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Abstract

This study examined the combined effects of high hydrostatic pressure (HHP) and micro-perforated (MP) film pack-
aging on the microbiological and physicochemical qualities of kimchi sauce stored under fluctuating temperature
conditions. Before storage, treatment with 600 MPa HHP reduced the total lactic acid bacteria in the sauce samples
to below the detection limit (1 log CFU/g). After 68-day storage, ten microbial strains isolated from the non-treated
controls were identified as Pediococcus pentosaceus, whereas eight microbial strains isolated from the HHP-treated
samples were identified as Bacillus spp., regardless of the packaging type. Additionally, the samples treated with
HHP and packaged in a multilayer film bag (ML-HPP), as well as those in the MP-HHP group, exhibited higher
pH values and reduced sugar content than the ML-control or MP-control after 68-day storage. No significant dif-
ferences were observed between the control and treatment groups regarding their electrical conductivity, salinity, and
CIE a" values at the end of storage. However, there was no O, reduction or CO, accumulation in the MP-HHP
group after 68-day storage. These results indicate that the combination of HHP treatment and MP-film packaging
can extend the kimchi sauce's shelf life without packaging expansion during long-term storage.
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0] X1 THPark et al,, 2012). A Ao Fasdk AAES
7PN AR Alzste] ARESRAAT dAlE AAAFGA
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(Cheon et al., 2017). 20173 119 =224 Aol
A ke 20179 A o 9 AR A 7 Aol
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ol thHong et al, 2006). W A L] ¢t
F2 A MAESH S SUiAT17] S%
W At 3 N A Z st

Z3% 71Ee Y MAlEN = e 2do] A
[e]

oX B e

/7] (vessel) Mol 100-800 MPa ¢S 94 A7+ 7+
st 2 %9] mAE AAE T3 ALY FY, dH

F Aoer ¥ 5 A#ATE ted el 2
(Junior et al., 2020). 2]FAFdoA 23} 7]&2 ¢
dge] &olgt A AFFH Y A F8) 7Hl
= AEstEem 2,0009 o] FHE 29t hE 4
= A A4S AFete MR 27 2 BE
FAH7F & clean label S7HEE, SHHFHAE, &
7 To=2 g  $th(Jacobo-Velazquez &
Hernandez-Brenes, 2012; Li & Génzle, 2016; Moussa-
Ayoub et al, 2017).

Micro-perforated (MP) film2 PlH €3 E= 33, &+

[ B4 B

4 thelolZ =& ¢F&, UV/CO, laserZ ZFA] T
0.05-0.2 mm Z7]¢] FFS FAAAZ 71543 ZZFAEA

AEE EAF A S350 g " 27, A, B
2 7hA el xA-o] et Aol UTHSohn et al, 2008;
Hussein et al, 2015; Kim & Seo, 2018). 53] MP-film
2 7A FHE7F Sete] Sgo] st A AR
A 2 f% T TF &4 gAe CO, == ethylene
22 Wx|o|| o]&% o] gkth(Lucera et al, 2011; Hussein et
al, 2015).

FUolM = £, ket $3F 2 H7F AAE] A%
% ¥4 W3}(Na & Park, 2003), W% 11539} vlE paste
2 7314 F4 HK(Seong et al, 2019),
] u

AA40] F4 EA(Cheon et al, 2017)3 AAA FALE

al
o] g3t fAA& ] FF FX]713 A& (Cheon et al, 2016)°]
ek A7 Y EA Y 28y 209 v EAE ) 7154
IS e A3E&e A7 A de AT
Y= nl ik

mEby 2 At A7 A T 238 A 219 MP-film
e We 9 AR T 2% Hirt A3Ee] o]gEy
2 oA ESH -3 ¥ UH 712 e sl rlX=
FeFS Bt stk

