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Abstract

This study was conducted to investigate the effect of various high pressure freezing and thawing treatments on the physi-
cal properties of pork. To compare the effects of the freezing and thawing process on meat quality, atmospheric freezing
followed by running water thawing (AFRT), pressure shift freezing followed by running water thawing (SFRT), and pres-
sure shift freezing and pressure assisted thawing (SFAT) were conducted at pressure of 250 M Pa and cooling temperature
of -22°C. SAFT and SFRT showed ashorter phase transition time and total thawing timethan AFRT. The pH value of treated
samples increased significantly (p<0.05) compared to unfrozen meat. In addition, SFAT and SFRT showed a higher pH-
value than AFRT. Although the water holding capacity was significantly decreased (p<0.05) for SFAT and SFRT, SFRT
reduced drip loss. In regardsto color, SFAT and SFRT resulted in asignificant increasein color parameters (p<0.05) relative
to AFRT, while SFAT produced a higher L*-value. High pressure treatment significantly increased shear force (p<0.05)
compared to AFRT, and, where SFRT showed the highest shear force. Therefore, these combined results indicated that the
hydrostatic pressure treatment improved the functional properties of pork and increased the freezing and thawing rate.
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pressure assisted freezing(PAF)T}, &S 718t &
WAA7]aL dAgE Iz e E FAg S oY
o] A2}t FAo AdHolE sl Fd3= pressure
shift freezing(PSF), 28|31 &S A&EFH o2 Z7HAIA
7oA Eo| AgHlolE sl $43k= pressure induced
freezing(PIF)?] A2 £7% < JtHKnorr et al., 1998).
Z08t FA7IES 718 $F4 S AR A o
I3t I ARAE F3st 2FY] AT E HAas)
g g Ae 7P ERFQ o R HrtEAL tk(Knorr
et al., 1998). T3} Kalichevsky 5(2000)& wd 2]ES
200 MPeel|l A -15°C7HA] #pyzhs st s4sk PSF
Ho] HMEZC We g 30°ColH FZ23 A$ Byt
22 A 23S FA¢ta Basidnh ey 2y
S-S A5l oy ¥iskE o |E ¢ Aot AsS XAl
o A2 A5 SENAS Al £234A17] 3 (Fernandez-
martin et al., 2000), 7FA 7] SR §2o] B8]
W3S o}7|d 4= Ath(Hong et al., 2005). 124 PSF=
HES AT Al TAES A F oEE W7t
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Fato] ool A% %9 WHS H2oT F 9L A
2 @aEt B3 ZuglEe SEAPR ohje o
& S8 ¢ AL AT 7B = di1skel
g710] @ ) 333 kakge] %ol
WASH=E Bl 4¥S 193 MPaz 7ahd gl Lol
241 kJ/kg&i AP oH(Kaino et al., 1994). whhA]
Schubring 5 (2003} o] st =2 & {52 wf
2 A5S AR U3 AEAQ SERT KFEAL

AsA7IM 42 Ptk st e
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7= R olEM e V22 2adk T4 B OHEth
o] Z3to] =59 aﬁ]@ EA v &A= 7]
et FFE ATt

Mz o 2y
SAM=
=& S54)(M. longissmus dors)?-9]E TAHE A 244]
7F olyie] Z1s FARI=Z Adste] AF st Als= 25
cme] 2733 5 cme] ZolZ 53 BYd 953
o2 AP} 7 A|52] F4H k-type thermocouple
< AAFste] polyethylene bag® 2 213 43 & WA

A T4 257 2°C EESIEE on] Wl 54
A2 stsink

32  HSx

AMet=sd 2l R435lS (Atmospheric Pressure Freezing
and Water Thawing, AFRT)

2°Ce] WAaro| A YAzl Alg= -50°C2] deep freezer
(NF-400SF, Nihon Freezer Co., Japan)ollx] A|g2] WHx
T} 10°C ©f ¥ZAHAS W7kA] $43 § 443] 5°C &
—Q—-’FZ‘ﬂW FAF] =71 2°Ce =% wj7hA] {3l
&S ST

s ZH U L454S(Pressure Shift Freezing and
Water Thawing, SFRT)

