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Abstract

Kimchi cabbages were cut (3x3 ¢cm), and were pre-heat treated at 40°C, and their physicochemical qualities and
browning degrees were investigated during 8 weeks storage at S°C. The Cut kimchi cabbages were treated at 40°C
(1~8 hrs) and their protein bands profiles were determined by sodium dodecyl sulfate polyacrylamide electrophoresis
(SDS-PAGE). The 60, 39, 33, and 12 kDa bands considered heat shock proteins (HSPs) were expressed in the
cut kimchi cabbage, and the 4-hr pre-heat treatment (HS 4) exhibited the strongest band ratio. The weight ratios
and titratable acidities of the pre-heat treated cut kimchi cabbages were not changed so much after 8 weeks storage
at 5°C, and the soluble solid contents of HS 4 decreased less than that of any other treatments. The browning
degree of HS 4 after 8 week storage was also shown to be the least among the treatments. The polyphenol oxidase
(PPO) activities of all treatments slightly rose during the over all storage period, in contrast with the decrease
of total phenolic contents. The expression of HSPs was identified in the pre-heat treated cut kimchi cabbages,
and HS 4 exhibited the best quality and appearance after 8 weeks storage at 5TC.

Key words : kimchi cabbages, pre-heat treatments, heat shock proteins, browning degree, polyphenol oxidase

N OB (fresh-cut) 2j55ol Wigh B4 o7t F7h8taL 3lon
23), oI5 AFe] BEAR AS 913 7] fdo] 2123
MlFE ol 2u9 E ool AMMET glom T olFolAm Utk HATY 3 F A9 21 AR
AN W 25%F AHASHAL Tk Ty v o WRoss AEAlE o83 AY @), 7B 2 g
ot ] RS 7Iete] Al Fel AHE A5S BAE A(G), A¥(6), controlled atmosphere(CA)#178(7), modified
317] Astde a4 AgH 2 A2 FFESte] @3k atmosphere packaging(MAP) % %(8), A2 5ol Ut
A7} Bash A Bl Fe) RS Bolv] skl LAe) V16S
A2 AASES) FIT £59) S0 webq AFe]  ol8SHE AT TR A2 A AT e,
ZHIFAZE A AYAES FAEEA AdHo A FhAem e Exeed dy o] &HaL e
A 7ee AEs mAR =0 FaAAY =AR B2
*Corresponding author. E-mail : kchung@knu.ac.kr A} ZHEof] BREAT = W, 288 o83k 48 18
Phone : 82-53-950-5778, Fax : 82053-950-6772 i 7HEE7IE o183 A2 §0,100°] AR 5
Copyri%ht © Korean Journal of Food Preservation. All rights 3 Qo).
reserved.

- 776 -



Effects of pre-heat treatments on the quality of cut kimchi cabbages during short-term storage 777

A 7ES A =3E dAletal A2 E s}
Al Bk oy} f3l v ES] Aoju At &3]
WHoM(11-13), o8] ol ZHEol A7 Ao WAES
A 7E Ao RE dHA Uth14-16). olw 21E FellA
2§ 2 == heat shock proteins(HSPs)= 3|& A E0] ==
2Ed| 2o tiA3H7] A5 WolEd ] dFOZA opekst
1(17) B A 3 L 19E A(18) =1 FollA
Ad €t

Ach 3= 24o] 1A 2 dye 59 852 48R}
o Al HeJAdS AlFAINE, o] M2 5589 JVIE
gt Awid 24 dstE {FE7I%ke] &2 slo] diolth
ot At Ao A F T4 E3lE a9F o= A
A717] 918k AR, @& H slstebE Ae] 59 W (19)
o] AT, o] & 7|&ol| oSl o= kA A 2
T O AH|E zh3ofof she AAA A4 55 i
Atk ole tiste] FHSHAE AAA A= At wjF<
A A Ar|ERA, Ca T FE REAES APt
I a3= B3sk20) v ok

ojojx] . Ao xe gl i HAF{e 2o
2h8-& o]-&ste FEXSA AA PO EZA A w5
£ dlgA s, HSPse] AT @717 W@ A7l &
o3}t ol FAEA T MEE FAVSIY 11 g9E 43}

