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Abstract

The effects of high-hydrostatic-pressure (HHP) conditions on the physicochemical quality and histological changes
in kimchi cabbage (Brassica rapa L. ssp. pekinensis) during salting were investigated. The salinity and electrical
conductivity of shred-type kimchi cabbage salted for 5 min with 15% brine at 200 MPa were 2.52% and 36.25
S/m, respectively, which were 2.8 and 2.3 times higher than those associated with shred-type control. The solid
gain and water loss of kimchi cabbage samples during HHP salting increased with the NaCl concentration in
the brine and the pressure levels, irrespective of the type of kimchi cabbage. After salting at 50 to 200 MPa,
the moisture content and whiteness index of the shred-type samples were significantly (p<0.05) reduced compared
to those of the shred-type control. However, no significant differences (p>0.05) were observed among the
instrumental firmness of kimchi cabbage samples salted with 12 and 15% brines at 50, 100, and 200 MPa. During
HHP salting, brine containing neutral red rapidly penetrated and stained the structurally deformed or damaged
cells in the cabbage. These results indicate that the time required to prepare salted kimchi cabbage can be shortened
using HHP salting.
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A= AAR A B0 &1 & ARG HdHeE 5
ol H71== star, sha7Io] oF 8-10A1F, 7100 144]
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100-800 MPa Q22 9 Az} 7110l 13 EL o 4|
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Table 1. Changes in the salinity and electrical conductivity of kimchi cabbage after salting under high-hydrostatic-pressure conditions

Kimchi

Brine concentration (%)

Parameter Treatment Levels of significance
cabbage type 10 12 15
Control 0.25+0.02%F) 0.28+0.03™ 0.28+0.02% cT? ox5)
HHP-50" 0.84+0.02°° 0.87+0.02"° 0.92+0.02"* PC s
Piece
HHP-100 0.85+0.03% 1.100.05° 1.23+0.02%
BC kksk
.. HHP-200 0.89+0.04% 1.120.02° 1.26+0.02°
Sal;nty CTXPC .
(*0) Control 0.67+0.05™ 0.80+0.02%° 0.89+0.05"
Be Bb Ba CTXBC ok
HHP-50 1.51+0.02 1.77+0.02 2.18+0.02
Shred POXBC o
HHP-100 1.68+0.03% 1.78+0.04%° 2.22+0.06
HHP-200 1.690.027° 2.07+0.04° 2.52+0.014 CTxPCxBC ok
Control 5.9340.19 6.98+0.28% 6.92+0.55% CT otk
HHP-50 7.86+0.27™ 9.56+0.41" 9.84+0.57" PC -
Piece
HHP-100 8.93+0.46™ 10.80+0.60%™ 11.2040.395
BC skksk
Electrical HHP-200 10.35+0.77°° 11.94+1.015 12.34+0.60%
conductivity - - o CTxPC ook
(S/m) Control 12.86+0.52¢ 14.63+0.46 16.12+0.76™
CTxBC ok
HHP-50 22.89+0.46™ 25.16+1.11° 29.60+1.75
Shred
HHP-100 25.5140.04" 27.29+1.59% 31.46+1.17% PCXBC o
HHP-200 26.2840.72%¢ 29.19+0.834° 36.25+1.12* CTxPCxBC o

YHHP-50, 50 MPa high-hydrostatic-pressure treatment for 5 min; HHP-100, 100 MPa high-hydrostatic-pressure treatment for 5 min; HHP-200,

200 MPa high-hydrostatic-pressure treatment for 5 min.
YEach value is meantSD (n=3).

'Mean values in the same column (*°) or row (*) followed by different letters are significantly different according to Duncan’s multiple range

test (p<0.05).
T, cabbage type; PC, pressure condition; BC, brine concentration.
JLevel of significance: ~ p<0.01; ~“p<0.001.

