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Preparation and Characteristics of Kimchi with added Styela clava
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Department of Food Science and Biotechnol ogy, Kyungnam University

Abstract

In this study, kimchi containing Syela clava (Korean name: miduduk) was prepared, and the quality of the prepared
kimchi was evaluated during 4 weeks of fermentation at 4C. S clava was added to salted cabbage at concentrations of
0, 1, 2, and 3%(w/w). The quality characteristics of the kimchi were determined by measuring pH, titratable acidity,
sdlinity, color, and microbial amounts. All kimchi evidenced a rapid decrease in pH until 2 weeks, and then a gradual
decline thereafter. Titratable acidity increased gradually until 2 weeks, then sharply increased thereafter. Salinity
increased until 3 weeks. We noted only slight overall color differences between the kimchi samples. Total microbial and
lactic acid bacterial counts achieved maximum levels at 3 weeks, and the kimchi to which 1 and 2% S. clava was added
evidenced values higher than that of the controls. In our sensory evaluations, the kimchi to which 2% S. clava was added
was scored highest in terms of color, flavor, and overall acceptance.
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a7} loH(Lee YO 5 1996), Vitamin C, p-caro-
tene, phenol compound, chlorophyll o] To} gHakslxt
28 /THEE 235 dAsty, dF AdEsE A
YehlH(Levy RI 1991), Er‘ﬂ X s F
Z7150] mj& AEQl capgalcm g7 g3to] F9
g gdstH(Bang BH 5 2005) nhs, ¥, A7, I 5
S vgdA 2t Qe Ze= UrEkaE}. I 9el=
P83 av(Noh KA 5 1999), FuddEI Park DC
5 2000), =AW, FAaIHPark KY 1995) 5 79
-3 758 Ee] B d7E B8 dEH Utk
vt ¥(Syela clava) < =0kl
= ANFA=EA Dol FARS
EE3) ghyt o7 dF o] &Ha Ut A
trjo] EAREO R M ALbeFe] 80%E A1A]
oy FdECeE X4 03 g, TE o
22, 26 g, UYEF, ZF, Za 59 9
294.0, 110.0, 56.0, 45.0 mg A=Z F=o] UtiFood
values 1998). =3+ H|tjYdlle EXIA4EE Folr]
wAbo] b EEo] Jom(Jo YG 1978), S84 a4
FAe)=o] i A7 BaEoe] ai(Lehrer RI 2001,
Menzed LP 5 2002, Lee IH 5 2001, Taylor SW & 2000),
A2 RE glycosaminoglycmol =9 AHI7E JATHARN
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SH 5 2009). 53] Aol Fushsdt 3¢ D} B
Hol(Kim U 5 2006) 7154 4F A o §7FsAe]
Srh sk PHEe] Al Wele s Aol B4
AN So RARE ol§51 gom I Wl 7o
2 o853 g wolrk,

meh B AFNAE old@ $5E /1sHL 71

IF AF 29 vieEe] An S 3%t

g AR o185 AT Wkl S 7
Ahe] PG AZF F SAATEA B
olstebs B4 Avinm vEide] A7t
Jo Fdell A FFE Avngc

rr

S

2
&
|t

3

e o 32
b
tr

N
N

I, Mz

0T

EH
=

1. A&

2 A AHS rEg-2 vg Y gol 2 iRI(E e
= v EH ade])olA 2007 d 7ol sk,
olEZAS AAT & EZ oy W Ao EV|E AASIL
oy AAZS 9A7](265W, HMF-391, S HA7] AL)
£ ol&3ste] 283 vhlste] ARESFATE TS 1A A=
of AR Wi, 7, 3h ol vk, o A%, AT
(RFE5d), ARHCYF), B4 WA (HAL(F), LA
EAF(F) S SHUIEMEHID)ANA Fdste] AR
nAE A A8-" PCAS} MRS broth H]A|+= Difco
Atol| A FQiste] ARE-3F T