R

B AT s FFEA] Ao AATFEAA A &
o Az AAES F9Yste] A RE ARSI AR
A8 2 74 ¥ES ILETHFH(26.6%), FEE(19.5%), 2
A NA(16.0%), M-$-31(8.0%), T wH(7.1%), HIH(7.1%),
F5(5.3%), AHE(3.5%), 2F(3.5%), THAIPE S<7(1.6%),
ozl A 73H0.9%)3 A '0.9%)°] T

IEE

1oF X2|

%39t A 2]= pilot-scale high hydrostatic pressure
(HHP) system (R-SCS SW, ChemRe SYStem Inc., Anyang,
Korea)2 ©]-23}31th HHP systeme 6 L &2 vesseld}
water jacket el ] WZH7]7F AAHe| flom A 2HF
A& 600 MPao]t}. Vessel U9 48 Hg A&
2-ethylhexyl sebacate oil (Maxifluid, Maximator GmbH,
Nordhausen, Germany)©| AFE-E3lom 719f £ <F
100+£3 MPa/min®] 1 T}. AlE+ laminated film
vacuum bag (nylon/polyethylene, CSE Co., Siheung,
Korea)S o|&3le] 3 X7 % 600 MPao] ¥E o=z &
B2t A8l eH 3l (depressurization)> 2% ool o]

<]

=] 2~
H3&

Fol3
TE o e XY T

Z23% Ag T AR S AlZE+= clean benchol A multi-
layer (ML) film bag (polyethylene terephthalate/aluminum/
polyethylene, 130x200 mm, 0.1 mL O,/m*-day-atm, Pack4U
Co., Seoul, Korea)?} MP-film bag (130x200 mm, 5,000 mL
0,/m*-day-atm, GQGONE Co., Gimhae, Korea)®| 150 g
717h A He F 28t 53] MP-film bage 1A
FATE Fo|7] st =2 pegmatite T E3 low-
density polyethylene filmz} ¢]=9] vlAIHF ZHZF film
(polyethylene terephthalate/aluminum/low-density polyethylene,
@: 0.005-0.2 mmx49 holes/100 cm?)& -1 FA|5te] 2|2

St A7) A% F A% LE Ash AR5 naE
4 2 olsieta FA B4l MAE 9 BAL A9
Wl We A% AY 2ACE T4E A% ARE W
7% AALES 0s1'Col A 60U AR o F §

LZF 20£1°C g2l AT,

3l5e| DiME = =4

HE A 5 ALY vAE & SHES 98 A=
20 g7 0.85% vt A2 9T 180 mL= H+t stomacher
bag®ll 22  stomacher (Bagmixer R400, Interscience Inc.,
Saint Nom, France)E ©]-&3l 3&7F #+&3}stAct. +2
&2 0.85% Bt YHAAFE 1005 A% 34T §
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34 1 mLe 2H2He] wiAlol] £l & 3714 Al
2 plate count agar (PCA, BD/Difco., Detroit, MI, USA)
2 Abgate] 37°CoA 48417 Wl ¥ FHE 9L A
39tk & F4FF2 de Man, Rogosa and Sharpe agar
(MRS, BD/Difco., Detroit, MI, USA)S A}-&3te] 37°C9)
A 487 B ¥ BAE B gee Asasit
WAFEE Petrifilm CC (Petrifilm CC, 3M Co., St. Paul,
MN, USA)E AHE-3le] 37°ColA] 24217 wljeket 5 7]
YT B P ASsath AEE AR FE