o] Grrt tiRAto] Hlaf =2 k2 Hlth £3] 15%
FarollA AEE HHP-200 A= 2.52%= ATy thx+
(0.89%) thH] oF 2.88 =2 Ak FS YERATH g, 50,
1003} 200 MPa ZZA0A] 10, 129} 15% J5= zHzF A3t
Ay viE AR A 5Y dET g4 202 H9
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TH(p<0.05)(Table 1). o]2fgt Zyl= 2319 HQ A viE 3
o] mhet A 2o Fagh o 27} ¥4 NaCl 5%
o] ZJo]7} Q18-S UZ3I3Ath Nunez-Mancilla 5{(2013)
2 40 °Brix 2] HR|E &ajo]A WrZ 0.17} 500 MPa
ZAqA 1087 H7] & A=9] g%r} 7.3} 12.3 “Brix®
Z47F Uit 2019F 2-8of ihE FEY A/AIF HAE B
ISP, & At AT} FARHIT ti71 2EelA 10
3 15% AE o83t BisEY T2 AFRREol QJgt Hf

=

W NaCl 2H4t &

O%E 0]

=

He] st

2.8%7HA] EEok=H| oF 6-10A]7t0] AQ ™, A9l Al7to]
dojdas "o S5k 84 40| Yt} &&57]
o]l A A2 A Higol £44 JF2 v ¢
Qlth(Shim 5, 2003). 3HH, A9t Z7A0f|A] phytic acid 7}
2t 20% JEE HSE o83t A HHo] Ad vio] H9l
AQAIZEE 10-18A[7 O]A] 6A17FOE TEAIFTH= Kim &
(2015)9] H11e} H|wato] B Aol 21t AYL 10-15%
FSE ol&ste] 100] & = Adt vi59] A=7} 1.5-2.5%
of =& & U= 40| AUtk

10% Aol d & 2348 dx49] Ardees
5.93 S/m& Yehd BHd, @79 HHP-1002+ HHP-200 |2
9] A7|AEELE 8.937F 10.35 S/mof| Z+zF Tddlo] 211
o Aol WE F53E A71-AEE Zpo]7t ERIE|ITH Table
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D). 129} 15% @404 UG 243 HHP-50, HHP-1003}
HHP-200 #2]7L9] A7 HEEE 10% F4 243 FABE
Al 229 7t S7Hel et S7vehs A e
Aok HHP-50, HHP-1002} HHP-200 X 2]7o] A7 A= E
L 9 ¥4 NaCl 527t 5719l weh fejdos
(p<0.05) Z7I8I¥ o™, &3] 15% Fgeol AUt Aoy
HHP-200 #2]79] A7|AEEE= 36.25 S/mO&E X =
7 =2 a2 UERich 209 gt e AlRo] Hxet
A7) Hok= S 8, 2209k Z2=et A ¥4 NaCl
= 7t A A4S ARE a3 fo3t A 02 (p<0.001 Ei=
p<0.01) YEF}TE Taiwo 5(2003)2 200 MPaoj| A 557+ A
Aegt &efolA 87| ARE t719F &FolA] 50 °Brix
salt-sucrose -8-Ho]l 4A17F Bt A A}, @7] Aol A
7N1AEE7t 20 AA 6] gk th2 o] o 38 5
7KithT. B U599tk Duguay S{2017)2 0.15, 13} 1.85%
B AR At S A=Y 7] EE 4= ohmic heating
< 0.01, 0.37%} 0.80 S/me & 77t Z7}slo] F4=9] NaCl
57} ohmic heating 2] GHiE A7|H =T Hslof
SRS w)FTha B sk vl Qltk ESE Verma 5(2014)2 200
MPa 2119} A 27} S2lo]|A vhte] Alatut £l Ak
of 9J3t mass transfer coefficientS Z7A|ZH 0w, Ao
295 AZE} oURE AAAZ & ol B stk

Aol HjFo| 4#E8H, water losset solid gain

10% B2 AU @3 279 2T 91.50%
2 A A 23 HiF AE01.65%)2} ZPolF HolA] ekt
CHTable 2). ¥HH, 1002} 200 MPa s}of|A] 10% G-z A
g 2 vlis AR FEeFE 89.599 89.53%= 2t
UEPTh A3 v AR R Y A=t A
NaCl ‘5%7} 571l okt o8 08 746k thp<0.05).
E5] 15% A2 AAsE ATg HHP-200 A 2j+e] 453
T2 91.60%= AT t27493.27%)°] I8l 2k 1.7% 2
Al YERtTE Lee 5(2011)2 15CAA 6417 B 1, 63}
10% @5 A & Ao vis AR FEJFo| 95.04,
92,429} 90.00%E Z}2F ZA o] B NaCl 5=} o] uf
S PRI =2 AAS Bl o, ol B o A
kel Aot

