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Identification of Coliform Bacteria Isolated from
Nangmyun-Broth in Korea and Psychrotrophic Character
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Abstract

The nangmyun is a Korean iced noodle made by putting buckwheat-noodles into cold broth. Seven

samples of nangmyun-broths were collected from Korean restaurants in Bucheon during July 1994, The con-

tamination levels of nangmyun-broths by coliform bacteria were determined, and then the 40 colonies of

coliform bacteria, isolated randomly from 4 samples of nangmyun-broths, were identified at genus or species

level with the additional test for psychrotrophic character. The coliform counts in nangmyun-broths were 6.
0x102~6.5% 10! /ml(average 2.3x10° /ml). Among the 40 strains of isolates, 27 strains(67.5% ) were ident-
ified as the genus Klebsiella, 9 strains(22.5%) as the genus Enterobacter, 2 strains(5.0%) as the genus
Citrobacter and 2 strains(5.0%) as the genus Escherichia. Among 27 strains of Klebsiella, 11 strains(40.8%)
were identified as K. planticola, 4 strains(14.8%) as K. pneumoniae, 2 strains(7.4%) as K. ozaenue and 2

strains(7.4%;) as K. terrigena, but 8 strains(29.6%) of a typical Klebsiella could not be identified at species

level. All the 40 strains of coliform bacteria were psychrotrophs showing slow growth at 10°C, and 18

strains(45%) grew at 5°C. It was thought to be a good basic data in describing the reason for too high

coliform counts in nangmyun-broths that all coliform bacteria tested in this study were psychrotrophs.
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BCP plate count agar(yeast extract 2.5g, pep-
tone 5g, glucose 1lg, tween 80 1g, L-cysteine 0.
1lg, bromcresol purple 0.04g, agar 15g, distilled

water 1,000ml, pH 6.9)9] &4 34 0.1mlE =
D3k & 30°Cel a-e vl 27k v ate] F90) &

Mo ks Peag AU
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Desoxycholate agar(peptone 10g, lactose 10g,
sodium desoxycholate 1lg, sodium chloride 5g,
dipotassium phosphate 2g, ferric citrate 1g, so-
dium citrate 1g, neutral red 0.03g, agar 15g, dis-
tilled water 1,000ml, pH 7.3)9l S-5= 3|4 0. 1ml
g 233 3 37°Ceoll A 48417 Ml o ey =
J40e] %2t BGLB broth(peptone 10g, lactose
10g, oxgall powder 20g, brilliant green 0.0133g,
distilled water 1,000ml, pH 7.2)¢ll g%ste] 37°C
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Al A gt g A e st $o tryptic
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5g, sodium chloride 5g, dipotassium phosphate
2.5g, distilled water 1,000ml, pH 7.3)o4 12A]7F
wjokel the 5°CE BESIHA 588 ol ARk
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A9 genus 72 Table 13 #Z& S4%
710 5 sto] 5T
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Table 1. Differential characteristics of coli- wEE e,
form bacteria classified by genus
Entero-  Kleb- 7Citro- Esche- 9. Catalase X oxidase ZIAt
bacter  siella  bacter  richia Tryptic soy agar(tryptone 15g, soytone 5g, so-
Motility + -~ + + /- dium chloride 5g, agar 15g, distilled water 1,
H,S production - - - - 000ml, pH 7.3)oll Al@F& =@skar 37°Coll A 244
Indol production - +/= +/= +/= 7 wjoksl & catalase 3% H,0.24'7, oxidase®
I\\//I?i vl tred test - +/ )+ i ; B + + tetramethyl-p-phenylenediamine dihydrochloride
-P tes a — - -
! q AAVsRE CHD
Citrate utilization +¥ +/—  + —c) A A

a) Only some strains of E. agglomerans are negative.,

af AHA} 74
b) Only some strains of C. freundii are positive. 10 HeS ¢ indol 244+ ZAA}

