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Abstract

In the present study, kohlrabi-kimchi was prepared for assessment of changes in sensory qualities and measurement of changes
in quality characteristics according to the storage period for the purpose of using kohlrabi as an ingredient of Kimchi. Examination
of the physicochemical properties of kohlrabi-kimchi according to the storage period showed that the acidity increased steadily
throughout the storage period, while soluble-solids content, pH and hardness decreased as the storage period elapsed. Meanwhile,
the L value increased and then it decreased as the storage period elapsed, but, the a value increased and the b value gradually
decreased after day 14 of storage. Reducing sugars increased up to day 10 of storage, and then they decreased slowly after day
15 of storage. Measurement of changes in lactic acid bacteria in kohlrabi-kimchi according to the storage period showed bacterial
growth showing typical tendencies of Kimchi with a rapid increase on day 5 of storage and a decrease thereafter. Assessment of
sensory qualities of kohlrabi-kimchi according to the storage period showed that the highest scores for appearance and sourness, odor,
texture, and overall scores were obtained on day 15 of storage. Based on the above results, it was determined that the optimal maturity
period of kohlrabi-kimchi is day 15 of storage.
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A Qe oof wEk AFAGE S 2-S i F AR} 3] ZTH] EHoll= Eeh AA/gdE<l anthocyanin 4820
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e A7 e, ofA7MA] FEHIE AFY A= o]-8-3t
7] §13 AAZ Q] vl A & olof] it A= RS A
ol

AA e FHURE d#shs ASEaAFeRE Y25 4
Fst7] g e ALF vEty 77184S AHE 5 IA
s, &l GAE Sl = AR 7P A5 S0l
(Park KY 1995). A= Aj4xof 2318 ohef?l vl 77
Ho] FH5L, Aol efigel ok dAY 23 %
A2 F31(Choi HS 2005), YaitAox AAEHE= =
3 g AN 9 ChRE AN EY BUS B BAs
b Es) JEUAEES, R, v QAo
T 59 237 okal A E A QJtHLee 5 1996; Kwon &
1998; Kwon 5 1999; Hwang & Song 2000).

2ol YA FARE WE B 72 AAgET 9
o, ABAOZ PAE B ikt LS o] §3te] WS
ofgon] ofdl Raetw 2Fo) el 5 PP WT T
AAZ ol§T 4 Yk A2 FYR §YE FBL o8
BE32d 7]1x|(Kim HM 2005), ¥|E&7} ZX|(Yang & Han
2005), vl ZX|(Park & Cho 2006) S-of tigt d47} 9le
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1. M=

H A 3Lof| AR3E ZEW|(Brassica oleracea var. gongylodes)
£ 3HRE AN 159 ol 23 AL Aol 4
galgom], Zoke BE Bl rﬂtﬂureow SRR
113=7}5(Daesang, Seoul, Korea), AJ-%-%l(Hansung, Busan, K-
orea), Wj4l%(Ottogi, Anyang, Korea), ThZlvl=at &F(C)
CheilJedang, Seoul, Korea)2 A|5o|A Fuljsle] ARSI T

2. Sap| Zx MZE
Zehu] %) Hjgel B E@(Han BR 2004; Kang SE
2011)& vetoR, 712 gejdl Sehu] x| 22 Aok A

ALY A% wFulE Fastel, dulABL W5BHE
AR HF e Ptk o Bk ey, Set

Hle] Ay, nEAHRY WY L RAR W7 5ol el
Anstgon, duage B e 2o 9] HE
gkl Table 134 2ok 2ehul AF ¥ AAS AAT

eSS

=4 EFIYEIA

Table 1. Ingredients of Kohlrabi (Brassica oleracea var.
gongylodes) Kimchi

Ingredients Weight (g) Ratio (%)
Kohlrabi 1,000 80.22
Red pepper powder 40 3.21
Red pepper seed 20 1.60
Garlic 20 1.60
Salt 12.5 1.00
Green plum syrup 75 6.02
Salted shrimp sauce 41 3.29
Green onion 38 3.05
Total 1,246.5 100.00