Nge] gk A AR 7192 S ol 88
o} 7FAI 2B 250 mL 8752 pressure vessel, air com-
pressor(S-40, Seowon compressor Co., Korea) 3 pressure
intensifier(HSF-300, Haskel Internationd Inc., CA)Z 73
HAa, 71 FAZE 95% ethanolo] ARE-EIATE ZF A

59 % Z’“‘j 2%+ thermocoupleS mobile corder(MV104,
Yokogawa Co., Japan)oll 235t 71531t} 250 MPa
7] 71945 3 &, vessdol] -40°CE W¥7}E 95% ethanol

% AA AL FAR 257} -22°Co =EE IS
et wEEEAS et Alse WA

P_E} 10°C A 7‘2‘5@9}1& HH?JW A8 A3 Al
= AFRTS 2o] §5815S 19t
Jtet=z 2 J1etsll S(Pressure Shift Freezing and
Pressure Assisted Thawing, SFAT)
SFRTOA S} o] AR5 7IMdElolA &
£ 5°CO7HA ZFEAIA TPl ellA SAT
%‘%‘ i 7h4] sl &St

A% F W)
LTVl 2°C =

pH

A& 5 ool 75 20 mLS E351¢] Homogenizer(SMT
Process Homogenizer, SMT Co. Ltd., Japan)S Al-8-3}¢]
10,000 rpmell A 2527+ 723 &, pH-meter(pH Meter 440,
Corning, UK)Z =439t 24+ Alg8= 53 HkE =43}
Aok

Alg9] B3L Hong 5(2007)9] Hhﬁe o] g5} 53
e =590 A2E AZE o] T YAEg| ) oF
g% AE(W, )& 21, 4°C2 4% xﬂ AR 7
(RC-3, Sorvall Co., USA)E ©]&3}o] 3,000 rpmellA 10
E2F QARG F, RS AATL AZ A (W™
F(Wee)d FAIE S5t Y 245 o83t v
ER 3.
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Water holding capacity (%)
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A st 2t2E 2AS WEEE eI wieka
5‘-_ ,/,:/\1&_ HE7LEOk(m2)_,+ 7].%7;%}:(m3)__ t]s‘:};(] oc}—,_ =
2 A Age TAMYE SHHRAT ok T
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Total loss (%) = 2T3X 100

=4

A8l ¥WS color reader(CR-10, Korea Minolta
Sensing Inc., Japan)E AFE-3le] CIE L*, a8 2 b*3ks 7
3] WHE SASFAATE. o|uf L*gko] 97.83, argko] -0.43, b*
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Fig. 1. Temperature and pressure evolution in the pork during the (a) SFAT and (b) SFRT processes.

3 B3Pl Hdste] Digitd force gauge(DPS-20,
IMADA Co., Japan)& ©]-&3le] A& 4310,
ojuj9] cross head speedi= 60 mMmM/min®.E 3}t A&
o AYe 7 el 155 W S

AP 54 2 alls AP el mE =59 &
5 AXNE AT 72 S4%] 9
SAS 9.1(Stistics Anayticad System, USA,
1989~1999) X2 135 A}8-3}e] Duncane] multiple range
testol] oJste] P X|THY] FolAS 95% AlFEGEollA A

iy

A o o
52 4 HSAIZ
52 8 5ol B £59 L=ns) pofiled
Teble 191 7h2} Lehigich. £ Aol4) gk B4 2
FoEA 2| TAFRT)E Shyzto] WHAs)A) kAR, 23
o FARYFINE 20°Ce] T2 el Ee
Z3S} FARY T Gl AR 61 minoE Yt 5

Table 1. Freezing and thawing profiles of pork under various
freezing and thawing treatments

Treatment? Phasetransition Total thawing Pressure hold-

time (min) time(min)  ingtime (min)
AFRT 14.625.9? 95.4+ 7.8 nd.®
SFRT 6.1£1.6 68.1+ 10.6 441+17.4
SFAT 5 +04 533+ 7.9 112.2+ 0.6

DAFRT, atmospheric freezing followed by running water thaw-
ing; SFRT, pressure shift freezing followed by running water
thawing; SFAT, pressure shift freezing followed by pressure
assisted thawing.