¢) Only some strains of E. blattae are positive, SIM agar(peptone 30g, beef extract 3g, fer-
Source : Krieg, N.R., J.G.Holt(1984), Berget’s man- rous ammonium sulfate 0.2g, sodium thiosulfate
ual of Systematic Bacteriology'” /Ewing, W.H.(1986), 0.025g, agar 3g, distilled water 1,000ml, pH 7.3)
Identification of Enterobacteriaceae™ . o A|EES stabbingdt & 37°CollA] 484 7F Wik

S o Fo| FAEY7F Mo wsh H,SAI4} pos-
itive, EM o2 W3}z $tOH negative® A3
tH?,

Indol A4k ZiAk= 4719 o] uldst $ofl Kov-
ac’s reagent= A} Bk2-A1Z uwf A8 VERNH posi-
tive®, B8 el negative2 A3,

& wgsialn, Gram §442 Hucker W3 ol o}
A

o
2 4415
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8. P4 ¢ & 274

54 AARe agar 0.4%8 /31 tryptic soy
soft agar(tryptone 15g, soytone b5g, sodium
chloride 5g, agar 4g, distilled water 1,000ml, pH
7.3)°] AlFd#E 2cm Zo] & stabbingdk § 37°Coll
A 23T wliekslw Al RS W) kA g ] A
¥ agar® (.15% &8l tryptic soy soft agar
10ml7} w58 Al o] Alfd-E &Skl g

$H@ Foll ATCol A A 90 AR P

11. Methyl red & Voges-Proskauer Z4A}

MR-VP broth(peptone 7g, dextrose 5g, pot-
assium phosphate 5g, distilled water 1,000ml,
pH 6.9)ol A18T-E AFs 37Coll A 24 7k w3
% methyl red& 718 o Fo]d methyl red 7

fi rfor

1

Table 2. Differential characteristics of the genus Klebsiella classified by species

Characteristics K. pneu- K. ozae- K. rhino- K. oxy- K. plan- K. terri-

moniae nae scleromatis toca ticola gena
Indol production - -~ - + — /4 -
V-P test + - - + + +
Citrate utilization + -/+ - + + +
Methyl red test —/+ + -+ - /+ —/+ 4
Pectin hydrolysis - — — + — _
Gas at 44.5°C + —~ - — — _
Melezitose fermentation - -~ - - /+ - +

Sources : Krieg, N.R.., J.G. Holt(1984), Bergey’'s Manual of Systematic Bacteriology /Ewing, W.H.(1986), Identifi-
cation of Enterobacteriaceae’® / Balows, A., H.G. Truper, M. Dworkin, W. Harder, K. H. Schleifer(1992), The Prok-
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aryotes, Second Edition™’,
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Simmeons’ citrate agar(ammonium dihydrogen
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Table 3. pH and bacteria counts in nang-
myun-broths made in Korean restaurants

Nangmyun Lactic acid Coliform
broths pH bacteria bacteria
(CFU/ml (CFU /ml)

A 4.40 2.3%10° 1.4%x10°

B 4.94 1.2x107 3.1x10¢

C 4.60 L.1x107 1.1x10*

D 4.50 1.6x107 4.7x10!

E 3.97 2.1x107 6.0x10?