5 otfiet QARES ATt 7hed REE 2322 em 27| 2
Ao, Sem 2712 A Aupe} 250 &gy AR7HE, vt
=, A, mjAAS 1 18 Ao 71;<] oFdS miE g
Aol & Zeh| ¢} A BEY 5 E]od o] 500 g
o 20Tl 36417 E<F 4% F 4TColA Bt o]
27| A 23 Fee] AR)E 0304717 AAZEHA 59 74
oz HFF PR ANRE B ARESIATH

3. pH & A

A% 7170 2 Zah) 229 pHet AEE 25}
o8 Zohu] A NFET FEL 112 Y3 homo-
genizer(PT-2100, Kinematica AG, Lucerne, Switzerland)S AR
gko] 14,000 pmof| A 3027 #ASgE &, oTA](No. 2,
Whatman, Maidstone, UK)2 &j1}slo] 248 A2 2 A3}
At} pHE= pH &4 7](Coring340, Mettler Co., Toledo, UK)&
gato] 33 24 ¥ HARS Foldth FAEE olnje
A& 2 g& £55 20 mL2 343t T}, phenolphthalein ]2}
0.5 mLE 7}3t & pH &% 7|5 o] &3} pH7} 8.39] € w7}
A] 0.IN NaOH &% 7}t & 42H|H NaOH g4 9| & A
E(%)2 EAIST

At (lactic acid, %)=sx(f%0.009)/A] & (g)x100
S: 0.IN NaOH®] 2H]2KmL)
f: 0IN SASRpESge] 7}

4. 7t24 nEE &

F2HH| 4A 1P ET FES 1] HER YFste] Z4%
% oJTHA|(No. 2, Whatman)2 23] oj3}st ojolo] 7184 118
= TS F=A|(Atago, No. 4403-E02, Tokyo, Japan)Z 3H
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] AR 9 EAL Texture analyzer(TA-XT2, Stable
Micro System Ltd., Haslemere, UK)E ARE5}o] 7 &= (hardness)
2} =2 A(springiness), % 3l Al(chewiness)2 &35t o|uj
71719] 25 ZA-L pre-test speed 3.0 mm/sec, test speed 1.0
mm/sec, return speed 5.0 mm/sec, test distance 3.0 mm, trigger
force 5 g0 = s}l o, 53] HHE SAsto] 1 FAgkS AR
aheac.

6. M

Fop) 729 AEE DI} FBE 111 WIS R
of 4% & oZA|(No. 2, Whatman)2 23] 33 A& 3
mLE A& 9 em?| HEZ G4 32 F H=ZAH|(Co-
lorimeter CR-300, Minolra Co., Osaka, Japan)S ARE-3}o] L
(lightness), a(redness), b(yellowness)2] A= 7k 335] HHE =
ot I Baths ARSI olu] ARE-RE 39 T(stan-
dard plate)?] L, a, b g2 Z}Z 97.14, —0.04, 1.92% T}

e ®

7. g

Zatu] 7129 U FEF2 DNS(dinitrosalycylic acid)o]]
O3t v O 2 =A31%] o1, glucose(Sigma Chemical Co.,
St. Louis, MO, USA)E o] g3te] EZ2XAS 24stgt 5
Fo] Feh| X 1P EY FES BT T, AZLXNo. 2,
Whatman)2 23] oj3hgt ojele AR 2 ALESRTE AR |
mLE DNS AJ9F 3 mLo} E3H5t 7 100C 2] F= =4 5&
7t B9k Fuket 0 10827 AR F 550 nmol ] FHE
Z47](UV/VIS spectrophotometer V-530, Jasco, Tokyo, Japan)
£ ol&ste] FFES A%, BEJAS T Y
o

2 ks

Lo

8. Hikr

T A9 A7z wE Aibte] HIE AuE
7] $18f Park 5(2011)2] ol whet 5] E2hd] A3 1
F=H TE== 2 & x| (Whatman No. 2)2 E}HH]|
AR 9 255 23] AAUZt F oY | mLE AL F A
stomacher bag®]] ¥ 0.85%2] NaCl &80 2 108] 3435}
stomacher(bagmixer 400 VW, Interscience, Saint Nom, France)
£ olg3tel 287k AT, FABHA AR 085%¢)
NaCl §94& o] g3te] 1084 Q1% 8|43tk Slo] AR |
mLE #3] MRS(de Man, Rosaga and Sharp agar) HjX]o]
spreading culture method 2 Z£3t th2 37C incubatoro]| A 36
At Fet viget 3 P TAl(colony)E Al ATHLee

A% 717kl whE EEh] AAY FE 54 937

= 1989).