AFEA] E4of OISt water loss®} solid gainS A 71a-&
9] g3 EAAY 5282 Hrel] 3 343 94
o]t Wang -5, 2015). €<= NaCl 5=} o Hrg deot
of Zelet @4y ATy HiE AIE9] water loss, solid
gainT} E9IEF HSH= Table 20 YER|QITE 211 A
Al Y A7t 2255 23Y wi52] water lossi= 524
o2 Z71eFATHp<0.05). 103} 15% HsollA] ZHzh Alsh

224 HHP-100 #|2]719] water loss= 0.233} 0.49 g/gO &
F4= NaCl 5o T2 72421 2P0l HArh(p<0.05). £
3t 10% F5E AT ddE HHP-200 A2} water loss
= AdY d274020 g/g)?t vlasto] oF 10.68) SRRt
2.11 g/gO & UElITHTable 2).

A i solid gaine water loss 22} GARSE oS
Hol=d, 129} 15% A2 AAgh @79 HHP-200 A2+
9] solid gain2 10% ¥4 A oH] 0.073} 0.12 g/g 2+
S7Ft] A NaCl s&o] weh §924 Aolg Helth
(p<0.05)(Table 2). E3ZF, 10% B 2704 AHE HHP-50
¥} HHP-200 *]2]5-9] solid gaine Ay o9} B]is}
of 2.5} 5.58 Z}2 F7tsto] QY 2o wE FFE e
Wt Wang 5(2015)2 30-60 °Brix sucrose -2-Hof] Aot A}
= 12087} vacuum impregnation A 2|$F A3}, sucrose &
oH9] °Brix7} =255 At A9 solid gaini} water loss
7h goHo s 7Kt 29E Hisiolth 3L Verma 5
(2014)2 &0 A HPLEE 40T 9] 60 °Brix sucrose -8-240]]
4AX7F B9t HA| T water loss?} solid gaing 3HSH Al
200 MPa 119} AR 2|3t A=) water loss@} solid gain©]
ok X|zo] ]3) 125} 1.48) 27} 27K S Hsle
t}. Three-way ANOVA A3}, A vjF0] +EI=FE HiS
B, A= NaCl 5 = 20 A 210 ofgt 5= &3t
(p<0.00)¥F Yepd v, A vj3=9] water loss®} solid
win® Al R3] 7F A5AE wTi] foldo] AR,

A HjFo| WME Ol AL

A} wiF9] Mt A= AHAPL F4E T o S8
oA 1Eels EEd B4 QE 4EA QrH(Choi &,
2015a). HiE A& FHl, 94 NaCl 5= 217¢% = 24
of o Al HiE &7] 919 WAL} F = ¥sk= Table
30] YeRHQITE 10, 129} 15% @50l AUt 4 vzt
o] MAT ZES 70.25, 73.063t 72.68% ZHzZF UER} @4
NaCl 5o T f-214 2lolg Ho|x] lth(p>0.05). &
S 10% G52 21 s €43 HHP-50, HHP-1003}
HHP-200 A2]7o] WA ZES 69.76-70.442 A 2] 7171o
oA Zol7t glSithp=>0.05). L& 200 MPa ¥ %4
oA 15% G2 AT @A HHP-200 A2 712] Wi
2 6327704 AT 15% B2 FAst A9y of
ZTo] WA ZEO. 64,152 YERY 103} 12% F4=¢} vl
sto] §oA 02 A4St (p<0.05). °]2gt A= NaCl &
T A9 uiSo] M Xjo|= AlZERZ] Y AFEYe] ot
NaCl H5F &%, 5 &A% 9 x4 gyt 34 Qe
Aog =2t w3l 10, 129 15% G52 Hsh Aty
HHP-50, HHP-1003} HHP-200 *|2]7-] WM 7:2 50 o|3}
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Table 2. Changes in moisture content, water loss, and solid gain of kimchi cabbage after salting under high-hydrostatic-pressure conditions

Brine concentration (%)