F 5.16 4.1x10° 6.5x10*

G 5. 6.0x10°

L .Z><10b
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Table 4. Genus identification of coliform bacteria isolated from nangmyum-broths
Nangmyun Strain Motility H.S Indol Methyl V-P Citrate Identified
broths No. production production red test test utilization  genus
A Al - - + + + + Klebsiella
A2 + - - - + + Enterobacter
A3 + - - - + + Enterobacter
A4 - - -+ + + + Klebsiella
A5 + - - - + + Enterobacter
Ab - - + + + + Klebsiella
A7 + - - - + + Enterobacter
A8 + - - - + + Enterobacter
A9 + - - - + + Enterobacter
Al0 - - + + + + Klebsiella
B Bl — - - - -+ + Klebsiella
B2 - - + - + + Klebsiella
B3 - - - - -+ + Klebsiella
B4 -+ - - - + + Enterobacter
B5 - - - - + + Klebsiella
B6 - - - - + + Klebsiella
B7 + - - + - -+ Citrobacter
B8 - - - -+ + + Klebsiella
B9 - - + + -+ + Klebsiella
B10 — - + + - + Klebsiella
C C1 - - - + + + Klebsiella
C2 - - + + + + Klebsiella
C3 - - - + + -+ Klebsiella
C4 - - - + + + Klebsiella
C5 - - - - + + Klebsiella
C6 - - + + + + Klebsiella
C7 + - - + + + Enterobacter
Cc8 - - - + + + Klebsiella
C9 — - + + - + Klebsiella
C10 - - + + + + Klebsiella
D D1 - - - + + + Klebsiella
D2 + + - + - + Citrobacter
D3 + - + + - - Escherichia
D4 — - - + — + Klebsiella
D5 — - - + - + Klebsiella
D6 + - - - + + Enterobacter
D7 - - - - + + Klebsiella
D8 - - - + + -+ Klebsiella
D9 + - - + - - Escherichia
D10 — - - + -+ + Klebsiella
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A B, C, D #7l9] &2 HE 2t 40t 10704
a3t 40719 s 285 25 desoxychol-
ate agar “dellA A =g Yehigla, BGLB
brothell A 7}AE AT & 25 SAR7IAEY
Gram &7d¢] 22 hrolglem, catalase YA o]
oxidase S/dololx] tidywe] AEHN EXHE
XA (HE data AA] A=k,

2 E 40719 el dldle genus F8& 3t
B Az= Table 491 29toH, ol& 7|22 sl Y
ASTEE genus ¥ E A B Ail= Table 59
23Ut

TFHE Al, A4, A6, Al0, Bl, B2, B3, B5, B6,
B8, B9, B10, C1, C2, C3, C4, C5, C6, C8, C9,
C10, D1, D4, D5, D7, D8 2 D102 Klebsiella%: 2.2,
A2, A3, A5, A7, A8, A9, B4, C7 2 D62 Enter-
obacter£:2.2, B7 2 D2+ Citrobacter%: 2.5, D3 2
D9 Escherichia?: 0.2 7}2F £ 9o},

W& B, C, Do+ Klebsiellad:ol 7}V wkil,
A= Enterobacters:o] 713 B3koh.

AR 4005 = 277(67.5%) = Klebsiella®:2)%],
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3. Kiebsiella2| species S&
Y g od9 gdFs 5 7H 29

b Hwrt &
& Klebsiellaz:o) th3} species 532 8l £ A=
Table 63 zZom, o) 7|z%&E 3t WHSFHE
Klebsiella®] species &-X & A3 B A= Table 7

7 ket

#+FHE B2, B3, B5, B6, B9, C2, C3, C5, C10,
D8 2 D102 K. planticolaZ., B8, C4, D1 2 D72 K.
preumoniae®., C1 2 C8L K. terrigena=, D4 2 D5
¥ K. ozaenae® Z¥7Z+F EHA =t 1zt Al, Ad,
A8, Al0, B1, B10, C6 2 C9x= 8] ) F3o0]0]
A B AEo] Y87k Z A= species B0 Bt
3t

2752 Klebsiella 5= K. planticola 113 (40.
8%), K. pneumoniae 45(14.8%), K. ozaenae 25(7.
49%), K. terrigena 25(7.4%) <11, 4] B7l%

3 Ao 85(29.6%) o1 At
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Table 5. Genus distribution of coliform bacteria in nangmyun broths

Nangmyun broths Klebsiella Enterobacter Citrobacter Escherichia Total
A 4 6 0 0 10
B 8 1 1 0 10
C 9 1 0 0 10
D 6 1 1 2 10
Total 27 9 2 2 40
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Table 6. Species identification of the genus Klebsiella isolated from nangmyun-broths