2. x| ¥ 2M A2 HZE

WSS 25~3 kg)+= ©lE2 52 AAS 4555}
o 10% AgEo) Eoja ALoA 2047 HQl F(HEY
i = 433%), E2+ g0l 33 d70] MK A

Table 1. Ingredient ratios of kimchi (9
Material Control  1KS” 2KS” 3kKS’
:gggg;hm@e 4000 4000 4000 4,000
red pepper 140 140 140 140
garlic 56 56 56 56
ginger 24 24 24 24
sugar 40 40 40 40
green onion 80 80 80 80
sdted fish 88 88 88 88
radish 520 520 520 520
sun dried salt 30 30 30 30
Syela clava 0 40 80 120

Y Each number in front of KS means the added amount Yo(wi/w)
of Syela clava in kimchi. KS is the abbreviation of kimchi
containing Syela clava.
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d ARG gd AYu(EE 204%)= 35%3 om
F712 A23, Fo} d= 5 cm ZolZ A A the Table
19] wish wlel we} FAE 8 ohde ERSIATHER
AA HFTAE 31%). "HYe M7 42 TR
< HEres sha, AT, vuys v (9=
2.8%, T 86.74%) HUIF kg 1, 2, 3%n=E H7ketA
Aol AHgstat wFEA Alxd Ao HA= &
@ A-E7lel ol Weg F 4T YAL=oNA 4
T & A%, 2E 54 AT E4MEE 15 4
AXE =2

o2 AFPeH, BAe S8t ZH7ke] AAE YA
ZHMF-391 947, A&) 283 g & d+d

AT B ol e N2 gk

3. pH, Mz U H =H

zF ZAA 9] pHeE 342 pH meter(pH-200L, (F)°]2=
g, Koreg) 2 A-2(20T)°lM 33 WHy S48k, A=
£ o379 10 mLoll 0.1 N NaOH §9-& 715t pH 8.3
o] & wi7}x] 33| wHE AHAst 1 AHE mLE A4
FHWOE Elste] ARAERE YERAITE dEs
I 4 mLE 108 EAF & FEA|(SAt Meter TM-30D,
Takemura Electric Works, Tokyo, Japan)E ©]-83l 3%
NaCl®2 BA% & AT

AT = 1A Ao JRE FH3led FAu|MA (M-
nolta CR-200, Osaka, Japan)S AH8-3t] ™8 (lightness, L),
A = (redness, @), FA=(yellowness, b)E 33] WHE =
Asle] Hgro =z YepIch ou AMEH EE o)
S LEt 9811, adk -0.33, bk +2.130IUth A=A
Aol WslE FA3] flste] vYY FAHVTE tix
TOE sl 7 AFAe AAZH WsHAE)E ol 2
o o)8 T3 tHdudd DG Wyszecki G 1964).

AE=V (AL +(4a)* +(4b)?)

5. S ¥ iAo £H
AR ojzellol 0.1% peptoneTZE 713te] B]4jEhHA 1)

A ARE ARESIATE Fe SAHS ddl g
LS Pae Count Agar(Difco Laboratories, Detrait,
MI, USA) Bjx|ol] =ale] 37°CollA 72413 vieFste] A3
A8 colonyE ASsldnh 24FS MRS(Difco Labo-
ratories, Detroit, MI, USA) B A& ©]-83te] 37 ColA| 48
AZE wg71ol A B wieFste] Uebd colonyE Alest
o log CFU/mLE YEH{THLee IS 5 1994).
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o NE2 ARESIATE 72 Alsol tiske] Z2ZH(texture),
Sl (flavor), (color), BHtaste), A0 7] &= (overall
acceptance) @] 57 HAFRIEOZ UFo] J|E%rt Yo
1, 7P oW 59 HF4E FEF st H 53, HA
149 Helell o3 HrHE AAlskATth AEE 938 A
Aol 247} 10 g¥ vro] AAEtgl e wizke] MEE &
o|7] #f3l B7} Afeloll WM =& AHESEEE Sk3Th
71 A= SAS programe ]85k Duncan®| ThEH|ul
How NE3Fe FoAe ASSFATHSAS Inditute 1993).
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g AN g W5 A A 5 1
2| o 7191 3FA A FAZE oF 1 em?l E71%
A3 Rheometer(Compac-100, Sun Scientific Co.,
Tokyo, Japan)E ©]8-3+ puncture testoll 2|3 F=<} H
=2 =AY 270 2= table speed 60 mmvmin,
graph interval 30 msec, load cell(Max) 4= 10 kgd]
o2 J& 7t S e™ 27 5 mme] Adaptor
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AgoA A& BE daa= SAYSAS Inditute. 1995. SAY
STAT Use's Guide. SAS Ingtitute Inc. Cary, NC) program
T4 FAHEM(ANOVA) S et ool e 4
- oA (Duncan's multiple range test)S ©]-&-3
AN g3t fFofatE AS3HATHp<0.05).
=}
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1. pH, &= 3 HEQ| K3}

