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Recent Advances in Vacuum Cooling Technology for Food Processing
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Abstract: Vacuum cooling is a clean and rapid technology for cooling the porous and moist foods, and has been widely
applied to vegetables, fruits, bakery food, viscous foods, fishery products, minced meat and cut flowers. However, it has a
number of inherent limitations (e.g. high weight loss and big initial cost) compared to traditional cooling methods such as
air-blast cooling, hydrocooling and so on, which have not yet been solved thoroughly. With the rapid development of the
modern society, higher standards related to food safety are required by consumers. The role played by the vacuum cooling
technology in the food safety field is becoming more and more important, because it is the best alternative method for

rapid cooling hot food. With the aim of promoting further study on vacuum cooling, this paper reviews recently published

200093, China)

literature regarding this technology and puts forward some suggestions.

Key words: food science; pre-cooling technology; vacuum cooling; heat and mass transfer; weight loss

] sr2E . TS205.7
doi:10.7506/spkx1002-6630-201411062

BESEHERREZXERETZNS R —.
a0, fE41~46 CZIa], A7 b A i B 1 2 £ IR
AWM AED SR E I s R B Rl
PR AR ATTRA R B BT R T A R, R AR
WP A A BRI B2 M. v T RS A A B 4
P EVa A, SR g AN 52 R 22 S [ 3 0 L v
HIEF P2 T R e . JU X T oy R E
BIREZ ——— AR RA R TRIBRIGEE . B0,
SEE R # (United States Department of Agriculture,
USDA) ZEBCRE A ] 1) 24P A 54.4 CHeH1 24 C K
i F] 9300 min®s W% KB RA P, KA KR
B LA B K VA S AR T IR A TGV S B, Rk, R
R KRN TR .

BV — PR R PR A 2T v, B R EERAK

Weks H . 2013-07-19
HEWH:

bR E: A

WEHS: 1002-6630 (2014) 11-0319-06

FEAROKIP RIRMA B AR ED R B b AR B 7
A, M HBERIRT . ZATRIFERY], BRI
BGER T4 B, B0, HRET, HiEh
TOE B & KU ANERBVA L KT JEK,
KME. B B KRR . K& RS
AP AR R E A MBI AR AR A BRI A Z
=BT AR, BV R AT R M T B S I R — B
RERE ML BBz, RORPEAT T XA 14T .

BE A B AT Mk A 7 0 R R B e DA e R
i R I BRI, VF 2 BRI G Ll N b A B
SRR B —Fh SR /L B B PR HL R o 5B e R
MAFRHTZ. A, RICERE T E A AT R
£ FL 258 J 7 T R ER 3 BE FC AR, JERS A A IR R iR
H — 1 L

‘AT EZFRHESTETRITE (2013BADI9B00) ; AT E R HRITE

PEE TN Rpedé (1985—) , 55, ¥HW, L, #F7 moAR &R iREE . E-mail: xishirujin@163.com
SEEEE: XIEM (1968—) , B, %, #t, BTN SRS . E-mail: blliuk@163.com



320 2014, Vol.35, No.11 =L

0=

XA EIE

1 EEAHNFESERE

1.1 EAAEIE

TS VA A R T I T I R A B 0 7K A3 AR i 3R TR
DY PO A R LASREA B 1 — RO A B . bRk B
FEHER N D EERBOEESE, X EESEHTE
A 2) YSRGS R R s i
CEWART D, KRR R, FHRoREREE S
AR A ET . TN AT Z AT EIA AR, 8 2
W& 3) MEASE KSR BIA IR BN R 2 JE, &
B i A B BRI E, AR HI RS,
12 ETFAHRE

HAEAARNEZIZOHERERTEMATE. HT
IR 28 RIS (R L AR FR 2 TR, I Z0UIE 2% 7K VR Bk 45 2 7K
AREMNETE R, DERN, HSEESE
WK EMBAEE . 0T A E R85 PR I PR
VRN, gz s g i i 2 R B B (1 bR T e
B AT DA R e AN R AR E .