Indol

Strain V-P  Citrate Methyl Pectin Gas at  Melezitose Identified

No. prg— test utilization red test  hydrolysis 44.5C fermentation species
duction

Al + + + + - - + Atypical strain
A4 + + + + - - + Atypical strain
A6 + + + + — — + Atypical strain
Al0 + + + + - - + Atypical strain
Bl — + + — - - + Atypical strain
B2 + + + — - - - K. planticola
B3 _ + + - - - - K. planticola
B5 _ + + — — - - K. planticola
B6 _ + + — - - - K. planticola
B8 - -+ + + - + - K. pneumoniae
B9 + + +- + - - - K. planticola
B10 + — + -+ — - - Atypical strain
C1 — + + + — - + K. terrigena
C2 + + + + - - - K. planticola
C3 — + + + — - - K. planticola
C4 — + + + - + - K. pneumoniae
C5 - + + — - - - K. planticola
Cé + + + + - - + Atypical strain
c8 - + + + - - + K. terrigena
C9 -+ — + + — - -~ Atypical strain
C10 + + + + - - - K. planticola
D1 — + + + — + - K. pneumoniae
D4 — — + + - - - K. ozaenae
D5 — _ + + - - - K. ozaenae
D7 — + -+ — — -+ - K. preumoniae
D8 — + + + — - - K. planticola
D10 — + + + — - - K. planticola

Table 7. Species distribution of Klebsiella in nangmyun-broths

Nangmyun broths K. pneumoniae K. ozaenae K. plnaticola K. terrigena  Atypical strain Total

A 0 0 0 0 4 4
B 1 0 5 0 2 8
C 1 0 4 2 2 9
D 2 2 2 0 0 6
Total 4 2 11 2 8 27

W g A e gh tigds 4075l diske] @ gl p| A EHE A 2 A= Table 99 23Ut
A= 5°C R 10°CollA o] T2 ofRg ZAlS 2 AlGE 40TF= BF 10°ClA 3¢ o]uiol] wf okl
Aoz Table 87 241, ol& 7|22 stod YA § = THAE FEZ FAsA mE 24T (psy-
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Table 8. Growing ability of coliform bacteria chrotrophs)?'d] s@g-S & 4 AT Bt oy}
at refrigerating temperature isolated from nan- Klebsiella planticola=. SRR TF Z4 73% A=
gmyun-broths = 5'CoAllMw ZA8+9 3L, Citrobacters&3} Enterobac-
Strain  Genus or Growth at ter£ 02 A Ao dR% 5CAlA FAs T ®
No. Species 5C  10C WASFE2 WA Klebsiella planticola?t %ol A&

d BAlRS} CAmol 5ColH F43hs 772 47t

Al Klebsiella sp. - +
A2 Enterobacter sp. - + ok, Enterobacter’} %ol A& H AX S} Escher-
A3 Enterobacter sp. - + ichia, Klebsiella pneumoniae 2 Klebsiella ozaenae7}
Ad Kiebsiella sp. o f M3 DARSlE 5°ColN S sk #el 571 3
" Bheromacrer S o otk AAHoE AR 40FF F 187(45%)7} 5
ebsiella sp.
° A ZAIEA

A7 Enterobacter sp. - + Col M S 3tairh.
A8 Enterobacter sp. — + ol Al & 4= glE ube} go] WHSgolA —t"ﬂ“/l
A9 Enterobacter sp. — + H A FEe] BF A 24w sldHuE A
Al0 Klebsiella sp. + + o Zo) 9l FAold, o]AE X2 7A| EHZ 2.2]
Bl Klebsiella sp. - + A W g AT g7 vl 7 =Y
B2 Klebsiella planticola + + &0 o) o 3 o]_ﬁ_g o] gEe] Aa]Zel A
B3 Klebsiella planticola — + T eI N 1=
B4 FEnterobacter sp. - + o _ N
B5 Kilebsiella planticola + + kA st 7\*}_‘} FAETE FanA e
B6 Klebsiella planticola + + S45oll @i 10°C olate] 2rzollA A sk 2l
B7 Citrobacter sp. + + = Esla 2 Ade] Hu(Table 3) ol A9} o] 3
B8 Klebsiella pneumoniae - + T 2.3%104/ml 7F HE 5o o] g AgTe] A&
oo e planicols T S A bl A Al 47 2