colony forming unit per gram (CFU/g) 2.2 YERY ST,

ME =72t 27| 23S0 EMckE &7 14 M2l =8

A7 0, 607 68Y T ol 2 AT HAL
AEZRE F 3714 M Aol AHEE PCA platedl
Ad7dst G colonye A E 554 SRS EEE
oF2 168 rRNA %A= universal primer$] 27F (5°-
AGA GTT TGA TCM TGG CTC AG-3’)3 1492R (5°-
TAC GGY TAC CTT GTT ACG ACT T-3’)Z A&3}o]
PCRS ZaJ3}31th. PCR 271 90°CollA 5&7F ¥ &,
95°Cell Al 30%, 55°CollA] 120%, 68°CollA 90%E 30W
HHE wkS-3t 5 wix|wto 2 68°Col A 1087 HESAIZ T
A S&F A2 1.5% agarose geloll A 2087F A7
53l bandE QU3 F Montage PCR Cleanup Kit
(Millipore Co., Bedford, MA, USA)E ©]|-&3}o] A5+
ot AAE 168 IRNAS] §71M<E 42 (F)vha=Al
(Macrogen, Daejeon, Korea)oll 2]Z|3sl9ior EAH 7]
/<L National Center for Biotechnology Information
(NCBI) BLAST #AE9} B &te] 99% o]Ate] FAI=E
B o) 5435 3 & 4 FoE FASIATH

NI B AxSL olately B 24

AA &2 pHF A 7] A === multiparameter benchtop
meter (Orion VERSA STAR 90, Thermo Fisher Scientific
Inc., Chelmsford, MA, USA)dl| “¢2Fgt pH 7 =H(Orion
8157BNUMD ROSS Ultra pH/ATC Triode, Thermo Fisher
Scientific Inc., Chelmsford, MA, USA)¥} A7 AEE A=
(Orion 013005MD Conductivity Cell, Thermo Fisher
Scientific Inc., Chelmsford, MA, USA)& ©]-&3}o] 2129
N 248900,

39 kS dinitrosalicylic acid (DNS) ol u}z}
2439 tHMiller, 1959). A5 12} S/HSE 508 84
T 4% AlE 49 I mLe DNS AlF 3mLe} E95}e]
100°C water batholl A 5% &<+ SEAIZATH T/ ¢85 &
A E-DNS &3 g8 ALor F13] YA v &
F 16mLE 7hste] Mg & 33 =A(UV-1800,
Shimadzu Scientific Instruments Inc., Columbia, MD, USA)

£ o]-gste] 550 nmolX FE =5 SA ST T FA

9 glucose (Sigma-Aldrich Co., St. Louis,

MO, USA)E FEHE DNS Al vESA1A 243132
™ AT S mg/g S 2 YERAT

R4 A== Mohr’s titration ¥l we} 243519

THAOAC, 2005). 12t /= 1009 345 A5 &<

10 mLol AJA1SF 2% potassium chromate £ 1 mLS 7}

o2 ®BAE AAA(CR-400, Konica Minolta Inc., Tokyo,
Japan)& ©|-&3te] 7t A5 EHE FALE 53] o

ME = IX LY headspace 7t~ s £4

A4 ML-film bag?} MP-film bag W]+
L9 CO, F%(%) Wsts 42 1A
septume §-2+8k & headspace gas analyzer (Checkpoint 3

headspace®

r 12 ox

premium, Dansensor, Ringsted, Denmark)E ©]-&3}] =4

SFATH

SHx2|

22 A% A%E 38 ol B BAsle] AaghET
Axz vepith Aze] theh o4 EARAS Spss
(Statistical Package for the Social Science, Version 19,
SPSS Inc., Chicago, IL, USA) software program= A}&-5}
o] one-way analysis of variance test (ANOVA)S 2 A] 3}
AL oA HAL p<0.05 =4 Duncan’s multiple
range test= Y S} T}

% ML-film bag¥} MP-film bagell Z}z} 3

Ak A& We A F vAE 4 Wske Fig 19
3 3718 M FE
5.92 log CFU/gel o™ 0°Colld 604 7F 47 & ML-t)
ZT79 MP-th 279 & 714 Al FE 5899 5.84
log CFU/ge = A7 2719} 21 %Q1(p>0.05) ZFo] & Ho]
2] eFUth A2 A 60U ©]F 20°Col| A 8U 7t A
Fe ML-thZ27-9F MP-thx 9] & 5714 Al =
6.637} 6.85 log CFU/g7HAl S7HAZth Wi A7 68U
F ML-Z23%F Aok MP-23% A+ & 5714
Al e 27 5449 533 log CFU/ge & ML-T| &
L= MP-tET9F Hlwake] 94 02 (p<0.05) F
4 u