El

9. 47}

oE B7H A Ee AA 1FEY FE0| T (weigh) 2
2 Llllo] HEF 5l F 30 g GrRE F7|3 SN HA
of Got AlFstAL, 2717 D2t Sehn] AR st
o] Z1x9] 8 EAJQl 9| appearance), TH(sweetness), T
<-Uh(hot taste), &Hodor), & ZH(texture) L AHFA Q] 7| &=
(overall acceptability)2] 67}2] &0 o] 78 A== 7]
S=8 grlstath AR77HE ARe] AEst vng s
Fop) PAE 5U PA0R Axe] AU F BE AR
£ Aol Bkt Bl AR A S9oin
Ystie] 4ERANE A 15902 skl el =
A3} 57} ol dhete] Aat 5 Wrlo] USHES o
Sk @ A RS W7} Fol B <leke 971 BrleEs

s,

g0l
0

10. SAHIAz2

nE 279 BA EAL SPSS(Statistic Package for the
Social Science, version 21 for Windows, Chicago, IL, USA)E
o]-§-5ko] Bt (Mean)} FZHAKS.D)E e it 2 A
e YA "HSS SAst] L LA EAHE A (One-way
ANOVA)S AAIEt e, ZF A= Zholl fol4do] e A%
AZEAS S 2 Duncan’s multiple range testS A A|3} T

20 Y TR

1. pH & AtE
AR FARE ZTH| S AEsle] ST AAE G2
Z A@7|7te) W Zehu] X 9] A=} pHE 43 A3
o

(Table 2), A|Z &30 pHE 4.6394 A& 15Y 0| pH 4.37
2 Polxa, A% 15~3047HA = F-Z el s glitt
(p<0.001). Z&tu] AR A% 27| pHE F5 o|&3to &
= ZF7|(Lee T 2003)0] H]3] A A==t Kim
MS(2008)9] tol] WEH mAS Hriste] JAE 2 4
< A FE e 714kl s A% 27100 pH7F
wobdths a7k Itk Kim 5(1991)9] ko] w2, 4
Aol Mids M7 A, AR dar|zt F pHrt W53
71557t 71 =& pH 4.2~4.49] YIS §X vty st
=, 2T AR A FARE IS e

A% 712F F A= WH3h= Table 20419k 2t Zety]
2= A% 717 & Axrt A&H ez Frhete] AP A
12] $E 7 3¥Lee 5 2003)3} FAFSHA UEbgth A
e 29 Ia 3 5 BAEEE 714kl oste] wst

oY oY

~
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Table 2. pH and total acidity of Kohlrabi(Brassica ole-
racea var. gongylodes) Kimchi during storage at 4C

mean£S.D.
Fem;zr;t:tion pH Total acidity
0 4.63+.0.02"%2 0.24+0.018
5 4.560.02° 0.3020.01°
10 4.52+0.02° 0.41£0.02°
15 4.37+0.03¢ 0.55£0.01¢
20 4.360.01¢ 0.6120.02°
25 4.35£0.01¢ 0.68+0.01°
30 4.35+0.02° 0.74£0.01°
F-value 11825 818.51™"

Y Each value is meantS.D.

2 % Values with different letter within a column differ signifi-
cantly by Duncan’s multiple range test.

3 p<0.001.