Hegs Friste] whe w9 HrkekA| &2 2
E 4CAdAA 45744 LE, SAA7IHEA e TE
78 pH 2 k=9 W3S Fg. 13 Fig. 291 YeRIS
t}. SAdo] W) wel pHE WolA 1 AlxEs F7)s)
£ 718 Bug X9 g P dRsien 11X
2 9 2% A8t pHE 53 B20E o= B
o|A] ¢kth AR 1F7MAE AFTE pHZF Ekey &=
A 27 AR 230 A APTelA 3% i
Rom x| grol Al@Tel Hlg) HolE
o} mE e Hrbeel| M pH e AWH o=
AN 87 frofAte UeA] eitod, miege H7tg
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AA7} 3FRAAA H2TRY pHYL 25 WA sgs)
= S & g Rtk B F9E AV AR A=

ule g Aok gx e sy 575

v o) ehghgol o8] pHel FAF w4t oAlEn
1 RuEREt(Lee HS 5 1984), Hltig 9] 7145 100
g 22 g9 @Eo] FhrEo] lof(Food values 1998)
HEg Az Ao Aol gzTrd dHE Y
Aog Amdch vty whide] felolulst vlge
Taurine 32.8%, Proline 17.6%, Glutamic acid 11.9%, Gly-
cine 11.2%, Alanine 8.9%, Serine 7.1%=% ZA| fglo}v]
Ak 7ol 895%E AHAslaL e Aem HiEol gl
TtHlLee EH % 1975). ¥ukzlo g 712 Z<7]9] A2 pH
= 420012 IE $7]9] pHe 360 A=k X o]
21=tl(Mheen T2} Kwon TW 1984), thxT¢} vty 3
7 A8 pH 42~430] He 54 A7) AL 35
2 YERST

AA7} AR mek AR Ao R ]lake 4
= A AP BE FBAHAA ALHo2 2
Tfeke @S RATh 1A HgyR Al A

pH

0 1 2 3 4
Fermention period (weeks)
Fig. 1. Change in pH of kimchi added with Syela clava dur-
ing fermentation at 4C.
W control, [J: kimchi with 1% Syela clava, A:
kimchi with 2% Syela clava, A: kimchi with 3%
Syela clava.
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Fig. 2. Change in acidity of kimchi added with Syela clava
during fermentation a 4.
M. control, [I: kimchi with 1% Syela clava, A:
kimchi with 2% Syela clava, A: kimchi with 3%
Syela clava.
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& 06~08%=s 7|1EC 2 HEOH(Choi SY 5 1990)
Ao pHE YeRd 3FA A AFFAA H&7]e A
AAEE Yeilth AXE g9 A$REH 3FAAE
NxzT7F £ AEE UeRSIET 354 olFol= T
oY H7kt ol Q27RO o FobA o] &4o] 3
FA o] ol EllsiA yeh it Aol Bk A
o= AgHEY. mHys HrlehA @2 iz AE
TR} Ao wadS B 4 gtk pH 2 A ZhollA
Uehd Ao wejg el Hrleko] B&45 749 pH
7F F11, AAMNETE $E Ao=® Hop my e Hyp}
A9 &4e QA= BT A o= AZEn.