0. Kibaellas. Faaol kel o] & /b el Aslag
C1 Klebsiella terrigena — + 1.
C2 Klebsiella planticola + + ) B} "
C3 Klebsiella planticola + + A, HEBEHEANN G0l B F 2Rl £
C4 Kiebsiella pneumoniae - + 7heE §rgel ARE &8 ¥ ¥R st
C5 Klebsiella planticola — + 29 §AAZ F o ARS8l e el
Co Kiebsiella sp. + + W Folle E adgo] Holdlye §45d MEE S5
o Enerofacter < - £ Wi W @ ols we Adnge wdest

siella terri
co Kiebsiclle 5o M oz 2 o AFe] Aol sl w944
) 713 11 B, 215 U3
C10 Klebsiella planticola + -+ ]l Fgejet. ﬁﬂﬁ’ 4 71el eate] & Ayl 93
D1 Klebsiella pneumoniae - + A whef o] W] edd th e AL
D2 Citrobacter sp. _ + 2 A %‘éﬁolﬂi HF7F S8 A2g FAE
D3 Escherichia sp. - + o gxEe sk BESIE Sl vk Bl
D4 Klebsiella ozaenae + + Sold FHolu}, o]} o] §4 e Feiate] H| g
b5 Klebsiella ozacnae - M A7 v ze] 42l Al B4o] dgslel Wu g
D Kememone - 4 TS wd8A902 se sa dameel g
’ ' 3 = 3

D8 Klebsiella planticola - + shal 2l A o.s sfxjdch
D9 Escherichia sp. - +
D10 Klebsiella planticola + -+
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Table 9. Distribution ratio of growing strains at 5°C or 10 °C to total strains classified by

nangmyun-broths and by microorganisms

o Klebsiella
IF 7 T ¢ 7
- B x ox oxox = 3 I
@ 8 B ~~ > s ~ A< 3 5 R N
< & 3 R Ny 3 82 S 3 = =
5 g £ S s 3 58 3 g g
5 3 3 3 o <3 S
C g 5 g g
§ { <
A 5C 0/0 0/0 0/0 0/0 3/4 0/6 0/0 0/0 3/10
10°C 0/0 0/0 0/0 0/0 4/4 6/6 0/0 0/0 10/10
B 5C 0/1 0/0 4/5 0/0 1/2 0/1 1/1 0/0 6/10
10°C 1/1 0/0 5/5 0/0 2/2 1/1 1/1 0/0 10/10
C 5C 1/1 0/0 3/4 1/2 2/2 1/1 0/0 0/0 7/10
10C 1/1 0/0 4/4 2/2 2/2 1/1 0/0 0/0 10/10
D 5C 0/2 1/2 1/2 0/0 0/0 0/1 0/1 0/2 2/10
10C 2/2 2/2 2/2 0/0 0/0 1/1 1/1 2/2 10/10
Total 5C 0/4 1/2 8/11 1/2 6/8 1/9 1/2 0/2 18 /40
10°C 4/4 2/2 11/11 2/2 8/8 9/9 2/2 2/2 40 /40

Ratio : Numbers of growing strains /Number of total strains.

2 o
19943 79 Foll RG] tF 2 HolA &
Hoz FiEn Qe
# LHAxEE 24 Poi’tlr ob&u
BERE FALE 247k 1004, 8 4O7H o] AT
gehg Felste] 4L 3t A eore) FAAdx 2
Abstdnt, WH S5 o g 55 6.0x10°~6,
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