2 EELHMREA

2.1 EZBEIIM A

B A HD I B R A AR B R R AR bR .
B6 kgl KBEMTO CRERI4 C RFEE2R, KA HEH
9.4h, I, BEHEMMTATIA RIRZ T, BlWngE
T TR R B R . BINAEFERE . TTRE. B/NA R
P10 T AR DA R B v AR AR S . HASA A — A
s BRI 5, B —HE S E — R E A, T
AR AN D A U T 2R AT B AN A ] o IS £ N AR A 4F
Abo Flhn, ELASYA S 1 TH AL bl At Ty A i T
BB, WA AN IR FA I S B Bk b o R AV A
R ERAZ BRI T, BREARE A
SO A R, B DA/ TIRZ 33 &E, [FR
G T AR 2 AN B NS A%

R R YIS LR, (H2H Bae b
fik. ThompsonZ5LLE T H A AR KA. KA LK
JEEEA M BAER (AT SHEEZ ) o 45
BREFANRIE CH1.8) , HIREKA (1.4, 5
RWUKEEEAE (LD, BERRA (04) .

22 EAEA MRS

R R HE A A R AR R R R
Z o BEIEMN25 CrHEF4 CHIZKE KLI3%, 105 RN
TIFHZARMNTS CA T4 TR EI10% KA. Ak,
HAER WA VIR RER, XTI TAEY & —2%
ANEIFFS . Bk, EAME BT TR SR B S A EIH LR
HIVINTAES I — &%, DARRIRAE = A

BV H R SR AR (U R B A AU A R T AR
TRETE, IFARER 5. B, SR IR
PR, BB UIE R IR A 2 A 51, T
HEINMHR A, WRREAS, G 7R
HUE, HEEG, MEPRA SRS T
B, n R AV D R A B AR I 3 ki 2 7 A
I L0 R 22 2K, 2 UK I 78 J0A5 v 10 45 R 1 I
15 TR R AE A 7 B R ATRE b 4 R B T ) A7 A o
0 RO B AN I Bl LR s A, B AR I LB
K2k

3 RERHEINESTAE

3.1 FRACEFESBhiE

0 R BOIR 2SR SR TR AE A IR 375 ¥4 20 RUR
HIRKMR W, Kk, 76 EZSAH 7 28 oA E
ik . Blan, XTI BRSAE R mh b I 4, YA A
S TN B 7 26 RO B AR AR R B ™ B A 2R S
ZHFAAGESPHEG . RS AR 5k
WIS, AN 2k B 3 KT H AR B A R K .
32

B SR E G & S BE AT LS AR AR T BB T DLy OF
PRI BERT DL BB AL B AR T DR P AN . (HE, H
TR HR A 21 AT E R E L. T H, £
MERA . BESERN, FMREEERE. X7
B R E B E, RS TN EYmeE
AL 4 8 2 T . A B FE A8, 3 VRIS SR 4 J5
AAE G T B AR E & R T WP 0 5 1Y O 2
(R AR HA R AR, 1 H TAER K.
33 FEMRIEEE

AN TR IR 7= it 0] 25 B R I SR 22 il ok, i, X
HZEVIEM S, LSO B — R H G 1 R FH /)
FHadc k!, WX TAEM A UIAE, A B — R AR
B E R

4 RAEBHMYGETR

4.1 FARTHNK

PR 2 484 T £ ity A 78 s 2 3 T PR 7K 23 39 T DAY fr
an R AR, AR 2 W T A R G A v A
Ao Biltn, ERAINEER A, &R E e
NAK, AMUAFHCRED S, WA 0 H Ah 2 55
(RI9 J3E 25 i L 7 TV I B TV PP RS SREBE 48 ST K
AMLAT EAs /N R H, I8 AT AN ERA HE A L i L A
PEIME o BTN B B AR A R, TR /N B A
W, AT BLRCR RN R



