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A Study on the Antagenistic Activity of Enterobacteria to Lactic
Acid Bacteria Accuring Kimchi Fermentation

Suk Kyung Yoon

Dept. of Home Ecomomics, An Dong College

This work was carried out to detect the enterobacterial contamination in summer kimchies
and their antagonis tic activity with lactic acid bacteria during kimchi fermentation.
And obtained results were as in the followings.

1) Severe cases of enterobactrial contamination were found in every kimchi material and
in the first step of summer kimchi fermention.

2) Some pathogenic or food poisonous strain of Salmorellaspp. was identified among the
contaminated enterobacteria.

3) Pathogenic strains of Salmonella typhi, Shigella flexneri or E. coli which were added
to kimchi fermention, were contineously detected for 10days at the temperature of 10°C. Food

poisonous strain of Vibrio parahemolyticus was more resistant than the above stains in the
kimchi fermentation.

4) And in summer condition(over 30°C) the added pathogenic strains of enterobacteria
were also detected for 2 day at pH of 4.5 kimchi fermentation.

5) The antagonistic activity of enterobacteria in lactate buffer solution of pH 4.8 was
more stron than that in the kimchi fermentation at 30°C of summer condition.

6) According to the above results, sanitary washing processes for every kind of kimchi
materisl(vegitables) are reguired to reduce the enterobactcrial concentration which is usually
contaminated.

And some fermentation period is also required to avoid the possible kimchi food poisoning.
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I8 32 %= Cucumber Pickle & HIBEES) #kEgol .
#5 & LMES BEDEN HETY s Bk Vitamin,
amino Akell Hzt Costilow®?] e B € AL
eut g9in.

RZRE o FERIEE ST (B S REEEL
SLEEE 2.2 Lact Plantarum, Lact leichmanni, Lact
brevis, Lact thermophillus, Lact acidophillus Ped-
iococcus ¥ 27w Hifth BB (mesentricus)%-$ 8
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Ex£L AAA FHAE 58 <3 BRAT] o
LEE BRI /e Bkt 19 di R
HEl R REe ol & BRBAATY BRE ZAbe
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1. Nictrient agar(—R#MIES# 2 FRIEMEER
el &) '

2. Macconkey agar(Coli form bacteria -£2]-&)

3. E. M.B. agar(E. Coli #491&)

4. S. S. agar(Salmonelia Shigella £2]-&)

5. T. C. B. S. agar(Vibrio 8§ %8 o #4-2)

6. Tomato extract agar (A2 L Fqlg)

© HEd AT SENEES Flsisl 3 ik
2% Citrate agar, Thioglycolate Broth & £&f#u] =}
= 2% Difco it E FRsIY .

(9 URIKALZ D] FHEHHBO EHT BRER:

1. E. Coli ATCC 25922( M€l 34 RaF)

2. E. Coli(Zx A gFeatel 4 Eeldt F5)

Table 1. Ingredients of Sample Kimchi

Juicy Kimchi(Unit: g)

% JaKal Kimchi(Unit :g)

Rédish a SProut «ereeerermeieni 500
Green Pepper -orreeemeeeeenciiiii 25
Garlic s oo 10
GINGET oovvererotrantmmenniiieii 5
Green ONIon «orreeeererrerrretiireiiieiiiiiniereon. 22
SEArCR seerceerecnrimiaiiriiri e v 5
M.S.G, wevrremmeretmnni 5
NaCL cevecenterertntiniiiiiiiiir e ons 50
Waater «eeeeirereniiiiiiiiiiieiiaireniiiniiiie i, 800 cc

Chinese Cabbage:-- - e-ereerearerivenniinnnan 1000
Red Pepper «eceeerevmmiiiiiii 30
GATliC s e retrereerrrtteareiiicreate i einenenen 20
GINGEr «+vverrernveareiii [¢]
Green ONIon crererrvereeerriemarcaiirririreseererneass 30
Starch covceererereeitii it s 8
LS, G, ceoerrrrrerianteniiiiiiiiiii i 10
NACL revevvrrmriormrrtieiat e v eas e nrees 90
TV QLEL «reevvvrerareaeenioneriierinereesneenenanrnienens 1000 cc
JOKaL ceeereernrenaimi e el 150 cc

3% Jakal: Fermented Korean Seasoning of Salted Fishes



Table 2. Composition of media.

