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Development of Edible Medium for Kimchi Starter, and
Application of Kimchi Fermentation Control

Chang Hee Jeong, Hye In Ko, and Tae Woon Kim’
Eco-Friendly Process Technology Research Group, World Institute of Kimchi, Gwangju 61755, Republic of Korea

Abstract

To control the fermentation rate of kimchi, we studied the composition of an edible
medium for co-culturing of mixed starter including Lactococcus lactis WiKim0098 and
Leuconostoc citreun WiKim0096. The effect of kimchi broth ingredients such as dried
pollack, seaweed, onion, radish, dried red pepper, green onion, dried mushroom, and
dried shrimp on the growth of L. /actis WiKim0098 and Zeu. citreum WiKim0096 were
evaluated. All ingredients except for dried shrimp inhibited the growth of bacteria. By
comparing the bacterial growth and antibacterial activity of M17 medium in which Z.
lactis grows well, the final edible medium composition was determined as yeast 3%
extract, 0.05% ascorbic acid, 1% potassium citrate, and 3% lactose in 1% dried shrimp
broth (namely, edible medium 1). Subsequently, to mix-culture Leu. citreum with excellent
mannitol-producing ability, various carbon sources were added to edible medium 1, and
the growth of Zeu. citreum was then measured. Leu. citreum grew well at a concentration
of 0.1 to 1% of maltose or fructose in a dose-dependent manner. Based on these results,
different concentrations of maltose (0.1, 0.2, or 0.3%) were added to the edible medium
to control the growth rate of Zeu. citreum. Each of these was added to kimchi and
fermented at 10°C for 5 days, and the pH was measured. The kimchi added only Z. /actis
showed a pH of 5.3, while each treatment group showed a tendency to decrease the pH
as the maltose concentration increased to pH 4.9, pH 4.7, and pH 4.5. Consequently, the
use of the edible liquid medium developed in this study was able to control the ratio
of L. lactis WiKim0098 and Leu. citreum WiKim0096 in co-culturing of kimchi starter.
Moreover, the fermentation rate of kimchi was controlled by mixing L. /factis and Leu.
citreum, resulting in could control the kimchi ripening.
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=]
FEAIA A ung er al, 2012; Jung et

al, 2018). 2|9] Hfol= At BRE FI3E =4 F oAk
n]A3Eo] Fofsittal I A 9loH, ojf3h nBEES 19 &
o= 9 £t Chang and Chang, 2010). £3], 74 ¥&a

%9l Leuconostoc spp., Lactobacillus spp. 2 Weissella spp
oF 22 fitEe] 4 Hoks AR BsE SA4 me-
847 85t Park er al, 2019). WA A9 E’” el
2] %‘é% 367 fIaiAl of#fet WE S YA
o] 8ottt 1Euy vt ARARERE oY=
] Ot AHAA]l A WaE o]2et 2&o] E7ksslth
Uung et al, 2012). o]=et FAIHE sidslr| s TR 5'37101]
2 AEsto] F4o| FYsh, F4 A 71'te] AR 1
A AAE Fdeks Wel tigt A ElstA o]FefA|1 SZlE}
(Lee et al, 2015).
Aol S WISk o
% 71 o] W ol8HT itk B F7 A7 A
502 52 59 32 Y el I Bk
7] Bio] K5, WQ Aujct ARREE 4 Qlri= &
It JEM 53k 7lo] Aol 2t E@o) HEgol A
o o] e Bl Weks wol T o
95T 22 2187 M5 ool S vioket % o
T} FAE A 7ok RIS E F At wiefsioF si W
AZZo] AR, BEPo] Hlsf F+t2] DAdo] wof Aol 7t
HAZ ) ol Ad 716 Eelohal S A el &
= A AU Ytk (Hansen, 2014). 18y, Swrtch 541
4 Aol ARt IF 8740] HhEL, 7 9] ARE Eﬂoﬂ
S G 7Hs et wigio] B asi, oo gt 7]&e ulHlgt A
golct. Eet A3 St AMgsto] X9 £ A 7%k 9%
5h1, B4 FUTIE 714S U AEHgion, YRS
HAR o Eo BN SAE SEE AAE AlFotaAt o
=2 AY fl= AAolH:
AR Fdo 2 AEEE Lactococcus lactis w5 nisindt &
> %HELEZ‘ & Adohs Ho=A Ao 7S W T ikt
= oAIgto =M G2 TaE AAAA AX7}EE] Alo]