nEgS JUke AXe 4 F 959 WskeE Fg
3004 B = %ol WA ARAA FF ATHE 3IFA
7HA AAE wolRE #ES F Utk @5 Z27d=
nely H7b AE7F izl Bls] HriEkel wldlste
2 s YEAA Hs7)R] 3FRE VTSR BE
AgollA] AAHoR golRs =S 4 Itk 1A
o] A= YNkHo R 3%E HHYES 7]F(Choi SY
T 1990) 2.2 AAsta =], vHY &A|] d = (v
T H7F Al 9= 280)E F @F AFo| dzFET
ey H7blA A7kl vldEste] =2 #hg UER
Ak LEVE P EA viF 22 WE Ago] by
o] gt RS whESity A =& w5 =22 A
olo &gl FES HFo| o]FojA HET|R] 3F o|F
o= AFAUL Zolol| o8 A =2 Fo MEH0]
S50 AA A dEE Y Flow Bl

2, Mz 3}

HEES 0, 1, 2, 3% F7IR X9 4 T AEe]
3= Table 29 YERNATE Hunter's color vaue?! &
< YeRl= Lk [lightness, 0~100(100=white, O=black)],
A Aol HeE YERNE agh [redness, -60~+60

(&)

£

Salinity (%)

0 1 2 3 4
Fermention period (weeks)

Fig. 3. Change in sdinity of kimchi added with Syela clava
during fermentation a 4.
W control, [J: kimchi with 1% Syela clava, A:
kimchi with 2% Syela clava, A: kimchi with 3%
Syela clava.
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Table 2. Change in color value of kimchi added with Syela
clava during fermentation

Color? Rzl Control 1 KS? 2KS 3KS
(weeks)

0 61529 5956° 5565  60.74°

1 61.22* 5811° 5819° 57.94°

g h" 2 61.01° 61.29° 6110° 60.92°

(Lightness) . b . P

3 62.39° 62.00° 6149° 6143

4 68.72° 6923 6828° 68.23°

0 1291°  1166" 811° 11.15°

1 5.72° 6245 668 664

R eda 2 11.04% 976" 10.09° 1096
(Redness) . b

3 1027  1090° 11.00° 11.10°

4 7.51° 739" 78la 755

0 1345  1091° 970" 12.02°

. 1 9.81° 960° 951° 946"

2 1289° 1301° 1247 117"

(yellowness) a b . P

3 1451 1362 1293 1276

4 6.85° 735 675  6.65°

0 0 344"  846°  240°

1 0 316° 319° 3422

AE 2 0 1244 104 119°

3 0 1166 19" 216

4 0 072 054  053°

Y Refer to the legend in Table 1.

2 Different letters within a row indicate significant difference(p<
0.05), n=3.

9|, degree of Lightness; a, degree of redness; b, degree of yellow-
ness, and AE, overdl color difference( AE= v/ (4 L)%+ (da)>+ (4b)2).

“ Different letters within a column indicate significant difference
(p<0.05), n=3.

(-60=green, +60=red)], 1&]al A} FAHo] FrF L}E}
U= baXydlowness, -60~+60(-60=blue, +60=ydlow)]= =
AstA L, AAFR] AsLE 4] 913l National Bureau of
Standards(NBS)2] A 2]l w2} A xK(total color difference,
AE)E 739 tHdudd DG 9} Wyszecki G 5 1964).
L#S B AEToA 548 Z7]ode o HolAt
7} 25 o|FHE FEANATA wAdo] PAFE St
Ste ARES BYa, AR & oAk UEhA &
AL ey 7ol bl Hl#ste] ixatET
Hadhs A4S JeERY. agke e AgTolA 15
Aolle A FolA Tt 25 o]Fo ekt F7F A
e BYlom 37 o]Fol oA G4 A F4E U
RS mlE Y-S H7RE X9 A9 2, 3% H7krol
tzrro 2art Xl JA=o gho] =4 vt
. bate AAEe} FAsHA A4 x7]dd 54T A

