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Abstract

In this study, we compared the changes in the quality of kimchi fermented with a complex starter and a single
starter. Lactic acid bacteria strains isolated from kimchi were used as starters, and fermention was performed at
10T for 26 days. The rate of reduction in lactic acid bacteria was low, the initial pH was maintained at a constant
level, and the dominance rate of the starter was high at 83% on the 15th day of fermentation with the complex
starter, compared to fermentation with the control and single starters. Regarding the CO, and free sugar content,
which are factors affecting product quality and are influenced by lactic acid bacteria fermentation, 1.4 and 1.5 times
higher CO, and mannitol production, respectively, were observed during fermentation of free sugars with the complex
starter than in fermentation with the single starter. These results show that the use of a complex starter can improve
the distribution quality of kimchi as it results in an extended shelf life and enhanced sensory quality.
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AR 9 R AF U ABOR Wi, B, 1EE,
A2 5 R AR Fdsto] Wi AFoR PA) W
o S7F 5 oY 71570l ASEH UK Choi®t Park,
1999; Islam3} Choi, 2009; Park 5, 2011). A9 7|54
A Ta Fofl Zikato] Adshe dirpibzEe] o3t Ao
Leuconostoc, Lactococcus, Lactobacillus, Weissella <& 5-9]
Zikto] o] 8 nPIEE TofRlth(Bae 5, 2005; Chang
I} Chang, 2010; Cheigh 5, 2002; Kim 5, 2000; Kim}
Chun, 2005; Lee 5, 2011). A ¥& 5 v|yELe] 4
F dg Aot 43 F4S 2Hske 58 8<%lojH

(So%} Kim, 1995; Kang 5, 1995; Lee 5, 1992), 729} g
A Aol Aozt U, WE Z27|oA ST
Leuconostoc sp.2} -2 hetero-type ZAkd A0 7 Wg7}
Y=, 587 A= 7P £2 da 71014 371
o= hetero-type ZA#e] =71 H| A2 2] Hs FH|
hetero-type 24ht2] G0l U= AL E Tt THChang
7} Chang, 2010). 58 $7] pHE 4.0 o]5l2 WolXdA U
Ao 735t homo-type ZAFR Lactobacillus sp.0] S5}
, o] HiZo]l ] acid BP0 = AlE Lor|m 2|9
st 5 o8 F4 Aot WAYRTH(Lee 5, 2011). o]t
Ax|9] F4 Wk A2 f-5eg0l Wt |apt A4
Astu = i AAEE A8 dX = 54 8 4a9kE 9
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St AR Ax7|e 2537 E 851t Mheend}t Kwon, 1984;

oj2|gt F44 W} HALE HAaslsty] &) nE £
Ae 28T 5 e S Mg Aol di7|d FHeE
P=|Qlom, F44 ABAE SHstAL Aot JAER
Rt AA| 2stal, Ssteto] A xpEst 9 kYA
= ZH6H= HREE 753t Chang} Chang, 2011; Lee2}
Lee, 2010). Leuconostoc mesenteroides, Leuconostoc citreum,
Lactobacillus plantarum 5 7AX]oA Ea|st o8] FAFS
2B o2 A Al AR F4 Hsle] tigt 5 A7H(Cho
5, 2009), Saccharomyces sp.& AEFE|Z ARE A 7R &4
EA A9HKim 5, 1997), Leuconostoc mesenteroides 0|
9] AEHE &84 A94Kim 5, 2005), bacteriocinS A4t
SR= Enterococcus sp.2] 2EFE] -85} WK Moon 5,
2004) 59] @78 vigo Rz PAIN Rt BT BB
2 A1) SR 24 Hol, s B2 R Aol v)H=
Py 7o} Aete] 48 A8} AW Aok T2t
ool kel AS 71 AESIE TS 28 AxkEz
RGBT 9o, B FRE AER A48T 07 BY B
0 APy el B B0 TR AT v)E3 Agelrt

UerA B AT QARYE LT O AUEE A
EfEl2 AFgsto] 1412 Azekon, AzE 74| #1
54 9 SREAS A7sio] BE 25E ArER 85
TR} gtk