A
£ fARGY A4 27 A% F 44
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Fig. 1. Change, during storage for 68 days, in the counts (log
CFU/g) of total aerobic bacteria (a) and total lactic acid
bacteria (b) in kimchi sauces treated with high hydrostatic
pressure at 600 MPa. Means with different uppercase letters (A
and B) differ significantly (p<0.05) for the same storage day among
treatments. Means with different lowercase letters (a and b) differ
significantly (p<0.05) for the same treatments within different
storage days.

5.25 log CFU/golIT}. 600 MPa 3¢t Age & §At
7 FE AZE3IA log CFU/E) M WH7EA] 7F A 7] oW
A 68U7MA A FEjeh #AIglo]l a1t Aol
T ikt HAEEHA FUTE A A 609 ol F 20°C
ol 8A7F A2 A ML-t =79} MP-thx+2] &
At 5 7913 7.98 log CFU/g7VA Z+z+ 27}*12%}.
600 MPa 239t ] 2% Zﬁ o] gt = AFE
SHAI(1 log CFU/g) PIRZEA] ZHAretlom e 1 d

Y FoF ML-2¢ MP-23.¢F Ao hdde &
7= = tH(data not shown).

SHH 2 AFo)A 600 MPa 231 55 x]g)d] W& )
A& F 714 Mo 59 0.5 log cycle 7|TH 7’5:??} A
= 550 MPa 231% 55 X2 SAAE AYIF] = 5

7173 Al £ 5.57 log cycle ZAaA]F T} Bao et al.
(2016)2] B9} 2o]E H Yl Buerman et al. (2020)2

A8 - A5

4503} 600 MPa =3¢t Aol WE Atz F2o] ¥ES
aRe} Fgo] £ A 3= Aw 0.94-0.96% pH 7.0
AlZol Hls) Aw 098 ©]/d3} pH 4.691 Al&EA #=7
Eptthal Btk A Aol 2 A A3E Fet
H 28 ] o M E EEA a9 AFe] =84 3
EH9Jr slald 54, 7] nAlE 9 v 2 239 34
Zol gk uw% TR el ot xfolzt ot
_1_,} Pefias et al. (20102 300 MPa 23+ A&7} 0.59
1.5% NaCl &S 013-3}04 A 28 H saverkraut®] &
7173 A3 & £ 6.07-6.24 log CFU/golA 1.66-
2.03 log CFU/gOE ﬂiAl Jom 4°ColA ML AH
= 23 #2838 saverkraut®] &7 Ald FAME S
2 dlzTe} vlaste] ATk RAskth 2 <
Az 2518 A9k 0°C A2 Age] W H3E
At Ak g2 2843 9 A% & 54
Aol G341 Wi oletal Akt

12 rk}l -

ME =712t 27| HAS0IM
A% 717l e ARE F
w7] 9l A 271 2 A 604 68d F thETot &
Ao AT AIRERYH 3 #FES s A=
Table 1o YEFHTE A% 27] ML-ti 279 MP-th =+
2RE 283 & 10/ 455 Bacillus £28 S
o ML-ZXYF MP-23¢ A F25E 23
107 4% Bacillus 2.2 §74 At ;q;q. 68%Y
ML-U| %73 MP-tl 2722 28 F 107 +F
Pediococcus pentosaceousZ- 573 = St} ]—‘E He Xﬂ
717 9 g o) iz AAE AR 3714
7 TX HITF AASS vt AR 2ao %01
Pediococcus <2 Lactobacillus <5 A5 A AsHA &
Asle FAME S ZA pediocing A3+ Bacillus <3}
Staphylococcus % 5 -3 Rl & A4S A grh(Jang
et al., 2014).
XM 68Y F ML-ZX A2 7=27Y #2385

