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SUMMARY

I. Title

Development of long-term storage technology of Chinese cabbage and salted Chinese

cabbage

II. Objectives and Significance of Research

This study was conducted to development of long-term storage technology of Chinese

cabbage and salted Chinese cabbage to extend supply period of Kimchi ingredient.

M. Scope and Contents of Research

O Optimization of Storage Condition for Seasonal Chinese Cabbage
- Analysis of postharvest physiological properties of seasonal Chinese cabbage
- Analysis of quality properties of Chinese cabbage depending on storage period

- Selection of optimum film for long-term storage of Chinese cabbage

O Development of Long-term Storage Technology of Salted Chinese Cabbage
- Analysis of quality properties of salted Chinese cabbage depending on storage period
of Chinese cabbage

- Development of long-term storage of salted Chinese cabbage

IV. Results of Research

1. Optimization of Storage Condition for Seasonal Chinese Cabbage

* Analysis of postharvest physiological properties of seasonal Chinese cabbage
- Chinese cabbage cultivated in spring and summer season showed high ethylene
production and respiration rate and low reducing sugar
- Chinese cabbage cultivated in autumn and winter season showed low ethylene
production and respiration rate and high reducing sugar

e I-MCP treatment



- 1-MCP treatment was effective to extension of storage period of Chinese cabbage
cultivated in spring and summer season
* Film treatment
- Fllm treatment was effective to prevent weight loss regardless of cultivation
season. Among the film types, PE film was the most suitable considering the

availability of treatment

2. Development of Long-term Storage Technology of Salted Chinese Cabbage

* Analysis of quality properties of salted Chinese cabbage depending on storage
period of Chinese cabbage
- Salted Chinese cabbage produced with 10 weeks storage Chinese cabbage showed
good condition after 2 weeks storage
- However, Chinese cabbage produced with 11 weeks storage Chinese cabbage
showed high titratable acidity during storage
* Development of long-term storage of salted Chinese cabbage
- Chinese cabbage salted with 10, 16, and 24% of saline to extend shelf-life. Salted
Chinese cabbage with 24% of saline showed the best condition after 10 weeks

storage

V. Application Plan of Results

The purpose of this study was to improve the technological development of long-term
preservation of raw and brined baechu cabbage and its practical application. And to set-up

the optimal salting period and time for brined cabbage that use stored baechu cabbage.

From these results plan on apply to paper and patent, this technology were scheduled to
promote by moving at Kimchi manufacturing and Chinese cabbage storage company to

inform the long-term storage technology.

Based on the results obtained in this study, suggestions were given to make not only

Baechu cabbage but also another leafy vegetables such as ‘Cabbage’ and ‘Lettuce’.
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Table 1-1. Description of Chinese cabbages used in this study

Cultivating type Cultivar Harvest date Cultivating region
Spring Chun-Gwang Jun. 2011 Pyeong-Chang
Summer Chun-Gwang Sep. 2011 Tae-Baek
Autumn Bul-Am Dec. 2011 Hae-Nam
Winter Dong-Poong Feb. 2012 Shin-An

2 293

AR WEe £HF YUE BANA skl feluet WFe) Fa AFA ¥, waA,
e, AE W] AeAelgA WYY, TEP) L olSAA(TA, pH, AYNE, BUY,
=) 54 BAskel Glsgn

(7h olg#d TAY=F
Hj o] oddll WAHF S oA ARE DH &7 Y Az Aol whgl &7]
o] ogdd 7t~ F%E GC(DS 6200, Donam Instrument Inc.)& ©l&3te] =43t &4

_l

AL Ag2olA AEE LHEE7]o B AZEe Aol met &7] e o]
GC(M600D, Young Lin)E ©|&3td SA3ATh +4& A% GCY &
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Table 1-2. GC conditions for ethylene production and respiration rate measurement

Item Condition for ethylene production Condition for respiration rate
Detector FID TCD

Column Alumina F-1 (Alltech, 80/100) Porapak-Q (Young Lin, 80/100)
Oven temp. 70°C 100°C

Injector temp. 200°C 120°C

Detector temp. 250°C 120°C

Carrier gas N2 He

(th 74 = dE=
AA e FAE AeS

£ sem o149 A8 Ao AT

NEE

HEE
AHgste] 7h44
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et 132 wjFE Sghxy whxo 4x27|A gol WH AAZad ¥ $F 1-MCP
generatorg ©|83t 1 ppm %9 1-MCP(elZ &4, TF&F)E -02°ColA 1613 &
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HHlFE FTaE wF Bbxo 4Z7H @GS & A7bo] FEt~YH BEAE polyamide (PA,
100 mm, Xtend, 815-CB3/a, US Patent 6190710, Israel) filmS = EZ3 & - 02°ColA A%
StHA v 59| o]3}shz FAWIE EA4 35 HFig. 1-1).

deulFE  FTxE s vtz 6xII¥M " & AR FEaE dxE
polyamide(PA, 100 mm, Xtend, 815-CB3/a, US Patent 6190710, Israel), polyethylene (PE,
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Fig. 1-1. 1-MCP generator (left) and storage room of spring Chinese
cabbage (right).

(Th olga Ay

Hj 9] gl dAg 4L FoA ARE dH &7 Y AZte] Aol met &7]
e dgdl 7l FEE GCDS 6200, Donam Instrument Inc.)E ©]-&3t] SA3I T 4

B2 AeolA AmE LBH g7 ¥ Azbe] Al wet §7] We] o]

AstErA: 72 FEE GC(M600D, Young Lin)E ©l83ste A43Ath £42 A GCY &+
Azx71-LS Table 1-33% 2o

Table 1-3. GC conditions for ethylene production and respiration rate measurement

Item Condition for ethylene production Condition for respiration rate
Detector FID TCD

Column Alumina F-1 (Alltech, 80/100) Porapak-Q (Young Lin, 80/100)
Oven temp. 70°C 100°C

Injector temp. 200°C 120°C

Detector temp. 250°C 120°C

Carrier gas N2 He
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> 100
S

A (%) =

A7l A A Aol &¥E 001 N NaOH &4 ¢ mL=, B: HIEAIdol &8lE 001 N
NaOH &2 mL=, f: 0.01 N NaOH &2 47} D : g4uj, S A B F F(g)olth

(vh A
AT DNSHo 2 333t =, blenderz 7+ WA ele] AlE oF 1 g& A&3] do}
23] 8)4(2F 100w)3te] o 3HToyo no. D ¥ o7t 1 mLol DNS A ¢f 3 mLE o] =
Al vortex mixer2 TSl E+= Eo 5EI TEIIAT. A2oA WYd & FFS 16 mL

2 3435l UV-VIS spectrophotometer(UV-1800, Shimadzu, Kyoto, Japan)& AF&3Fa] 550 nm
NH FFEE ZH3I}Pow, vg T3 2 glucose EFFA| o3 YT FFS &S

A

o w3 AV|ARE HFH IE 294
1 FA A=
ME AN ARE H2 BES G A, B2 A% Begol 4 3

=
W A APe ANstgon], FAN ME EF 9 FHAL ¥ 1-49 2o

Table 1-4. Description for long-term storage of Chinese cabbage cultivated in spring and winter

season
Season Cultivar Harvest date Cultivating region
Spring Jin-Chung 2012. 7 Chung-Won
Winter Dong-Poong 2013. 2 Hae-Nam
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MFel A Fe 4El A% FW AS $esk 9] B £HF w2 - 02CAA A
e

(2 2333
(hH MA A%
T FE ETh2E HlF Btz 427 ©H2 F A44e] Ty HaE 2
um TAe] PE 5202 X% & -02°ColA AAstHA

o
stlor U3 AdPe AswFolx A&t ArAGE AT HA 3

=
n
1o
9

YT blenderZ 3 RIEAHY AEE AZE AR
Refractometer(N-1E, ATAGO, Japan)S AF&3}]
EFU o™, pHE blender® X W= (paste)dEl S AlS°] pH electrodes A 2o SA5IS
ot A5 blender® F WHEAAEIY] A8 oF 1 g& AT Pol A3 FA(eF 1009)3
o] o Z(Toyo no. DT & A=A 20 mLol 0.01 N NaOH €4S = pH7F 8.3°] 2 wj7tA] &
Aottt MEE SR e uRAES AdAste o 2ol wet Al4ts T

(A— B) ><0.0009 X f < D
S

G (%) =

> 100

o7lol A A E Ao 24E 0.01 N NaOH €99 mL<, B: vlgA el &¥H 001 N
NaOH €99 mL<, f: 0.01 N NaOH €42 97} D : g4uj< S A543 H(g)olth

o L3
32 DNSHOE FP3ATE Z, blender® 1 WA H o] AR ¢F 1 g& AE3d] Zo}
g8l A (eF 10083t o (Toyo no. D F 43} 1 mLell DNS AleF 3 mLE
ZA vortex mixer® @3 Fe Eol 58I FESIAT H2dA WY & FH{HT 16
mLE A3t UV-VIS spectrophotometer(UV-1800, Shimadzu, Kyoto, Japan)E AF-&3t

550 nmollA FFEE SAsRCH, vg T3] T2 glucose EFTA Yl e FHES
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st SA3FH S M, texture analyzer®] +%Z7L Table 1-53 20 AlR9 FTYFEAA
q

&
HE 100% sdstEA Be A AEE SASAeH, AE AYTE 103 vHEste] 54

-

Table 1-5. Operation condition for puncture test

Items Operation condition
Probe 2 mm
Pretest speed 5 mm/s
Test speed 0.5 mm/s
Posttest speed 10 mm/s
Rupture test 2 mm/s
Distance 15 mm

of
rlo

5ol W oGS HAste Z42zbe] A3 7|78 ¢F 5 g9 AEE HT
T Aol 8 =47](MB45, Ohaus, Boston, UK)E ©]|-&3t A3}

AT 255 S Y3 temperature logger(EBI 20-THI1, Ebro,
% b

o] 2-5= W3E ZYHY Stk

2h. Al AR7IE AR AN 54 HE 24

O A A=
SYust deuF T 29 ASFFE W0l vwz Asta wFoer A A74H
A

Job “FZ3MF"E AREST & APl AR ‘T3 Ad AldelA 20114 10€
of skl 2012'd 28z & AYGS AASE oy 7AGEE dste] 242

2 23H
hH MA A%
s FE wWlFutrof g7 @2 & ZH7te] FetaY ¥ E polyamide(PA, 100 mm,
Xtend, 815-CB3/a, US Patent 6190710, Israel), polyethylene (PE, 100 mm, S&Z34H,
=), polypropylene(PP, 100 mm, HEX%4HA, 1) filmOo2 EAsI] °CollA A5t H A
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Fig. 1-2. Storage of Chinese cabbage packed with PA, PE,
and PP films.

M58 258 stol AYS GVIES FH, olu) AgSE BYFE MF 1 ke 0.18 kel
VRAF(EAZ, 9%, FAFARE, B3I B 15ke TR Azsn AYzDL 18~
°CANA 20~2247F APl P AFFol o 19%7F HES Stk PA AxA FA
B AYWiF 1 keW T 0.24 kg, IE7HE 0.05 kg, BXAA 0.03 kg, "F= 0.02 kg I} 0.02
kg, 2199 0.007kg= FH 7}t 12(0.8~1 kg) A3t 0~1°CollA BEH3ste] 3

9 F ARE BASHAD,
% SN W
@ p N ¥ » 3¢
‘*j _‘_{ \ 4

4, MPE 5. ZALEH

_EL
AP
oL
N
o
ok
t
N

6. g/ 28 7. 83& 27 8 OI=E M

Fig. 1-3. Manufacturing process of Kimchi with Chinese cabbage stored with PA,
PE, and PP films.
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] A 25 A5 (ks)
o o T8 =
s A2 8 %) = - PEREET (T 10

Fa5a ()= B AA R
REEESEEE T

(2h 2%, pH 2 HAAM=

dEE SF7I(NUE-3520, A4, d=hHzE F& F=3 F Fu& 2HIEA
(MASTER—M ATAGO, Japan)® 543 ¥ °Brix= YA Y, pHE

< pH meter(HI 8424, St AIF2 3] A} gh=)E ©] 83} %—Xé%}%t}. R R

- =57
2 4 wEgeel AR o 10 g& 438 Do} 108 345k 3149 100 mLol 01 N NaOH
gdo2 pH 8 3¢ 2 W 7A HAsAT
A= (%) = AXO'OO(?XfXwao

A7l A A& Al &¥E 001 N NaOH €49 mL=, f @ 001 N NaOH &9 4
7V, D @ 34wl S 0 Al B A FH F(g) ol T

(h) 27, BT

T2 7%, PCA(plate count agar, Difco)il A& Al&3te] TDAEZ A3 Ax
A % pouring culture method® 30°Coll A 48A1ZF v Fste] AlF3tA Tt Aibd 2
¥, MRS(Lactoacilli MRS agar, Difco)iiAel BPB AAI%F 20 ppm= %ol Ax
BPB(bromophenol blue) AEHIAE Al&std TAEZE 343 AEE #HESIY spreading
culture method= 30TCOlAl 72A12F vjFatRth o], MAH o= Fho] gAY FAMNE He=
A& Leuconostoc spp. 2=, AA A2 GAHME A Fdo] ¢HA o] oy HAH S

