201443 A Z?ﬂ[im‘ *ﬂﬁi’iﬂi 5545 & 553

doi:10.6041/j. issn. 1000-1298.2014. 03. 034

HABEA T RAATUIKERETR

' Hosahalli S. Ramaswamy2 F B OHIEE hER' LHW
(LWL REAY RS TS & RB2E%B, FTH 310058 ;
2. & EHIRK B MBS R A =B, SRR HIX3VI)

WE: AR RGNS, 20 54T i 8 VR UL Ge v VRl 36, 40 1 v VR i B v i VR (R R B K B S . &
JEVR AR AE 3 A F Y B 1 #4743y 100 MPa( = 99C ) (150 MPa( - 15°C ) #l 200 MPa( -20C ) ; 4 5%
(AR YRR RV VR ) 7E 0. 1 MPa Rl - 20°C /4 T #7045 RV AL TR HRIE A VK 2 800 T AL R
YH LA, oK SRR ELZR 3950, %) 4 200 440 B et ™ 1 T 6 R AL A 549 5 1 TR Y8 R T BB UK R R RS /IN  TE AR Ry
AR AY, HE TR AT M P UK R 2, SRR S 4L S0 Bl R AR B RN o 23 AVA VR R R 45 )R] B K (85 min)
AR5 B VA VR 45 VK R ABE (5.5 min) |, 5 FE ¥ VR Y VR 45 I (] 7€ 100,150 1 200 MPa B 43 5 o4 2.47 . 1.22 Al

0. 83 min; [ Jy K, 50 T B B2 80 AR R ¥ JRE B A, K BT, VAR 95 P R 1) L

KEWE: N AL WK SRR
hE4SEE: TS251.572; TB66 XEkFRIRAD: A

L
il

1 V4 U R R e T 5 A 4 TR AR 45 B — Rl B
B VRPN . TR A a TS R ARTE R4 T
b Py PR R S v H v VR TE Rl R 1% I AF 5 B
ezt HET, R R AT SE 2 4R v A [ A
19 e A AN TG, [ P S T s TR v VR 1 F 98 A
B AR e o A R A
5 D0 A i PR 22— 2 oy T B T 5 0] 5 B A A B
B el e v VR 6 A 0 5 R A A 8 e T
A EMRIEAR S (0 - 15°C) , 38 75 K5 vhE Ml 52 A 00 -
IR i A T M 4 BE A A, A BRI A i A R i
VR 2 7 1 1T I A5 280 2 08 DR v BE o ik H i
PR TR B B T — A B R PRR

LGS T 0 24 1A 45 PA) 288 ™ il 1) 228 B 8 3 A I
IS [5G  22 SR Ve VR IR 7 i, (EUR AR BR80T R 54 |
RORAR, ¥ VR R v B LA UK LR B A AN 150,
W EUNL A LN A M AR R R R T RO
S TR L 2 T b O TR R XU A O T S
DRIt 0 A PR T 28 ¥ O 7 3 1) O R AF 9 I O i
g S V2 VR T LA 0 L v R R ) 9/ oK g RUST, DT
KRR ARV VR X L LA 40475 , BE AT 00 2 v ¥ V™
sty P o S o

Wk H 3. 2013 -11-07 &I HH. 2013 -12-14

X E4HS : 1000-1298(2014)03-0206-09

A SCAE 28 3k AT T o0 2 4 RIS 0 e ) o
Fe e a1 RE Al b, DLAR IR O BT X 5, B 98 78 i T v
VR P o A 338 A DL ST 3 oKl BOUL R AL, I EE
BT o Hs v VR 1 5 AL B8 VR T 1 (38 R R AR
PR B VR ) Z 8] 1 22 S A Bk 2, 2 4 05 R T
F V9 UR T e HAT g il JBE A v O 7 TR S i — 2 B BOR
o

1 #REFE

L1 ##5iRH

LW TR SR (RER B 95% ) \JaK
CFE ZH Wb KR R T BE R A S
4y B 4, W F Fisher Scientific 4y &) ; EUKITT 3} [#]
), F1EE 0. Kindler 24 7] .
1.2 FENREFESE

ACIP - 3500/1/8 — VB %l i & % %, i [
ACB 7 &) ; Agilent 34970A B % 4% % ££ X, £
Agilent 23 &) ; K BI#dg { | 95 [ Omega Stamford 2y
) ; Presto — LH47 B I% it 15 Ui 7 20 A , 78 [ Julabo
Labortechnic GMBH 73 #] 5 ¥ % VK 6 , 15 [# Servathin
ol ERIAL H (20 mm x 15 mm x 15 mm ) , Fisher
Scientific 2y ] ; SM — 2000 — R B4J] 5 #1, 7% [ Leica
/NF] s MACC — C71 & CCD RGB AH#L, H A Sony 2y