R B85

il =

2014, Vol.35, No.11 321

42 TRARTES K

Wk EEHTRESANARK AR, HWET
MK BE RN R E . S SCIE B, BEE
W HKES B (20%~45%) KRN, 5 R A W R
AN, B E RS TR B B SR I AR s e K,
R B, 38y S 0 AT DA R BE R 3 2 v v DA &
EEEAE, XX TR ET2ER, His 3
AT P PR T K J o
43 TARTHAE G E A 3

Jackman 2"V AT T B4 A R XA TR AL FE T B4
WEZAMPBRMFE . 8 AW, 50 2mH XA
AHEIZS C, RIGHESKRHAE4 C, ALK E
RN (6.5%) , /T HAE 24 B Ik E
(10%~11%) , PFINEAHLEFEREE =R
e (KTF15°C) o Myktn] DU T &5 iS4 T |
TAHBIE N, B
44 WG R EAE RN TR R B A

TERRPRAN, R SR H S B R B S5 L
i FH B2 A EIA sl , A ISR A s n . &RkaAk
REI B A R H ST B i s AR T8 4L R HRURE PR K i
A P ) 5 2 P BT B3R i R — R B S A A
S LR B4 e EAUNG6.99%, ARG T B U EL S A )
Je REE 2", Houska5! "MK A 7] 268 () /NER BE AL
WAEARF )7 h AR5 Co 455EW, it
B A ERANEAL,  7EZ 77 HP 25 VA 5 1) 2R B 35 Ll A
BRI RENMRZ, (HRAENESEIERK. N
It, DongZ5 Vs B A A L S A H1 525 'C, R JE I
R EEAHRN0 Co GRFH, AU A 45
i, T L 7K AR L W S L R A FH B s A R A

TR, AT UEEE E A KR B AH,
i, Cheng® VR TATH I EEAH S KAREAHE, K
AT AR RE A ENETTR], 3BT LA/ D A R A . RIS R E P
m R E bR (HA2, MTHEREREXEEA RS
3 T ORHURE (A P2 AN TR B #5HAIE,  [R A B HevA A Al
HH KA — TR BB TR, S &y thEok.
45 ALk g k1

W, EETEHZAT, TEEmRGT (BEEHD
(1 fr i AT B & R, SRR e B A H B
WK B A & AU RN S KN
PO — AT, AUAT LAAE & A R R R RS EA T
W] DA A S Al 40 R LS, KRR s A % .
LIS RAE ], BOOMiE (180~230 g) 7EKHINI 5
BEIEEKP RS AR RER RN, U8 (3.0%) ,
i AN B SR, W e B A&, A A
BHRERERE K, N45.8%, FER IR

E—w i TR SR A . BONE T

B FMERAAEE b, TERRHGE MBS v T =M
I, 75 2 AR R ) ) X S B B i A s BR . R
B PO TR — R, AR LA IS — B F| )%
B, BT LS —IE G BERLT, N5 .

4.6 FFTEIERR

TEH A H RS i S Bk, — o BLAR A A b
W R R AR, DU SN B S A HI T RE 4G
1 il PR 25 R R AR R A SR AN RS, R Ay T A 9 3 A 1
W T7 BRI, S m T B 3G
BUHE AL . P B R R ) — NI A R PR AR R R
McDonald %6 R AR, BARTER A H 1R EE
A R A PR I RN AN, E IR A SRR
BAHFA R AT DGR B B R H IR

W, EESAHEEPESENEIARAE RN
BTk, SR, EREAEEAKERE, bkah(thiE
TWHBENWE UK R E . BRI, 1R
IR D O N T e ) AR SOl E S E PN
A4 YA AT DA B 5 A KRR 1 2K B 8 5 38 i ok R 1
FTHEY S KON IE SRR, Ko 2B N KR FLER
H. SR, BREhRECE AR 2, RN A A0 B 2 AF
1E— MR _EFRAE -

7 M R S B R R AT R 2 FE R . Chen
P W P 22 2% [ TR T 25 AT DA v o 0 S0 ) B R S R
TBRAR SR RERE. BLAh, BARFFEUE, A sk
R TS AR Ao 35 00 SE M B35 VA H R A B ™
47  HEFEAHELE