2 S9A3MNE H= AL Lactobaillus spp.2 AT SFF T

o

of\
o

e o,
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2. d7HE ¢ 25
7V AEE w39 8% A 2A
(1) AER 3o $%F Y2 54
W= Alhe} 2o mppols D] A2olA] og#|ll @ ako]l <01 uL kgt h! olEE
A= non-climacteric(Z2& HIE5E) AEZ EFFT B AFAA A= ALEZ Aujd
5o 8% s Flstr] st F&% A ARE I Bol ol&He HE =3 #
H 282 ogw dAEFS AYEE EASAT. oEw Ay EFE BuiFe A9 79~120
kg ' h', AEMF A9 4306~5116 nL kg ' h', 7F2HlFe 49 6~18 nL kg ' h'E
AElom, Aol XHHH% W Fol A= Aol HAEHA U (Fig. 1-4). 7}%, 4559 7
= 7€ EdddA Bad H}S&} Zo] gl o] A9 glloy AFH 1A A A

5
=]

g% e FTEOE A &40 o & dFs wete Aol AFAT
SEHEFE g WA FH Zo] aAA wjiFdA T =A YEeH, e
=7 g A] W S FE ol Hle S £57F W Ao 2 ZAEJT & H-’FA IEE
2462~2772 pL kg ' h', WA vlFE 3753~2,836 pL kg ' h, 7FEulFE 359~729 uL
kg h'l, EEHISFE 195~361 uL kg h'2 EAFo] EujSu wex|ufSol] nls) s-Su)
U dEujFo 2F5F0] 1/10 59 Ao g ZAHAR(Fig. 1-4). TFF A, Eux¢
5
o

jg
e
o off

ki

o] “FF7om FAoy FHd uYA A Ao AujE wjFo TFFo
of 2] AE Ee AoE BEAFO JdEd wAER nTAE FF AA Y AolRus &
o} e Al @] Aolrf 24w YIS vIA FEF Yo ¥Et yEhd A=

i}
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B cthylene production

6000 4 respiration rate 6000

-1)

rloduction

(nL kg™ h

4000 - 4000

Respiration rate
(uL CO, kg™ h™)

2000 - 2000

Ethylene p

0 — : : 0
Spring Summer Autumn  Winter

Fig. 1-4. Comparison of ethylene production and respiration rate of
Chinese cabbage cultivated in spring, summer, autumn, and winter seasons.

%

@ ARE wEe 22 D 42

s i S84 AEE 20°C o3 25 Aol o3 qdF5Hde AdxE 1

J|m

A Aot AT ek A w nBA AGA ANATL A= A D] W3 Fat
W, e $Ho® Astel WF AWMBAL v Basich wehd BH AuEE s
~EH 2 BN Aol £HF DU HAFo] B Aol He) e o BuHET,

=3 53 - 257F =3 FFe] @] HiF Anjrizto] 60~80¢ BE=SQ W, Ve
I Asdo AuiE wMiFs 5713 90~120¢ A=E 2o Az 98T SHE UE
Wof ol B Frizom AL Aor AN,

o213t 7| zolm <Qla] FAFE=E FAO Aol AA YElUA ASF7IREo] # S

Tk A A S Qs Ao, FHE A v, b Aedd AvE wiFe] At

B FAE Bol UatHFig. 1-5). 59 %2 Ho 3,013 gollem, A wjF= o
T 2540 g, 7l FE 5241 g, €T H 4692 go® SAHH e B LFuiFTt
+ 3 A ol vie) of 158 = AA FAHAT
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6000 35

Il vweight
5000 - =1 nunber of leaves - 30

L o5 O
4000 - Q
o) @©
= - 20 2
1= 5
[=) 3000 - ©
- Q
%’ 15 8
2000 - g
-10 =

1000 ~ |5

0 0

Spring Summer Autumn  Winter

Fig. 1-5. Comparison of weight and number of leaves of Chinese cabbage
cultivated in spring, summer, autumn, and winter seasons.

TEFFY Ave ABAST > FElF > JheulE > dEuF wo®
Al7h AA dEtA = ddthFig 1-6). ZH7el Wldd ejde A3 2719 s2F
Table 1-6°1 YEbTH tiAlZ ohef o] el vis) =ater, ¢

2o FEdEel =4 dEso.
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Moisture content (%o)

100 -

E inner leaf
outer leaf
0
Spring Summer Autumn  Winter

Fig. 1-6. Comparison of moisture contents of Chinese cabbage cultivated
in spring, summer, autumn, and winter seasons.

Table 1-6. Moisture content of seasonal Chinese cabbage

(unit : %)
Leaf part Spring Summer Autumn Winter
leaf
(vellow part) 94.12 93.37 93.86 95.11
inner
stalked leaf
(white part) 95.15 94.10 94.76 92.60
leaf
(green part) 94.35 93.55 94.49 95.61
outer
stalked leaf
(white part) 96.11 96.46 97.06 96.78

() AP MFe B3 54
A wiFe) 8etd 54 Flsty] 9ste] 9, pH,
HoE Tt A8 AH(Fig. 1-7~11).
MEe] FEE AWER Aok Uehkor] MR 99 Aolw =7 vhebukthFig,

1-7). BHjFe] A% gl

@ WF 5 FEot b dsdth ThemFe

GET 42~46 BrixAoH, 29
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e BY TS 99

oo =

o+

45+ 3~31 Brix® #4449
At LA FE WES 36~42 °Brix, 2192 22~23 Brix® £45H0] & A &4

FEE YEL 55~60 Brixo® Mg ¥ G



£ Yehd vk 99 1.8~27 °Brix® 2 A AulE wFe =9} A tEA 2%
o 45l A9E WYL 45~5.1 Brix, g2 23~27 Brixo®2 &4 =3t

AdE w32 pHE AR 57~6.4 ol HARon, AMdERE Z Aoz Holx| sk
oy WEH 9% e Aol7b vErgTh AR W pHIE 6.1~64 BEL] BdA 4

Hol, 57~61%2 49 199 pHEH =4 YEFS S (Fig. 1-8).

AR w59 AAHNEE 08~1.8% AtololA 4 A (Fig. 1-9). =+ F9+ Wl
B A== 0.09~0.15%, DS 0.09~0.14% o1, 1A vjF= WAL 0.08~0.12%, 214
o] A= 0.08~0.09%, el s WES 018~0.21%, 219< 0.09~0.14%, 4T WY
°] 0.13~0.14%, 2192 0.15%= A=A Atz 4 ALERE Aol7F 3] y
B ZhE>dEe>E>a @A o2 g/ SAHANCH, WdH of e Aol= yERR

= "W @A e th(Fig. 1-10). HHHTA 735

H2 99~141 mg/mLAoH, QA wiFe= 7.

~84 mg/mL, 7F&H = 14103‘9— 18.7~21.2 mg/mL, ¥ 129~
141?301 15.8~17.8 mg/mL, 2 104~14.6 mg/mLE &4 = 3t}

B Ao B g8ty 54 2T o) XHHHH AN719 e ol wol AME=E

2po] 7} b}EP’LE‘r WA= Zheuj ok deFo B, ST, AANEE =4 dEuA A

Al F4do] FL2 o2 ey, ASRAgol &R A7l AuiE A ulEo] 3tehA <l
S0l EF ymA yeEn o3 AdE wjFo st F4d QAL Apolm Qlste] mj
£ ol&3t AAE AxdAS wl AME=E A5HIPF GEA YeuA, 7l Feh 25|
FE ol&ste] A= AAY AFHIE TS W FHlFS AN FE A3 AA o
THle FA ¥ AR dHA Ut 53] U Agoe viF AAY FE2E AsA
T a3 g&oARt AR AxF AHI} TEE AR w¢ ST AdACIH. AAE= A
afadgos Hag S g FFol W FasH, dasgo] JPHo| ek TEaY F
F7F K714 & 0 EHE ASHEE BEE fdAe ddTo] g adolt
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I inner leaf
outer leaf

Total soluble solids (°Brix)
N

4_
3
1
0

Spring Summer Autumn  Winter

Fig. 1-7. Comparison of total soluble solids of Chinese cabbage
cultivated in spring, summer, autumn, and winter seasons.

10

I inner leaf

Spring Summer Autumn  Winter

pH
(e)]

N
1

Fig. 1-8. Comparison of pH of Chinese cabbage cultivated in spring,
summer, autumn, and winter seasons.
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N inner leaf

0.25 outer leaf

0.20 ~

0.15 ~
0.10
0.05
0.00

Spring Summer Autumn  Winter

Titratable acidity (%0)

Fig. 1-9. Comparison of titratable acidity of Chinese cabbage cultivated
in spring, summer, autumn, and winter seasons.

HE inner leaf

outer leaf I
0 I i |

Spring Summer Autumn  Winter

N
o
1

e =
o (6]
1 1

Reducing sugar (mg/mL)
[6)]

Fig. 1-10. Comparison of reducing sugar contents of Chinese
cabbage cultivated in spring, summer, autumn, and winter seasons.
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Fig. 1-11. Physiological disorders (left: soft rot, right: black spot) occurred in

Chinese cabbage during storage.

7] 9lstel o] #
NAR &L 7H‘f‘=_?‘5}% SAo2 G gan M 5l BA4 s 4719 8108
3 3~490) WEE

FANG ARE & 9

B AETR ANAROR A% £ AUy Y57 We] AnHOoR AIA4L UA
34 rout vE @ wFes g2 oﬂ%eﬂ WA D sFFo] w7 SAHo 1-MCP

AAE wjFo| &5 AYE E4 A3 FlFot AR A i FolA o-EA EAY o] wol
UEh} FHlFo] A7 A3 skl 1-MCPE Adstion, AT FEELE AT F
RS 9] 95kl MA A%e HdstHA F4 FrtE A =23, AZDE wFF
7Hd AER A o] =4 UEhd @A Fo] 1-MCPE Agste] &5 A7zt A%
232 ot =3 il AZAE A3 1-MCPel Hlsl MA A%l a3t o FA
ety dEls AR A% 7l€dA < PA, PE, PP 25 § 94T ZEL o8t A
Aot A v F AR vt HF dE5S BT
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o

o] A7zt e F4 54 2 1-MCPSt MA A%

AE L35 FIAIE TEEOE YdFE] AR

(1)

Ze AEolgty stign F3, ANEE 53} 2o 294 o3 odA L =F
Fej7t 2o, BAZROE ZAFNA ogd ¥ EFFo| wol LAHTE BujFo A
AE713k0] 60~80Y 2 THeHlFL AE ol nls) A&7]3to E4¢
o BulFE £33 AYs 243 A3 F3F odd @A Fo] 79~120 ul kg hToldar
TEHEFE 2462~2772 L kg ' h'2 FAF v T e dEd 2 ZFFE ek
uwehA] ol &3l inhibitor?! 1-MCPE A8t 8% A7 A4tz o,

E=3 wFE dE2AHQ QAR FUFo] yol Toke] o FEAA 2 FFPLE QT
F4 &l =7 WZol olF WA st ZAAE o83 MA A%o]

MA Aol 4bze] ZFol o) =24 WFo| 4o} olibstga sx7}
5

0y
©
NI
o=
o\
lo

dHo =3 T F4E AsE JAlsts 25 2AEHEe < =9
ANLEHAPE) EFOIAT, & AFHAANAE o]zt el Xtend oA 7HEE MA Aol At

Tl o] AT olgdll WAFES Fig. 1-123% Z2ow A AT, A AA&7|3el 2A 189
~6 uL kgt h™ HS] WolM B gl ST ATl BAGle] AR 270 =
A vdeuart A% 372 g Fadstes A4S EAT AR AT e & Aele
BhuA] gggtom 53] odal g AAARl 1-MCP Agel ol TAFS o 2
Al 2A YdetdA skt AT FolAE 1-MCP9 PA 25+ ©]83te] MA Ad<S 18
e ATl A g™ AT T WAl B E AT BlE AT ke AFolrt YEhUA] o
o, FHjF Ao od M B o] BA Fof 1-MCP A2l &3rF mu|g Ao AE
oh =R g EAy o] WA goF AT o LA mE FE4 Eof R Ao 3 d

A3 e AR Ade BFEA g
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—A— 1-MCP+MA
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o
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o
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Respiration rate (uL kg™ h™)

o
1
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Fig. 1-12. Change of ethylene production of Chinese cabbage cultivated in
spring season.

STET G CER TS v VAR A2 ke 2 Aol YEhA fer %
F 2772 uL kg ' h'® Etou, AR AZ FAI FolHth(Fig. 1-13). ¥ ARVNE &
T skl oM A ke Abol= UERUYA @ter, o] GA] oddl WA Wste] 4
Fof M AR 2 AARJ] TFF AATE Wi A7) wEel AT kel Aolrh dEEHA o

s
gdall g sH5Fe] A7) wiEed PA TS o83 MA AR Al

o”#l Bl ojatsteta S o= QIR AdrE UEhA] ot WiF AT AA MA A%
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Fig. 1-13. Change of respiration rate of Chinese cabbage cultivated in spring
season.

179 F 50g W9 FF Pavt vehgon], 53 fETY F%F it Aok dE2TE A
#4657 F AR £9e gAEd, % 442 A FA Assl 2A Uit v pA 2
S ol8F MA ARTE FF Za7h W HAQom, 1FYel o 10g ol FF pavt
BTG, BE AT FolA 1-MCPS MA A4S WA HeTlA £% @art 7Hg

2 EE ST

A et AZ7E 7 A yERgY thiET i of 1.8ue] A7 A%
° 5= °F 100g A= Hrel YEtA &3t
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400 - o— MA
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A Weight (g)
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Fig. 1-14. Change of weight of Chinese cabbage cultivated in spring season.