Thioglycolatebroth T.C.B.S. (Vibparahemoly) tikus
Bact0o-yeast eXtract «rororrersseiriiniiiiiin, 5¢ Y8t EXEerrrererrrerertiiorioniiiieii ey 5¢g
Bacto-Casitone «roveererereraurimiinierieriscnenannn. 158 Proteose Pepton rroeeeerernin 10g
Bacto-DeXtrose «ccoveerrreiiiimniiiiiiiiiiiiiiiiiea 1g NG-CIELAtE ~overrrrerererirreieamnie it e 0g
NACT cereeerrr et et e ;2. 5g N - LHIOSUIFALE vvvrvrrerreerreererereeuriiieiineas 10g
L-Cystine Difco «worervevemrerimmieciiniein., 0.05¢ Oxygall
Thioglycolic acid «eerrereeerees e 0.3ml Sucrose
DiStilled Water -rerrrerrrmerreermirnrrirecinnans 1000 ml N QG eenerereeretrmmeiiiiiiie e
PH oo 7.1 Ferriocitrate «ooroveroreeemarrimnnn e lg

) - Thymol Bule - eereesrveearenermniennininis 0.04g

Tomato Juice agar Bromthymalblie «- - cverererereneen e 0.04g
TomatoJuice «o-evrrrrrrrer e 208 AGAT  verrrrerettiie 15g
Bacto-pepton «oeeee v 10g S.S. agar(De Hydrate)
Bacto-Peptonised Milk -voerreenenieiea e 10g
Bacto-Agar oo i1g Bacto-Beet EXEract «weeereeeerecresecniiaii. 5g
Distilled water:cereeerrerrererimareniaiiiiiiiia, 1000 ml Proteosepeptone DILCO -+ rererneronenernriasiiieinins 5g
PH v 6L Bacto-LaCtoSe —«rreerreesrererertiiiimsiuiiaeinereno

Bacto-Bluesolts No 3

Phenol red broth Sodinm Thiosulfate - ereeeeeererererriiionenn .
Bacto-Beef Extract «coceeeereeriiiniiiiinl g Feerric CItrate rcoorrrrariainiiiii,
Proteosepecton No.3 Difoo -+evorieeviineiiniinin 10g BaCtO-agar -esreessererrnneamnteenic et
Blagl reeerereiiioiiiiiiiii e e e e Bacto-Brilliant Green «ooveverreeiei 0.00083 g
Bacto-Phenol Red Bacto-Neutral Red «oorvveeemiminin 0.025 g
Diatilled Water -eeserrereemrnmtrreierierarranenen
PH e,

3. Vibrio Parahemolyticus(ed 4] &) Bol 4 23] &
A4l 9

4. Salmonella typhi( A1 2414 S 595 T
)

5. Shigella flexneri(Z8 ¥ Q4 2533 F
)

B) REFZ

(1) BBAME Ll 58 : Macconkey agar ¢} S. Sagar
¥ 2 RS~k A8t 3°CAd BREA
F& stgom Colony & EA 4 weld Satsiqrh

(2) BB RERE: 538 E Colis] A$-+= #
ERE HERB7A st 2= ME#kE Skermans o
—BHERES] JEst Bergey's manuald] whel4]
LT Rl Bt RS A Bergey’s manual'®
TR 2R BRE AFLE st (et k.

(3) Mol #MEERDE : 212 Sample HF-& 10065
A 10EHBE 48t EEWGE sl Colony & &
At ZEA Y4 Fstd mlE BEE ERstd e

@ Aerobility: Lactose & 1% %Efnst Thioghycol-
ate broth 24 37°C oAl 20 wiekste] MIES 4
Ha BL 2z stk

® Motilily: Lactose bouillon agar o} 433 4be)
9 Lactore F-& A xpufckale] Aldd £FREST =
A Bofo g Felstd el

® Catalase test: 3% H,0,2& Colony Ao &
Admy AF Y24 A s

@ 229 4. :gF Nitrate agar ol T& 3
& 37°CelA 3~59% wWEF 0.8% Sulphamillic
acid ¢] 5N acetic acid -£4& 2~3@mstz 4]
dimethyl-a-naphthylamine 0.6% 5N acetic acid &
A& 2~3HmT F o] He MEE sty