IMeans + S.D. from three replicate determinations.

9Not determined.

AA 2T 146 minEth oF 1285 #-& A= Vet
ot dRbd o2 FANFe F4L& #Pzte] Av|e}
o] Azt oJsled AR ==, 2t A= 8 A
£ ot YA = de A8A 9 5 A3 (Otero and
Sanz, 2006), Fxo] A3t &, FAEEE o428 A2
715 Ak AoE deA Urk(Fernandez et al., 2006).
wehA] pressure shift freezings &3 %<& W4 -2
Fro] Alzte g a1 gt A719] I ARAE =3
2o g Alg AA At 229 AE Haske = A
£ AHgow ZAgdri(Zhu et al., 2004). A 57 EAIZT
|ae e AFRTAIES] & 5A17t0] 95.4 min A2 Q=
Z9F AT SFRT9} SFATE ZH2} 68.1 mine} 53.3
min®.2 Aty oz we ssE5=E Rk 3k pressure
shift thawing- 3 SFATZ} -5=3l%5-2] SFRTX.U} thA
< EAIRE YEAT webs] 228 He HE3
R WE 47 eEEE Y Zo= Add
ot e 2 ATl HA4 52 2 siE A =
18 SEAAE TV At AAE TR AA JERTH
ol ZIPAIZHIA A5 Wzt tha 11 AJZto] &
SR, Wb WA 4 2 slE3He] d5E A

= Hop Gl SXEA2E 9 Azl a7 .

T

H
52 % SEel 4 5 pH Wake Fig 2
dehheleh. RE $2 AT T vste] frol7

OS2 & pHE HERRITH(p<0.05). dnbH oz Fd5
< e T I AdAsl 7197 849 srwst
ol oJ3fed 41415 HIgl E2 pHE Helth(Farouk et al.,
2003). A2)77tell Slojx 2agt FAA T = 3% T4
A2 THAFRT)O Blst] frofd o 52 pHE Yehd vt
" (p<0.05), 319} FAA T el #ARle] pH
Hstoll= o2l Atel7h QA HA dtTH(p>0.05). Lt
Hog st Aele A A% W] 724 wsE
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Fig. 2. Effect of various freezing and thawing treatments on
the pH value of pork. Vertical bar represents standard
deviation. Means with different letters are significantly
different (p<0.05).

pIse R Peid gor], 2ugt A g% %
wue) TS el 271 % kAR F7hst
HEo] AAsHA Walerka B lth(Angsupanich
and Ledward, 1998; Hong et al., 2005; Knorr et al.,
2006). & Aol kA FsH o ujd el 23 pressure
shift freezing(PSF)2 pressure assisted freezing(PAF)ol| H]
ste Z1QFAIZEe] #Al vERaL, o] gk ZIQkAIZRe] Afo]
of 71918t frejFo R we pHEkS YEITHKo et
al., 2008). ¥ ApoME Zuy FAMHo =R PSPt
S o] 8311, o1F ssgollA] pressure asssted thawing
(PAT)H frallie= vlastdal, 21 23 7 allsA|e] 72
pHE= F24Q1 Afol5 UEhA] &t HIE SPAT=
SFRTOl| Hlgke] 2319t A2]agoll A defze=s 11 A3k
o] A7l SFAT AHelTollA fojFoz %2 pH
= APFsIAAT, zkol7h fIlH ol2gh olf= & AT
o] ARG &8 Fstol ATt We VYETde
Jeksltiar AFEH B, Hong S(2005)8- 200 MPa *2]®
9] pHE Z7]dle F9H 02 et Ant, 30 ©]
o= oAl Apel7} JAAFHA F=thaL st 2 A

Azt A8k
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.