A e 59 AR(Fig. 1-15)= E9H tixz79 1-MCP 95 A2 72 45 Hl

F 99
WY REe| FE 3wl 4 ueht Fdo) AstEglon, aTe A9 A 67F 5

B SEol AstA vy AREde ¢ FLsAn. AR MA AR A el
o & Tl JAH A 1d Fol= he Fdol Fhow, MA AR A%
B ARzl 9574 T tivl 158 71kl on, 1-MCP9F MA A< B3 73
= Ade 4

1FAA $EHE AW 2T dul 180 A8 2718 Bel BiF )
P2t BES ol 43 MA Aol APt Beks gk

Control 1-MCP MA Storage 1-MCP + MA

Fig. 1-15. Chinese cabbage stored at —0.2°C for 1 month with different treatments.
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F3l7] Y3ty F=, 4=, pH, LI g o3}y *
3t+= Fig. 1-16°1 JYeEbAoH, H AZ77te 24 21~38
oBrix2] W %ol A] A7 T 7% WMsE IA #EEA Fgen, 1-MCP A
2 MA Ao mE Aolx b}EMXl ookt
pH <A AR7I 5 & W37t vehdAl FdthFig. 1-17). A7 5 pHE 57~6.3
A 7% =

He oM e Ao wE zpol7h flew, AF7|Ze] wE FFE EhA f%

N
B
ol

b AE EATH(Fig. 1-18). A
Je] Tl A 0.1%7FA ZHA3t
ztol= UERGA] ko,
AN EE 0.7%7HA W

S7HeHel wel 3o &%

ln rlr
v

(

HgaEEe AAH e AGrITe] Z/Eel et
B 27] w3 AN 013%Dom, AR 6F
Atk AT 1-MCP AU MA A%T pe
1-MCPH 2%t MA A%< Waste] 115717 A
2 ARz g2 AR et f714
e ouAdos AgHozR Yehs dgoz
a7 3= APAE9} Rl E AAHo e
AE HATHFig. 1-19). A% 27] we] sdw & mg/mLOI Ao, Aol A%z
B BN FAY Tart YolUA AR 253e) B RE A2 TNA 48 mg/mL
olatz 50% o4 WAL FATW A 2FFHE AF TR A BUY FFo| =
WEE UEIA 2o} 1~5 mg/mL Abole] MolelA BAE Sdw gae te olshy
1-MCP A2k MA Aol me 2ol ehtx egton] 22737
3 oolee ARaEe] Wae} AR ddwol AA7ITk] Zr)atl
AuAgez Asgozn Jets fge

e, AE pH, $A9F 2L olFstd

[ A— _L,—lo{-
Mmooy =2 8 2
Fﬂoﬁﬂérlr
(]
P2 E e
= & o
_OJQ}N

Y
ox
N
N
5

.

Z7HEl Wk gaste F

ofy
flo

oft
% o
oy 00
rlo

Hu
e
av
it
kW)

ol A Ay & , 54 ¥3 23E Ed=
1-MCP A2y MA A&o] w59 oj5sta F4 S4oles & IFS vIAA don, gt
MA &< T3t & Sl JAH TF Fdart €05l F4 FAE & o]FofH A
g713ke] dAEHE ARE = AT sl dEd BT ¥4 &2 FEE 1-MCP
AP E T AR7IE A ' A YEGA @k, s BAVAGE AsiA=

MA A %ol a3z oA,
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Fig. 1-16. Change of total soluble solid content of Chinese cabbage
cultivated in spring season.
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Fig. 1-17. Change of pH of Chinese cabbage cultivated in spring season.
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Fig. 1-18. Change of titratable acidity of Chinese cabbage cultivated in
spring season.
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Fig. 1-19. Change of reducing sugar content of Chinese cabbage
cultivated in spring season.
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(2 RBAE T AR e FE 54 2 1-MCP g &34
dRBA ) FEE ARG wjFS o"EH EAFe] TP =A £4 50 R AEFe] A3
dAst7] Hste] o”# AE AAAd 1-MCPE Adsin. A4F A3 ol Hls)
YA T2 S o7 oFe F4 Aste e oM (Fig. 1-20) AZ71E2 o
7= 657U W 1-MCP Ad < 8F= d&H 259 94 537} AU

¢

<
L g
s
rlo

FAW G227 ASE AF710] F7HF) met F43) Bastel e Avh A

T ¥ H 5 ¥ (climacteric) Zr=°l Hl8] 1-MCP &7} A YeluA = &gkt

sEFFE ogd BT AR ARE W F feA B 3FFL BT
(Fig. 1-22). 3HAY T8 HE dgd A Fy o] HA 7|3to] F7Hgke met 3438 T4
st AA 133 giz279 A9 1203 pul kg T h'deH, 1-MCP Ad+Y A= 70% 4
g

3 972 L kgt h'& BHYTh I olF EFFL & HIE UehA fgod, IFFEE
d AR nxkA 2 & $F 95 @ (climacteric) A=l W8] 1-MCP &37F A u

o
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1-MCP Aol o8 &FTo]

3tolth. 1-MCP A g

YEF tH(Fig. 1-23). ©]

-
| Y

a3=

L
| Y

FA FaE AL

=
3

o 1-MCP A&7}k

ke

237 dEUYA o

AX= dHE

=
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B
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Fig. 1-21. Change of ethylene production of Chinese cabbage

cultivated in summer season.

_40_



—@— control

g —&— 1-MCP
L 3000 -
-

(@)]

'

|

3.

N

O 2000 -~

e

©

-

[

©

)

B 1000 |

o

(2]

(¢D)

x

O .
T T T T T
0 2 4 6 8

Storage period (Week)

Fig. 1-22. Change of respiration rate of Chinese cabbage cultivated in
summer season.
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Fig. 1-23. Change of weight of Chinese cabbage cultivated in summer
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ARA ) F] AT FAASE glstr] st dx, 4tx, pH, 8dF I 22 0|34
FHLRAS AU F = WHIl= Fig. 1-24° Yetdleon, A A77I3te] 24 21~39
°Brix®] WA 450 FHlFok A g2A @kt AR 3= Wdkes G4 #F
HA @ten, 1-MCP A gl wg Aol= yebA] ed3dh,

pH A F=9 vi7IA 2 AR71s 2 3 EhuA St (Fig. 1-25). A&7
% pHTE 6.0~65 ®H oA YeEhd 1-MCP A 2lol mE Aol7t glolem, AA7|7te] we ¥
35 YERA] 3T

A= pHO PRIVIAZ JAH oz AA7|7he] Sk we & Wite BEEHA o
UTHFig. 1-26). A =7] w52 AAMNEE 0.08%=2 FHlFol HlsiAs ozt @A £44
Rew, A% 657 F5 01%AEE 7@ A 24 &t sHARE 1-MCP A gl &
Apol= WERA] ed Skt

T FHE G o3t FAalld v A R A7kl Skl wmE W
UH(Fig. 1-27). A% 27] w59 S99 FF2 7.2 mg/mLez ALE v+ T 7H4
Fe BHAon, A7 § HEkes UEuA 4t Y 2 g8 gy 543 vt
I7HA 2 1-MCP Aol mE aol= UeldA St
oA A oEH BAFH TFFI 22 sty SAET olys 7 p

TJr 22 olgterz F4 JAAE E47 A3 1-MCP A7 wiF2 ojgsta F4d 54
HAA gkom 1-MCP A gl wieh ojddl dAF 5 5ol

rich
rjz

-
rr
r N
rUlo

A 7t AARE EF7 ey, B8 T g0l Adge w53 2ol oAl
of 9lq mE @Aol AAH], FA FAE F ool A4Vt ARHE wAE B 4
9tk BulFol e 1-MCP Aol WE Ag713 9% EH7t Aol tehtA ggko, o
gal Aol AviHo Be nRA WFelAdE 1-MCP A &#7h Yeh} Aa7Izke] 2
F2b AgH AT
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Fig. 1-24. Change of total soluble solid content of Chinese cabbage
cultivated in summer season.
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Fig. 1-25. Change of pH of Chinese cabbage cultivated in summer season.
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Fig. 1-26. Change of titratable acidity of Chinese cabbage cultivated in

Reducing sugars (mg/qg)
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Fig. 1-27. Change of reducing sugar content of Chinese cabbage

cultivated in summer season.
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(B) €F3uF AAR7|N wE F2 54 3 MA AR &3

A, ARA S, TheE s, deiSe] s AdE 24T A, nRAE ST
e BT 2 TFFo] =4 UEHET 1-MCP= ©lEd 2Z& JAAl=zA Atz o=z o
gl BTl w2 FrEoM EAUt At SHAT el AR HFRE CEd dA ol
mj-p- Srol AR ARAE AT Az AFeA dv FEHAT. FulFo AL A
1-MCP A#= 79 vuwste] A avxrt gild wd, PA €52 °l&83Y MA A&
A7 A3 Z&37F wg 27 Wi deuEF ARV dFe AT AYE MA A%e
AA BT

MA Aol 4= ZFo o 24 WFo thag} oqtsigta wE7 2F-9= =
A FAH =38 5 F4 AstE JAs= EF

Hol #8 Zwol 47 doju B A/ AFE BHOE T AP MA AL FE F
1o vtoly FA Aol EHHolT AW BEo| AFAA U A 23E Yol F2
o $AHel w24 A7, BE W 371240 BFHA AP BAL 4 o=

o o S

Fig. 1-28. Storage of Chinese cabbage cultivated in
winter season with PE, PP, and PA film.
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dEoltt, I8y PP 59 FHEE PE ZE vlal ©7] wiEo A%
Al F71E 5ol o3 o]FH7F HAE 7HsAel o oW, PP 52 PE &5 H&) fFAAo
Holx ZPel= PE ZEol t &ttt & AFAA AEH PA TE2 o] 249 XtendAt
oA Mg BEog AEHURE T35 IS

ol He A7E gl "ol

2T F8o] FujFol vis) 453 Fob AA dAdA= AU} A7 dsuFE
TEL7IE Hatr] "ol & dFAANAME EF H—irve— A =A s&d 5 Z7] ARt
of dFHlF THE7IE YA S IHA 292 dsulE 2 Y 2]l dEEls AR
AP S Mg oy, 29 Sedd deuls FAAA A Aol gy 51 o] Wiy dsnl
Fo] 2ol wig- EFsIAoH, o= s AF2IV|FE FHol FA ot BVAFE T
T g

3
=7 L}E}}&Eb}, +al F_%Zlﬂﬂ—zrg} U}i&ﬂ?ﬂi AL7105 o
Hets AEEHA @koH

pHE A#713ke] S7185 dast
Rew, Ag73ke] ekl
stetginh, shAIT A 713kl

Hgqt== pHOF W2 FAZ o= AAZ7|ZHo] Frhgel weEt Feste 75‘?'%‘:% HA
(Fig. 1-31). A% =7] W59 AANEE 018%=2 FHlFu ALRBA T Rlsi= =4 &
HENeH, A% 25FFEH 4t dosidion, A% F7ld= 025~038%7HA &3k
Artzlom thxTo AAMNETE w2 oo, Ao AANEI WA BEHEHAL

BEE EO}E}(Flg 1-30). XV %719 pHE 6.35
2} pHE 58~61 oA Yelstoy AR 7= 5674

o

kI

FAY FE O olB3E FALAT AR AI7be] FTbo] BE WBE Y
ThFig. 1-32). A4 27] WFe] #0F FFL 178 mg/mLoE ALE NF F g =
Fe ngon A7z F WaE JetA gdt #99 §Fe o oy 5
M2 BE FRel WE Aol e gl

ox
H
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Fig. 1-29. Change of total soluble solid content of Chinese cabbage
cultivated in winter season.
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Fig. 1-30. Change of pH of Chinese cabbage cultivated in winter season.
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Fig. 1-31. Change of titratable acidity of Chinese cabbage cultivated in
winter season.
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Fig. 1-32. Change of reducing sugar content of Chinese cabbage
cultivated in winter season.
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T PE BEo 2 wF Egtxy waE A9 A FHPE-1000& 11573t w5 A Fo] 715
stk W, 20um FA9) PE Eo 2 xAI A FPE-200= 12533t A o] 75t v
F 0 AR7IS BYgon, tExT tv 30% ol AR 9% &3E JeEhit gz
B AT T8 AAE QA FFTAE D AESe] /M E EARE JEygen, 35 =&
Ao Aev E TR FHglel 25 R FE SR AT UFE IG5 4 E o=
AZE Fuff, FFo] o] 7HE & ZARE ZAE AT

A F oty FAWSE AW AW, F Aot FAfle] ATl FUMESE pH
B sty ARE Frleke 4% RYhFig 1-33, 34). BE A3 Aols A¥EW, pH
o] AeE Ao & Z Aoyt #AEHA ot A 75 F pHE tiETF 6.02+0.09, PE-20
< 6.15+0.05, PE-100 6.01%0.06 0.2 2% Zpo]E& HolA Fskrh. stA AR 7|2 Z&
+2 P2 AHoA pH 24 £57F Ao AR 105 T pHE tlxT 5.89+0.08, PE-20=
5.94+0.015 H<l ®hd, PE-100 6.05+0.038 Jel) PE-1002.2 XA pH & $=71 7}
2 AAFEAG. 2tz AS= pHe Mg AFE Ho AHAY 73 F AERE gz
0.19+0.02 PE-202 0.16+0.02, PE-1002 0.19+0.012.2 §9& xlo]& Ho|z| ¢kopth a9t

P %

A% 3712 Aes HE AYA AR F7F S50 AdEHA AR 107 F AEs gz
=
=
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SA tE7= 15.41+2.36, PE-209] 7%+ 16.58+0.15, PE-1002 15.52+0.630.& &A= o