3z Y A=

2 Ao ARG AA fE it Al A F
7Hd, CI R, E59, 5 A, oflE 5 57 AR
A ABAE WA E o|RtE ARAIA Ao 3 pH 4.2-4.4
7] </39holA BElstlon, Belet 458 B B &
o A&sto] FA R o F4 E4L SRlsigith 2
A AEE ARERE A9 it HiE 80%, £ 10%, 1}
1%, UHs 3%, A7 0.8%, BXBA 2.2%, e 1%, 1157}
F2%E JEYEE 1.8+02% 7|E0 7 AFsc) Ax
YL HIF= 3x3 cm 7| & Ho] 10% AgEolA] 2-34]
Zr Ao] 33] Al 3 A g6kl o dEe A, dd
5 AAPsto] vig 7o S M & Egote] HAE
A zotdrt. HA|of| ARESt 5= Chang¥} Chang(2011)9]
W] Wt bacteriocin /35 AASIAIA 24417t HigE
Hikte AMGSIIT A s AAES & Edt TR
23] AlEs] A2 HAIE HA Feoll =FsteieH, ¥+
TE= % 7 log CFU/go| HZ= H7Islginh AR & 500
g¥ ZAsto] A 2= 10CoA A% 7IZPEE pH, /29

ook
&
9

Q.

3}, CO, A olgfet B4 0= AL, A%
W wre £ vske Flsp] Sfsto] AEkE FE 94
Attt Ax|9] 5 282 AR oA et At
7, ¥ 2%, 25 PN AAIeH, X
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pH 23L& 7} A 59] 25N pH meter(Orion 3 Star,
Thermo Fisher Scientific, Waltham, MA, USA)E AR&-5}0]
33] WK 259

2 fructose, glucose, mannitolZ AR 7AA]
A|ZE blenderZ Thfolal 25510 0.45 um filter= of}st
TS HPLC(Waters 484, Waters, Milford, MA, USA)S A}
8slo] BA5I9Ic 2L carbohydrate analysis column
(3.9x300 mm, Waters)E AR25}9111, solvent= acetonitrileT}
water®] H|E(v/v)S 87:130% ARSIt Flow rate= 1.2
mL/min 73}, RI detector(Refractive index Detectors
RI-500 series, SHODEX, Tokyo, Japan)E AR&-5}3itt. 52
F B4 Q5 HE ML glucose, fructose, mannitol 2 5}
R, AlE-8l I 2N injection volume> Z+Z}F 20
Zoiet. A% f frelghe BEgol vmele) Hel
e FREAE il Bere At

%

+E

CO, BFE 2 F WH9 7I1A(COy) s=F 57551
I, AR IE 39O septumS FRRE F S|& A
o|A HEHof 7EARAY](Checkmate 9900, PBI Dansensor
Co., Skanderborg, Denmark)g AREslo] S4513T).
DgE 22 3ol
|82 20 g F3t 5 Bt 0.85% saline ¥H o 23}
4 34ste] 7} HjA|o] FFsIoirh 24k MRS(Lacto-
bacilli MRS Agar, Difco Co., Franklin Lakes, NJ, USA) Hf|
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Table 1. Lactobacillus combination formula

Samples Testing microorganisms
Con No starter application
LC A L. citreum A
LM B L. mesenteroides B
LC A+LM B L. citreum A+L. mesenteroides B
LC A+LM D L. citreum A+L. mesenteroides D
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Z]°]| bromocresol purple(BCP) Z|A|2F 25 ppmE Eo] A%
3t BCP Hj RS A}8-5}9] pouring culture methodZ 30T O]
A 48AIZE B & RS M= colony—‘i A3t
AEHE H52 AV ZARAC] 48 SIS 1x}407 A
20| Solx| e WAL FSIAOlympus BXAITF,
Olympus Co., Tokyo, Japan)O 2 A|3Z9| HeE T3 &
23110 163 RNA T 18S rRNA 9I7]A1e BAS Esjo]
AEE O] rRNA 7|4 Q3 5 ERI5.

SHAZ

2E 4392 3 dkE 499 43} 1S SPSS version 21.0
software(SPSS Inc., Chicago, IL, USA)S 0|83} ZF A3
T BHA et EEHALE AXLSIGIT.