T2 VA H R0 8 R 56 S B B2 42 A AR K I R
ma. Fan, xFFKALE, BEAERHERTE2 C FIgRT d,
FRAE19~20 C IR I RS K. BAHE
(RS R K e SRV P 9424 "C RIS ARAE I I 1) B K7
48  HEZEAHNTTRERIAR

H AT, B0 B 2= A HHLE T BE R AR BT 78 (10 38 JE 5
Ao R FEE W, R & R S AE R B
FTIR BN I R G5 K B 25 V4 /N £ 2K B AR 45 5 2K )
WP, ORALRERS T LI REDR, IR AT DAR AN B A5 vA ) i 1
RIR B RILEHF R b, KFIEAE. XEERAKS
WAFEEPIRRRTEZ —, SIEMESIA LUK KR8
BUE WAEE N — 3 3R 3h 17

5 RELHANEMBERHR

51 HEARHSREN K ZE RIS ]

19914F, Tambunan#|FH 2875 & 19 HA 0 (vapor
pressure difference, VPD) & T H A% H L2 b s &
RIMIKD BRI, ASTHES LAY A5
SCHR H I R 0 BR BN ) oy 5 8 T T R S PR PR 250K



322 2014, Vol.35, No.11

E6mill=

XA EIE

5 S T SR LK AR ) 2 R 2248 . 1T E2006
M, Sun P X B P A VA H I AR AT BB R,
AR S LA IR VR BT R4, IS TR &7
I F s AT, S R AR B = 4
. SH MRS HEEEELN . R, TEIAEIA
RZH, KESSEHAMAAR KW R ETLE,
EREWMYID R . RE o R e, HX Tk
BENMHEmS, A EEATT 2. XHAHEZEA:
D BRMERHSBESENRIOKEIREEZ., NIRRT E
WA R AR K R SR B A AE B o IR A1
M H B EBE IR, K — A B &5 P 5
K. P, NEAPSEME RIEAR AR G4k sk
Feids 2) BEEENNARRME, —REINARTENE
T¥E A, bl WrENEES SR AR IEESA
VPDARXMEZ . Rifi, EERKWARSGH, HAKEE
TRENZHAENE N ZESEM RS ENA RS
Whsh. —HRAERS, &8RRI REEE SN, #
KT SEPrd I, SEERE—DHE.
52 EASAHIERE A SR ES AR

SunZgPO%t B oS A H L FE v A O FLBR R . AL
RSP UL R A A T R 9. 325 VA BT FE AP B P 1 AL
—RAE0.2~10 pmZ A . Bl E B =R E SRR M EAT,
FU I AR A R 7K 23 A 3 5 T AR R 3E o i SR AE VA E I X
AN CLRIR, R R s fLBR AR K. JinZE PR
I A5V ) S5 1 B R 2 R AR LR 21 4 4y 125 LA B 4T il
] B4 R S5 T, X B0 I T K 2 75 P P 1 Bk
TR, MNMREESAHER, HREEPIRIHE
TE B 25V H 2 A 2 Y I P 8 5 2 45 R0 4 B 4% 1) A5 4R
PG, A2, B Lk v 7 B R R N X — R AR
B, H #3112 Pa/min.
53 ERESAEBUE

FEAx SN T AR TR, B B A ] DA R it
AW AR R . RS AT, A — R K
DI BB 2 ek, I HEUS TR G I Tl 2%
H. TambunanF|HVPDTHE | H A5 Ak #E 5 & R T
WK AT 2 RAR, SIS & 5 RILE B R AA SR
RIRAIK R 1/4%Y, WangZP N H T 7 — A = 4T IR oAk
T LSRN W R AP () a5 v 20, 3R TR % 22 B K
2.5 °C, JREIMARZEAN T 5% HuZEH H —ANCFD
BRI T 22 FLA 7 245 74 S o B3R B2 4 A R 2k
FAML, A HE S SEIE A Z RN, SO TR TR
W, 5SZEE B KIR 2 80.5 °C . Dostal P95t T E i
AL T AR E S AR, IR B SR HIE AL T
BH A7 3 BRI — . 2006—20074F, JinZelP S5 H A
PR ZE 43R 7 B 2 A HE FE A 2 R IR K i B 1
B, TR 5 S 56 A 2 18] 0 3L A 22 A1 2 260 22 B Ko