Parameter cabllfzilrgneChtiype Treatment Levels of significance
10 12 15
Control 91.50+0.287>  90.81+0.25" 90.40+0.43 cr )
HHP-50" 90.29+0.29% 89.58+0.20™ 89.63+0.48" pC -
Piece
HHP-100 89.59+0.35™ 88.96:+0.46"° 88.60+0.38™ BC s
Moisture a b b
content HHP-200 89.53+0.24" 88.84+0.64" 88.52+0.25" CTxPC NS
C4) Control 94.31+0.114* 93.57+0.324° 93.27+0.234°
ontro . . . . . . CT*BC NS
HHP-50 93.43+0.295 92.37+0.14% 91.96+0.03"°
Shred . - - PCxBC NS
HHP-100 92.70+0.12% 92.26+0.175% 91.7240.39
HHP-200 92.53+0.12< 91.69+0.13° 91.60+0.34 CTxPCxBC NS
Control 0.10+0.03 0.20+0.03 0.18+0.05™ CT ok
HHP-50 0.140.03" 0.28+0.02™ 0.32:0.06% PC .
Piece
HHP-100 0.23+0.04"° 0.3120.06™ 0.49+0.04™
BC kksk
Cb Ca Ea
Water loss HHP-200 0.38+0.03 0.58+0.07 0.60+0.03 CTxpe e
(/g Control 0.20£0.02°% 0.62+0.06 0.88:£0.04
CTxBC ok
HHP-50 1.70+0.05% 1.73+0.02%° 1.95+0.01¢ -
Shred
HHP-100 1,740,025 1.69:£0.03% 2.09:0.06™ PCxBC o
HHP-200 2.11+0.06™° 2.15+0.04° 2.29+0.06* CT=PCxBC ok
Control 0.01+0.01° 0.19+0.03PF 0.18+0.05% CT o
HHP-50 0.140.03% 0.22+0.02°™ 0.2120.06™ PC s
Piece
HHP-100 0.23+0.04% 0.310.06 0.32+0.04"°
BC kksk
Ab BCab Aa
Solid gain HHP-200 0.210.03 0.28+0.07 0.33+0.03 Coape NS
(/g Control 0.04:£0.02¢ 0.130.06™ 0.19£0.04%
. . CTxBC *
HHP-50 0.10+0.05%° 0.29:0.025¢ 0.35+0.01%° )
Shred
HHP-100 0.23+0.02* 03200348 0.38+0.06™ PCxBC NS
HHP-200 0.2240.02°° 0.39:£0.0247 0.38+0.06"* CTxPCxBC *

DHHP-50, 50 MPa high-hydrostatic-pressure treatment for 5 min; HHP-100, 100 MPa high-hydrostatic-pressure treatment for 5 min; HHP-200, 200

MPa high-hydrostatic-pressure treatment for 5 min.
PEach value is meantSD (n=3).

YMean values in the same column (*™) or row (*°) followed by different letters are significantly different according to Duncan’s multiple range

test (p<0.05).
T, cabbage type; PC, pressure condition; BC, brine concentration.

JLevel of significance: NS, not significant; “p<0.05; “"p<0.01; "~"p<0.001.

2 ZF43190t) Rux 52019} 20 F= 30T o)A 100 MPa
Z19F 58 A § Fo] AT Fro] 2319t A A} Hlw
slo] =85t 2jo]7} §19.oL, 20-40T oA 150-200 MPa %
I 102 A= Fo] WS folxog ZTMAFtH= 2
IS HsiGic) weha] 2 el Ay At Avks 239t

A2o]| ofgt sikE A HoP} Alm SRt A2 4 A=
E= AP 22of ARl mt Zo] Sl AARRITH

A HlE A9 A= 0.48 kg©] 2] 2 H(data not shown)
10, 129} 15% 952 2194 dYst €S HHP-50,
HHP-1002} HHP-200 A&]79] FX+= 0.53-0.56 kgi= LfE}
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Table 3. Changes in whiteness index and instrumental firmness of kimchi cabbages after salting under high-hydrostatic-pressure conditions

Brine concentration (%)