WS Holtpt 3FA7AA] AAs] S7F B2 HERHS]

o



M 71 o]lF F43] st As7]l 3FAE 71E
o2 AAR A3 vHyo] HrFEE bt ks
3,

Fo Bk moE 2 $-i4dolel visssiAl bttt 7t

e

xanthing ¥ xanthineZ] 712H|=o]=7} @o] g5
o] lol(Choi BD & 1994) 71X|o] Amef g w3l
Aoz Azdc AAAH A= WS (AE AS, %4
0¥l 2% mtiY FH7kro] 8469 o= tixTe}
7 Apolzt Wol wout, 44rIzte] dojdss A
Hom F37} ztawol RE vty H7k ZA7E 100
olste] #X% Lfehlo] eto A9 Afo|& T
AE WS eRhTh ol AX 9 Salo] WP
ol obd 2 RAE, MHE 5 WA AR £
% RE FFo M5l ANHOE Yolas HOR A}

AA HE 7R F Fe] WSS Figo 49 JERASL
o FATE A5V 3FA TP w2 FAE UE
W= Kim 52 Aol A(Kim MK2} Kim SD 2003)
AA A&7l d7F 7P Bthe A7 Adets 93
]

7Vvst7] AlEfsted 3Rl Huighe Bl & oAl st
= W Btk ol HAASA lde AddES
BAZOZ &5S 3/ ¢a 238 4k A T
714 AESe] &A% 5SS YA HE 7]
of F7)ol ikte] A5o) SrkshHA x7] mAlESol
i Jeide 232 AZtEn dazr)ols 2%
oY A7k Ut 52 @S UEhidled, =
A 2FARE AFAA M= vEY 1% "7ke] o
E NETHEY & @S Bk PHY 3% Ak

11

-
o

Log (CFUx1G/mL)

0 1 2 3 4
Fermentation period (weeks)

Fig. 4. Change in total microbial count of kimchi added with
Syela clava during fermentation at 4°C.
M. control, []: kimchi with 1% Syela clava, A:
kimchi with 2% Syela clava, A: kimchi with 3%
Syela clava.
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Fig. 5. Change in lactic acid bacteria of kimchi added with
Syela clava during fermentation at 4C.
W control, [J: kimchi with 1% Syela clava, A:
kimchi with 2% Syela clava, A: kimchi with 3%
Syela clava.

B2I|8E QA7 S5 B URTEDG e S
5 YeERIITh vg Yol cvanin, styelin, clavaspirin
59 &+ WE =7t EAgT . BaE =t (Lehrer RI
2001, Menzel LP 5 2002, Lee IH %% 2001, Taylor SW
T 2000), ol&9 F+t e mdYe] fH HAE A
& B G BARY AL g8 mAE FEH
71 AAE A= Hloh

] AeE BRE AT AXE g 25R
B 2F7MA MA3 F7Vske AEES Boltrt 3FA
ol28] muY HrlrolA g43 it s W
g 4= JATHFig. 5). ZAFANME 1% vlEY H7kEo)
M 2 FAE UESITE St 2] 2%, 3%
ngy HArkroME tixTrRg & 3he) gakds u
ERNRITE Fig. 49 S5} Fig. 59 i 5 vlus)
B Zgkto] giiEe] mAEYS & & e, 24t
74 Aol vgy Hrlto]l RTFRY & o=
Kol g2 24t o]eje] mAERT ikt o 3
AR e vAE o= AztEn

4, BSX £ Y 24 T}
SlEY 7} gAe) $eRsh AnE Tale 300 Leh
o AAE 2 FHUA), H47NEEA)0 22 A
ok WAl W7 AV, AAA HEEE, HEge 3
Ge tEET W7k AT el wlam

¢ r
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o W AA A A 24| B Az, Az
thste] duldde Aoy, 7i]le] ZE=s}
of Wt fFoxt £4 Al et 2= A veht A
AARA frelxks /it BAX0LA) A= 1%, 2% v
HY H7kgol Azl HdzxolA vHYes 71sHA
B2 x=wit 2 HE Uit T2u B 3
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5ol oRzre] HAHQl YFe F o AzE) Ao
Aol 20 vIES A ZA7} dETR =
& A5E A ol WU B s T
o R o] AAHoE A Hel Te BB