AA717H5er oF 20% 7V TAEE Ao

7105 =2F] WaE AvEd, 3 € 7HE 2 Aolrt
Holz FAW7} &Fo% tx79 ABF & SLE U} Ass 2 ITHLEE FFHe
A @ AZ7IZEe] FEHIJHFG 1-37). AR 27] FEFFS 9457+ 1.440]90 oM, A%
71t T FEEFY & it #EHA FRoeu, iz FF AR 1075 ' el
91.73+0.89= PE-209] 93.96+0.917} PE-1002] 94.30+0.25¢ ®l3] ZA w22 FFoz A5
Ao 538 BE AT A BE S d8glel E AdEEIF =4 FAEH s

2 oAshe] A471zke] A H A
A7) BE fo M Aol UEhtbx githFig. 1-38). 2ES 4
4Zo] RS AT FHBEE 2Ae] Aghrt Yoy AEst Wold = Zol kA
e a7k Yofuta, ol lskel )

FAHE Ao AuH,
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& PPN S8l HUth ETY BF

8% A% FAol
o]

dSAT, BE AT A9 11-1257 Aol Thsted oF 0% ol AR A w3
& AT + AUk AW A2 2 BE TS Sol4e 1T w PE ol WF MA

RS 3 HAHo ¥Eo7 Iy PE FE9 T4+ 100pmEtE 20um7t AZS H)
2 FFo] HAE HA YeERY PE 20um ZE°] SHlF A& s Ao Yehyt),
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Fig. 1-33. Change of pH of Chinese cabbage covered with PE films (20 and 100
um thickness).
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Fig. 1-34. Change of titratable acidity of Chinese cabbage covered with PE films (20
and 100 pum thickness).
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Fig. 1-35. Change of sugar content of Chinese cabbage covered with PE films (20
and 100 pum thickness).
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Fig. 1-36. Change of reducing sugars of Chinese cabbage covered with PE films (20
and 100 um thickness).
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Fig. 1-37. Change of moisture content of Chinese cabbage covered with PE films
(20 and 100 pum thickness).
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Fig. 1-38. Change of firmness of Chinese cabbage covered with PE films (20 and
100 um thickness).
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B AFos A i), FEol BA ol o ol Ueh} Aol WolAEe AR}E xYstY
TH(Fig. 1-40). | I - ;
I Control L
PE-100 =
PE-20 =

Fig. 1-39. Monitoring of temperature and relative humidity depending on film types
during storage of Chinese cabbage.
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y g|
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Fig. 1-40. Chinese cabbage stored at —0.2°C for 15 weeks with different kinds of
films (PE, 20 and 100 um thickness).

AT A7 T TEHSE dHEA AR 8F7HA= Aol Adglol FAE LA
A FAH FFLLE AA YEGTHFi 1-41, 42). AT =T A$ AH 8F olF
FA a7 438 dojwen, AR 12Fde FZFLALE] 25%7HA dojuk AR S A
sttt Wt AE Ao A AR 12570 FEFHFLE0] PE-202 8%, PE-1002 4%=
Uty 25 Agrt S da Addd b a3l =3 AR 1657 Fol= FFLLEE

o] PE-20 10%, PE-1002 5%= UEelY FHFHAE <

o|g}etx FHAWSIE A4u R, A& Aot FHglo] AHr|Zo] FUHEFE pHE TAas)
3 AEE Zrtele AES BYUhFig 1-43, 44). 28 AE3t Aol Ay EW, pHe A=
Ao mE & Folrp #EHA Lol AA 8F T pHe WETF 592+0.07, PE-20
5.98+0.04, PE-1002 5.97+0.022 2|2 =o]l& Holx| gt} 4txe] H$= pHel v
AFE Bl ARV @ Agd mE fFoAd Aole HolA ggom, AR Fok

0.15~0.26% <FFolA EHHAT. A7 T HlF AEE AuRy, AFz7)
0.25+0.018 BA=Egon, AHF 8F T AT fixzF 0.21+0.01, PE-20e 0.19+0.01,
PE-1002 0.18+0.012.2 97 zto]E Ho|x ighth Buj3Es AR 771 4% 27} &%
7F AAE Ao, Ao A AR AR ARSI IA YERA] ol AR 125 £
AEE= g2 F 0.26+0.01, PE-20S 0.23+0.01, PE-1002 0.27+0.012 450 FE Az o
mE FoZ Aol YEGA eFgkom, AR 27|gH vludls Z zbol7t YERYA eFgktt
FE Aee ARV R HE Ao W& Fo A0 Aol #EEHA] ggkom KA
b ¢k 51-6.1°Brixe] Wl EAEATHFig. 1-45, 46). SAFY A= AR 12F7HA =
Z HSE HolA oy, AR drle %zt Frlete AFE B ol HAAE AT
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webs wiF A A% HA BESE 20um FA9 PE 2Eo| /M Adsiva dddEn.
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Fig. 1-41. Change of weight of Chinese cabbage covered with PE films (20 and 100
um thickness).
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Fig. 1-42. Change of weight loss of Chinese cabbage covered with PE films (20 and
100 um thickness).
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Fig. 1-43. Change of pH of Chinese cabbage covered with PE films (20 and 100
um thickness).
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Fig. 1-44. Change of titratable acidity of Chinese cabbage covered with PE films (20
and 100 pum thickness).
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Fig. 1-45. Change of sugar content of Chinese cabbage covered with PE films (20
and 100 pum thickness).
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Fig. 1-46. Change of reducing sugar of Chinese cabbage covered with PE films (20
and 100 um thickness).
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Fig. 1-47. Change of moisture content of Chinese cabbage covered with PE films
(20 and 100 um thickness).
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Fig. 1-48. Change of firmness of Chinese cabbage covered with PE films (20 and
100 um thickness).

_61_



gt ¥l 3 A7 AR Az
1) Z& FF ©9& 939 XM} T 4 B4
°% 0°C, % 70-80%° A&
A zste] AAE5e L HFI5FeS 2546} tHFig. 1-49, 50). 20113 AL styte} 24 5 7]
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Fig. 1-49. Trimming yield of Chinese cabbage stored with PA, PE, and PE
films.
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Fig. 1-50. Salting yield of Chinese cabbage stored with PA, PE, and PE
films.

AFNEE Aol AxT PH Y oA FY 5HL Bk dAstel AN pH, 7
=, ARAES BANGON, MABSH Y B4 W] 95t B2, A4 58 2
435k,

A AENFE olgstel Axd AX pHE tAlZ 5552 ool MeHon, MA
AR tzTrel Aols UEuA @gkon, BE FRol mE Aol® UERA et
(Fig. 1-51). REAT/Bol A A A% W Fe] pH 84 Ao|= Ag7]7te] we pHE 7
o) BaEA estth we B wAlolA RAF pHE wEe) pHE RAF o] ohet B el
DHE B3 An2, 24 Azsgolel nhs, 13129 2o 24 Rawn A7 s
ro Aoz pudd

g3kl AzE AHe FE= o 9.3-95Brixe EAEYon, pH
2 Aztel AR Z 2o MA AT o] Aol e etthFig 1-52). =@ M

i

=

4 AARAEE (0.27-0.35% oW Wegoen A
AT % pHY} wlR7lRZ MA I %%oﬂ 2 HoE 3ols YA = Zskoy, AR
73 && e A thFig. 1-53).
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Fig. 1-51. Change of pH of Chinese cabbage stored with PA, PE, and PE

films.
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Fig. 1-52. Change of total soluble solid content of Chinese cabbage stored
with PA, PE, and PE films.
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Fig. 1-53. Change of titratable acidity of Chinese cabbage stored with PA,

PE, and PE films.
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Table. 1-7. Comparison of microbiological properties of Kimchi manufactured with Chinese
cabbage stored with PA, PE, and PP films

Storage period (w) Treatment Total cell count Lactic acid bacteria

Control 3.9 x 10° 2.0 x 10°

PA 2.6 x 10° 1.0 x 10°

0 PE 2.5 x 10° 3.0 x 10°
PP 2.5 x 10° 7.0 x 10°

Control 2.5 x 10° 5.0 x 10°

PA 2.4 x 10° 2.1 x 10*

1 PE 1.8 x 10° 2.7 x 10*
PP 2.5 x 10° 1.5 x 10

Control 1.3 x 10° 1.9 x 10°

PA 3.7 x 10° 1.3 x 10°

2 PE 2.8 x 10° 7.4 x 10*
PP 6.0 x 10° 2.0 x 10*

Control 1.0 x 10° 1.7 x 10°

PA 5.0 x 10° 1.5 x 10°

3 PE 4.0 x 10° 1.2 x 10°
PP 5.0 x 10° 2.6 x 10°

Control 8.0 x 10° 1.2 x 10°

. PA 7.0 x 10° 1.1 x 10°
PE 3.0 x 10° 3.0 x 10°

PP 6.0 x 10° 8.0 x 10°

Control 1.5 x 10’ 3.0 x 10°

PA 3.0 x 10° 3.0 x 10

> PE 1.8 x 10 3.0 x 10°
PP 1.3 x 10 5.0 x 10°

Control 2.0 x 10° 6.0 x 10°

5 PA 5.0 x 10° 7.0 x 10°
PE 3.0 x 10° 6.0 x 10"

PP 4.0 x 10° 3.0 x 10°

Control 4.3 x 10° 3.0 x 10°

. PA 3.7 x 10° 3.1 x 10°
PE 1.6 x 10° 1.2 x 10°

PP 1.6 x 10° 2.0 x 10°
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A 24 ddeF ZBVAR7 < AE

1. 753 9
7h dlF ARz wE AYulF 2 EA Y
1) 3N A=

2012'd 2€el A At Aol Auigt Al F(cv. FF)< ol AduiFE A=
stow, wiF AR wE s F4 5S4 248U vk dduiFE Al

shel W% RIS AUE ARAT AH AYAIE ARSI sk, AAF Fo] A5}
97) ARG A 9FARE RFAAA WF Y-S AAFGT

3 2Ae AAR F olAste] 10% FEO PN 1443 5
oJHA AR HIFE 10% Bl FAND F AL 2
A 273 F7h ARE ANFEA AYNFe ARF olFetA 8 mABsA FA WsE B

SRR A=
2 234

FEE  blender®Z 3 RIEAHEHY AEE AZE MW F& FET ¥ Digital
Refractometer(N-1E, ATAGO, Japan)E AF&3te 7184813 &E FF 43t & °Brix=Z 4
B2l e, pHE blender® b WE=(paste)dENS] A5 pH electrodes AAH “o] SASIS
. AAAE+E blender® IF BFSAAEIS AR ¢F 1 g5 AES] Fol HE] A (9F 100H0) 3t
o 3}(Toyo no. 1)6P F o34 20 mLell 001 N NaOH &<} o2 pH7} 83°] 2 wj7tA A
AotAdth HEE S/l e stEAE S AAStY o 2e wet Al4bstaoh

tlo o
e
e

(A— B) x0.0009 X f < D
S

ARANE (%) = <100

71 A A E AP 2HE 001 N NaOH €99 mlLS, B: HIEAI ol A&H]E 001 N
NaOH €49 mLF, f: 0.01 N NaOH &9 97} D : s|4uj S @ ASAFH #H(g)olt
-2l

AT DNSHOZE F339 T = blenderZ F W54 EH o AR oF 1 g2 A3 o}
A3 34 (eF 10003t A3 (Toyo no. 1) & o33 1 mLel DNS Al¢F 3 mL

=&

4 2o
ZAl vortex mixer® E&3sta B+ £ 587 3

=
rich

g

o

i

)
S}tk dedA WIS F FRF 16

mLE 343l UV-VIS spectrophotometer(UV-1800, Shimadzu, Kyoto, Japan)E AH-&3}
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550 nmolA FFEE SASIF N, v T3l T2 glucose E=FA o3|

23l AN ST, texture analyzer® +PZ71L Table 2-13 24 Al5o FYFENA

FH 100% F#stHA B Hd =5 SR eH, AR AT 103 vt SF &
1

Table 2-1. Operation condition for puncture test

Items Operation condition
Probe 2 mm
Pretest speed 5 mm/s
Test speed 0.5 mm/s
Posttest speed 10 mm/s
Rupture test 2 mm/s
Distance 15 mm

ok

< W5 YEH gFE FHAsted 44 A 27155 ¢ 5 g AEE F
S Hod 8 ZA71(MB45, Ohaus, Boston, UK)E ©]&3le Z43F .