A =, e 53] AR grol] AHAQ 93-S £oHKim
& Jang 1997). ZeH| 2] At=+= pHe= D8] 23] 5
7Vt AEFE Holed, A% 2719 f714F FFE 0.24+
0.01%0°] 1, T& D70 0.74+0.01% 2.2 47| 7ko) what
S7Fohe BEFS UERthp<0.001). 75 o]&sto ZHR71E
Az A3 ArE EZAT A7} 0.1%2FL B 15 =1(Mo
T 1999), S A9 27] A== 0.23%°] o|=27] £ 7+
F7100 vlaf At=7F A H o r =4 SA =M=, o= &
A TFo] 2 LZ7IE YEOE AREHY, o= Yu F
(2001)2] Ax}e} Yx|gkct. E3F Cheigh & Park(1994)7} Kim
MS(2008)+= pHO| A& of H|s| A= 9] F7HEE7} WhE
olff= A W Tl At ofu|lAbe] &b ZHgolztal
st Fol Hls) S2hHl= F8 o)At ol
=°KChoi 5 2010) FZX|of| B|3} At=7} W F7H3E Ao
2 A==k Sul 5(2004)TF Mheen & Kwon(1984)¢] Lo
A AR HAHAEE 0.7% FEet Bustged), ST
AR Y A AR F 25U o|F R Hx7|o P st A
£ Heon, ol A Ao}t dX st AHE UE
b=

2. 718N EE EE

A7k 2 ZTh] A9 M 1FE A
Table 33+ 2t} 0Y}o] 14.53 °Brixo| A 5URFo|= 12.23
°Brix2 &3] 7ZAstgon, 104t 12.07 °Brix2 7F%
o Fere Ho|thrh 15¢0] 12.30 °Brix@ A% Z7}8le

=4 EFIYEIA

Table 3. Soluble solid content of Kohlrabi (Brassica ole-
racea var. gongylodes) Kimchi during storage at 4C

Fermentation Soluble solid content
days (°Brix)
0 14.53+0.06"%
5 12.2320.06°
10 12.07+0.06*
15 12.300.10°
20 12.87+0.06°
25 12.87+0.06°
30 12.90+0.00°
F-value 541.83™

" Each value is meanS.D.

? Values in same row with different superscripts are significant
different by Duncan's multiple test (p<0.05).

3 p<0.001.

(»<0.001) Kim 52001)3} Yu 5(2001)2] ZAzol S-A}sts T
e A% 7R 1P E el 2 AL 1R 9 gl
of FFEol e T FFN WE AR HoH(Yu §
2001), 0ol |3t A 5Uf 7184 LHFE FFol 54
3| aste 992 AR gid 7 AdEo] art XdE
o] ma} AREy| B Aoz AR thPark SH 2008).

ARkl oh2 Fehu] 739 B4 Mk Table 49}
Zt}. 7 %(Hardness)= 04217} 1,407.33 glen?® 74 &7 &
AEeH, A7|7ko] FrHtel we g AFHEY A=
7 freld oz bk Aol Lekdthp<001), ol Kim
51(2001), Lee 51(2003), Kim 5(2001)9] A1} -2 FAfo]
gomn, E3] 2% 1090 1,356.04 gem’E 27t Z7stAh
7 Al Fastg o, A Flels Buge] 2 vt
UrerbA] gkgtth. X9 22142 Hol= I F AlE AlE
% F717F 27150 o] §&H L, AlEE o] ZAXHA
Heaol Awrt 27He) uet wakEld, dursoz 3
Ao] ezt Wg) weh AR Zauny RuHUw
(Lee 5 1988), Ta 34 F wAEY 5oz YHH=
polygalactronase(PG)2} pectinesterase(PE) 2] Z2H-2-0 2 21t A
zof WRig) tet s %, Wit AgEe) de
AA9) AHE7} gobA 3, 229 AEst AT 24
xoE wEe) ol Yol I, 484 Helo] Z7Eo] =
2 o] #A3l7} 2R W KKim JH 2013). S2hu] P& 7 742
ol va) BES] FHaTo] 2o, Feule B ula| Aol
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Table 4. Texture of Kohlrabi (Brassica oleracea var. gon-
gylodes) Kimchi during storage at 4C

lm
o

Seh] 7o) B 5 939

Table 5. Color value of Kohlrabi (Brassica oleracea var.
gongylodes) Kimchi during storage at 4C