At

o

ol didd
oH

=
311

Y M=

A 2SS g debd® sligTolA 20144 69
z5&7o 5838t 3 FF(Brassica campestris L. ssp.
pekinensis) ©- 2] 31153 (Hwawon Agricultural Cooperative,
Haenam, Korea)ol| 4] o] Wo} 5Tl X A 24 & A2 2
AHE-SFA T

EHoH R ogdXe| ¥ a=F

|5 Al 2 g4 F AHW(3%3 cm)dte] 7] )
ko]l ;=27 B 3, Bamett 5(21)2] H.arol] whe} 40°Coll
A 247} 1, 2, 4, 8AITE A|EA S 5, 0CAlA 1ARE A5
o], 28] 250 g low density polyethylene(LDPE) <]
2 (18%20 cm, 0.03 mm)oll Fo] 5Tol|A 853+ sl
28-S APt

S Ay 2AYE ARE FH3
S SAAY] EFEE UERIL
o} 7R84 IR AL HjF AR 10 goll SF5 10 mLE

S Z4d 9T A (Master-a,

Atage Co., Tokyo, Japan)S ©]-8-3}e] ZH3IAt) G
= AOAC(22) A8 H oz =A43IYT)

iz

AT Jung S(23)9) WHOR, w5 HdwoA of
1 cm 7FgS A Ze} 2 g& AP o2 F3ke] FEio
Y1, 20 mLY SF5E F71el 35T 2] water bathol A
X715t FE3 § o3 (Whatman No 2)3F 42 UV/Vis-
spectrophotometer(UV/Vis 1601PC, Shimadzu Co., Kyoto,
Japan)E ©]-&-3ke] 420 nmoll A FFEE SA AT

Polyphenol oxidase(PPO) &HAd

Akl 10 g5 0.5%2] polyvinylpolypyrrolidone(PVPP)
= 3H4-3F 0.2 M sodium phosphate buffer(pH 7.0) 20 mL2}
SHA| homogenizerZ v &, fA4#-2](4C, 3,000 rpm, 10
min)3te] 1 AeHS 2g4do 7 sl Aun)F vhy)
Al AFE-3) buffer2 A Z3F 002 M2 catechol 824 2.4 mLoll
Z4a5-9% 08 mLE ¥ % 420 mollA TF=E =5
o, F3%7F 18T 001 WMl AL 1 wmit(U) -2 3}
specific activity(Ufg)Z WERH 1 TtH24,25).

SH=d a2

ZH =4 318E2] L Prussian blueH(26) 0.2 =3
30 H, gallic acids EFEDRE AHE-ate] 243 A
e AN A8 Foe dEFS T mg
GAE/100g(d.b) -2 WERAIT

SDS-PAGE(SDS-polyacrylamide gel electrophoresis) =
MY

SAURZXI AIFE v 1 g F 75 45A(50
mM sodium phosphate pH 7.0, 10 mM [3-mercaptoethanol,
10 mM EDTA pH 8.0, 0.1% Triton X-100) 1 mLS 37}
F, 941 AT, 12,000 rpm, 20 min)a}e] P& FEAE
Aek)E DA o] olg AR Agssd. B
S BCA assayS o|-&3l9lon, Aehi]s a2 20
uLell BCA -89 (Cooper II sulfate:Bicinchoninic acid=1:50)
160 LS 7}3ke] 37°CollA] 1A)13F WX 3, spectrophotometer
(Evolution 201, Thermo Fisher Scientific Inc, Madison, WI,
USA)E ol-&3te 595 nmell A 2+ Ag9] F3EE SHs)
2., bovine serum albumin(Sigma, St. Louis, MO, USA)
& AFEEE st FFAS Ao g T
S sample buffer2} 410 100TCAA 583+ Folar, 23] &
10% SDS-PAGE geloll loading 31111, 140 VZ A 7|45
Z](Scie Ltd., Warwickshire, UK)S ©]-&3}¢] dF3}aL,
coomassie blue G4}l 12A]7F G2 5 gel 9] H}EFA) o]
SAZ w712 3~43] A3} T} ©]E image J software
(Chemi DocTMXRS+, Bio Rad, CA, USA)S o]-&3}o] 14
A