228t 71d Mz =3
57174 Al HistE A

o3 o ok

>

= Staphylococcus <5, Bacillus %3} Micrococcus

A

£07 747} FHHPCH MP-2ILSH A FEFE e
St S/ 5= 5 Bacillus 2.2 JYER} ML-ZIQ
Aot ta Aol S B o3 AAE T A%
A 600 MPa =318t A glol| o3k AR &He] ikt =84
7 W2 A% 68Y B AR S wa Ao FETS v
X RAo=R WY} Bacillus licheniformis, Staphylococcus
epidermidis®} Micrococcus luteus= & T2 EY 8 A
Hen 9A ow WEel 7 $H0l glol Axshe
AAe] AEAR T2, 7, o), 9 e A% 5
o RHE §98 Row A,

ure
_‘I;L

2 AToA Fae 238 Aol e A F A E
%717 A2l 16S tRNA sequence ¥4 ZAFE EUZ,
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Table 1. Identification, at 0, 60, and 68 days of storage, of strains isolated from kimchi sauces treated with high hydrostatic pressure

and from non-treated control samples

Treatment Strain number Storage period (day)
0 60 68
MLC-1 Bacillus subtilis Bacillus subtilis Pediococcus pentosaceus
MLC-2 Bacillus velezensis Bacillus velezensis Pediococcus pentosaceus
ML-Control" MLC-3 Bacillus subtilis Bacillus paralicheniformis Pediococcus pentosaceus
MLC-4 Bacillus licheniformis Bacillus subtilis Pediococcus pentosaceus
MLC-5 Bacillus licheniformis Bacillus licheniformis Pediococcus pentosaceus
MPC-1 Bacillus subtilis Bacillus licheniformis Pediococcus pentosaceus
MPC-2 Bacillus subtilis Bacillus subtilis Pediococcus pentosaceus
MP-Control? MPC-3 Bacillus paralicheniformis Bacillus subtilis Pediococcus pentosaceus

MPC-4 Bacillus licheniformis Bacillus licheniformis Pediococcus pentosaceus
MPC-5 Bacillus licheniformis Bacillus licheniformis Pediococcus pentosaceus
MLH-1 Bacillus subtilis Bacillus subtilis Staphylococcus epidermidis
MLH-2 Bacillus subtilis Bacillus subtilis Bacillus licheniformis

ML-HHP? MLH-3 Bacillus subtilis Bacillus licheniformis Bacillus licheniformis
MLH-4 Bacillus subtilis Bacillus subtilis Bacillus licheniformis
MLH-5 Bacillus licheniformis Bacillus licheniformis Micrococcus luteus
MLC-1 Bacillus subtilis Bacillus velezensis Bacillus licheniformis
MLC-2 Bacillus velezensis Bacillus subtilis Bacillus licheniformis

MP-HHP? MLC-3 Bacillus subtilis Bacillus paralicheniformis Bacillus licheniformis
MLC-4 Bacillus licheniformis Bacillus subtilis Bacillus licheniformis
MLC-5 Bacillus licheniformis Bacillus licheniformis Bacillus stratosphericus

YML-Control, the control packaged in a multilayer film bag.
MP-Control, the control packaged in a micro-perforated film bag.

SML-HHP, high hydrostatic pressure-treated sample packaged in a multilayer film bag.
“MP-HHP, high hydrostatic pressure-treated sample packaged in a micro-perforated film bag.

o A o 2 7134
7 A7 27 28 Bacillus &

e 3 Apo
Aol B3} S AT ke E2lH Ee 35HH A+t 7]
= WY d7L F7H o R Fasitt
M& & d3alHe| olslety Z& Wt

232 Ag ¥ ML-film =& MP-film bagol Z7% 3t
AREe] W A F pH, $dT, AVHAEE, 9%
AN W= Table 20 YERASATE 0°C A& A7 602
5o ML-thZ 79} MP-HZ&+¢] pHE 58001]/\1 5.533}