Fermen- Texture value Fermen- Color value
tation tation
days Hardness (g/cm®)  Springiness (%) Chewiness (%) days L a b
0 1,407.33421.5792  (.85+0.02 137.21+18.47 0 40.06+0.20"Y 8.04+0.12° 10.02+0.17°
5 1,329.27+35.46% 0.85+0.05 136.74+20.51 5 41.3520.01° 12.29+0.03° 9.12+0.01¢
10 1,356.04+31.06° 0.85+0.03 125.04£13.60 10 41.85+0.59 11.510.01¢ 10.97+0.11°
15 1,313.33+13.32° 0.88+0.02 126.66+12.99 15 42.3940.03° 10.6620.04° 11.2020.05°
20 1,319.57+13.63% 0.90+0.03 127.86+8.75 20 40.90+0.02¢ 12.0320.02° 8.47+0.04°
25 1,319.0010.15> 0.9420.05 124.86+10.31 25 40.850.08° 11.7620.12° 8.30+0.11°
30 1,312.33+8.74° 0.89:£0.06 122.74+8.55 30 40.92+0.01¢ 11.99+0.03° 8.55+0.03°
F-value 776" 2.21 0.52 F-value 30717 1356.96™ 560.76"

D Each value is meantS.D.

2 7 Values with different letter within a column differ significantly
by Duncan’s multiple range test.

3™ p<0.01.

ksl (Choi 5 2010),
2001) Zhu| 2 HAE A2 B¢
o =4 39 AoE Amdtt

FadFel 7] gZo(Kim
| = 5 AR EG B =7}

4. AHI:

A7 71Zke] T FEh] AR ME L a, bt & a"é
= Table 59 2t Y=F HEtUl= L2 0L3ko] 40.0
ol A 5Ux}of| 41.35, 10Y2}of| 41.852 A Z7|7to] x]urrq/q
ofZF 7V e UERl oW A 15UAe] 42392 7}
F w2 S UEd F 2093 o]0l FAHo R b
Hashe 2 HATEp<0.001). ole PA o) TaY F
pHe| W3te} of2] Ao WE AL Hol&d|, Kim &
(2008)2] Aol A A A F pH7L FastEA Lto] &

7 ety Baste], Feh] gx|e} vl A Ue
Wtk 27hE A7F AR F24s YEdE agt2 A
A717ko] S7keke] mEt 1 gho] frejHor Frbshi o
(p<0.001), A& UEhi= bgke] -5 AR 0ol 1587+

A= 234 F715i07F A% 2093} o] fojF oz 7

S THp<0.001).

5. galg
A% 712k me Fehe) A9) Sl WEhe Table
6ol et 03tel] 72.58 me/mLHE FLF-E A%

o] 71.40 mg/mLZ ZrAastchr 1092471 B A] 74.40+1.33
mg/mL7tA] & Fo g F7IstATht 15U o] SR E A% T

" Each value is meanS.D.

D = values with different letter within a column differ signi-
ficantly by Duncan’s multiple range test.

p<0.001.

3) ek

717HA oA o2 MA S| HastHEHp<0.001). X2 A%
7|17ke] S7HESE XY BET ol gasiiet, o
L gA Baug AL AT Lee 5 2003; Kim 5 1998; Kim 5

1994)9} 22 oItk A 15YAFE SdT dFol 3
23] 7HAst= AL pHO tﬂi} Al719F dA]5h=d), Yi 5
(1998)9] Aol A pH WSh= o] W3} Smoh 2 73

Table 6. Reducing sugar of Kohlrabi (Brassica oleracea
var. gongylodes) Kimchi during storage at 4C

Fermentation Reducing sugar
days (mg/mL)
0 72.58+1.13"
5 71.40£0.92°
10 74.40+1 33"
15 70.82+1.17°
20 70.3520.44°
25 67.00£0.83¢
30 66.88+0.51°
F-value 25117

D Each value is meantS.D.

2 *4 Values with different letter within a column differ signi-
ficantly by Duncan’s multiple range test.

p<0.001.

