains showing the highest MIC of 8 pg/mL among all isolates
were evenly distributed among FE. faecalis, E. faecium, E. gallinarum, and E. casselifalvus, in which the strong
resistant genes of vanA and vanB for vancomycin were not detected. Overall antibiotic resistance of Enterococcus
isolates was relatively low and particularly low vancomycin resistance was similar to those of Enterococcus
isolates obtained from other foods. Therefore, the antibiotics resistance of Enterococcus and especially vancomy—
cin-resistant Enterococcus spp. from Cheongkukjang and Doenjang is not hazardous.
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A#H Ao} Vancomycine B-lactamA & Ao Hk-2-&
Zkal QAAY B-lactamAl @Al WAgo] e FTE A
o Ab&E A1 A=, Dol A vancomycin WA &
T (VRE) E. fecalisS} E. fieciums HZZ B2 Hidh
olgf, A AA Z2H B VREZ Yol RuFATH10,11).
vl=re] A, B U 73 7 F VREY ¥IF-2 1939d
0.3%°14 1993 79%=2 F243 718 A2 (12), VRE
o] F71gel vl= CDCE VRE AIUAE 23 23 &
vl A 3 S TH13).

VREE vancomycin® teicoplanin®l] t 3t WA G =9} o]
= FAAC 93 A FE A7 @ VanA, VanB,
VanC, VanD ¥ VacE9 ZdFoZ UFo]xth(14,15).
VanA8 3 VanBE 2 T2 E. fecalis® E. fiecium| A
A= plasmidg 3 A9E = I3, JAAES do
F dorz FAFAE Hastoh16). ool §hal, AE
vancomycin®] WA& zZt= VanCE L 548 717 F+
o] B 7R = EAolH, VacClE o= E. gallina-
rum, VanC28 o= E. casseliflavus, VanC3& = E. fla-
vescens7F A HH17).
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KCTC 2011, E. faecium KCCM 12118& A3t EE
AlZE clean benchollA @3 o g AHgEen, & 7
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= o] &3le] #2333 T 1 mLe Ag HAoZ ALE3IH T
ARAHRAA AN ALGE = A Z 7T 121°Col A 7kt 2
T3kl ARg-S AT

UM =Y

Z 42 AE 1 gs kY 9 mL 0.85% a2 94
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Enterococcus 22|12t S8

AL AF 1gS 9ImL 085% B Fs &do Ho
107 8238} Enterococcus B8] 2?1 Enterococcusel
agar(Difco, Bercon, Dickinson and Company, Sparks, MD,
USA)el B =23te] 37°Coll A 24~72417F vl ks & 3
24 g F HFZHA As Yt FAHsIA

Enterococcosel agarol A 7324 J &S Elste] 5% H
g dlo] H7tE tryptic soy agar(Difco)oll ¥l & T3
A T oERkE AdEste] 45°Col A o] AF AR 6.5%
NaCl £A)3}+9] A%, catalase B FFE 45190 45°C
oA o] wjkAl e AFEH = TS nutrient agar(Difco)ol
HF3FaL 454+0.5°Coll 24A17F F<F v & AZARE
#E&stH o™, 65% NaCl AFHL Al FstHe 72 65%
NaCle] #7}9 nutrient agarell HE3}] 37+0.5°Col] 244
FEet e & BFAFE B4 AT oF&2] Enter-
ococcus® 5-°13 primer?] Entl(5'-TAC TGA CAA ACC
ATT CAT GAT G-3")3 Ent2(5'-AAC TTC GTC AAC
GCG AAC-3")E o]&3led PCRZ 4(genus)S TAHA T
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(27-29). 18921 API 20 Strep kit(bioMericeux, Marcy
I'Etoile, France) 9} 53 PlAE 54X Vitek H(bio-
Mericeux)®] 232 2838} Enterococcusd % (species)
< T34
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23 Enterococcus®] A 74432 disk diffusion
teste} $Hd S| AHHH S o] &3t P 3HHTHB0). i &
A A= National Committee for Clinical Laboratory Stan—
dards(NCCLS)l A Enterococcus®] FAYA AALZ FHH