© L
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4 9 s5ago] B89 B uXs ol uj
3 A¥= Fig. 3o YeRATE 3t E A2 TH(AFRT)
o] B4ge gixeh {§oZQl AfolE YEhA] &2 1t
A (p>0.05), 1%t FAAFE ERTFED foFoz
vre BES YeRRItH(p<0.05). 12y 239t 23
g7ole siE Wl wE B4l {o)FQl xjolrt
A A FATHP>0.05). £ AFoA HpEo] W=
pHe} 914 JAAAE Yele=dl, 2309 544
o] oJst A& Tl Mg =59 pHE AR

120
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Fig. 3. Effect of various freezing and thawing treatments on
the water holding capacity of pork. Vertical bar repre-
sents standard deviation. Means with different letters are
significantly different (p<0.05).

om, olgt A% =59 B4ge Astd A0=E AR
=3t} o] Ai= Ko 5(2006)2= dite Aotz A,
OlEL =S 28 FAAES W, IS FAAMYTFRE
o folFog =& Raege Yehlola, a9t 544
gl oA 7R SV BaES tha A
ZItka skt o3 Autd Avks 2uy 52 24
=59 A 2 HFgu] 52 2 o3 Aoz et
Hed, B Aol AFEE E80] HeEe 27)o 90%
ole] o s Ve, A TAX Y wE 5
AXEe e T =59 B5Y Al ZA G v
XA & HhH, 208t AR A= AEE 250 MPa
o] g FEellA -22°C7H A WA AL, 1 A =52
19F E A2 oA AFez 71 AR AT E AT
A= 239} SAAE ] oty =5 T fEHy
9 Y g fyel 7RISt fejHom v R4S
Uehd Aoz AUt

= =2 o
52 2 shEagel he AE0w, AT L 5%
Aol g vk Table 20 AASGh 2 @] A
Holx 54 B shEuho] E5o] $FEU T 9%
2 Ft Ace vehath 2ust $AAT] A%} 5
AT Tha e ke UERIQAR, ko

2 EE TAAYT el folFQl 2polrt HAEA] ¢k
THp>0.05). =59] 7IE7ae MNtd oz FAA e
2ol o1 Aol E HolA] kA ¥H(p>0.05),
SFRT A2 ollA fezez o 7heks Jehldok
(p<0.05). ZF &AF oA, St TAA T2} SFAT
AYTE gE2THRY fFolFos 2o S5EAS Yehd
HHH (p<0.05), SFRT AE]7e W2 718zl 71918t
2R e 23S JER ATHp<0.05). o)de] A=
weE Ao}l tha Ak Al vl B Aol 23
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Table 2. Effect of variousfreezing and thawing treatments on
thedrip loss of pork

Drip loss (%)?

Treatment?
Thawingloss Cooking loss Total loss
C nd? 28.64+1.10°  28.15%0.60°
AFRT 4.34+1.247 28.73+0.74% 31.37+£0.372
SFAT 3.24+0.707 28.03+2.072 30.37+1.88%
SFRT 3.22+0.47% 19.46+0.52° 21.28+1.59°

I, unfrozen meat; AFRT, atmospheric freezing followed by run-
ning water thawing; SFRT, pressure shift freezing followed by
running water thawing; SFAT, pressure shift freezing followed
by pressure assisted thawing.

IMeanstS.D. from four replicates.

9Not determined.

&Means with different superscripts among same column are sig-
nificantly different (p<0.05).

S BAATL T R Y FAATHG ve B

S UEIRAT, SRT Aelrolie we £ &

Ao SERY Fol FHE DL ABY ] /1A% R
A =

H

o] AIZHE YERARIAL, Z3189F sfollA] 25 whlde] -
x o] As) sl 7|1ste] a0
2 FES AS URd 21T 4 tke A7 ZEZH(Knorr
et al., 2006)= 7 At gt SFRT A7t 2T
o g2 7tazhes JERd 22 feE) B
SFAT A= B A7 2ol #ds 9o 4
AAE B9, 215 Tl Aslel| 7|1t & &
A ooz EFE 4= AARE, o] pressure assisted
thawing(PAT)ZHgol A 4o AAGs7t A8 LA
AL, o]50] HF e AT TS WA o
TR 2 /MEAEE Ui o= AT Ao
PSF 22]= w2 2ol 7I1ste 2159 27| gaE F
aslel = UUATE, PAT HEle oF slelA] 1 sllsA
Zholl 71918k 2159 sl os AistA| g He
2 =

i
i

ajEuo] £5e) Anele] HAE F3E Fg
40] JEIRIT). B Aol At BAADTE dET
o} Awree] fol A9l Aolr} AAEA 9k W (p>0.05),
239 AL TS gRTHT 2o A0ES Ui
TH(p<0.05). EASL SEHGoIN SFe) £4L o]
il el WEHAS) 71915k el o) aggregationd.
2 sl Aol tia Asa Hra friSmeler,

—t—e

Shear force (N)
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b
L [
6 F
4+
2+
0 L L L
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Fig. 4. Effect of various freezing and thawing treatments on
the shear force of pork. Vertical bar represents standard
deviation. Means with different letters are significantly
different (p<0.05).