BN rsh
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18 4= AcHJang et al, 2015). 13Y L. Jactis=
ZQ 71X ¥ago] opEE By Zg0] Arle 1 5iE 7]
tsl7 |7} FErt. weba] A8 7Rt viA|o] B wfestod °J':r7'

BUL B3 i WA 2o] P ek By
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717} BiEARE Ao E Atrdr. of=gt WY
9] = AHIECE 7 & S, 243 €
A74E]7] wizell AR WellA $3xto] B &0l &=orl
7F 8N oz Satol ABARE B2 thabikEo] —6&5401 o]
1 239E 28} A 4 Atk L jactisS] SAo= F2 M17
HiZ]7} ge] ARgElo] @3 QIA|RE M17 HiAlE 4807 ArgE
= §lo] ol AT &= Sl= T S8 ABHIXIE AdetAt
6} At IR L Jactis’t Yok @tEdol A AShE WA

YO A 98t Whbs /362 2= Leuconostoc citreum 3+

T2 WM S g 5 e A4S WA JidskaAt skt

olF &l & dolMe F 5 ST A, HiY T F o
] BEAEE XA 5 = Wi 71&E ol8ot] A Ha
&TE AT 4 9= 71&E N6t skt

= 3 OH

o3 Mg
Lactococcus lactis WiKim0098 % Leuconostoc citreum
WiKim0096 #5== AXolA £2=1oH, o] =0l 49
HAd HAE Bl AEEJHChoi et al, 2014; Kim et
al, 2019). L. lactis WiKim0098- %435 ZX|oflA £ 12
@5 Lactiplantibacillus plantarum KCKM 0106, Lacti-
plantibacillus paraplantarum KCKM 0564, Latilacto-
bacillus. curvatus KCKM 0015, Pediococcus inopinatus
KCKM 0374, Levilactobacillus brevis KCKM 0551, Leuco-
nostoc carnosum KCKM 0028, Weissella confusa KCKM
0330, Weissella koreensis KCKM 0025, Pediococcus pento-
saceus KCKM 0620, Latilactobacillus sakei KCKM 0026,
Leuconosotoc mesenteroides KCKM 0014 ¥ Leuconostoc
citreurn WiKim0096)°l thet /3 B7He Sl AE= Qi
T3t Leu. citreum WiKim0096 w5 0] =&ojlA TUE A
w—o] Q5 HuElo] 9Jo] 2Fo& ARESIATHKIm er
al, 2019).

A HiX| H=

L. lactis WiKim0098 Hi%= 213t 4881215 A =s15iH. 418
Hjzjo]] AL EE2 BF AER7EE SuolH, & Fe A
€49]| 0.5% casein peptone + 0.5% soy peptone + 0.25 F+=
3% yeast extract + 0.05% ascorbic acid + 1% potassium
citrate + 0.5 E+= 3% lactoseE F7}oto] AXoFATt. Lew.

citreum WiKim0096 &% ¥ #sta] 9] 418 uix|of
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glucose, maltose, fructose T+= sucroses 0.1-1% =2 F7}
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AA Azol a3t AHEE2 FFLIGA G HPtENA 74
Siith. 2%9] A FEE Ald A9 viFo] e eSS B Al
Zogom, Al wig, 131, § kg, A%, o, A, EE
I3 & e AERIE A2 75:3.702:3.2:08:1:33
11110 HIEE H7Isoirt. A8 wiAlo] gt 9.5 log CFU/ml
9 L. Jactis WiKim0098 ¥ Zeu. citreum WiKim0096& 74|
A 10%7F =A 7Felelom, 578 tixTtolls 2 HidsHAl
2 HiR|GE H7fsto] Axsltt. 47t A MESS 1 k¥
Hjgduof] Woj 10T Aot w4, pH ¥ &3S 575t
Art.