Kimchi ..
Parameter Treatment Levels of significance
cabbage type 10 12 15
Control 70.25+1.12949 73.06+1.56™ 72.68+2.714 cr seokkS)
HHP-50" 69.82:2.04" 69.98+3 4945 69.96+3.29% PC i
Piece
HHP-100 69.76+2.80 67.52+4.018C® 62.60+3.60"° Be .
) HHP-200 70.44+2.97* 66.77+3.44% 63.27+2.85"
Control 71.49+1.094 71.7142.4148 64.15+2.60"
CTxBC NS
HHP-50 48.30+2.54% 46.08+1.58 47.97+3.49
Shred
HHP-100 44.12+1.98% 41.54+1.48°% 43.27+2.78P* POBC NS
HHP-200 38.97+1.94™ 38.94+1.43% 39.04+1.89™ CTxPCxBC o
Control 0.53+0.06* 0.53+0.05* 0.55+0.05 CT o
HHP-50 0.55+0.08* 0.54+0.08* 0.54+0.07* PC N
Piece
HHP-100 0.55+0.074° 0.54+0.05"° 0.56+0.08"2
BC NS
Instrumental HHP-200 0.53+0.074 0.53+0.10* 0.54+0.08*
firmness CTxPC NS
(ke Control 0.53+0.07% 0.5240.09* 0.52+0.08*
CTxBC NS
HHP-50 0.60+0.05 0.60+0.03% 0.61£0.08"
Shred
HHP-100 0.64+0.09"° 0.63+0.04"° 0.63+0.044¢ PCBC NS
HHP-200 0.66+0.06™ 0.64+0.10* 0.630.08 CTxPCxBC NS

YHHP-50, 50 MPa high-hydrostatic-pressure treatment for 5 min; HHP-100, 100 MPa high-hydrostatic-pressure treatment for 5 min; HHP-200, 200

MPa hlgh hydrostatlc-pressure treatment for 5 min.
PEach value is meantSD (n=3).

Mean values in the same column (*) or row (*°) followed by different letters are significantly different according to Duncan’s multiple range

test (p<0.05).
CT cabbage type; PC, pressure condition; BC, brine concentration.
JLevel of significance: NS, not significant; “p<0.05; “~p<0.01;

U 23y 2o AL 0.53-0.55 kgt Hlwsto] $94
ZJo)7} QIitk(Table 3). wbA 2319t A A] 50-200 MPa
AT 10-15% H5 5= 20 243 A9 wiF9] 3=

o YIS u|R|A| = Ao FWkETh SHH, 10-15% F5
& HYst Aky HHP-50, HHP-100Z+ HHP-200 X272

AT 0.60-0.66 kg UER} 4 57401] m}g XSRS
Aol SRIEA] AN A i T A4 HiS Al

2] B3] B2 A% Bt oleie A7 ks Qubko
2 49 Wi AFEQlo] Ojg 4B AR Ajmio] FHA
A1 W] 18] A= E7HEEHS Song 5(2016)] B3

o} ALY ESE Sila 5(2004)2 200-500 MPa #2] &

p<0.001.

xh:}og ﬂ—:l. /\ﬂi H]—_E
pectin pectic acid®} methanolZ H-3[5}a1, pectic acid=
Ca*" 2} pectin cross-linkingS FAFO N T R4 A%
7} Z715kctal B 151} Three-way ANOVA AA|gH A1}
99 w0l W ghe A2 e, B4 NaCl 50} 2T
o 4ol e 4 4TS T Aol e

=% pectinmethylesterase”}

(p<0.01). vk -] v ArL o]y Fl AF) AT FI}
SolE|x] QFQItH(Table 3).
Y HiRo| 2ASY £Y

279 49 ¥ Ao i MEze) Yepty waks
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FAAAAE| B o]-&oto] TR ATR= Fig. 19 UER
Aot 15% B2 AU A9, A9y g2t Azd H
Pk &4 glo] Ml Fe7t 245 |A= e, 414 by
S} FARRE Al W Hl5ta Al 27t EE Qi vt
H ATg HHP-100 #2712} HHP-200 A 212] Az
TG} o] WAYsto] FHf Bigo] UEit T3 ATy
HHP-50, HHP-1002} HHP-200 Z&]= AlE Wiof Azl
FHo| ERIEQE=Y], o= Mlaer &4 what Al A7)
o] A& W7ol Fae Zo=E wE

Z319 A9 F neutral redE T A5 AT TWE &
Feu ATy HiS AlE9] o M H3l= Fig. 29F Zth
943 #i5 AlEe= 94 NaCl 5o Aiglo] 48 et
=255 neutral red T 2t TAjo] FFSHA] LERATE.