® gelatin #{kJy : Nutrient broth o} 12%¢] gel.
atin & Hmstel FFA Aol F&AF FREoNA
10HTE #oksle] 5548 WmMEE alatd o)

® lithmus milk 34 : m#d-Fd 12%9 Skim
milk g-Hol 1% Lithmus €& # 8~10%3 = A 5}
3 5% Ca-lactate §1¢ 10% R7H% ohe F¢ A
3L 5~8AM Wk g T B 34 =
+ Pepton {b& &<ty st

@ Citrate FIF#: : dF = Citrate agarmj=lo] &
+ AL 5HM 37°CE wMF: @Y WL Fsiy
=t

® Indol test: Ehrlich [{fE-& #4lstgct, & Nut-
rient broth o] & SHE W ekAlzl tubee] 1% P-
Dimethylamino benzaldehyde &) o Al8-91.4 2~3%5
Holma 4] Y-S Mo s shyiv

© 344 A : Nutrient  broth Culture o] 5%
9] Lead acetate §§ & Bufinsts RB& Bito.
2 stge.

® BER ¥ gast4 : Phenol red brotheo] #%%
e 1%% 52 Himstx Duhrum tube & Y& ol
2FE Wl Efsa 20 Wk F B §
AE BER Bk, L] & BHeR ddch =
Duhrum &< Fig7l A71= Gasyy Bikow
~skgl et

@ WM A 3% e 2AEE 10%71< Nut
rient broth ol £ai& W= 2 Fujok F £ gk A
3 w=F Fwekylvh

@ Urea test: Christensen #}=]ef] 1% Lactose &
Yo pH 6.82 2% oh 24T WA E FHIS
u wjokE EAe] AASE 4 BHez sty

@ HAb AEY B T BB —Bmd 7
Bol'® fKkag=,

(4) HXFrEhel FRBAME A% : 434 A2
HEE AZT KEER 420 AAE G2/ BN
o] 4 AHLP 2 oF 50g -2 500 ml Beakero] Y3 1%
9 EEAKE 200wl Y= st LA A8 28] F
ol AAA & eh 2hERE WXIskgl el sHE Beaker
E EEA MEe] FEIA gz 2 4F 0.1ml
£ Wete] Epiel A F kst o 2f5i ko] Colony

£ HmSETh MEY BE 2 AL 10~
102 4 st
C(5) HRIS FHIBAMEL B{LEH Ay FHikdl
ket 2T AR 5 2R A 128E 24,
ALZRY AAE FHE B 442 AAAFY

—WE Bk A ol weld 26 ¢ HEE
(1072~107%) 484k Fe) & 4544 ¢ 0.1ml
skl Kool A Foke #ok F Colony & SAd =2
A&dle mlE BER ERstgch

(6) HRIFAZO et RBBAMR BFHHAE:
AAE BT F4A AHE EHT BAME 5714 E 0.5
% Pepton k2 MIES EWES 100~10%/ml A M
Het g whEol A XY LA AR 5% E
HEE HEmnstgch

AALE #TEA Wl AAqos £ifE
EREHE R AU HkoE mEsd i
gk Colony & ml ¥ MEH=E sl Forstg el
TEl = FAg-E gom #ifdl e AAEY L 2
= FERSY

() Bzl g8k : XA oleld 128 4oz
Axdel-& Tstel pH o} fEES MiEs Y = v

pH Z3 : Mitamula PC 6174, pH meter & Fj
st A3 WESH

(8) MBI : AXAF 5ml & Hstxw 45ml g &
F/KE gk ©bg Phenolphthalein & R E 314
0.1N NaOH g4 o2 wEstg et e -5k
sl HAAREE FRsIdH. ’

EA %=(a—b)><f><0A009xl_gQ

&: 0.1IN NaOH Lo titer(X] &)
b: 0.1IN NaOH £ (Blank 1% A 4%5)
f: 0.1N NaOH &9 factor

CE. #BR Y ER

1) dX#Eel mEER

EHAAEA FEAAY A2AAY EHEE 2
T Y9E R 2@ dE) o), mhy, 2F, &3
EAYe BRI AT T A0 BREES BD
T 2 HYs WMES AMsldn o K39 v &
Fol 915},

Coliform bacteria ] Hfo] 9, w3, 5} 5
TH#HT g Adr) Fogon ofdd el 108/ml
B 40T A B BRE & 4 dis vhe
o JEGH Y] Aglth. —BEILE BE R
A g ge BY BRUEEY BRe 3 49
.