@+ % pH &Y

Al vz 2 71%]9] pHE Orion 3-star pH meter(Thermo
Scientific, Waltham, MA, USA)E ol-&3}o] Z7st3lct. =gt
AT AL} 2t AX 9] A S5 S35 Sl 25 g9
A& 2B A2jgt & #4407 sl-ska, 3149 100 L
F5ll MRS BiAlo] Zgsto] 30TA 48417 57t A7 kst
A5t

N

ol et

Ol

2y 54
Well diffusion assayE ©]-85t] AX] <& T A AlFFo] of
g 22| 459 ASA NS Rlstoinh 2oH 459 P
A2 SFoP| el A T B AXAFE Lb. sakeis A&
Skl AAES Bl RS 0.7%(v/v) soft MRS agar©ll HEsto
MRS plate®l overlaydt] 23] th2, cork borerg ol-&s}] 2|
73 5 mm9] FES Wi £ 759 A5 30 plE HSSHi
30TollA 24417 HigRE &, Asfigke] A4 o RS Fjlsiyith

0

27 ¥ 7y

L. lactis ZX HILS 25t ME MHH| HHX| K=

L lactise YR O FAikd £ 2 Ao Eo] ARgEl= MRS
HiR] oA = 2 FAT8EA]EE, 0.5% lactose”F E&HE M179JA4 Hrt
o] & FARcE M1781AE A 2Y 3FEE 5 FAREIA lactic
streptococcie wE]okAY Alst=t] AR8skal JtHRuggirello
et al., 2014). ol 459 dgol= gAY, AAYS HXE H]
Bl 5714 5 oFet PRS0l 87ET M178IR)= ol

©

KSLAB®

St JEEE Eoolal QloH, 9 AEOF tryptone, peptone,
beef extract, yeast extract 5°] %11, magnesium sulfate:=
/3780l B a3t Fol2S A6l ascorbic acide A3 X
A7le AAZ AREET 9lod, pH YFAZA disodium-p
-glycerophosphate”} AF&E|T Qlt}. 0|3 tryptone, peptone,
yeast extract, ascorbic acid 5 4#37He 559 52 &
o& A7} 7k, pH SSAIEA AREE|DL Y= disodium-p
-glycerophosphate= &Y 82 A&F¥71=0] §lt}. L. Jactis
+ homofermentative lactic acid bacteria® 543 B&0] &
< 9 Z2ikE ABAsto] HiFAe] pHE Wt ol doE L
lactis®] AL JA5H= 8910] HtHParente er a/, 1994). w}
24 pH ¥5A=A disodium-B-glycerophosphates A
& Q= AE7HE 5399 pH 95A7F 24402 T g, 4]
FA7HEE AREE AL Sl 2] 7HA] pH SBA FollA A& Bl
Ho| 48P o) A o, ARG, ofW] 5 1lEfsto] ARE T}
53 AES ol A3}, disodium-B-glycerophosphate 2tk
I potassium citrate’} B &34Q1 Z o0& YERHTHTable 1).
Potassium citrate 5= W& #45 S74% 23}, 0.5% ©lote]
SEoAE d7F AstAA, 1.0%2] FEAIAE 0.5% FEE
T} OF 1.28] 47t S710t] 1.0%E HSs=2 A4t o
H CaCOs, ark shell(B]AA TTAA), calcium citrates= JA
o] Agsto] ARgst7]o] AAsHA] Akt

AR H7Iok= S HiGAL B, A7 Al oln] H o|FHE =g
sto] ZAAJe] vl 4= Q= of2] Ted £ JEislof gttt wabA
HiZ] AR Al ARREE & Al A i Az ARRER= FA
S5 ARSI o]F tE 5 USAE RARINITE A HiR] 2

7| 232 casein peptone, soy peptone, beef extract, yeast

extract, ascorbic acid, MgSOy, potassium citrate, lactoseZ
ol g5ttt S A S A x| AMGEE Fol, U, 7 T
of, A3F, 24, diet, AEIE ol8ste] SE AR T,

Table 1. Effect of pH buffer on the growth of L. lactis

Strain Medium CFU/mL
M17 4.6x10°

Lac;zzggcus Disodium-g-glycerophosphate (1.9%)"  1.1x10?
Potassium citrate (0.5%)” 6.7x10°

2% glucose+2% yeast extract+0.5% soy peptone+0.05% ascorbic
acid+1.9% disodium g-glycerophosphate.