778 FRAEALHELIA A2 A6 (2014)

Marker Con

HS1 HS2 HS4

Fig. 1. The protein band profiles of cut kimchi cabbages according
to pre-heat treatments.
Marker; Molecular weight marker, Con; control, HS 1; pre-heat treatment for 1 hr

at 40°C, HS 2; pre-heat treatment for 2 hr at 40°C, HS 4; pre-heat treatment for
4 hr at 40°C, HS 8; pre-heat treatment for 8 hr at 40°C.
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Fig. 2. The protein band ratios of cut kimchi cabbages according to pre-heat treatments.
Con; control, HS 1; pre-heat treatment for 1 hr at 40°C, HS 2; pre-heat treatment for 2 hr at 40°C, HS 4; pre-heat treatment for 4 hr at 40°C, HS 8; pre-heat treatment

for 8 hr at 40C.

PN eans followed by the same letters within the each kimchi cabbages are not significantly different (p<0.05).



Effects of pre-heat treatments on the quality of cut kimchi cabbages during short-term storage 779

Wdo] HE 2 AHE Ro] A=Ae] WA el 9%
2 7k ATARE0INS FTE e Ao Abg
st}

o @A gol] M AehFo T A eS S 2y
£ Table 13} 2t} 60, 120, 180, 240, 360, 480 min | G=]z]
£ Z3gg A7} 240 mino|W] LA YA FAHEE 02 2l
g FEH] FEEAo] 5%V e 2 Yo n, o 94
g & gize} A 2jo] w3k A2 Qi) kAR 22
360, 480 min®] 73-%- Z+7} 9.81%, 13.20%2] SHhH] &

r

Aol o, Ao zT Felo] Lol AlE3|
I© 5 %3 7HA7F HojAle 2as YRS o]l
T3l ol 40ToA A 4A1ZE | B=J2]A] HSP 9] F4 0] 713
e ATEAR1T2DE WO FEEd 5% PN o
%! 60 min (HS 1), 120 min (HS 2), 240 min (HS 4)*]2] 7}
AUz A2 Qg 2] & sty A3l e 2
WA H717h ke 480 minH ] T (HS 8)F ©] -3}
238 733kt

=S =]

N

Table 1. The weight ratios of cut kimchi cabbages according to pre-heat treatments

(%)

Treatment” Con HS 1 HS 2

HS 3 HS 4 HS 6 HS 8

Weight ratio 100.000.00” 97.99:001° 95.25:0,01°

95.15+0.01° 95.01£0.01° 90.19+0.03' 86.80£0.06°

"Con; control, HS 1; pre-heat treatment for 1 hr at 40°C, HS 2; pre-heat treatment for 2 hr at 40°C, HS 3; pre-heat treatment for 3 hr at 40°C, HS 4; pre-heat treatment
for 4 hr at 40°C, HS 6; pre-heat treatment for 6 hr at 40°C, HS 8; pre-heat treatment for 8 hr at 40 C.

2)abede;

Means followed by the same letters within the row of each kimchi cabbages are not significantly different (p<0.05).

Table 2. Changes in the weight ratios of cut kimchi cabbages with pre-heat treatments during 8 weeks storage at 5C

(%)
Treatment” Weels 0 2 4 6 8
Con 100.00£0.010*? 99.85:0.010" 99.78+0.000" 99.72:0010™ 99.62£0,000°
HS 1 100.00+0.000* 99.94+0.010"™ 99.85+0.010°® 99.800.010™ 99.73+0.010%*
HS 2 100.00:0.010* 99.94+0,010" 99.8340.010° 99.79+0,010 99.71+0.000°
HS 4 100.00£0.000** 99.95+0.010™ 99.87+0.010°* 99.82+0.010™ 99.73+0.000"
HS 8 100.00+0.020 99.94+0,000"° 99.84+0,010 99.80+0,000™ 99.71+0.000°

])Con; control, HS 1; pre-heat treatment for 1 hr at 40°C, HS 2; pre-heat treatment for 2 hr at 40°C, HS 4; pre-heat treatment for 4 hr at 40°C, HS 8; pre-heat treatment

for 8 hr at 40C.