Fresh kimchi cabbage Control

SHH, 50-200 MPa 48 Z7loflA] AUt 23 v 2249
H AT FFe TEI 2, neutral redo]] 27t o] &
7] o= BEy} Q] HEo| 22 Yeldtt o3t 23 &
o @Y Hise €71 594 F=2 o] H|g g4 TS
o] 2 0% WEHEIh Buo S(2016)2 gk Hlo] Zugt
AP Al A e} AlEd 9 27 SATTE =2 AT
£ Bty B stk ESE Gonzalez 5(2010)2 50-600
MPa 2219} A23k S7to|A el 2Aeks E44E BARH
A3}, 300 MPa oA 719t AE2 k9] A|EHEF membrane
integrity7} 25| AFAEloH it A= fFoHoE F
b o] L R KU o= S A o A

B oo Ayl 7| 2 A3} v|wshe] 50-200 MPa 231
oF AUt w7} =& d&, AV|HAE L, water loss?} solid

15% brine salting treatment

HHP-100 HHP-200

(before salting)

Fig. 1. Cross-sectional scanning electron microscope images of kimchi cabbage before and after salting under high-hydrostatic-pressure
conditions. Magnification was x5,000 and the scale bar indicated 30 pm.

(GY

Brine concentration

10% 12% 15%

(B)
Brine concentration
10% 12% 15%

Salting treatment
HHP-50 Control

HHP-100

HHP-200

Control

L]

HHP-50

Salting treatment

HHP-100

HHP-200

Fig. 2. Appearances of piece-type (A) and shred-type (B) kimchi cabbage after salting using 10, 12, and 15% brines containing neutral

red under high-hydrostatic-pressure conditions.
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gaing LFERQIET, o) 239 o] u Az 7o}
Fej2 WehiA A40) 8§29 NaClo] AJEEA] Qo 4]
A AR 5 AP vEow BoEd. w3 @AY 29
e ojgint WA eke Tefehel 219k WY Al 50-100
MPa 92} 10-12% @4 iz 9] o) 2o v A
o= Bl

2 o

B 7L 50-200 MPa 27 ZANA 10-15% F4E
olgsto] 5E AUt EFY} ATy v olsletd #4
I oA 2 B3 EASIGITE A & 2R Add
Hj5=0] Pt A7 = 2319 et @4 NaCl 3%
7} S7FESE R0 E(p<0.05) ¥ = UEHE &
5] 15% F4eollA] AAsh Aehy HHP-200 A 2]--9] Aot
A7NAEEE 2.52%%F 36.25 S/m= ZHzZF UEl, Add o
Ze} vlwsto] 2,83} 2,38 ZHF =itk A ¥ 23
AAE wiF A|RY] water loss?} solid gain HSk= Al §
], 209} %8}t A NaCl 5% 8219 4 528 &
I7h Flstitt. 10% Aol At @9 29 4
B2 91.50%2 AU A A 85 A=(91.65%)2F A
SO, 15% A<rolA] AQAgt HHP-200 A 2]-19] 453t
F2 88.52%71A] AT 10% H4= AUttt €33
HHP-50, HHP-100Z} HHP-200 A]g]7t9] wiML: Zk2
69.82-70.44=% 2} Blwsto] {24 zjo]7t gldet. wF
9, 15% A= AU Ady tix2+1et HHP-200 #|2]-9]
WA Zh2 64.159F 39.045 Z}7F Ve 5% RjolE K
Aok 122 15% f4= AUttt @F) A9y Al=e] 7
£, AxL: fjx3, HHP-50, HHP-1003} HHP-200 #Z]+t
7re] 7914 Zpol= HolR] it 219k AAgt vijE 24
oA 24 WY P 4ol WA, o2 QIS A&
QtO = neutral redE EF H42] JF7} Hi=A ¥
Aoz SRIsIet 2 At 2aE Fote] & f 2y
A2 49 wiFg Az F HiF 25 gk FAE
At A FA] 2QARME DEshEY S8 = = W
ojtt. T AAAIAYA B 282 213t pilot-scale 211
ol A A" ATt Hel 2 HAS} A7t SUHHes g

Q3.
AR =

2 A7 20208 FENEH FEATAACAIAL: PI
0134042020)2] 2| lo] oJ5) o]&ojx A o= Zrj= )
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