5612 Ztz} 243 e AL A% F5 F
20°C 32 A2 ML-UIZ=7-9F MP-tjZ27-9] pHE 4.38
34. 4()777].}] 71—7L 71-/\,\]7:11:]. =] a=;] x]xP 68 _? ML-%
a9F A2k MP-2318F 29 pHe 5.533 55602
74z Ve A 2719F ARk A 5 AR
pH 72 Akt 2a g Qg §7)14F A3 #do) gl
THMeng et al., 2015; Park, 2018). & o)A #3 A
600 MPa 2318t A 2|7} A3 &el| EAlel= ikt e B
AtAZ7] w2l M A T AAE] pH ¥t &
& o7 gekdEn

ML-tfZ7-2F MP-thz27-¢] Skl a2 #7% 7]71o]
733t wEl §-9]4 02 (p<0.05) HAst] M AA 68

847t

A & 23.09¢} 22.65 mg/gl & EFGTHTable 2). ¥HH A
2 689 9 ML-Z2SF A+ MP-2311 A2 T+9
AT TS 44.02-46.113} 43.25-46.39 mg/g S 7+
Zb fA o A FHo mE F9F Aol= Kol
] &%THp>0.05). Zheng et al. 2014y Ixg] FE %
St 23t litchi juice® Lactobacillus casei 3% 5 &
FE AR T G o]l TE Ao v
AA T 2318 2 2] 8 juice”t EA ] g G220 B3]

S BEAE BT Ye et al. (2019)2
& HE 8 F broceoli puree?] F-23 $HEFo] 233
mg/goll A 5-115 mg/gl & 743 o83 Axtes &
& Z pureedl] EA3= glucose, fructose9} sucrose”}
At o HA] tiAtel] o] &5 7] wfEolgtal BT
g A+ ARE BEdE A7) AY T AAEHe] F4
7?:4)}\4 o _q.r/}zsl- o A& Y A= A e T

= .

4 5?1

N

o
iy,
<{
i

Loty oy b 1

Arﬁzz:lom

ﬂ{

68Yd W& A T ML-ZI A2+ MP-23.9 A
T 43.76-46.11 mS/cm¥} 4.61-
B ML-t) &7 Ei MP-Uj 279}
v wate] §o4 1}0](p>0.05)—a— UERHA] 94Tt Song
et al. (2016)> 4°CollA| 8F A 717+ st AAEKe ¢
T} 370-3.93%% A A Edtky st =
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Table 2. Change, during storage for 68 days, in the pH, reducing sugar content (mg/g), electrical conductivity (mS/cm), salinity (%),