2002). 1y 4 H siEAgel] o3 A5 HuEe
T4 B sszdd wet dolstA vehd 4 Aok Zhu
(2004)= 739t FAAEA & E 2RAY Pz <
slo] ZEF2AS ggtozn AldsHT AuES As)
AZIA R, 241 ztols I A ethar st vk
Hol] Hong 5(2006)}2 =55 ¢&slollr SAAIAS ],
#H9] TV =59 AES fHo= FrMIZItka
sttt ol o2 AR Tl BEE=),
Lakshmanan 5(2005)2 cold smoked salmong- 7148
stas W, 59 Hddy IS7HE #FSAL, lkeuchi &
(199202 79kAE7F 2Af ©de] WS opr|ehH,
7713 28 2 disulfide Aol 2Jsie] Thde] 7l
Aol PR stk A= 7FgAE el 2 post-
rigor 9] AT FVh= g A7) Wk oplE 7kt
A)ZH(Hong et al., 2005) B *2] % (Smeller, 2002) H=3k
FES VAT vl B APAA 23 StollA =59 F
Ao| Ws771A] A8F 7IAITRS SFRTOIA] 44.1 min,
SFATOllA 112.2 ming YEIH LIl (Table 1), webr 52
A 7FrIzEe] F7tel sk A5e] vMlFERIF U 2d
3| 2] (Chevalier et al., 2000), 7 A7} E=&2] ko]
frolFoz F7kd Aoz AaE .
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==
Teble 3= 52 4 a5l ©E =59 A% W}
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1 3lE
EE FAATE gzl Bisle] f
A e UERRIAL(p<0.05), o] 3
A% Wk 218 FAAETNA vs Al UE
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E L ES UERAAAI T (p<0.05), at gk 2 b*gell A=
oAl ztol 7k A A ektH(p>0.05). 319t X))
oJgh A5o] Alx wmslol tiste] Jung 5(2003)2 globin
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Table 3. Effect of various freezing and thawing treatments on

the color
CIE color?

Treatment® . * .

L a b
C 49.27+1.29° 8.06+0.64° 12.49+0.38°
AFRT 51.77+1.04° 9.49+0.74° 13.96+0.70°
SFAT 69.36+0.60% 11.86+0.90% 17.59+0.942
SFRT 65.83+1.29° 11.97+0.772 18.41+0.932

DC, unfrozen meat; AFRT, atmospheric freezing followed by run-
ning water thawing; SFRT, pressure shift freezing followed by
running water thawing; SFAT, pressure shift freezing followed
by pressure assisted thawing.

IMeanstS.D. from seven replicates.

*dMeans with different superscripts among same column are sig-
nificantly different (p<0.05).

AlME FAE =], & AFolA] SFAT A7+t SFRT
TR & Lghs oIS A 52 2 a5
QA =5o] Zagt e =EHoEM VRl o=
HAHAT 23k Aol g 459 Mx Wsh=s 4
A 239k Ao A& Ak -8l Aol A 5 A=
W, Tk ue e FES o] 8o g A5 £
S AL = 2d2o] Cheahe} Ledward(1996)01 <]t
R 25 235t 3249 HH 20 FHE 9
ste] o] FitoA Hrt Zle A7t 8 7H U

.

olgFoEH AN HF 2
% QI whle] 23St SET e

@ AL ABRHT HER) 74
o2 PRE. gepy 23t 5
49 me HFAYES Bkl E59
e HanY = de Ao= 1EE
MPae] e Ege] Axo] 2472l o

o2 Yehht.

sl o
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