vancomycin, penicillin, chloramphenicol, tetracycline, ri—
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fampicin, streptomycin, ampicillin®} erythromycing AFH&-
A TH31). Muller-Hilton(MH) broth(Oxoid)oll A #] %=
Hj el 3 MH v o] FAAE SAEZ 3] 4sto] 3
7hgt Wi Ao HEVITFE o83t HES $ 37°ColA 244]
t w3y, HAASA S = (minimum  inhibitory
concentration, MIC)= Z}z}9] AA 7} H7HE wj A o A
o7t T2 ¥ HAsEE AAsAT T3 disk
diffusion test® $diAE MHoAA Awjyd BRIAFFE
MH Hui A 9]¢ diskell &8 37°Col A 244131 wf &
sk

Multiplex PCROY| 2|8t vancomycin R&A ZH4E

AF o) A AFE3F 6709 oligonucleotide primerss= Dutka-
Malen 5(32)9] vanA, vanB, varCl, vanC2ZS AF-&3F3th.
TSA(Difco)oll Enterococcuss 37°Coll A 18417t vl 3t Ath
W1FE Enterococcuss Accuprep” genomic DNA extraction
kit(Bioneer, Daejon, Korea)Z genomic DNAE g A3} %
t}. AAE template DNAES Gene cycler(Bio-Rad Labor—
atories, Hercules, CA, USA)E ©]&-3lo] FZ31¢ ) Mul-
tiplex PCR ZSZALE2 H7]|9%3% ¥ UV transilluminator
(Seolin Biotech, Suwon, Korea)oll ] A3=S &<21351% ).
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kel A 8 F FEAE] F5d2 W 9 log CFU/g
olae] dubMo] AEFHNoH, I TR 2 log CFU/
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Table 1. Total aerobic mesophilic count of fermented soy
paste

Total aerobic mesophilic bacteria

Sample (No.) (log CFU/g)

Mean Minimum Maximum
Cheongkukjang (31)  9.03+1.23 7.30 11.12
Doenjang (17) 7.71+0.93 6.00 9.08

CFU/g A= & @471 Buslo] gov] 248 37733
Aol o9} e v gEo] FHEel Yt AR Vet
st
A .
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Enterococcusel agarol A 722 He-g AMeElsla] 45°C
A2 A5 65% NaCl =A5F2] A5 catalase WA +5F
E Q13 & Enterococcus®| 5-°]4 primer?] Entl, Ent2
& o]&3t PCRS 333t tHTable 2). & (species)®] &
AL el A= Vitekl[ API 20 strep kite] 232 233}
o] 28t Enterococcuss 33 A H=4% 317 EE
ZRE Entrococcuss #23tR LM Enterococcus®]
Hit 5 log CFU/g ool sttt & |de = 17
M AR FoNA 270 AF12%)N MR Enterococcuss -2
St S 0.3 log CFU/ge] SR8t A=57olx< v
$ =& Enterococcus’t EAEA Do T3 Entero-
coccusg 2T F7F ATk ¥y @ZY AHSede
Enterococcus’t o} AA FtEo] ASS & F7F AATH
ol A=A Al8olA Enterococcus 119755 E8|&
F7F ATt o|EL E. friecium 69T F(58%), E. faecalis
207 5(16.8%), E. gallinarum 745 (5.9%), E. casseliflavus
1197(9.2%) S22 FAHJSH, T4 =HXA
Enterococcus= 1275(10.1%) 2 YEL s th 24 2709 A
B\ A Enterococcus 455 FE3FA o5 BF E.
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ococcusZ B3 A3 E. feciume] 0% E 71 Bol A
T o Stobbering 5(11)2 FHZANAN F2 E. frecium
3 E. faecalis & AE3ATH Cho T(37)°] TEZHH
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Table 2. Prevalence and isolation of Enterococcus spp. from fermented soy pastes

Enterococcus sample Isolated

Sample

Total Enterococcus No. (log CFU/g)