* [E 5 B ARFL A B 4 B B H (31071620) 1 5 e BRI I Kk S 113 (863 #13) BE ) I H (2011AA100801)
EER N JO6H LA, EEAFERIERIN THE AR, E-mail: roger. sugm@ gmail. com
BIIEE : RN, B, LA S0, FEMNFERIERIN TEARS, E-mail: zhusm@ zju. edu. cn



%3 1

ARG S A P R TR Ve VR R TR R A AT oK R 2SS 207

F) 3 Wild M3C 74 {2 74 8% , f5 [&] Leica 24 H] o
1.3 HmargE

BB W IR —E ROF I (AR 2 6 mm, K
230 mm) o YIS AYE PTCE T 10 mL B0 A
Wi o B R0 3 RS RIE g — SRR R U AL
T PR E I E A 3 AR AR A, TE B
BT bAT ML (ER L mm)  #H A~ K B
RS 2= P O AL E A AR R R R R
AL .

Xof HEZH SRy AN 28 00 V8 VR AL B AR R i, At AL B
FE i ARTE]
1.4 {KERWNE

PRI —E A RE T 101CH TRMATHRE
RS o A A TR A TR S R Y 25 O T
5 R A o3 BB AR YRR AL KR (%) .
1.5 SERF

U ER VR B A A 1 R o m R R )
JER B TAER R g 3.5 L, W42 120 mm, 5 B
310 mm, X5 & J1 43 ik € S~ 100,150 F1 200 MPa,
Xof o PR B0 T B A S - 9L - 15 R - 20°C, &R
AT R R B 50% B SRV R . THE R
3 MPa/s, ] JE 3 % & 40 MPa/s,

IS\F ‘] NG
, s d 15
b ] q
11—
P q =
6
b q
— b | @
= e
b q
// S—
—1
10 =
L
9’//3
8

BT R R0 e R B

Fig. 1 Schematic of apparatus for pressure shift freezing
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Fig.2 Water phase diagram under different pressure and

temperature, and the principle of pressure shift freezing
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Fig.3 Pressure and temperature curves of beef in

process of pressure shift freezing and depressurization
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Fig.4 Temperature curve of beef sample in process

of conventional air freezing ( CAF)
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Fig.5 Temperature curve of beef in process of liquid

immersion freezing ( LIF)
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Fig. 6 Micrograph of muscle fibers of unfrozen beef tissue
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Fig.7 Micrograph of beef muscle fibers and ice

crystals frozen by conventional air freezing ( CAF)
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Fig. 8 Micrograph of beef muscle fibers and ice crystal

frozen by liquid immersion freezing ( LIF)
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Fig.9 Micrograph of beef muscle fibers and ice crystal
frozen by pressure shift freezing (PSF) at 100 MPa
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Thermal Behaviors and Ice Crystal Properties in Pressure
Shift Freezing of Beef

Su Guangming' Hosahalli S. Ramaswamy’ Yu Yong' Hu Feifei' Xu Menglong' Zhu Songming'
(1. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China
2. Department of Food Science and Agricultural Chemistry, McGill University, Montreal H9X3V9 , Canada)

Abstract: The experiments of pressure shift freezing (PSF) and conventional freezing were conducted on
beef, and the thermal behaviors and ice crystal properties in freezing process were analyzed. The PSF
experiments at 100 MPa ( =99C ), 150 MPa ( —15°C ) and 200 MPa ( —20°C ) were performed as well
as conventional air freezing ( CAF) and liquid immersion freezing (LIF) at —20°C and 0. 1 MPa. The
results show that most of the ice crystals formed in conventional freezing is extracellular, the size is large
and non-uniform, and severe strain and mechanical injuries has happened on the tissue cells. The
crystals formed in PSF have smaller and more uniform size and spread more evenly in samples than that in
conventional freezing. And the higher the pressure was, the more crystals formed in intracellular spaces
and the less cell injuries happened. The freezing time in CAF is 85 min, in LIF is 5. 5 min, and is 2. 47,
1.22 and 0. 83 min when subjecting to 100, 150 and 200 MPa PSF treatments; the degree of supercooling
formed in depressurization increases with pressure increasing. However, the freezing point drops with and
the freezing time needed reduces with the pressure increasing.
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