Za & oz
LS J|ZFE pH H3
AEHE f=EE Ze3E 7128 AR 2% 10CoA 269

7+ dash S43%F pH W3k Fig. 13 Aok 3] Az A%
pHE 5.29-5.37 F= 3, AEFE] 54 pH HslE AHKE
A T #5 AVNHE AlZ A RE dart AlREe] Ha
8% 2] pH7L 4.3-442 FZ9] FAoAct th27e} By
T A7 g 4Ax7A] pHF 5.25-5. 27; AHH &
1QE}7} I8 49 SHE pH 5.34-4.5714] F43] 45k
ok 98 89 FREE= AFE A 7 2 9 2Tt
pH7} FAFSHA ZAasiSinh. A8E ddsEe el 45 3
7Wte] 271 pH7} Bt 5 7ol Bl RA yEhth
o= A 7} Al pHZE 271 %Xlﬂ AE7} 3% ol% I
Stal, 2EH BIFFA] pHZF S & 7Y SHE SR So
o} Kim, 1996)= AP AL} 2F7F Zfoli= 1oL, of= ARG
2B A S5 2 59 Rl mE Xo|= AlmEth

——Con.
LCA
55 F T LM B
LC A+LMB
s 1 LCA+LMD
2 i
45
i -
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35 .
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Fig. 1. Changes in pH of kimchi with various conditions during
fermentation at 10T.

Con, no starter application; LC A, L. citreum A; LM B, L. mesenteroides
B; LC A+LM B, L. citreum A+L. mesenteroides B; LC A+LM D, L.
citreum A+L. mesenteroides D.

s 7)ZHd |elg & HE
LEHE AFEE 7‘47P ot AA9] Tarizhd {Eg T
HIl= Table 29 Zt) S8 &= ¥Hol= ¥hg 27 B4
fructose 1.5 g/100 g, glucose 1.75 g/100 go|loL}; ¥a7|
Zto] A} oA Fashs A¥S HAL, mannitol>
Alx AFol= HAMO‘% Ta7|7to] Aol wet B4 o]
UE 9719 1.2 100 g0 = Uit ABE == M7
tiv] fi27te] Fe S99 R4 A7F /lleH, R
o] T4 AF= FAI 9 5= 7t oiv] B o=
A7} fructose, glucose FHA-E&0] =} {24 Zp= §l
A3, ZAALFO] ¥FE AREQ] mannitol ©HQl #F== A7} thH]
Bl J== A7) A] mannitol AJAJZF0] 9F 1.54) =911, tiX
2] mamnitol 44530 71 T, R/ B o 7
X WA 5 W57 A 7142 2o]r] whio] et
Ch= Ha} Cha(1994)9] B719% AR 27K Lpehfiglo
™, Park 5(2011)2] {2 dbgo] FA3] AT Al7]°t

e

o

Table 2. Changes in free sugar of kimchi with various conditions during fermentation at 10T (%)
Free sugar Fructose Glucose Mannitol
Fermentation time (day) 0 10 0 10 0 10
Con" 1.60+0.08” 0.03+0.06 1.66+0.07 0.05+0.05 0.01+0.01 0.84+0.08
LC A 1.50+£0.09 0.00+0.05 1.60+0.03 0.00+0.00 0.00+0.00 1.08+0.06
LM B 1.58+0.04 0.08+0.02 1.82+0.07 0.06+0.04 0.04+0.04 1.16+0.05
LC A+LM B 1.20+0.03 0.02+0.02 1.90+0.01 0.00+0.01 0.04+0.05 1.58+0.02
LC A+LM D 1.58+0.03 0.04+0.03 1.76+0.02 0.02+0.02 0.01+0.02 1.82+0.02

YCon, no starter application; LC A, L. citreum A; LM B, L. mesenteroides B; LC A+LM B, L. citreum A+L. mesenteroides B; LC A+LM D,

L. citreum A+L. mesenteroides D.
PAll values are mean+SD.
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pH ®3} sfjglo] A3tk A+2xe} vt 29 A4
8L I8tk ESH Wa 7|71l mannitol AJA] 50
ot AR #s FEo| g, ole ¢FE& 39
mannitolo]] 2J5f 7Z]Q] AJgt Btof] o] mX|7] ufizo
=, mannitol 4420 & B¢ 5 AP UA FA G
goll At Ao R AlmEh

—_

e J|ZHE CO, Md% Het

a8 7178 AsE EE YR 5 AEE COo,
I WIS R4S Ak Fig 291 Zt CO, T2 1A
tHEE nEE A gy do] STsISIE
3 g A & 49| Aaste s HloH, AFH
ATEE CO, BT A7t AT 55| B = A7t
= @Y = 71 ] CO, Aol =3k, 9 5 A
7he &R o] o =2 AT Hlou o AE
LERHR] 2ottt AR Ry Fofl A/dH CO, el ¥
She A TaIAo]| #oISh= hetero-type Zlibto] oJ%t
Z10& hetero-type ZANE 5 LAz Bl2A ok
L. mesenteriodes= 7] 2]9] Ut} <40 hofshy, ZAL ZAE
5= Adsto] JAE AMdslstal eIV IAE 45 st
of I7AJHE Tte= 707 HUEQTH(Cheigh 5, 1994;
Lee, 1996). ¥ AL0]|4] L. mesenteriodes w37} A] CO,
RgeFo] HixT 9 L. citreum T 5= H7} Al ET =4
Rt A2 A9 Aol 4 €21 L. mesenteriodes S/3°]
olgt A0 & AlmHrh
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Fig. 2. Changes in amount of CO, generated of kimchi with
various conditions during fermentation at 10T.
Con, no starter application; LC A, L. citreum A; LM B, L. mesenteroides