No. (%) Enterococcus spp. Mean Minimum Maximum
Cheongkukjang 31/31 (100) 119 5.95+1.60 3.51 8.46
Doenjang 2/17 ( 12) 4 0.39+1.10 0 3.48
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Enterococcus$t+= 23] Randazzo 5(38)2 2B oA E.
faecium, E. casseliflavus, E. hirae < 7AZ3gth 18y
Ay, L AAAEF T HAa7E2F 2 ready-
to—eat foodsS} A& @& 2 F| M Enterococcusd L
FEA e dgk A7 gol Baso] A Gk A=)
M) 2o = E. casseliflavus’y 22y 52.3% 9} 545% %
78 ®ol AEBYFNH, ZAEF, olfFAdME E
fiecium®] 27t 95.9%9F 923% 2 7+ wol AZH U w
A 55 L daFdAMe= E fecium™} E. fecalis7t
T2 AZHY AAANLFE E. casseliflavus 5°) FF
o] Fa1 Qo] AE 9] Y5 wel Enferococcus®] F3E7} 3
o] Ao R HAT wEtA FHE A FANAAE A
AiFo g 87 stressoll At W3S 7HA = E. fecium
I} E. fecalis’t $HFLZ EA5H HE Aoz Bl

22| Enterococcus spp.2| EHAH o £

Ampicillin, chloramphenicol, erythromycin, penicillin,
rifampin, streptomycin, tetracycline, vancomycin®] t 3+
A=3A3 B8 F Enterococcus?) 7S NCCLSE]
disk diffusion method= 418 ATH31)(Table 3~5). & &

B3 12370 Enterococcuse ampicillin, chloramphenicol,
penicillin, tetracycline®] Wj4do] A Yeldth. Penicillin
5% WA E fecalis®t E. freciume £ penicillin®l
© 3% = zF= penicillin-binding protein(PBP5) w] &
ol penicillin®ll Y73A-& ZE=tH40). Enterococcus®] 1§
% penicillin W/d-2 PBP59] #<) A7 PBP5o| A ofr]=
Aol A ¥E = A #HHo] oW, E feciumol X 7+
@o] #FHY 3. 183l erythromycin, ripampin,
streptomycin S| A= Enterococcus’} WA3°] A= Ao
2EEH 9ol e AZA hFEA EEE AT Ery-
thromycing 7459 WA TF7F BUAL ripampin®] 72
L= 124 EXHQ o streptomycing WATFF7 AL
Bokth 2 78 AE e FAAR] vancomycinel F3t
Ao WS Role aF7F ARl A AEHIA oY o]
Az WAL A3 tdgdols EAZE HA &5 AL
2 H It} Ripampind] WAS Role 5L F2 £ fie-
calis, E. fiecium SoA B33 MIC 64 pg/mL ©]%+2] WA
< Ho| F3001 streptomycine HId &S Hol F3I0

Klare 5(41)2 5% 3 vancomycin WA E. fecium

V)
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Table 3. Antibiotic susceptibility of Enterococcus spp. from fermented soy pastes

Sample (Isolated Susceptibility Ratio of susceptibility to each antibiotics (%)
Enterococcus spp.) level” A? E P R S T \
S 100 98.3 12.6 100 35.3 7.6 94.1 93.3
Cheongkukjang (119) I 0 65.6 0 25.2 37 0 6.7
R 0 21.8 0 39.5 554 59 0
S 100 100 0 100 0 0 100 100
Doenjang (4) 1 0 B 0 0 0 0 0
R 0 25 0 100 100 0 0

)S, sensitive; I, intermediate; R, resistant.

Z)A, ampicillin; C, chloramphenicol; E, erythromycin; P, penicillin; R, rifampin; S, streptomycin; T, tetracycline; V, vancomycin.