G kst WEARG BRI —BAFY B
Bt k%S ESH MBS HEROE b TE



Table 3. Contaminated Cases of Enterobacteria in Summer Kimchi Material

Perilla

material R
: Chinese . Red hot
m Radish Chinese Leek Garlic ted b erill;
1 : + + + +
2 4 . _ + "
3 . + + +

+: Less than 10?/ml 4+: Less than 104/ml

«: Over than 105/ml

Table 4. Physioclogical Characteristics of Isolated Strains(Enteroloacteria) from Vegetables and Kimchies
at early fermention :

Strain Ildened E-1 E-2 E-3 E-4 S-1 S2 S3
Exam. E. Coli E-Coli E. Coli K‘m%r;fi‘;a K Ix)lilg;li-ae > g;igfl-s gallsiﬁlirum
Agar Colony grey white w&yellow white white shiny red circular grey circ
Broth turbid grey turb grey turb film turb film film turb heavy turb
Rod 0.5~0.8X  0.7~1.0x 0. 5 1 0% 0.5~0.6X 0.3~0.5X 0.5~0.6X 0.3~0.6X

1.5~2.0 3.0 3.0~5.0 3.0~5.0 1.0 1.0~2.0
Sporangia — — - — - — —
motility + + + — - + +
Gram’s Stain - - - — — - -
Urease — - - + + + -
Indol + + + + - - -
H,S + + -+ - - + -
Nitrate + + + + + + +
Catalase + + + -+ + + +
Aerobility fac. anaer aero aero fac. anaer fac. anaer Aerobic fac. anaer
Opt. temp. 37°C 37°C 37°C 37°C 37°C 30°C 37°C
maXx. temp. 50°C 45°C 50°C 50°C 50°C 40°C 55°C
Gelatin lig —+ — _ _ _ + L
Citrate —+ — - - - + +
Acid & Gas
from glucose ++ ++ ++ ++ ++ ++ +—
from maltose ++ ++ ++ + - + - —— 4
from lactose ++ ++ ++ ++ ++ ++ -
from xylose + 4+ ++ + +— + = J— +—
from arabinose ++ ++ +— +(+) + - - -
from mannitol ++ ++ ++ + - +— + - -
from sorbitol ++ - — —_— +— +— —_ .
from fructose ++ + + ++ - - - —

] =
A 3 ]nl—’:l-]

448 WD 5 3
244
R BAAD BB et B

v BET o dlenE A9
HHEE REER, =S5

Sl i e R R AR S =g

2) HRIL| BRBANERE
Ao BT SRS BWESHE A ®
< BEY Ao 44T + AU, BBE BREE
e HHel BT WMie &0l

ARE Eoldx B



2 Az BEEhe Coliform bacteria = R} 7+
EHEY & ®wET ok doo BhE BRMEREES M
%@E‘Ji RES WEE ok ggde. A4 B
2 -2 Coliform Ffed & oA A9 %
FIE HET BREE W vk o) KEFRE £
+ Adgerms d57A BEY ANE 2 BEBT
4 BAMES & 5 b4 Colony4 L=
wtebA SEEstel ek, Macconkey agar o 4 od & Btk
E-1, E-2, E-3, E-4, 4# 35 23 3 Salmonela Shi-
gella agar ol 4 -2 F#k S-1, S-2, S-3, 3 B
e I MEMREN WES ARBEN HEL KR
o FAET HRE F49 2ok

A7l A S, SR A A 2tk AlFL A $e] wet
4 2 Colony ¢ HiE7} ©}E2A = PR £AM &L
Salmonella 1} Shigella Fo] FHs A2 w3 BR
Th o) el FH R SR KDl = HEKQ Shi-
gella v} Salmonella & FES A& g+l <) 1k FEESRL0]
SE ALz Jepyel. & S, Sl Al 1} A7t
AR S-1E#%kE 5 4ABHHM #E 43 Carbohydrate
Test 557} Bergey’s manual'®e)] Ipgs Mg
A5 BohA 2RE Hols = o oA #:
#Rel Klebsiella Pneumoniae 8 £ = glga S-2&
Sarratina marcesceus 2 FTE 4 gk o] 5L
S. SEHiel A we] Vel FEHS gz FHks
BARAMERFLR gt & 4 sk 2 v A e
¥ul Bk S-3EHE gae4s ML gz
Lactose & HBEE A2 S-1, S-29 23 gdFo
= Escherichia BalE F-iike] $Rslg 2w Carbo-
hydrate Test o} gas44A79 #£E-} Salmonella
gallinarum @ 2 2% 4 4ok Salmonella gall-
inarum > REHS] Bm@EHelaLs) #HoE <A