("h "=

FAHoE AEE 10 g AT HFE 0.85% saline £ =2 108 343+ stomacher
(Bagmixer R400, Interscience, Saint Nom, France)® w233 & oA gAste] 43S AA
AT ARkAl A2 4% plate count agar(PCA, Difco, Franklin Lakes, NJ, USA)WI A& A}
gote] GAEE NS AEE HES ¥ pouring culture method® 30°Col Al 4841t vl <F3}
o AR, A4 A9, MRS(Lactobacilli MRS agar, Difco, Franklin Lakes, NJ,
USA)HIA 9l bromocresol purple(BCP, Samchun chemical, Pyeongtaek) A Al ¢S 25 ppmo-2
Hol A xg MiAE ALEste] GAEE 4% Al5EE HEI F pouring culture method®
30°Coll A 48A1ZF vl Fslal F colony®t yellow A ¥Hg-& YERA colony(F714F A4S
Astath, Alset 33 ALbA 2= colony forming unit(CFU/g) -2 EA| ST

_68_



U Al Zr1A37IE A
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2013\ 24l A aid Aol AuidE AT (cv. TF)< °l&3dte] AduiFE A=

stgom, 445 BT FA 54 BHS
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zs o, o3 wiF=E 44 o]

A BARFEH 15 AR 1073 AEe AFst FEEY E433H
Aedd Age BAF olde 10% s52 A= Hd20A 16413 A

25% 9= AduiFE A=zt olFA Axd AAuFE 65°ColA 308 A2 4

AF 2% FrEEG) N JAAA 0°Cll WFRAsH, 157 FACR 105730 AES AHF 6

FAE4 BAsgn

uked
ftlo
(1t
>,
ol
ol
£

-

FEE blender®2 3t WEAHS AEE AZE R FE FEFF F  Digital
Refractometer(N-1E, ATAGO, Japan)S AF&3} < EA4% ¥ Brix® 4
Bl o™, pHE blender® XF W= (paste)dEl S AlS9] pH electrodes A& 2o SA5IS
ot A5 blender® F WHEAAEIY] A8 oF 1 g& AT Pol A3 FA(eF 1009)3t
o] o Z(Toyo no. DT & A=A 20 mLoll 0.01 N NaOH €4S = pH7F 8.3°] 2 wj7tA] &
Attt Hx2 FHRTN dd gGA@S AAst o 2o wet A4ke i

(A— B) ><0.0009 X f < D
S

A= (%) =

> 100

o7lo A A E Ao 24E 0.01 N NaOH €99 mL<, B: vlgA el &4H 001 N
NaOH €99 mL<, f: 0.01 N NaOH €42 97} D : g4nj< S A543 H(g)ol ot

o A9
23S DNSHOE F3UTh 5 blender= I W5 EHY A8 ¢ 1 g& B3] 2o
g8l A (eF 10083t o3 (Toyo no. D¥F F &} 1 mLel DNS AleF 3 mLE %
ZA] vortex mixer® E¥3IN BE Eol 583 FEIAATH A2oA WY} & FFHT 16
mLE A3t UV-VIS spectrophotometer(UV-1800, Shimadzu, Kyoto, Japan)E AH-&3t
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550 nmolA FFEE SASIF N, v T3l T2 glucose E=FA o3|

x4 7}E=+ texture analyzer(TAXT-2, Stable Micro Systems, Godalming, England)E Ak
23l AN ST, texture analyzer® +PZ7L Table 2-29F 24 Algo FYFElA

(

FE 100% sdstiA e A RS SASNCeH, AR A T 108 wbEse] 4 F
Bode T

Table 2-2. Operation condition for puncture test

Items Operation condition
Probe 2 mm
Pretest speed 5 mm/s
Test speed 0.5 mm/s
Posttest speed 10 mm/s
Rupture test 2 mm/s
Distance 15 mm

F2 w3 WdH s Hste A4 A 271 REY o9 5 g9 AREE H
S Hod 8 ZA71(MB45, Ohaus, Boston, UK)E ©]&3le Z43F .

ok

Al Spectrocolorimeter(Minolta CR-300, Tokyo, Japan)E At&3stH =
AT, E8olx H & 93" A FERYs59 FY FES 44 39y S0,
o

=A% 3 olg)o] A& o] g35le] AExabs Al4tsle] Mol W2 el
AE#*ab = [(L-Lo)* + (a-ao)® + (b-bo)’l* = [(AL)? + (Aa)® + (Ab)*)?

Lo, s, bos 7] A5 A=ge oulahiL, ABxabe w 2ol we} g gol 34
& 4 ATk AE*ab® #t°l 0~05 A7 A9 gl Fola, 05~1.52 Z4% #o] 15~
AAT 5 Ae AEe Aol 30~60S VAT Aol 60~12& 3] AT o], 12 ol
be A%e) Moz NT 4 ok

Q_
1__
}o
l__

o>‘°‘J
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(AH A E

FHHoZ AEE 10 g ATHE EHE 085% saline X2 108] 3143} stomacher
(Bagmixer R400, Interscience, Saint Nom, France)® 233 & A 3|35t AFE A
54

URkA| 2] -9 PCA(plate count agar, Difco)dl A& AF&3te] TAERZ 843 Alx
HZ3$ ¥ pouring culture methodZ 30°Col Al 48413 vl Fste] A3t

RAd29 749, MRS(Lactobacilli MRS agar, Difco)#ll Aol BCP(bromocresol purple) Al Al
°FS 25 ppme 2 Yol AxF WA E ARt TAER A3 ARE HFTIT $F pouring
culture method® 30°ColAl 48417t W3+l F colony® yellow T4 ¥H-§-S YEMA colony
(F714 AL E AlFstdth =8 o8 24kt FEld SA4d0 wet A8 AFstr] 98k
MRS(Lactobacili MRS agar, Difco)ii el BPB AAISF 20 ppm= Yo #|Z3 BPB
(bromophenol blue) AEH|A & A3l DAEZE 4% A& FHEF3 spreading culture
method® 30°Ceoll Al 72413t wiFataith olwf HAAAH o= Fo] gAY ¢AFNE He As
Leuconostoc spp. o2, AAA o Sy mwa Zobd] 3 sho] Qo AMHo o

AMS H= AL Lactobacillus spp.= AlS3FA T

il

BAFEE 1004 BA H4% S 1 mLAS AFE AZBEUAGM, USA)Ol AE
B 5 G FFAA J0CAA 4847 WFHAT. AHE He WY F FHo) /=B FHtT
9 Aol BEgel IS Fie gFE £E HESAT

|

ax 9 FFo] #4= PDA(potato dextrose agar, Difco)il A E A3 * 10% tartaric
acid 14 mL/100 mLE #H7Isty G@AEZ 343 AsE HIFT s spreading culture

method® 25°COllA 48-7241%F Wi & AlFst ot

o AR A= A=x3 AX FE 54
1) FA A=
20134 28el A A AHNA AMG AW F(ev. FE)E oG] HYMFE A=
stgom, AgE FYNFE o gl A= X Be BAsGT olu AgE
AYuFE AYMF ANAGAE AR Akl A aAel A2 A F e
F ANARANE NG BE J1EF AYNEFE ASAAT F 10, 16, 4% FE] AFE
ALl 1640 A& AAE] SR HANEE AzaGo0, Ao WS A
25, 4, 6%2 WFo] 206 AR(REA ] FANA FCAH YHRHTF F PHNE Ax3te] of
2

»
shera MAESA 9 #sA FA 54 BAsG

@
i
HI Jlm

b
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A FE 0, 3, 6, 973 0°Cel AZaLoA Zeh=y Aduls ARE7]0 "ol AL F
AA 2 Azxste] olgstz| vAESHA gl ded FHAHIE AAET AA Az

A= & 2-33% 2o

i
fo
e

Table 2-3. Recipe for Kimchi manufacturing

Ingredient Ratio (%0)
Salted Chinese cabbage 82
Garlic 2.8
Ginger 1.0
Dried pepper powder 3.3
Fermented Anchovy sauce 3.0
Glutinous rice 0.8
Water 4.4
Welsh onion 2.7

ZFE+ blender® I HEFAEIY] AEE AZXE IR < F=3 ¥ Digital
Refractometer(N-1E, ATAGO, Japan)E < 543 & °Brix® W
B2l e, pH+ blender® 3t WE=(paste)dENS] A5 pH electrodes AAH “o] SASIS
ot A== blender® P WEEAEIS] Al oF 1 g& AES] Pol AT 34 (eF 1009H)3t
ol o3} (Toyo no. DI ¥ 434 20 mLel 0.01 N NaOH &4 22 pH7} 83°] 2 wj7tA] A
At MEE FRT td ueAES AAste o Ao me Al4bsk

[€)

(A—B)xo.ooogxfxz)><
S

AR (%) = 100

A7l A A Aol &¥"E 001 N NaOH &4 ¢ mL<, B: HIEAIdol &8lE 001 N
NaOH &2 mL=, f: 001 N NaOH &2 471 D : g4uj, S A S H F(g)olth

(th B9

P Fe DNSHOZ F331Ath ZF, blenderE F WA E1Y] AR oF 1 g& AHE3] Do}
233 Ak 100M0)3t] o3 (Toyo no. 1) & AH#H 1 mLol DNS A¢F 3 mLE Yo
ZA vortex mixerz E&3dt 2= B 58I TEIIGT A4 W T ZFF 16
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mLE 343l UV-VIS spectrophotometer(UV-1800, Shimadzu, Kyoto, Japan)E AH&3Fo
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Table 2-4. Operation condition for puncture test

Items Operation condition
Probe 2 mm
Pretest speed 5 mm/s
Test speed 0.5 mm/s
Posttest speed 10 mm/s
Rupture test 2 mm/s
Distance 15 mm

Fe W] g A9 Astel Ao At FRR %5 g ARE AT

T Ao & SA7]1(MB45, Ohaus, Boston, UK)E ©]-83t A3

AA FRYF MEE= Spectrocolorimeter(Minolta CR-300, Tokyo, Japan)E AM&3te] =
AEUL ol B & I A FRYFO T3 BES 747 3HY AP o,
o

ZH% T olgfo] 2L o] 85te] AExabE A4S Ale] WS YRy )
AE#ab = [(L-Lo)* + (a~ap)® + (b-bo)’]* = [(AL)? + (Aa)® + (Ab)*J
Lo, a0, bo= 27] A8 AMEZS oJudlil AR+abe 3t A=) wet thga} o] a4

& 4 AYh AE#ab®l #°l 0~052 MAZE A e AdFolal, 05~152 <47 2], 15~

30 AAE F Ae AR Aol 3.0~6.02 AT ztol, 6.0~122 =3 FAI 2], 12 ©]
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rlo

(Ah P =

FHAoRE ANSEE 10 g AT BE 0.85% saline %"HQE 108} 31435t stomacher
(Bagmixer R400, Interscience, Saint Nom, France)® w&3}3 & oA A5t AHS AA
skl

|2 7%, PCA(plate count agar, Difco)tl A& AF83le] TAEE 345 AEE
3t 3 pouring culture methodZ 30°Col Al 48417t vl F3le] Al 43}t
242 749 MRS(Lactobacilli MRS agar, Difco)ll Al 9l BCP(bromocresol purple) A Al
25 ppmoZ 9ol A X v E A8t GAEZRE 4% AEE HFI T pouring
culture method= 30°Coll Al 48A1%F w3kl ¥ colony$t yellow #A HEg-S YUERA colony
(714 A E AFstath =23 ofe] FadS ey S0 wet A Agstr] stk
MRS(Lactobacili MRS agar, Difco)dl®Xel BPB AAI¢F 20 ppmes Yo #|=3 BPB
(bromophenol blue) AW AE A3l TAERE 43 ARE HF3 spreading culture
method= 30°Cel4l 72412 w3t olwf HAH o= o] AU dANE He AS
Leuconostoc spp.2.2, AAHOE GAPME HHA Fo HA Slo] oy HAHde=
A S B+ AL Lactobacillus spp.E AlT3EA T
g2 10818 SA Mg &4 1 mILAS AT AdZIZE9A(EM, USA) HE

" A= =
F

A

ofN

L)

1©

g 3 & FFAIA 30°CoNA 48T vl ke AT A H & Tl 7IxE st
e Ao FRg HMSE Foko] RITT £8 VESA
@) al

gx 9 IFo] #+= PDA(potato dextrose agar, Difco)ilAE A3+ ¥ 10% tartaric
acid 1.4 mL/100 mLE X7t GAIEE 4% AEE HFI U spreading culture
methodZ 25°Coll A 48-72A1%F Wl & A3t

A FATAAA A tF BAHEA G Aol HALE Foke] fRE AX o #E
2 HARROE ARgste] AAE HUPERS ARstlon, TEdE A dsed 108s A
gto] 15 A # =% (line-scaling method)°l wet ZA A1 #eH7tE AASIAT. olw AEs ¥
AM7F B A g2 AR wlF S5 B2 AA 2-3 242 ¥ T4 €2 F SR
A NBEZ AT

2. A7HE H A
7h W3 A1z e AU FA B4 24

H s, AdsH s QAN oA, dF FR Al 4EF MiF FES

4 2% EAolt AT vlF= Byl 23 232 o] F27] wid AR FEo o] o
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gol wor Ao ¥F 2 Aol wet 714 wEd £F BEFol Ul WAt 42
olth, AP FE & ot TN FA $37t FolEm s

e Aol oAHel A FH EHI AltE 4 Atk wepd B ATolAE W 2
APl Fo] FFVIZE AL Sste] AAZ AR WFE o] §3he] A °
W, WF Azl ME AU FA 54 BAL B dduFe Ax 4% 7}

ol s =Abshsit.
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o
f
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1) #F ARZ7IZL BE A+ AZF o]3st
o} A5 dAAsk WiE & b
Aste], AT FEol AstEr] Al
A AuFE ol &t Alxd AT FE SA4L2 E 2-309
2-4(10F A7 i), & 2-5(11F A7 AulF), & 2-5(12F A& A
AR AuFE Az A= Al S
Aol & Wt YehuA skt =3 1

EU
&
m[o
Y
fu)
r (

AAAN7IE A3
AAE AASAT
T+ AR A=), #
H]

A =
e »}Ewur 9%

AR AME Az AQEE 2QuFE Az F 2] 250 ARL »Em;a% o, @_O‘HH

Z7|FH A=71 02910.01% % YEIY =2 HES
Zo1ete Ao Fdo] BaAl L,

mel A AR AMEE o gste] AAMEE AxAE AuFe] Fdo| ¥ A

Rt AddujFo Fdo] ARZFAE FAHE Aoz AU

Table 2-5. Physicochemical properties of salted Chinese cabbage during storage for 2 weeks.