o - HeA AR E - HEE

and CIE a" of kimchi sauces treated with high hydrostatic pressure at 600 MPa

Quality Treatment Storage period (day)
parameter 0 20 40 60 68
ML-Control" 5.80+0.03>4%) 5.61+0.02¢° 5.59+0.015% 5.53+0.03 4.38+0.08%¢
H MP-Control? 5.80+0.032 5.69+0.014° 5.68+0.014° 5.61£0.01% 4.07+0.06
P ML-HHP? 5.69+0.01%° 5.64+0.01%° 5.60+0.015¢ 5.54+0.02% 5.53+0.0144
MP-HHP? 5.69+0.01%° 5.69+£0.0142 5.69+0.0142 5.69+0.014* 5.56+0.014°
ML-Control 46.5140.624° 45.2743.214 38.61+1.75%° 35.79+1.555 23.09+1.538¢
Reducing MP-Control 46.51+0.624¢ 46.39+3.30"° 39.88+2.148° 37.00£0.595° 22.65+1.83%¢
sugar content ~ ML-HHP 46.11£2.414 44.49+1 494 44.26+1.084 44.0243.044 45.30+2.66"°
MP-HHP 46.114£2.414 46.39+3.30"° 43.96+2.14" 43.20+2 .64 43.25+2 494
ML-Control 43.76+0.95" 43.54+1.00% 43.72+2.82" 43.2440.20" 45.6242.314
Electrical MP-Control 43.76+0.95" 43.99+2.30% 44.20£1.37% 43.57+1.83" 44.95+0.80"
conductivity ~ ML-HHP 43.76+1.02" 46.11+2.29% 45.59£1.57" 44.4942.20" 46.02+1.52"
MP-HHP 43.76+1.02" 45.83+0.99 45.68+0.38" 43.90+1.51" 44.95+1.22"
ML-Control 4.60+0.054° 4.66+0.074° 4.64+0.06"° 4.64+0.10M 4.68+0.08"°
Salinity MP-Control 4.60+0.054° 4.58+0.09"° 4.67+0.10" 4.67+0.074¢ 4.64+0.074°
ML-HHP 4.62+0.044° 4.61+0.114 4.70+0.10%° 4.68+0.074¢ 4.73+0.08"°
MP-HHP 4.62+0.044° 4.66+0.08"° 4.64+0.04" 4.69+0.094° 4.75+0.06"
ML-Control 14.55+1.56™ 14.2242.19% 14.96+1.44" 14.77£1.37% 14.86+0.45%
CIE a' MP-Control 14.55+1.56™ 14.51£1.45% 15.06+1.68" 14.64+0.86" 15.86+1.134
(redness) ML-HHP 14.85+1.34* 15.07+1.234 15.35+0.98" 15.3140.68" 14.07+1.334
MP-HHP 14.85+1.34* 14.77+1.54" 14.98+1.214 15.32+0.614 13.91£0.84"

YML-Control, the control packaged in a multilayer film bag.
IMP-Control, the control packaged in a micro-perforated film bag.

ML-HHP, high hydrostatic pressure-treated sample packaged in a multilayer film bag.
“MP-HHP, high hydrostatic pressure-treated sample packaged in a micro-perforated film bag.

9Each value is mean+SD.

®Mean values in the same column (A-C) or row (a-d) followed by different letters are significantly different according to Duncan’s multiple range test

(p<0.05).
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Table 3. Change, during storage for 68 days, in the O, and CO, concentrations (%) in the headspace of packaged kimchi sauces

treated with high hydrostatic pressure at 600 MPa

Treatment Storage period (day)
0 20 40 60 68

ML-Control" 20.8+0.0949) 19.5+0.65 18.8+0.3% 18.2+1.1% 11.40.95
o MP-Control” 20.8+0.0* 20.640.14 20.6+0.14 20.6+0.14 19.8+0.6""
? ML-HHP? 20.8+0.0* 20.640.24 20.2+0.6"" 19.8+0.24° 19.6+0.5%°
MP-HHP? 20.8+0.0* 20.6£0.1*° 20.6+£0.1*° 20.6£0.14° 20.6£0.14°
ML-Control 0.0+0.0M 1.4+0.8% 2.5+0.24° 3.1£0.14° 27.9+0.4%

co MP-Control 0.0+0.0% 0.120.18% 0.3+0.1%° 0.3+0.1%° 2.4+0.25

: ML-HHP 0.0+£0.0% 0.1£0.15¢ 0.4+0.1% 0.5+0.25 2.1£0.25

MP-HHP 0.0:£0.0% 0.1£0.1% 0.1£0.1< 0.1£0.1< 0.1£0.1<

YML-Control, the control packaged in a multilayer film bag.
IMP-Control, the control packaged in a micro-perforated film bag.

SML-HHP, high hydrostatic pressure-treated sample packaged in a multilayer film bag.
“MP-HHP, high hydrostatic pressure-treated sample packaged in a micro-perforated film bag.

9Each value is mean+SD.

®Mean values in the same column (A and B) or row (a-d) followed by different letters are significantly different according to Duncan’s multiple range test

(p<0.05).
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