Pl eans followed by the same letters within the tow of each kimchi cabbages are not significantly different (p<0.05); **

column per parameter are not significantly different (p<0.05).
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HS 4
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0 2 4 6 8
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Fig. 3. Changes in the soluble solid contents of cut kimchi cabbages
with pre-heat treatments during 8 weeks storage at 5C.
Con(4p); control, HS 1(HM); pre-heat treatment for 1 hr at 40°C, HS 2(A); pre-heat

treatment for 2 hr at 40°C, HS 4(); pre-heat treatment for 4 hr at 40°C, HS 8();
pre-heat treatment for 8 hr at 40°C.

means followed by the same letters within the
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Fig. 4. Changes in the titratable acidities of cut kimchi cabbages
with pre-heat treatments during 8 weeks storage at 5TC.
Con(4p); control, HS 1(Il); pre-heat treatment for 1 hr at 40°C, HS 2(A); pre-heat

treatment for 2 hr at 40°C, HS 4(x); pre-heat treatment for 4 hr at 40°C, HS 8(>k);
pre-heat treatment for 8 hr at 40°C.
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Table 3. Changes in the browning indexes of cut kimchi cabbages with pre-heat treatments during 8 weeks storage at 5C

(ABS/g)
Treatment” Pedks 0 2 4 6 8
Con 0.036+0.003" 0.043£0.004 0.074+0.002° 0.095£0.001"* 0.1130.007**
HS 1 0.0320.002** 0.039:0.001® 0.068+0.001* 0.090£0,008™ 0.109:0.011*®
HS 2 0.033£0.008" 0.031£0.001® 0.043£0.003® 0.0630.002" 0.095+0.014°
HS 4 0.035:0.007 0.032:0.010® 0.046+0.006"° 0.057+0.002" 0.093£0.005"
HS 8 0.035:0.006™ 0.042£0,003* 0.056:0.016"® 0.065:0.002" 0.105£0.003*®

"Con; control, HS 1; pre-heat treatment for 1 hr at 40°C, HS 2; pre-heat treatment for 2 hr at 40°C, HS 4; pre-heat treatment for 4 hr at 40°C, HS 8; pre-heat treatment
for 8 hr at 40°C.

2 reans followed by the same letters within the row of each kimchi cabbages are not significantly different (p<0.05); **means followed by the same letters within the
column per parameter are not significantly different (p<0.05).

Treatment

Weeks

Fig. 5. The photos of cut kimchi cabbages with pre-heat treatments during 8 weeks storage at 5TC.

Con; control, HS 1; pre-heat treatment for 1 hr at 40°C, HS 2; pre-heat treatment for 2 hr at 40°C, HS 4; pre-heat treatment for 4 hr at 40°C, HS 8; pre-heat treatment
for 8 hr at 40C.
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Fig. 6. Changes in the polyphenol oxidase activities of cut kimchi
cabbages with pre-heat treatments during 8 weeks storage at 5C.
Con(4p); control, HS 1(Hl); pre-heat treatment for 1 hr at 40°C, HS 2(A\); pre-heat

treatment for 2 hr at 40°C, HS 4(); pre-heat treatment for 4 hr at 40°C, HS 8();
pre-heat treatment for 8 hr at 40°C.
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Fig. 7. Changes in the total phenolic contents of cut kimchi
cabbages with pre-heat treatments during 8 weeks storage at 5C.
Con(4p); control, HS 1(Hl); pre-heat treatment for 1 hr at 40°C, HS 2(A\); pre-heat

treatment for 2 hr at 40°C, HS 4(); pre-heat treatment for 4 hr at 40°C, HS 8();
pre-heat treatment for 8 hr at 40°C.
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