Chinese cabbage was stored at 0°C for 9 weeks prior to salting.

Analysis items 0 weeks 1 weeks 2 weeks
Sugar content (°Brix) 8.90+0.09 10.6£0.12 10.9£0.08
Titratable acidity (%) 0.23+0.02 0.26+0.01 0.23+0.02
Salinity (%) 3.83+0.21 4.61+0.31 5.79+0.42
Reducing sugar (mg/g) 26.21+£1.13 24.34+2.31 25.81+0.07
pH 5.74+0.04 5.70+0.02 5.71+0.05
Moisture content (%) 90.33+0.27 88.76+0.34 89.50+0.41
Texture (g) 559.2+61.71 497.4+62.14 447.1+78.33
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Table 2-6. Physicochemical properties of salted Chinese cabbage during storage for 2 weeks.

Chinese cabbage was stored at 0°C for 10

weeks prior to salting.

Analysis items 0 weeks 1 weeks 2 weeks

Sugar content (°Brix) 8.30+0.29 9.97+0.12 9.33+0.34
Titratable acidity (%) 0.23+0.01 0.28+0.02 0.27+0.02
Salinity (%) 3.94+0.03 4.77+0.23 5.04+0.23
Reducing sugar (mg/g) 27.11+£0.17 22.96+0.29 15.88+2.23
pH 5.64+0.03 5.81+0.03 5.89+0.04

Moisture content (%) 90.87+0.25 88.94+0.16 89.62+0.28
Texture (g) 537.5+39.69 537.5+39.68 481.9+58.10

Table 2-7. Physicochemical properties of salted Chinese cabbage during storage for 2 weeks.

Chinese cabbage was stored at 0°C for 11 weeks prior to salting.

Analysis items 0 weeks 1 weeks 2 weeks
Sugar content (°Brix) 7.90+0.36 9.60+0.46 10.60+0.46
Titratable acidity (%) 0.29+0.01 0.26+0.02 0.31+0.01
Salinity (%) 3.18+0.21 3.28+0.34 4.88+0.08
Reducing sugar (mg/g) 25.12+0.97 24.20+0.29 23.11+£1.34
pH 5.68+0.01 5.72+0.04 5.24+0.07
Moisture content (%) 92.08+0.40 89.37+0.28 88.91+0.42
Texture (g) 541.1+43.08 389.4+92.76 447.3+119.42
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Table 2-8. Physicochemical properties of salted Chinese cabbage during storage for 2 weeks.

Chinese cabbage was stored at 0°C for 12 weeks prior to salting.

Analysis items 0 weeks 1 weeks 2 weeks
Sugar content (°Brix) 7.90+0.36 8.77+0.34 9.20+0.08
Titratable acidity (%) 0.22+0.01 0.32+0.04 0.29+0.01
Salinity (%) 3.26+0.15 3.56+0.57 4.10+0.14
Reducing sugar (mg/g) 25.00£0.93 23.60£1.06 25.37+0.28
pH 5.6+£0.01 5.61+0.03 5.24+0.07
Moisture content (%) 91.48+0.17 90.72+0.18 88.91+0.42
Texture (g) 627.24+103.20 442.4+90.92 447.3+119.42

. A3 ZAU|ARZ7 e A
Al S AZA 74 BAVE He FELS AT AduiFrE dadte Helth wiFE
ALY sAo 9 VA= Leuconostoc spp.©lYt Lactobacillus spp.2F 22 24k ¢
Zigk a7y dojdn, o]E <t 4 A F olH A T FAE AA FAE 157
J UE AAolth mepA B dAFodAE 1Y A 9 AT AYE
AA Bt HduFo PAAES Alojste HduiFo AAR7MS A8t o

il

1) FYuF 9= 2 A4 A mE HYuF o8y F4 Hr}

Al F A7 A fste] wlFE 10, 16, 24% TE EFE A4 16/ AL
AABE HE 25 4, 6% HAMFE AxsAoH, A EHE 7] skl 65°C
oA 30&IE A2AFAHEYE AASIATE BE AFS 70°C °13e X0 =EA o 9%
F4 W3yl IA Jdehr] wiel AT 52 65°CE A3 oA wER A
3= 2% @@ JAAAA ZF7AZES AASHATE = AT F K
£ T Skl del AAAR Aot HER ggE dEHe] AYuFE At
A vlas AASATH

A A Fo] ARV AT AZFe ] wel FE zel7b A JERA,

=
A F EFAAM ALY dAduFo] F5 AR 25 F5FH Fdo] 43 2ojxl v, A<

a2

)

o}

Od
Wy = o

AA AT AYMF dxo wE Holi AYAT A 8F7A Edo| FAEYCH, A
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Fig. 2-1. Change of pH of salted Chinese cabbage with 10, 16, and 24% of saline
for 16 h and pasteurization treatment during storage.
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Fig. 2-2. Change of titratable acidity of salted Chinese cabbage with 10, 16, and
24% of saline for 16 h and pasteurization treatment during storage.
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Fig. 2-3. Change of sugar content of salted Chinese cabbage with 10, 16, and 24%
of saline for 16 h and pasteurization treatment during storage.
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Fig. 2-4. Change of reducing sugar of salted Chinese cabbage with 10, 16, and
24% of saline for 16 h and pasteurization treatment during storage.
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Fig. 2-5. Change of salinity of salted Chinese cabbage with 10, 16, and 24% of
saline for 16 h and pasteurization treatment during storage.
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Fig. 2-6. Change of firmness of salted Chinese cabbage with 10, 16, and 24% of
saline for 16 h and pasteurization treatment during storage.
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Fig. 2-7. Change of moisture content of salted Chinese cabbage with 10, 16, and
24% of saline for 16 h and pasteurization treatment during storage.
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Fig. 2-8. Change of color of salted Chinese cabbage with 10, 16, and 24% of saline
for 16 h and pasteurization treatment during storage.
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Fig. 2-9. Appearance of salted Chinese cabbage with 10, 16, and 24% of saline for
16 h and pasteurization treatment, then stored at 0°C for 4 weeks.
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Table 2-9. Physicochemical properties of salted Chinese cabbage during storage for 2 weeks.

Chinese cabbage was stored at 0oC for 11 weeks prior to salting.

(unit: CFU/mL)

peSrti?):jag(‘\aN) 10% saline 16% saline 24% saline Pasteurization Drain
Total cell count
0 2.10x10° 8.30x10° 1.90x10° 1.08x10° 5.74x10°
1 1.70%10° 1.00%10° 2.05x10° 8.00x10° 4.40x10°
2 2.10x10° 8.30x10° 1.90x10° 1.08x10° 5.74x10°
3 2.37x10° 3.75x10° 5.16x10° 6.22x10° 4.75%10°
4 4.80x10’ 1.60x10° 3.60x10° 4.90x10° 1.20x10’
5 9.55x10° 9.50x10* 2.78x10° 1.55x10’ 1.05x10°
6 6.10x10° 6.30x10° 4.35x10° 3.75x10° 2.95x10°
7 5.80x10’ 9.50x10° 8.00x10° 1.05%10’ 3.14x10°
8 8.70x10° 5.35%10’ 7.65%10° 5.65%10° 3.70x10°
9 8.30x10’ 8.45x10’ 8.60x10° 7.25x10° 5.00%10°
10 9.05x10’ 9.75x10’ 1.26x10’ 8.60x10° 5.40x10°
11 2.25x10° 1.30x10’ 5.50x10° 6.50x10° 9.35x10°
Lactic acid bacteria
0 5.40%10° 1.85x10° 1.30x10° 8.50x10" 9.50%10°
1 4.25x10" 5.50x10° 5.50x10° 1.60x10* 7.50x10°
2 5.40%10° 1.85x10° 1.30x10° 1.08x10° 9.50%10°
3 8.05x10° 1.36x10° 4.00x10° 1.05x10° 8.88x10°
4 1.25%10’ 2.50x10" 7.00x10* 2.85x10° 1.19x10°
5 3.60x10° 3.75x10" 6.05%10° 1.40x10’ 1.00x10°
6 3.25x10° 3.50x10° 4.25x10° 4.15x10° 8.88x10°
7 5.95x10° 6.20x10° 7.70x10° 2.15x10° 4.00x10°
8 9.20x10° 7.30x10’ 8.25x10° 5.00x10° 5.65x10°
9 1.16x10’ 8.15x10’ 8.75x10° 7.85x10° 8.50x10°
10 1.85x10’ 1.33x10° 9.75x10° 8.35x10° 7.35x10°
11 1.40x10° 1.05x10° 3.85x10’ 3.00x10’ 9.40x10°
BPB-MRS medium (Leuconostoc spp.)

0 2.50%10° - - 5.50%10° -

1 - - - 2.20x10* 1.00x10°
2 2.50x10° - - 5.50x10° -

3 9.50x10° - - - -

4 - - - - -

5 - - - - -

6 - - - - -

7 - 1.00x10° 1.00x10" - 1.00x10°
8 2.30x10° 2.50x10° 6.50x10° - 1.00x10°
9 4.75%x10° 1.50%10° 6.00x10° - 3.40x10°
10 5.75%10° 2.00x10° 3.00x10° - 1.70x10°
11 - - - - -

-8

4 -

(to be continued)



Storage

period (w) 10% saline 16% saline 24% saline Pasteurization Drain
BPB-MRS medium(Lactobacillus spp.)
0 3.85x10° 1.88x10* 1.55x10° 1.11x10* 4.05x10"
1 1.00x10° 1.26x10° 4.35x10" 1.18x10° 5.50x10°
2 3.85x10° 1.88x10* 1.55x10° 1.11x10* 4.05x10"
3 8.40x10° 3.50%10° 9.15x10° 1.50x10° 9.80x10°
4 1.14x10’ 1.25%10° 3.65x10° 7.80x10° 4.80x10°
5 5.80x10° 2.05x10° 8.75x10° 1.14x10’ 2.25x10°
6 2.30x10° 4.00%10° 9.15x10° 1.50x10° 9.80x10°
7 1.25x10’ 4.35%10° 6.50x10° 3.20x10° 3.05x10°
8 7.00x10° 1.05x10° 7.85x10° 5.20x10° 4.05x10°
9 8.45x10° 1.26x10° 8.05x10° 6.20x10° 8.20x10°
10 1.22x10’ 1.33x10° 8.75x10° 7.10x10° 5.20x10°
11 7.00x10° 1.45x10° 7.55x10° 3.50x10° 1.30x10’
Yeast - mold
0 - - - - -
1 - - - - -
2 - - - - -
3 - - - - -
4 - - - - -
5 - - - - -
6 - - - - -
7 - - - - -
8 - - - - -
9 - - - - -
10 - - - - -
11 - - - - -
Coliform bacteria
0 - - - - -
1 - - - - -
2 - - - - -
3 - - - - -
4 - - - - -
5 - - - - -
6 - - - - -
7 - - - - -
8 - - - - -
9 - - - - -
10 - - - - -
11 - - - - -
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Fig. 2-10. Change of physicochemical properties of Kimchi produced with salted
Chinese cabbage with 10, 16, and 24% of saline for 16 h and pasteurization
treatment.
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Fig. 2-11. Change of physicochemical properties of Kimchi produced with salted
Chinese cabbage with 10, 16, and 24% of saline for 16 h and pasteurization
treatment, then stored for 3 weeks.
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Fig. 2-12. Change of physicochemical properties of Kimchi produced with salted
Chinese cabbage with 10, 16, and 24% of saline for 16 h and pasteurization
treatment, then stored for 6 weeks.
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Table 2-10. Change of physicochemical properties of Kimchi produced with salted Chinese

cabbage with 10, 16, and 24% of saline for 16 h and pasteurization treatment.

(unit: CFU/mL)

Storage

period (w) 10% saline 16% saline 24% saline Pasteurization
Total cell count
0 6.05x10° 1.66x10° 4.00%10’ 2.15x10°
3 1.95x10° 5.65x10’ 4.25x10’ 5.00x10°
6 6.25x10° 4.25x10° 3.25x10° 3.25x10°
9 8.70x10° 8.30x10° 5.20x10° 5.55x10°
11 3.10x10° 1.15x10° 3.50x10° 3.50x10°
Lactic acid bacteria
0 4.60x10° 3.75x10° 5.05x10° 1.30x10°
3 1.89x10° 9.35x10° 7.20x10° -
6 3.25x10° 3.50x10° 4.25x10° 4.15x10°
9 5.75x10° 7.30x10° 6.25x10° 5.75%10°
11 2.10x10° 3.000x10° 9.15x10° 1.50x10°
BPB-MRS medium (Leuconostoc spp.)
0 6.50x10" 9.00x10° 2.50x10° 7.00x10"
3 - 2.05x10° 5.00x10’ 3.00x10’
6 - - - -
9 - - - -
11 1x10° - - -
BPB-MRS medium (Lactobacillus spp.)
0 4.15x10° 8.50x10" 9.20x10" 5.30x10°
3 1.80x10° 5.15x10° 3.35x10° 1.00x10’
6 2.30x10° 4.00x10° 3.05x10° 1.50x10’
9 5.35x10° 2.00x10" 4.55x10° 1.80x10’
11 1.20x10° 1.15x10° 9.15x10° 1.50x10°
Yeast - mold
0 - - - -
3 - - - -
6 - - - -
9 - - - -
11 - - - -
Coliform bacteria
0 - - - -
3 - - - -
6 - - - -
9 - - - -
11 - - - -




Table 2-11. Change of physicochemical properties of Kimchi produced with salted Chinese

cabbage with 10, 16, and 24% of saline for 16 h and pasteurization treatment, then

stored for 3 weeks.