Table 4. Minimum inhibitory concentrations of Enterococcus spp. on rifampin from fermented soy pastes

g | Species Strain distribution at each MIC (ug/mL) R
ampie (Isolated No.) 025 05 1 2 4 8 16 32 64 >64 ange
E. faecalis (20) 4 1 8 5 2 4~64
E. fecium (69) 15 1 2 4 10 15 12 9 1 0.25~>64
Cheongkukjang E. gallinarum (7) 2 1 1 2 1 0.25~64
E. casseliflavus (11) 6 1 1 1 2 0.25~32
N.D" (12) 3 1 1 2 5 0.25~16
Doenjang E. fecium (4) 1 1 2 32~>64
UN.D indicates the unidentified Enterococcus.
Table 5. Minimum inhibitory concentrations of Enterococcus spp. on streptomycin from fermented soy pastes
Sample Species Strain distribution at each MIC (pg/mL) Range
P (Isolated No.) 025 05 1 2 4 8 16 32 64 >64 &
E. faecalis (20) 1 4 15 16~>64
E. faecium (69) 1 4 35 25 4 2~>64
Cheongkukjang E. gallinarum (7) 1 6 16~32
E. casseliflavus (11) 9 1 1 16~64
N.D" (12) 3 4 3 2 16~>64
Doenjang E. fecium (4) 3 1 64~ >64

UN.D indicates the unidentified Enterococcus.
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Table 6. Minimum inhibitory concentrations of Enterococcus spp. on vancomycin from fermented soy pastes

Sampl Species Strain distribution at each MIC (ug/mL) R
ample (Isolated No.) 025 05 1 2 4 8 16 32 ange
E. faecalis (20) 3 9 7 1 1~8
E. fecium (69) 2 5 47 6 5 4 0.25~8
Cheongkukjang E. gallinarum (7) 1 1 3 2 1~8
E. casseliflavus (11) 1 1 9 0.25~8
N.D" (12) 4 4 2 1 1 0.25~8
Doenjang E. faecium (4) 4 1
YN.D indicates the unidentified Enterococcus.
839l A 744 A, penicillindl= WA, chlor- vanC2 §- AR} ZZALELS dolstuth 183 THFE 882
amphenicol @} rifampinol & V74 S Yebd S &<lssl bp 3719 varCl AR ZZEL geld 2= gLty
23719} SR a7 NA B2 g Enterococcusd B8 A 7F vanCl¥ vanC2+ vancomycin®l] thal Asx= HWAS e
4 7AAFA 3}, penicillin, tetracycline, ciprofloxacin, chlor— Ye gARoH, AsE PALS 717 BaFse 3Helst
amphenicol ¥ rifampin®] WZAAES BEATH1). 28 T Udqtt BE B FFAA 1% % vancomycin WA
Pavia 5(42)¢] &, &, FHAZx, & & Hx] 59 17 A AAS vanASlt vaBE AESHA LthFig. 1).
H-2]8 Enterococcus®] FAA HA A=, 917HAdo] e Chadwick 5(44)2 S SR 17] ¥ 2 37]oA VREZ

A A= ampicillin®} rifampin®] %1
clined]l W& A

a8ng Z47te] A9u B2 Fe wel Enterococcus
o] FAA Ao xpo] B Holx AL Enterococcus?’y &
Ay A o AE o} AHEE FAA AFEAE o mE X0
of 710k Ao = KRt}

o, o

R o] tetracy-

ﬁ
=4

22|  Enterococcus spp.2| MICe}

{5}

vancomycin van—
comycin LH4&

Vancomycin-resistant EnterococcustVRE)+= VanA,
VanB, VanC VanD % VanE9 571# 8 &o] U=,
VanA&8-2 E. faecalist E. faeciume] &30, 1FE2
Vancomycm(l\/HC, 64~1,000 yg/mL)ol WAS HolH VanB
2 VanA 3= &3 vancomycin®l] A thFsk H Q)
o] WA (MIC, 4~1,000 ug/mL)% Btk VanCE L E gal-
linarum, E. casseliflavus 2 E. flavescenso| A1 J)rﬂﬂv—ﬂl
H 1% VanEd 3 3] vancomycindl] tlA A&
WA (MIC, 4~32 pg/mlL)S LFERATHAS).