*

gdom 73Sl “’r\"f}/‘i E A arh@EstE BGoE o

L Aoz ¥l MELE HEM BELT AL AR
e A Ut lel‘/]- o] ¢} 22 Salmonella @l 1A
o wrEgel Frestn Yebe AL HEEET 4
o1},

Macconkey agar Hsiiol A 48R Bkl E-12 3
2ol 2710 W& @gkes Agar Colony 9 M
o] ¢kl E#eFFol wgroi} Escherichia freundii
=2 2gs ez E-2¢} E-3% Escherichia Coli & #3
& 9lgled E-2% #53] HikEi#kel Escherichia Coli
ATCC No. 259228i#ke} M—& 4£EFES 23i+h
22 3 B4tk arabinose BiB#oll 4 gas & st
L Bho] S-1Etkel B £ ohE EelAE A—sgle
=2 o4 Klebsiella Pneumoniae & HE= . =
24 Macconkey Agar i kol A St Bkl =
B8] FEM AV EETUE RS dgdsta shAut
AR08 kel MM A FERC Atz &
+ dgth weld FohR] el A SEER BRI
B REEREE 2 213 BERTdEs BRME
KEFRE FET B ohwl 2 BEE S&ssa
3 Asd At FEE =t AhERLY
Mgl e WaEtke] vlw E 4 g

3) YxighEh BRel 81k

AAES @ WESEY Hstd s 4A &2
59 ol olo) FW%e 719 BMESEAY Bt
Vitamin 8| R ME HEL Ao AVE 5A
ulel gloj4 pH ksl EBBEES BIRE wd b
AR B0 BEHAA Fol 4 ERERS THEBER
o Kol WIS BEHYE EHT o A

2RE o] ohe A BBEL I b wehd

Table 5. Changes of acid concentraton during Kimchi fermertation at 30°C+2°C

J Kimchi W Kimchi
Jime (hrs)

Total acids(%) pH Total acid (%) pH

1 0.15 6.0 0.11 5.8

24 0.35 5.2 0.26 5.4
36 0.56 4.8 0.38 4.8
48 0.89 4.2 0.62 4.4
62 1.32 3.9 0.92 4.0
72 1.38 3.7 1.11 3.8
96 1.42 3.7 1.18 3.8

J: JoKal Kimchi W: Juicy Kimchi



Table 6. Changes of acid during Kimchi: ferment-
ation at 10°C+1°C

Time J-Kimchi W-Kimchi )
(day’s) Tot?% )acid pH Tot(a}é )acid oH
0 0.19 6.2 0.22 6.0
1 0.23 5.8 0.21. 6.0
3 0.22 5.6 0.28 5.8
5 0.41 5.2 0.28 5.7
7 0.43 5.1 0.41 5.4
9 0.42 5.0 0.56 5.2
11 0.63 4.7 0.63 4.8
13 0.72 4.5 0.63 4.6
15 0.88 4.2 0.67 4.4
2w BEE BRI 2ohE RS gz HEdH

3 AES BEE B ﬁﬁbaﬂ 2 B7d Aol
2 o]z X8 B B\t J8A LAB

B HRE Y AT AR vy BELE
10°C Asbel 30°C sl A §igee) Hkoer w7
A9 sl pH o B % 5 63 EES 2.3%
o Esla F5ol

ol & 84 BKH stldm pHE 3.774%

36REHIe] W] BARE Am 9ol gdekom 72
k-l
vh kel wa EESL 1.4%BED EHAE &2 3
HEd = BERe] Ex zeldvh

28 Ag 2Ae 4 A" 10°C A A
=19 B #EE A =33 3T 15 AR
AR At BRAAY ALs 25 #8 1% st L,
pHE 4.0 Q&3 J9or BkE gt BES
o} webd BREes AR FHAAY Aee
W B Aoz d3F = gyt