(unit: CFU/mL)

p;:g;ag(sv) 10% saline 16% saline 24% saline Pasteurization
Total cell count
0 6.05x10° 1.66x10° 4.00x10’ 2.15x10°
3 5.70x10° 6.35x10° 9.70x10’ 1.35x10’
6 6.70x10° 7.95x10° 1.10x10° 2.45x10’
9 8.70x10° 1.80x10° 9.70x10’ 1.35x10’
Lactic acid bacteria
0 4.60x10° 3.75x10° 5.05%10° 1.30x10°
3 2.10x10° 3.50x10° 7.20x10° 3.60x10°
6 4.20x10° 4.85x10° 5.50x10° 4.35x10°
9 2.10x10° 3.45x10’ 7.20x10° 3.60x10°
BPB-MRS medium (Leuconostoc spp.)
0 6.50x10* 9.00x10° 2.50x10° 7.00x10*
3 - 2.05x10° 5.00%10’ 3.00x10’
6 - - - -
9 - - - -
BPB-MRS medium (Lactobacillus spp.)
0 4.15x10° 8.50x10* 9.20x10* 5.30x10°
3 1.80x10° 5.15x10° 3.35x10° 1.00x10’
6 2.30x10° 4.00x10° 3.05x10° 1.50x10’
9 5.35x10° 2.00x10" 4.55x10° 1.80x10’
Yeast - mold
0 - - - -
3 - - - -
6 - - - -
9 - - - -
Coliform bacteria
0 - - - -
3 - - - -
6 - - - -
9 - - - -
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Table 2-12. Change of physicochemical properties of Kimchi produced with salted Chinese

cabbage with 10, 16, and 24% of saline for 16 h and pasteurization treatment, then

stored for 6 weeks.

(unit: CFU/mg)

p;:g;ag(sv) 10% saline 16% saline 24% saline Pasteurization
Total cell count
0 8.45x10° 1.80x10’ 1.80x10’ 1.80x10’
3 4.85x10° 6.85x10° 1.18x10° 4.70x10’
5 4.95x10° 3.05x10° 3.35x10° 1.70x10’
7 1.05x10° 5.50%10’ 3.50x10° 8.00x10°
Lactic acid bacteria
0 6.00x10° 10.5x10* 1.25x10° 1.23x10°
3 4.50x10° 8.20x10° 8.20x10° 6.10x10’
5 1.40x10° 2.30x10° 3.15x10° 6.50x10’
7 1.60x10" 7.50x10’ 1.35x10° 1.35x10°
BPB-MRS medium (Leuconostoc spp.)
0 - 2.05x10° - 3.00x10’
3 - - - -
5 - - - -
7 - - - -
BPB-MRS medium (Lactobacillus spp.)
0 2.50x10° 1.75x10° 1.70x10° 2.05x10°
3 4.20x10° 3.65x10° 3.65x10° 1.65x10°
5 2.35x10° 3.55x10° 8.50x10° 1.35x10°
7 9.50x10" 4.00x10" 6.50x10" 1.25x10°
Yeast - mold
0 1.00x10* 1.00x10* - 5.50x10°
3 6.50x10° - - -
5 1.50x10? - - -
7 6.75x10° 5.50x10* 3.55x10° 2.85x10°
Coliform bacteria
0 - - - -
3 - - - -
5 - - - -
7 - - - -
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Table 2-13. Change of physicochemical properties of Kimchi produced with salted Chinese

cabbage with 10, 16, and 24% of saline for 16 h and pasteurization treatment, then

stored for 9 weeks.

(unit: CFU/mg)

p;:g;ag(sv) 10% saline 16% saline 24% saline Pasteurization
Total cell count
0 1.20x10" 2.40x10° 4.55x10° 3.70x10°
2 7.50x10° 2.20x10° 1.70x10° 1.50x10°
4 8.35x10° 6.00x10’ 1.45x10" 2.00x10’
Lactic acid bacteria
0 5.10x10° 4.10x10° 5.15x10° 3.05x10°
2 1.90x10° 2.40x10° 1.85x10° 1.05x10"
4 8.50x10’ 6.00x10’ 1.80x10° 3.50x10’
BPB-MRS medium (Leuconostoc spp.)
0 - 1.50x10° - 1.00x10°
2 - - - -
4 1.00x10" 2.00x10" 2.50x10° -
BPB-MRS medium (Lactobacillus spp.)
0 5.50x10° 3.60x10™ 2.70x10° 1.30x10°
2 2.35x10" 1.05%10° 1.50x10" 2.40x10"
4 1.05x10™ 3.40x10™ 2.50x10° 1.50x10"
Yeast - mold
0 - - - -
2 1.50x10? - - -
4 6.55x10" 2.80x10° 1.00x10° 4.30x10°
Coliform bacteria
0 - - - -
2 - - - -
4 - - - -
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Table 2-14. Sensory evaluation of Kimchi produced with salted Chinese cabbage with 10, 16, and 24% of saline for 16 h and pasteurization

treatment
A 2 PR b3 i .
= Yoo | HE L aa meen| mex | m% | ex (#saw| on | TP se gx a0 g =S
10% Saline
0 497+£2.46 | 3.62+2.09 | 2.72+1.39 | 4.08+£2.53 | 8.35+3.59 | 7.85+2.38 | 4.32+3.21 | 2.90+2.08 | 2.00£0.94 | 8.15+3.51 | 4.74£3.16 | 5.70+£3.71 | 9.47+2.54
3 8.89+2.37 | 7.28+3.24 | 3.93£2.97 |10.03+1.64| 7.69£3.16 | 7.09+2.89 | 5.03£3.91 | 6.65+2.69 | 3.92+2.26 | 10.48+£2.26 | 4.06+2.72 | 5.29£3.18 | 9.78+2.32
6 9.00+£2.54 | 9.10+3.96 | 3.60£1.96 |10.00+2.21| 6.40£2.55 | 7.10+2.56 | 4.80+£2.25 | 9.00£3.02 | 3.80+1.99 | 6.30£1.49 | 8.10+3.21 | 5.70£2.06 | 7.50+3.47
9 9.00£2.21 | 8.60+3.10 | 3.80+2.86 |10.60+2.01 | 8.30+2.41 | 8.70+2.67 | 5.20+3.36 | 9.40+3.86 | 3.70+2.06 | 8.30+2.41 | 7.50£3.21 | 7.30+3.20 | 8.90+3.21
11 |10.25+2.42 | 9.25+3.58 | 4.00+3.30 |10.65+2.56 | 8.75+1.93 | 8.35+2.11 | 5.70+3.62 | 9.40+3.03 | 4.40+£3.10 | 8.00+£2.26 | 6.20+2.44 | 5.80+2.04 | 7.70+1.42
16% Saline
0 | 4.45+2.61 | 3.32+2.73 | 2.09+£1.19 | 3.92+3.19 | 6.85+2.65 | 7.40+3.49 | 4.91+3.28 | 2.80+2.04 | 2.72+1.47 | 9.174+2.58 | 4.774£2.36 | 5.17+2.88 | 8.74+2.76
3 |10.44+2.35| 8.53+4.24 | 4.33+3.69 |10.46+2.61 | 8.85+2.63 | 8.36+2.89 | 6.12+3.90 | 8.12+4.71 | 4.06+3.48 | 9.43+£3.09 | 5.15+£3.00 | 5.78+3.35 | 9.43+2.11
6 9.20+2.39 | 8.00+3.83 | 4.20+2.35 | 8.20+3.55 | 7.60+£2.12 | 8.20+2.97 | 5.70+3.13 | 7.50+4.20 | 3.90+2.13 | 8.30+2.31 | 6.30£2.58 | 7.70+2.67 | 6.70+2.06
9 9.50£1.90 | 8.60+1.84 | 3.60+1.78 | 9.70+2.31 | 7.60£3.50 | 10.90+2.28 | 5.10+2.85 | 9.00£3.30 | 4.70+£2.41 | 8.00+£3.20 | 6.90+£3.90 | 9.00£3.02 | 8.20+£2.57
11 | 8.60+£1.90 | 7.90+£2.92 | 3.60£2.59 | 9.40+£1.51 | 6.80+2.57 | 9.20£3.19 | 5.10+£3.18 | 7.50+£3.24 | 4.10+4.36 | 9.00£2.00 | 4.60+1.43 | 6.50+2.68 | 7.80%£2.20
24% Saline
0 5.36£3.35 | 3.72+3.04 | 2.52+1.59 | 3.40+2.13 | 8.75£3.17 | 8.85+£3.40 | 3.52+2.39 | 2.70£1.97 | 3.06£1.53 | 8.42+3.77 | 5.00+£2.92 | 5.01£3.20 | 7.97£1.75
3 9.65£3.23 | 9.15+3.02 | 4.68+3.64 | 9.02+3.23 | 8.03£2.61 | 8.58+2.49 | 5.53+4.37 | 6.68+4.18 | 3.93+£3.15 | 7.62+3.20 | 5.92+4.31 | 7.2245.11 | 8.35£2.77
6 8.22+2.59 | 8.11+3.52 | 2.89+0.78 | 8.60+3.27 | 7.80£2.74 | 8.90+2.42 | 4.80+2.78 | 8.30£3.89 | 3.40+£1.26 | 7.60+1.78 | 6.50+3.10 | 5.60£1.58 | 7.80+£2.82
9 10.40+£1.51 | 9.90+2.38 | 4.00+2.11 |10.80+£2.04| 7.80+£3.43 | 9.00+2.71 | 5.10+3.03 | 10.00+£3.94 | 3.70+£1.77 | 8.40+2.22 | 7.20£2.39 | 5.30£2.54 | 9.60+3.06
11 | 9.70+1.42 | 8.00+3.06 | 2.60+0.84 | 9.80+2.20 | 7.40+3.41 | 7.50+3.41 | 5.50+4.03 | 8.20+3.85 | 3.70+3.40 | 8.80+£1.87 | 5.30+2.50 | 6.10+2.28 | 8.20+2.78
Pasteurization
0 5.37£3.37 | 4.04+2.98 | 2.44+1.08 | 4.04+2.92 | 7.13£3.94 | 6.25+3.85 | 5.54+4.18 | 3.00£2.35 | 3.04+£2.60 | 8.89+3.54 | 6.10+3.94 | 6.31+3.92 | 8.18+2.62
3 8.86+1.29 | 8.68+2.33 | 5.68+4.21 | 8.82+1.72 | 5.87£2.28 | 6.16+£2.75 | 5.22+4.14 | 5.78+3.13 | 5.32+4.22 | 7.15+3.61 | 6.99+3.41 | 6.71+3.51 | 7.25+£2.66
6 9.20£2.04 | 7.90+2.69 | 3.10+1.29 | 8.30+2.91 | 8.00£2.40 | 7.90+2.47 | 4.80+3.19 | 7.30+3.95 | 3.00+£1.33 | 8.90+2.60 | 5.90+3.45 | 6.20+2.30 | 8.10+£3.21
9 10.50£1.90 | 10.00£2.11 | 3.20£1.62 |10.70£2.00 | 8.10+2.64 | 9.70£3.53 | 5.70+2.75 | 9.70£3.89 | 3.40+1.65 | 7.50+£3.06 | 9.00£3.23 | 6.50+3.21 | 8.50£3.37
11 |10.30+2.16 | 9.40+3.17 | 3.90+£3.03 | 9.80+2.57 | 8.10+3.81 | 7.50£2.99 | 6.00+£3.68 | 8.80+3.74 | 4.20+3.26 | 7.30£2.83 | 7.10+£3.28 | 6.10+3.14 | 7.50%2.37
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Table 2-15. Sensory evaluation of Kimchi produced with salted Chinese cabbage with 10, 16, and 24% of saline for 16 h and pasteurization

treatment, then stored for 3 weeks.