2 2% glucose+2% yeast extract+0.5% soy peptone+0.05% ascorbic
acid+0.5% potassium citrate.
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ol5 AEI} L. lactis F52] F4ol VA YFS ug }6]—Mu]-_
71 A} Table 2014 Ex0] £& AFERE it S5E AR
S 0] F5T A1 3 AT okt wekA S-S xﬂ z3t o
ABEE Alms § ol o] oet 2 FFE "AEAE &
ofE7] ffste] ¢ AR S ALY T ol AETt L
lactis®] T4l PRz YIS AW EQLT Fof, thAmE £ Ax
%, o} o}, ART, N9 5 8% ARE AnE A, 1
M-S ARt = w7t L. Jactis®] SA 4] b= 9=

A= Aog YEh, A BijAE &5 Au2A AN S5
FEFH o2 AHSIATHTable 3).

A 55 71 wigdeg slaL of7]o] M1790| ARSE ARsS
AEAHE 589 AECE diAlste] A8H1A(0.5% casein
peptone + 0.5% soy peptone + 0.5% beef extract + 0.25%

yeast extract + 0.05% ascorbic acid + 0.025% MgSOy + 1%
P e 31—1 AL 5

2

Ml

potassium citrate + 0.5% lactose)& A|=X

Ak, MI79) % Bl3E 29t et (Table 3). olefe 24
A A AgHAo] AGH YEEY % wl— o}oq

L JactisY 5 2 ot GAHAEE £0)7] 93 AT APt
t}. Lactose 3= 0.5%, 1%, 2%, 3%%Z, yeast extract =5
0.25%, 1%, 2%, 3%= 22 gejsto] AgS 3t 753’% lactose®}
yeast extracts 3% FEE FAI] 7S | 7Y
FAEAE 2551t Table 4).

22407 B T AN 850 casein peptone 0.5%, soy
peptone 0.5%, yeast extract 3%, ascorbic acid 0.05%,
potassium citrate 1%, lactose 3%S H7Fslo] A|x3t A, d<

E o7

Table 2. Effect of kimchi broth on the growth and antibacterial
activity of L. lactis

Antibacterial activity

Strain Medium CFU/mL  pH
Lb. sakei 1 Lb. sakei 2
M17 +++9 +Ht 45x10° 559
Lactococeus g it # 12x10° 508
lactis
Water? ++ ++ 34x10° 495

" 0.5% casein peptone+0.5% soy peptone+0.5% beef extract+0.25%
yeast extract+0.05% ascorbic acid+0.025% MgSOs+1% potassium
citrate+0.5% lactose+broth 95 mL; kimchi broth was prepared
using water, dried pollack, seaweed, onion, radish, dried red
pepper, green onion, dried mushroom, and dried shrimp.

2 0.5% casein peptone+0.5% soy peptone+0.5% beef extract+0.25%
yeast extract+0.05% ascorbic acid+0.025% MgSO4+1% potassium
citrate+0.5% lactose+water 95 mL.

9 >15 mm; +++, 12-15 mm; ++.
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Table 3. Effect of each ingredient of kimchi broth on the growth
and antibacterial activity of L. lactis

Antibacterial activity

Strain Medium FU/mL pH
Lb. sakei 1 Lb. sakei 2

M17 +++2 ++ 4.4x10° 5.35

Dried pollack” + 1.4x10% 6.26

Seaweed" ++ + 1.1x10% 5.25

Radish" ++ +  92x10° 454

Lactococeus e req pepper’  ++ + o 21x10° 5.19
lactis

Onion" ++ + 0 2.1x10° 4.79

Green onion" + + 1.8x10° 4.94

Dried mushroom”  +++ +  1.6x10° 5.39

Dried shrimps” ++ +  4.2x10° 4.99

Y 0.5% casein peptone+0.5% soy peptone+0.5% beef extract+0.25%
yeast extract+0.05% ascorbic acid+0.025% MgSO,+1% potassium
citrate+0.5% lactose+each broth 95 mL.

2 >15 mm; +++, 12-15 mm: ++, <12 mm: +, No inhibition zone: -.