B; LC A+LM B, L. citreum A+L. mesenteroides B; LC A+LM D, L.
citreum A+L. mesenteroides D.
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Fig. 3. Changes in lactic acid bacteria count of kimchi with various
conditions during fermentation at 10T.

Con, no starter application; LC A, L. citreum A; LM B, L. mesenteroides
B; LC A+LM B, L. citreum A+L. mesenteroides B; LC A+LM D, L.
citreum A+L. mesenteroides D.

CFU/go| o, 2Bt 7Rt B 107 CFU/gC R 27
QAR S AR A7 A bt w42 52
8 dlaTo} Aee T RS 2F 71 Blej] TE
8 Z}ol B 10%-10° CFU/go & Jepgor, wg 8YojA
159704 L7gsHAl FAlsHH7E R $7]0f| ot k=
7% Btk oA o 7 B9t o 7Y Ak
T 57 ol FABIeH, i Ha A9l it
BY #% WIT 25 2Y I3 I 25 2E 404
2ol 7t gldct. 28} Leuconostoc. sp 5 713t AAl=
g A7) olF vl 2A Hdlel, & ikt 5
FAe, Lactobacillus sp& 387} AA= 471 & A4
712 7R F F575] A5t So 5, 1996)2 Hargh 2
e} B oA AAZ|(EE 8YA}D) ©]F Leuconostoc sp.
9] ANt 4= TA7} Lactobacillus sp.©l| B3l =24 YEH
A} GARIAT. 18U Lactobacillus sp.9} Lactobacillus
T BT AR 049 AAE 5 It e 27 B
o} sfwie] Aok QL Bt 75 A9} Aete] 7
S50l wel 74 weio] A elt 25 58 Aole}
2% BY bt R S HES SR sl 9
Aoz A

i

28 7ZHE *HE

2B 5 24N 9] S Fig 49F 2 dix
T dhg 15Y9R}0] 9480] 49%=2 UeRta, AEHE 45
A7 94880] 62-82%7H4] EkoH, Wha 26974 A
EIE T 7} Al &2 60% oV FAEII ARS F=
HE = 9] 15U 7|& L. mesenteriodes D] B3 455 &
7¥sE Z1X|9) 480] 84%= 71 =90, L. mesenteriodes

= 5 o2 71 AX 9 e 81%E UERTH
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Fig. 4. Changes in dominance rate of kimchi with various
conditions during fermentation at 10T.

Con, no starter application; LC A, L. citreum A; LM B, L. mesenteroides
B; LC A+LM B, L. citreum A+L. mesenteroides B; LC A+LM D, L.
citreum A+L. mesenteroides D.

59 da 7]7} |2 A] L. citreum AS] & H= F7} 714
9] e 2%E AR 45 TR F 7}1} 32 MR
g wlet 2E Sl Aol wet 24 2Ol SHES
hetero typer= AR} ZAS|AL, Lactobacillus sp.2t -2 homo
typeZt S7FotRth. AX W Leuconostoc sp.2} 22 hetero
type ART0] U A9 714 77lo] QYET Vs 715
T2 E9lthMheend} Kwon, 1994; So2} Kim, 1995)—~
T AL} ZHo| hetero type Leuconostoc sp. 7S AEFER
ARESO B MR Leuconostoc sp.7t 7S S 7]—&] 7|71o]
ZAojzle] wet A §-571% Aol FFol U= A= At
S

fo

OF
=

0

AA=RE 23 ot 2htS 28R AR5t
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2 2ok pH wsle) A9, dhave 8E 2R WIS E
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7, T T AT R 2R A 2201
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2re] Zto] wt A/ =] R 719 1.2 g/100 gO = 1t
ERT. ti2t oH] ABHE = 71Ol A mannitol A8
ol oF Lol wokoH, Tl w5 7t oie] B9t w5 37t
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