E A A ut P e o ~
14| goqe | Asw i of Ak g LA
CONY ) ol | Zje | WeR | A% | 2% (AFEF | ov e |TE AR 3| =S
10% Saline
3 6.85+3.59 | 4.65+3.57 | 3.85+2.65 | 6.42+3.69 | 8.37+2.31 | 7.55+2.31 | 5.75+3.85 | 4.05+3.39 | 3.55+3.06 | 8.55+3.73 | 4.35+2.54 | 4.98+2.87 | 8.35+2.43
6 9.30+2.41 | 9.30£2.45 | 4.30£2.75 | 9.20£2.70 | 8.60+£2.22 | 8.40+2.07 | 5.00+3.62 | 8.90+2.96 | 4.30+2.79 | 7.00£2.45 | 6.90+£2.42 | 6.50+3.95 | 7.50+2.46
9 8.10+2.60 | 7.30+3.16 | 4.30+2.67 | 9.70+2.91 | 8.30+2.98 | 6.80+3.29 | 5.40+2.95 | 8.50+4.03 | 4.10+3.07 | 6.90+3.96 | 7.00+3.56 | 5.10+1.85 | 7.50+3.66
11 | 9.60+2.67 | 8.90+2.81 | 3.30+2.45 |10.50+3.69 | 9.20+3.01 | 9.60+3.34 | 4.10+3.11 | 9.10+3.63 | 3.60+2.46 | 8.40+2.72 | 7.50+2.76 | 5.40+2.12 | 8.50+3.63
16% Saline
3 6.25+£3.51 | 5.15+3.61 | 3.35+2.58 | 6.45+3.59 | 9.95+2.03 |10.85+1.89 | 4.85+3.23 | 4.75+3.74 | 4.35+3.67 | 9.35+3.35 | 5.45+3.30 | 5.43+3.50 | 8.65+3.00
6 9.80+2.44 | 9.80+2.70 | 3.60+2.17 | 9.90+2.69 | 8.80+2.25 | 9.80+2.30 | 4.90+3.11 | 9.30+2.71 | 3.80+2.66 | 8.40+1.84 | 6.70+£3.13 | 5.70+3.86 | 8.50+3.27
9 9.20+2.25 | 8.00+2.71 | 3.70+1.70 | 8.70+3.09 | 8.60+3.20 | 9.80+3.39 | 6.40+4.72 | 8.40+3.44 | 5.40+4.30 | 8.10+2.02 | 5.80+2.86 | 6.40+2.91 | 7.00+2.91
11 |10.50+2.64 | 8.80+2.70 | 4.00+3.50 |10.10+2.38 |10.20+2.86 | 11.90+2.51 | 6.20+2.97 | 10.40£3.66 | 5.20+3.85 | 7.80+2.57 | 8.60+2.76 | 5.60+2.72 | 5.80+1.99
24% Saline
3 5.75+2.76 | 4.5343.81 | 4.15+3.59 | 6.2843.28 | 8.35+1.63 |10.08+2.64 | 3.95+2.43 | 4.89+3.52 | 3.98+3.14 | 9.28+3.89 | 5.15+3.62 | 5.35+3.87 | 8.20+3.40
6 9.20+2.44 | 9.20+2.39 | 4.60+2.76 | 9.30+2.54 | 9.00+3.37 |10.70+3.68 | 6.30+2.71 | 9.40+2.99 | 5.30+4.32 | 7.40+3.13 | 7.80+4.21 | 6.10+3.63 | 6.60+2.76
9 8.20£1.93 | 7.00£2.98 | 3.60+1.84 | 8.00+2.45 | 8.30+£3.33 | 9.40+3.89 | 4.50+3.57 | 7.90+3.41 | 4.10+3.38 | 6.50+2.46 | 6.30£3.37 | 6.00+3.27 | 5.90+2.18
11 | 9.70£2.16 | 8.50+2.37 | 4.20+3.08 | 9.40£2.95 | 9.40+2.84 |12.00+2.31| 5.20+2.53 | 9.40+3.63 | 4.90+£3.28 | 8.30+2.36 | 6.60+£3.03 | 6.10+2.77 | 6.70+2.11
Pasteurization
3 6.55+3.13 | 4.75+2.84 | 3.32+1.80 | 5.50+2.68 | 8.40+2.72 | 8.05+4.04 | 4.75+2.92 | 4.25+3.28 | 3.85+1.97 | 8.05+3.11 | 5.05+3.37 | 5.15+3.11 | 7.75+3.36
6 9.20+2.44 | 10.10+2.51 | 4.70+3.50 | 9.60+3.10 | 8.60+£3.03 | 8.10+3.35 | 5.60+4.22 | 9.20+2.94 | 4.90+4.28 | 6.60+2.95 | 8.00£3.92 | 7.60+3.75 | 7.40+3.53
9 7.60+3.34 | 7.404£3.95 | 2.80+1.40 | 7.60+£3.47 | 9.60+£2.50 | 8.40+3.13 | 4.50+2.37 | 7.00+3.62 | 5.30+3.59 | 7.90+2.69 | 4.90+2.69 | 6.70+3.20 | 5.90+2.18
11 |10.00+1.70 | 9.10+2.08 | 3.60+1.96 |10.10+2.69 | 9.60+2.84 | 9.00+2.87 | 4.80+2.39 | 10.20+3.36| 3.70+2.50 | 7.60+2.76 | 9.00+2.54 | 6.90+3.21 | 7.90+2.64
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Table 2-16. Sensory evaluation of Kimchi produced with salted Chinese cabbage with 10, 16, and 24% of saline for 16 h and pasteurization

treatment, then stored for 6 weeks.

A% A % 24z .

712t | a0 EEX ] N of 2} g ;]gi]

| Tuy ) old |AJe k| wWek | AR e SR AL ae |(TEAEEA A= =
10% Saline

6 6.00£3.24 | 5.00+2.83 | 4.44+4.03 | 5.33+3.12 | 6.11+3.37 | 7.56+4.30 | 4.33+3.20 | 4.33+3.20 | 4.33+4.97 | 8.89+2.15 | 5.22+3.56 | 4.56+2.30 | 6.78+2.68

9 9.50+1.58 | 8.50+1.78 | 3.10+2.08 |10.10+2.56 | 7.40+2.63 | 9.20+2.44 | 6.00+3.40 | 8.10+3.60 | 4.50+3.54 | 9.80+2.15 | 3.70+£1.83 | 6.20+3.49 | 8.00+3.43

11 | 9.80+2.78 | 9.60+4.06 | 5.60+4.35 |10.30+3.16 | 8.90+2.69 | 7.80+2.15 | 5.90+3.93 | 8.40+3.66 | 4.50+3.17 | 8.00+£1.83 | 8.00+£2.40 | 7.00+2.79 | 8.80+3.01

13 | 9.00£1.94 | 8.70+2.31 | 3.70+2.06 |10.20+2.62 | 6.90+2.18 | 8.60+2.72 | 5.00+3.20 | 9.30+2.91 | 4.30+3.23 | 8.60+2.01 | 6.60+£2.99 | 5.90+2.81 | 8.60+2.67
10% Saline

6 4.60+2.32 | 3.90+2.18 | 3.50+2.88 | 4.30+2.41 | 5.80+2.20 | 9.40+3.27 | 5.20+£3.08 | 3.10+1.85 | 4.30+4.14 | 8.80+2.90 | 4.80+3.39 | 5.40+3.20 | 6.10+2.23

9 |10.30+1.77 | 8.60+£3.50 | 3.30+2.11 | 8.60+2.84 | 6.50+2.37 |10.70+3.09 | 6.20+3.52 | 8.20+3.52 | 3.50+1.58 | 9.30+£2.45 | 4.70£2.91 | 6.30+3.02 | 7.20+3.58

11 |10.60+2.50 | 10.20+4.02 | 6.10+5.63 | 9.90+1.79 | 7.30+2.41 |11.30+2.06 | 5.50+2.32 | 9.10+3.67 | 5.00+3.53 | 8.40+1.96 | 5.50+2.68 | 6.40+1.71 | 7.80+2.15

13 |10.00+2.98 | 9.50+3.06 | 4.30+2.87 | 9.60+£3.17 | 7.60+£2.50 | 9.90+2.51 | 4.50+3.10 | 9.30+3.13 | 4.40+2.80 | 8.20+2.10 | 5.60+2.07 | 6.90+2.88 | 7.00+3.80
10% Saline

5.33+3.20 | 3.89+2.80 | 2.56+1.33 | 4.56+2.40 | 6.89+3.10 | 9.67+3.12 | 5.44+3.13 | 3.78+1.92 | 3.22+2.54 | 9.67+2.06 | 4.56+2.83 | 4.67+2.18 | 6.78+1.39

9.504+2.27 | 8.50+3.03 | 2.80+1.69 | 9.70+2.16 | 7.70+2.00 |11.00+1.94 | 5.30+3.20 | 8.60+3.44 | 4.70+3.89 | 8.20+2.78 | 6.30+£2.71 | 5.60+2.76 | 7.40+2.27

11 |10.70+2.26 | 9.70+3.30 | 6.10+5.34 |10.10+1.85|10.40+3.06 | 13.00+1.56 | 5.90+3.93 | 9.90+3.73 | 5.00+4.42 | 7.20+1.93 | 8.50+2.32 | 7.60+2.37 | 6.30+3.33

13 | 9.10+2.13 | 8.00+2.49 | 4.40+2.72 | 9.90£+2.69 | 9.40+£3.20 |11.40+2.50| 6.00+3.71 | 8.80+3.29 | 4.90+3.41 | 8.30+£2.26 | 6.60+2.91 | 6.10+2.18 | 7.40+2.91
Pasteurization

6 6.10£2.77 | 4.7042.54 | 2.90+3.28 | 4.80+2.74 | 6.30+2.91 | 7.40+3.84 | 5.30+3.86 | 4.00+2.40 | 3.10+2.56 | 8.10+2.38 | 5.30+3.65 | 5.20+3.29 | 7.10+2.69

9 |10.70+1.57 | 10.50+1.96 | 2.90+1.79 |10.50+2.01| 7.50+2.68 | 8.50+2.64 | 5.60+3.72 | 10.70+2.87 | 4.90+3.60 | 6.30+3.33 | 10.00+3.16 | 4.90+2.38 | 6.50+3.41

11 |10.50+1.84 | 10.30+3.95 | 6.80+5.20 |10.10+2.56 | 10.10+2.96 | 10.20+3.01 | 6.00+4.83 | 9.90+4.12 | 6.20+5.18 | 8.40+1.26 | 7.90+1.85 | 6.00+1.94 | 6.40+2.27

13 | 9.50+2.32 | 8.80+2.44 | 5.40+2.84 |10.00+2.16 | 9.70+2.50 | 8.50+2.12 | 5.30+2.91 | 9.20+2.74 | 4.70+3.80 | 8.10+2.28 | 7.60+2.63 | 7.40+2.88 | 8.40+3.37
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Table 2-17. Sensory evaluation of Kimchi produced with salted Chinese cabbage with 10, 16, and 24% of saline for 16 h and pasteurization

treatment, then stored for 9 weeks.

A4 WA % A3 .

A gee | a4 o4t g e

| Tay aqg | A (e e | A% | &% ASd % v o |Fe 3E|d x| T1E=
10% Saline

9 7.30%2.16 | 5.30+2.67 | 2.50+0.85 | 6.60+1.43 | 7.00£2.58 | 7.80+£2.15 | 5.00+3.37 | 4.00+1.25 | 3.30+2.26 | 10.10+2.08 | 4.35+1.67 | 5.20+1.69 | 7.05%2.71

11 | 8.90£3.45 | 7.80+£3.05 | 3.00%£2.21 | 7.30+2.26 | 6.60+1.65 | 8.10+2.77 | 4.30+2.54 | 6.10+2.85 | 3.60+2.37 | 9.10+2.08 | 5.40£2.12 | 6.50+2.68 | 8.20+2.94

13 |10.70+2.58 | 9.60+4.58 | 4.20+2.90 | 9.20+2.53 | 6.50+2.99 | 8.90+3.14 | 4.30+2.67 | 8.10+3.90 | 3.50+2.17 | 7.40+2.80 | 7.60+3.34 | 5.90+2.60 | 7.70+3.09
10% Saline

9 | 6.60+2.50 | 4.90+2.60 | 3.30+2.26 | 6.00+2.58 | 6.90+1.29 |12.40+2.99 | 5.80+3.97 | 4.70+3.09 | 3.20+1.93 | 10.30+£1.06 | 4.70+2.11 | 5.90+2.23 | 5.90+2.51

11 | 7.60£2.55 | 7.40+2.41 | 3.30%£2.31 | 6.90+2.13 | 6.60+1.71 |12.00+3.27 | 4.60+2.88 | 6.80+3.16 | 4.50+3.57 | 8.10+1.60 | 5.50+1.35 | 6.20+3.08 | 6.30+2.58

13 | 9.50+2.68 | 7.80+3.16 | 3.80%£2.44 | 9.40+3.31 | 7.90+2.88 |12.20+2.25| 6.30+4.40 | 7.40+£3.92 | 4.00+2.21 | 8.70+2.21 | 5.90+2.33 | 6.90+2.81 | 6.80+2.15
10% Saline

9 | 7.10+2.88 | 4.30+2.54 | 2.0£0.92 | 5.50+1.43 | 6.40+1.07 |10.90+2.28 | 5.00+2.62 | 4.50+1.96 | 3.60+2.55 | 9.80+1.32 | 3.70+1.25 | 6.10+3.81 | 7.10+1.10

11 | 6.80£1.55 | 5.70+1.77 | 3.60+2.84 | 6.30+£1.70 | 6.40+1.96 |12.00+1.34 | 5.40+2.41 | 5.30+2.41 | 3.80+2.53 | 7.70+2.54 | 6.00+£3.50 | 6.10+2.56 | 6.80+1.48

13 ]10.30+2.54 | 9.50+£3.81 | 2.70+£1.42 | 9.60+3.06 | 6.60+3.44 |12.90+1.29 | 5.90+3.45 | 8.20+4.61 | 4.30+3.27 | 8.70+2.36 | 5.50+1.96 | 5.60+2.12 | 7.20+2.97
Pasteurization

9 7.30+£3.37 | 5.10+2.73 | 3.00+1.63 | 5.70+2.06 | 6.60+1.78 | 8.80+2.10 | 4.60+2.63 | 4.50+3.06 | 3.70+2.26 | 9.70+1.95 | 5.40+3.03 | 7.40+3.57 | 7.00£2.67

11 | 7.40£3.41 | 6.10£3.45 | 3.30+2.26 | 6.70+2.79 | 6.60+1.78 | 9.20+2.15 | 5.10+2.60 | 5.20+2.74 | 3.70+2.26 | 8.90+1.97 | 5.60+1.78 | 5.40+2.72 | 7.10+3.35

13 | 9.50+2.12 | 7.50+2.22 | 4.90+£3.51 | 8.10+3.00 | 7.40+2.46 |10.30+2.95| 4.20+2.74 | 6.20+4.29 | 3.30+1.64 | 8.90+2.23 | 6.00+£2.67 | 5.70+2.16 | 7.10+4.12
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