Ao A B8l® Enterococcus®] vancomycin MIC
e 025~8 pg/mLE JElow 1197F 5 E. fecalis
8, E. fiecium 995, E. gallinarum 575+, E. casseli-
falvus 995+, Enterococcus spp. 2757} MIC 8 pg/mL 2]
A& = WAA©277%)S EAHTable 6). Aol #2E E.
fecium 4757 25 vancimycinoll 917348 B o] F1oh
H|% MIC 8 pg/mL A= @& Aol A v £ Fof 34
Hol AR XA E faecalis, E. fecium, E. gallinarum, E.

a2A EEHA ASFE ¢ F7F JATH
% vancomycin WA Enterococcus®] WA
AN&3HA 7] 98t Enterococcus®)
vancomycin WA F2A+9] primer®E vanA, vamB, varnCl
9 29 A2 ASE FAd & 4 & multiplex PCR
71ME FAsA o] T T 11757} 439 bp F719]

casselifalvus & ©l
ol 17F9 A=
FRAAE FEES

Eyslioen, AEFF5E AA vanA AR Aojd 5
Qe Aol Ytk &3 VREE 719 FEoly x5
A %L oA Bates 5450l 93] = qon, 2}
o] 3¢} AwelA 83 VRES 22 ribotyping s¥H &

ZEal AU Klein 5(36)0] £aL7] ek HjAaL 7)o A £ 3

Entercoccus % 05%7} VRE®| W, 44&E2| 73 o2 34
A WAEFES FEsa T Y Ul AS-ol= 1997
d o]F FE {8 VREQ £ 17t I Seo S46)S

19990l =R} & B 1091 5 & oA 11579 VRE
5 B3ttt Cho AN &, HlA], & % 7l 59 1ol
A ¥ Entrococcus 1227H TF F IF X vancomycin
WA #FE gRey, AFE vancomycin WS Role
E. ga]]marumﬁr E. casse]zﬂavu s 52 —v—E] stA . Enter-
< ¥g olElg &

s 41%01]1_ VRE7} =& 4 9oy B Ao A
olg A=A, B 5 F waAFAAM E8E Enterococcus

M 1 2 3 4 5

Fig. 1. Vancomycin gene analysis of isolated Enterococcus
from Cheongkukujang with vanA, vanB, vanCl, and vanC2
primers by multiplex PCR. Lanes: M, 100 bp DNA ladder mark-
er; 1 and 5, Enterococcus varCl strain; 2~4, non-van gene har—
boring Enterococcus spp.
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= vancomycin®| 3 WA =7} ZX] ol kAol 3
= Aoz ®Hog,
o ot
I =
T HEAEFQ Gy @FelA B8 S Enterococcus
o] g AA WAS Hrlstaxt 3109 A=A 1749 93

Z:

© ZRE Enterococcuss ¥, 83 F ZA4A HEEA
< B4 e A= AlgoA 1197 F, @A E
T3, = 1237019 EnterococcussS 23t 713 wo]
Z2 HAZAZNNE E faecium 6975, E. fiecalis
solr] BN RN EE3 4T F= BF E. fae-
2 FAFEAL. F 123709 Enferococcuse= ampi-
cillin, chloramphenicol, penicillin, tetracyclinedl Wj4do] vt
A Yebg ol 18] 1 erythromycin, ripampin, streptomycin
SolAE WAgol =& Ao ZRE Ao A= AA o
oA BESIAT. HAZd A E2® Enterococcus
vancomycin MIC ¥$l= 0.25~8 pg/mLEZ YElton,
MIC 8 pg/mL ZE9] ©& WA 17dF7} E. fecalis, E.
fecium, E. gallinarum, E. casselitalvus 5| 124 EX
Hol dS & 71 A} BRE EETFAA TEE
vancomycin WA vanA, valBE HEH A &uth
B Ao A Enterococcuse AFAZ7 d] EEsa
A= T 7FE A Fol= dAA HATF9 vancomycin-
resistant Enterococcus?’t EAE & Joy ols A=A,
B4 5o F HEFE Enterococcusdl e FL FAA A W)
AR T2 ol FAA tHAgo] e AL = Bl
HAe 2
2 A3E 01295 /MU w e dd o8

Aol o]d A=Y T

Ao
rat
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