3) wkx
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o ehdths o} Axshs 2ok et B9

o
T2 AR vgE Y AR |, Fwt4, pH, A=} A
FA7} Jem(Park & Im 2008), o]t B4 S 2+
o] lactic acid, carbon dioxide 5 o8] 7}A] ERE WHI}E7|
el A717ro] F7kste] A Tart APLF g
Qro] Fako] 7HA(Park 5 2000; Lee GY 2013)€th 21
=k

oft

6.
Zhe] AR 9] RAikt4=9] W3k= Table 79 Ut $ict.
A AR 5431 1.6x10° cfmlz S = gon, A
1022} 3.8x10° cfumLE 23] 748k, A% 3083t
1.0x10° cfwmLZ AR 7|7Fo] Z71as2 A A3 7H4s}
A2 UEPATHp<0.001). S2H8] AR 3¢, Zikto]
A3| F7FsHHA At 3 FUtsto], AAda F A
o] A+ AAJFITH= Kim & Jang(2000)T} Lee S42003)2] Az}
9} GA}5tAtE =3 Mheen & Kwon(1984)2 73] 9] A& 4
A Al ZAL3= FANE-E Leuconostoc 40|, 10T o]AH9]
2EoA 4% A Y Al AR At ZHgshe o
X Lactobacillus &o)g}tal Rty &, 1o 2wojA 7
215 AAsHA AAtEY] Aol AsfE o] AR AtaiE |t
1, 7HA717RE Qe 4= vk 2] A A Hel
w2 nYEY E4S A Kim 5200002 HXE Hol=
ol wet A% F uAEY Wit d=2A yehdtha 2
sl AR FAHR A5 AH FeA dol= U
o] &gES AMESHE Ao Hlske] A9 WAzl He X3
Eo] nAEo] FE5H HAETa Buste 2 Aatet o

o orr =2 o

ol

Rad

Table 7. Lactic acid bacteria cell of Kohlrabi (Brassica
oleracea var. gongylodes) Kimchi during storage at 4°C

Fermentation Lactic acid bacteria cell

days (cfu/mL)

0 NDV

5 1.6x10'%+13.207%
10 3.8x10°£7.00°

15 1.1x10°+2.65°

20 8.0x10%+3.61°

25 3.6x10%+1.53°

30 1.0x10%1.00°

F-value 29924

Y ND: Not detected.

? Each value is meantS.D.

3 2 Values with different letter within a column differ significantly
by Duncan’s multiple range test.

D p<0.001.

A5tk ol 2L ATE Fo Zaku) AN AL &
o)7] gJaiME ATl 2FEE o8, He L&
AN S48k Aol £& uholat Az

7. =X EN

Sehu] P o] A 4] Bje Wrh AaHe Table 83
2t el 0N AFRI|9 AT fEoR
5.7340.862] =& 712 Holtlr}, 309X} 460802 F4A

Table 8. Sensory evaluation of Kohlrabi (Brassica oleracea var. gongylodes) Kimchi during storage for 30 days at 4C

Sensory characteristics

Fermentation
days Appearance Sweetness Hot taste Sourness Odor Texture Overan‘

acceptability

5 5.67+0.75"  4.67+0.98 4.40£1.30 433£1.18° 4.87+1.19% 5.33£1.23% 5.00£0.58"

10 6.00+0.76™ 4.60+1.24 4.67+1.11 4.93+1.16® 5.00£1.60° 5.40+0.83% 5.130.72°

15 6.27£0.57° 5.40+1.35 5.53+1.60 5.60+£1.03° 5.67+1.40" 6.00£1.07° 5.93+0.34°

20 5.730.86° 4.67+1.18 5.47+1.46 4.80+1.01° 5.20+1.18% 5.27+1.28% 5.33+0.67°

25 5.14+0.65° 4324132 5.13+0.97 4.37+0.62° 4.89+1.34° 4.75+1.63° 4.67+1.34

30 4.60+0.78° 4.07+1.16 4.73+1.34 4.07+1.09° 4.13+1.25° 4.40+1.84° 4.130.95°

F-value 6.15") 2.40 2.07 3.36" 2.90" 2.93" 437"

Y Each value is mean+S.D.

2 @< Values with different letter within a column differ significantly by Duncan’s multiple range test.

sokok

" p<0.05, ™ p<0.01,"" p<0.001.
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