Table 4. Growth and antibacterial activity of L. lactis according
to medium composition

Antibacterial activity

Strain Medium CFU/mL pH
Lb. sakei 1 Lb. sakei 2

M17 +++Y ++t 4.5x10° 5.39

Lactococcus Medium A" ++ ++ 3.9x10° 4.98

lactis  Medium B? o +++ 47x10° 476

Medium C% +Ht +H+ 4.9x10° 4.85

Y 0.5% casein peptone+0.5% soy peptone+0.25% yeast extract+0.05%
ascorbic acid+1% potassium citrate+0.5% lactose+dried shrimp broth.

2 0.5% casein peptone+0.5% soy peptone+3% yeast extract+0.05%
ascorbic acid+1% potassium citrate+3% lactose+water.

% 0.5% casein peptone+0.5% soy peptone+3% yeast extract+0.05%
ascorbic acid+1% potassium citrate+3% lactose+dried shrimp broth.

Y >15 mm; +++, 12-15 mm; ++.

—

2 gt 24 SHolA M17 HiRIeE fARE S 2 & SISl
TPy A1 w9 AR Hepda AR Bl v 5 e FF
= Helsto] AR HRE9] ARRRS E0|1AF A7 AREo]
U ol pAls S 2ARE A3, casein peptoned}
soy peptone< I. Jactis®] ZAo|ut Ao HTIE IS
oA o= 20 ® U (data not shown), & E= A

29 yeast extract 3%, ascorbic acid 0.05%, potassium
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citrate 1%, lactose 3%E
ik 3t A4 vz =z 2
A 10]2}al Hgoitt.

0]
=
4

Fole AA viRIE L. factis FA
5l9om, O] [ Jactis® A& Hl

L. lactis?} Leu, citreum @3 E8 HY
HiX| HI=
L. lactis ¥+ nisind} 22 FHEEE BAloks dF24 1A
o 7K W A R Bojslk= F8 FANES] B2
Ao 2N X YRE AAAA AAY & -n-xm?_% A
Z 4 QItHKim et al, 2019). 134 A gkof] &
£ 5 S UE HANEY ASE JARICEA QXH L]f
Oﬂl:-_ E_qu-] o] Cﬁ‘SJLQ- =3 /\ ]:]— O]Eigl— ?.l_-xd——— E.Q]—o}-__]_fl- Z:l
AdFo] Holol= Q9 FE= 2 L Jactisl] 28] AR AHE
7] o= w5 Alsl] flote] s/9E AX|oA B2 12 45
of thdh L. factis®) Tt B3-S B71ordck. 1 23, Leu citreum
WiKim0096°] thefiAl= Bt 24 UehliA] Z3cHFig. 1). o]
23t 238} B Eo] o] =RollA Leu. citreum WiKim0096-
W& AJAso] 2451t dHA Qo] 2HOZ Jeu citreum

0. [e)
njo

#

rok
1z

g o

3t 1. actiss T viFoto] ARSIt (Kim er al, 2019). 1=
A8 87 19] B, & JASke L Jactis= 9] Leu. citreum
2 FAEA 2k oI5 siEstarat A8 Al 19] glucose,
maltose, fructose, sucrose 5 o8 7HA] e©A4A9e dslo
Leu. citreum® A8 J=E AHE A7} maltose T+ fructose
£ A7Is o Bojy oz A JA5I). 539, 0.1%-1%2] 5%
2 maltose T+ fructoses H71E Wl L. Jactis ©5+2] S49

m @) @)
[ s ©
>/ ®

@ ®) ©)

%
Y

R
.