) dRALESO FRME A

—iEho = ME-S Mol kil dAlE dA
FE At BenE AALEZFY oL AABY
EEel pH 4.89 AdlsF HEE HAJPFHEL n
qrel —EES BRAEBRBREES W & R’
3 oS HIBES 9%z o BRMEY daas
A fEHHE WES BRE F T3 AUk

] BBAAE MEY BEE A 333 g%
v PH 8B5S gdgn A & MBI Bk
474 = A5t Jod=t. 3 #35 Shigella

ol

AL AZRAE 30°C oFBEAA flexreri(FFIE) L Salmonella Typhi(Be B2 =
Table 7. Acid tolerence of Enterobacteria in Lactate Buffer Solution(pH 4.8 Temp 30°)
Strain
m 1 2 3 4 5 6 7 8 9
E. Coli + + + + + - - - _
Vib-Parahenolyticus + + + + + + + - -
Sal. Typhi + + + + — - — - -
Shi. flexneneri + + + + - — — - —_

Initial Conc of each Bacteria
E. Coli. 31x10%/ml Sal. Typhi.46x10%/ml

Table 8. Antagonistic Changes of Enterobacteria and Lactic acid Bacteria during

at 30~35°C

Vib. Para. 28x10%/ml

Shi. flex. 17x10%/ml

W-Kimhi fermentation

Days
\ 1 5 3

Baot., Strain T

10

E. Coli.

Vib., Parahem,
Sal. Typhi.
Shi. flexneri.
Lact. bact.

+

+F FEF
+ o+ 4 F +
I

1 . .

+ Less than 102/ml
- OverThan 10°/ml

H#t Over Than 108/ml

4 Less Than 104/ml

— Negative



Table 9., Antagonistic Changes of Enterobacteria and Lactic acid Bacteria during W-Kimchi fermentation

at 10°C+1°C

Days
Strain

5 11 13 15 17
E. Coli. +# 4 . + o+ - - - -
V. Parahem. H +# 4 # 4 + + - -
Sal. Typhi. H- + + +i - - —- — -
Shi. flexneri 4 + + —‘ - — - - -
Lact. bact, + + -+ H# H+

g31kE7] 4112 Vibrio Parahemolyticus(&dr&EEH)

 HET WBEe 23 gld4 30°CY FEYdx

AT THAA kT geh olRe HEE
A6 Bhe Tkl ¥ MAeHE] LSBT W
Be ANz Jdube AL mgdtw Jdgch 1L B
e AREEA 30~35°Cdl4 g B 105~
10°/ml ¢ BAME LS loml/kg 3= FHinstod
2 SEoA AL DEAA BEHOE JAFH BR
S AET REE R8I pgron e HEos
Azl st 10°C Wbl 4 HEAA BAER KEE K9
3t ket

%89 HREE AALEAN Y BRMEES B
HEek HEs BiksE A% & ¢ A BRE
HEMSY #HiEE A9 ¥l £sle Vibrio Parahem-
olyticus 7} 7} 383 WS 29},

z3 3 AATY BEE 4~5H4 BFE 2gz o

ol FE ME F&HI HBEE BT Acdglth
ALAX TEEAS FJLT 10°CRASAA EHHAM
Y #HL= Y REEE AdAT R4
Asl wlxsigisl. 2elx o2 AAFT %A B
PMliEe] JERE A AWl =HA e BRI &
FakAl ekskel, AAgFA6l 4] B SLHAAE &
A2 BRAMEES o 2 fiinel Bed AAFTY
4ol Kksted 4 Bk oz 4TS P42 W
o £RI & RAbolsd] R@PYHA K Aolek 44
2 4+ A9+

5) HRUETo| BAME BE)

ESREESS SMEEEEA BEF 50 ¥x
(2.3%) F&e] AL AR B2 10°~107/ml %
=9 ZEBA MEEBRS 1%71F HNste &Y
© = FREL NET BEE 29 129 2ok

s PH ~—-= Vib paranemolyticus
. ~**Sal Typhi.
-+t £, Coli J
PHY ! ——Shi fiexneri °p
60 o ~——i act. alid bact Is2
g
44 3
o
430
=]
42 E
/ 3 \ ~ \'. §.
20 Sal ty_»_Shi~*\X E.Coli Vib 4
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Fig. 1. Changes of P-H and Enterobacterial Concentration during. J. Kimchi fermentation-at 9~10°C,
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