HEHS of vgo] A ¢t A= AHE =2
o 3% vdy HriEe Ao] UF o o3|y
of B2 P FAth H57IQA 3FA o AAI%H
W57l 2% vt Y 7ol tE ATl His)
Foakr), A, A AAFR] VR O 2o A
UeRJIATE ol dadgdS AXEA viggs 71X
7} AALHA EFE Mol HL oz H o9
Ao E=gk dErE HAEA rEyel 3 obreAt A
#(dung ES 2007)°] &&= ZXx|e] 7HAutel] 37822l
dFS F HoZ AlgdEY. 28y 1% H7Ee JAF
oZ XA BEA AP gty 2 A gEe o] 2
38 ZraEo] Uelgton 3% HrlrolMs thxayt
ol WA LUATE s Al kgl HIElg Bl gfol
ARoH RAuto] ThE AR Bl o} A o
< & 7102 Yyt

s kel A ABH oz gRlsh] ¢

A3t Table 49 YeRAATE x| FX
HolHA ZAEet AHAErt gttty <57
T A AT AE W ARTE HY 2R

vrolxtt. izl wiste] mHys Hrhst
St A=r 71T AU AR A== 1% Y

HA7F A oA BERED, 206 A7 3% 7kl
3l 22 M) el ot =& HHFES B Taole
39 IR 7lolA 3FAY A vlus|RH =} F
SV} 7P w2 1% PYY Hrke] 388 TP W
e B, 2% 7ol 7P L HUEE Wit 9
= A=} A= Fa vl Aw vidskA] &g -
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Table 3. Sensory evduation of kimchi added with Syela clava
after 3 weeks of fermentation
Sensory Fresh kimchi Fermented kimchi
evaluation Control 1 KS”2 KS 3 KS Control 1 KS 2 KS3 KS
Taste 449 40° 38 40* 35° 277 42* 33°
Flavor  42* 39* 37° 38 34 29 39 33
Texture 3.8° 44* 39 34 39° 33 422 37
Color  40* 38 40° 36° 35 27° 42° 40°

Overall
acceptance

Y Refer to the legend in Table 1.
2 Different letters within a row indicate significant difference
(p<0.05), n=3.

35° 44 38 27° 35° 31° 44 35*
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Table 4. Texture profile analysis of kimchi added with Syela
clava during fermentation
Kimehi form Raw  Sdted Matured Kimchi(3 weeks)
cebbages cabbages Control 1 KS? 2 KS 3 KS

Srrength 166577 15762 6701 6.990 6.947 6.930
(Dyne/lcm?) +0.372 +0.160 +0.027 +0.076 +0.043 +0.013
Hardness 10453 8306 1377 3965 1434 1424
(Dynelcm?®)  +0.157 +0.764 +0.029 +0.183 +0.090 +0.209

b Every values are means of three replications.
2 Refer to the legend in Table 1.

V. 2 <

ngg-e vpske] 1, 2, 3% F713F AXE Ax
473 HE SAAFIAA pH, s, 9E, PAE
e s 5 T4 59 wsE #ES 47 pH
sl= et JAYAFE A APFAA Yol A
Hyon Hxr] o]l myy HriEo] EopdsE pH
7F otk Atse HEV) g ETE HdAF R
oAl = ¥sE BHion AsrZ7kAe vuY Akt
o] H& A& YEULL H57] o]Fedle FH7bro] of
ZTET 9T QEE sS4z PolAtl 3FH
ot F7bste WskE UERlo Y o] HAap YolAle
AFE e S5 3FARE 353 FHE
Bl & AHey] uf A A@FelA Hdigks JERiS
£3] 1% ko] warvh JYHEA I =2 3he
HAaoh it =3 dErt s wA Jxk St
A7) HAlghs Jefidler S SYsHA 1% A
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