1o
(o

T oS 1:1] || oo} o1& L. Jactis?} Leu. citreum w5
SRS 25t XA A8 Wiz 22 HHslglh

IX| HIE 7= 0L
A fARFe] 71 A3 WolA HiL 0|2
Qsf| FAketo] A/t %‘i’:lq] Ofeff pH7F WoRA| 1L Algto] 4 7
SHRITHChoi et al, 2019). A 4192 7A]9] ™52 £
WolA 7Hg 8% A F PR LA o 7 JiQEE
Aosh= A9 Frol= P°]7} ZAR. A 5 Aol
Az QA7 9 AR R AR HE ARE Ao 7
AQE 7130 Biols 4% 9=y UAE AT = 9
Ao & Atrdh 0|9 T2 SAE UEy AAE AXsh| St
o 1A F407 HA7VEE Leu. citreum 59 #55 s
AAE Azl 4 A8 wiA 19 Lew. citreum #57F L.
lactis 72 TS A] & Z41E = XS maltose 5
0%, 0.1%, 0.2%, 0.3%= 22| J7lolo] A& HiA| 28 Az
2 L lactis?} Leu. citreum dFE 0.1%% 353 3 30T
A 16417 sttt o8] maltose 5=2] 418 HiR|o] F+ o
£ S HiFAIR] o AA A9 10% TR A7Iste] HAE Al
Z3t & 10CoA SRAIZIHA fAts 9 pH HekE @ﬁﬁim
tHFig. 2). Maltose BE7} =00 w2t A& HiR] 204 S4
St fANFRE maltose S0l HFHoH] F7IoFATHFig. ZA).
Maltose =5 B8I8t L. Jactis®} Leu. citreum SIYAHE
AAo H7kete] pHE 277t A3, 10ToA 597 HaAHE
o Z+ AXER pH 5.3, pH 4.9, pH 4.7, pH 4.55 YR

A U 4% ZUE S8 4 28
7

(10) (1) (12)

Fig. 1. Antibacterial activity of Lactococcus lactis against different strains isolated from well-ripend kimchi. (1), Lactiplantibacillus plantarum
KCKM 0106; (2), Lactiplantibacillus paraplantarum KCKM 0564; (3), Latilactobacillus curvatus KCKM 0015; (4), Pediococcus inopinatus
KCKM 0374; (5) Levilactobacillus brevis KCKM 0551; (6), Leuconostoc carnosum KCKM 0028; (7), Weissella confusa KCKM 0330; (8),
Weissella koreensis KCKM 0025; (9), Pediococcus pentosaceus KCKM 0620; (10), Latilactobacillus sakei KCKM 0026; (11), Leuconosotoc
mesenteroides KCKM 0014; (12), Leuconostoc citreum WiKim0096.
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Fig. 2. (A) the number of lactic acid bacteria and (B) pH of
kimchi during fermentation. Control: Kimchi supplemented with
edible medium 1, A: Kimchi supplemented with a culture of L.
lactis (edible medium 1), B: Kimchi supplemented with a mixed
culture of L. lactis and Leu. citreum (edible medium 1), C: Kimchi
supplemented with a mixed culture of L. lactis and Leu. citreum
(edible medium 1 added with 0.1% maltose), D: Kimchi supple-
mented with a mixed culture of L. lactis and Leu. citreum s(edible
medium 1 added with 0.2% maltose), E: Kimchi supplemented
with a mixed culture of L. lactis and Leu. citreum (edible medium
1 added with 0.3% maltose).

27| <=7t H2A YerdthFig. 2B). °l& maltose?] =7}
ord AYFET maltose?] w&7F =91H AEE, & Lew
citreum 27| % 457t =9%4€ A7t pH7F B #E] AspEof
o] Hl2A S5 22 B9 o]F B4 maltose S
£ 23t AA| vixE ARgoto] % ot 73

ST AR 02 SR 95 1A AT 4 9 2o
T et T3 2ol A WREAZ] A Eh AL20)4] AFAIZ]
27 FsH o2 9<sictal P#A qlol(Hong et al, 2016)
Ao A HBAZHA H&7|o19] EGAITRS TEAE 5= ot
A= AT S Qo] 9A 4] 5t AAE 2 Al

o

o &H[skz £opoll 28T 4 g o= 7|HEHUH

N

=
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g

o

E A1 BEXL /. Jactis? Leu. citreum dFE 3
4 b iR 248 7dste ol B3l AR Ha
& S HEY AAE AxskE Aotk WA 4
=591 Hof, Juf, 7, tAmp, daE A, i,

= DR sl S5 AXT F, o|50] L Jactis T4
s Y dokd 23, AAS-E At He Awrt 4
AAlsl= A YERILE dAaY, g4 9 A X1 A=
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