5 CHIA%., fAIHER 28R s L EREE 1E, M
e Y B i By 2 NN B RIS, AR )5 T
HAEEN. Bz A, JinZElPU 00 @ ok i 45 H ok
TR B B E LR AT RESS .
Drummond &8 A% F A R 22 403tk T IR A SR A
PR AR A A TR S R B (R, & B A TR 2 T A F
[EARE, R ARREREIMRZERNES C, AP OR
FETRIMNRZE N +2 °Co SR, XS PRI TROMIEL Lb S 36 A8
(AR FE0.5%~1.2%) 5 A Bl AR 11 4% 35 T i bl 5
IS BN (R4t iz 2% 94%) » Drummond 2™ 4
SL T RIBR B A EET AL, T T A R R A
IR IR AR & A DL R A TR AR R R S8 6 R IR
H, TGRS hrgs R R if . CepedaZs ™ g
ST B 3 DA IR TCA SIS, AR TR fg LA HE 4
KHEHTCTHMBAM E SR, B E RS TEIR
A AL, BATH 7 B SRR S A S AR
JE LR PSS 5. BN, BT AE E R R
mn PEA HIE R R R EOK A IE R AR L, AR, AR A4
RGP EAEFEVIA, i H AT DR R ot 5 BT T
WED K .

6 & #

6.1 MRV BERIF 0 2K B ) AR L

MRAE ERVR TR, SRR A A A ORI B AT
N RERDHER G RER, JUHZRKRA R
R, RN RZ TREFIE, Bl . &
WAL, AEANSEGEARNTTHEAE. ERE
SF KSR, AR, EAMEKREIFEIR, HArR TR
G RIGE A0 T 8] 55 G i e e UL IR, IR BT TR AR
TRRGIA RATR IR AL . B, Koy
FERBAMPEa AR EMN. RERNSRED &M
FLBE A K AR S S AN TS ) Z [ 56 R 200 R L i
JRAT A M SE AN 2 LR AT . DAL, X s A
IR PR OB TE Y 280 A S B R AT AR A
BrAIsEI IR IR A L 2, IR R AR T Z A
Seft LAl 2 25 IR

UM T AE BN TR I s N R . SR T
B RIAE B2 A VIR N A% 2 o o A R e P A B 3R
Ko RIS IR, BEE N AMNE AL, RRIZAK
AN Bl 00 SR 368 £ it A £ 45 R AR A MK 73 38 78 A SR AR
KEIREM . SRT0,  H AT SRR A AR A 5 2 AR S 32
EWHIN A REL R MEH S MR EKR. K
Uh, B4 5 H LB B A A H I U R, 5N
PRIZR v 215 2 S AER 145 2R .

BEAL, AT A A R BB AR 22



XA ERA

E6mill=

2014, Vol.35, No.11 ~ 323

WAL, AT SRR ER AR D o X U (1 AN R AR
AN R %, S ECH BT AR SR BB AR 5 T i
. B, KR EMNPUEIERR . REMEH SR
Bt 1 2 AR AIE 55 2 0 T 435 A5, TS B il # at 40L
DRI TUART s B 42 o 25K o
6.2 MAIA TR EAEA

FURT, A2 B0 BT U0 A B AT R 05 7 0
JETT . BRI UM AT RiE& A=
A EBOARALEE, HUEEBA — TR T KRB A K B A
BARSE A Tl e, IEapimprit g i, A%
KEERII i, SHEAARAME, REXASAANRE
HR/NTH TR SR, R AR A A B
A A NKAZ . B, 4R m s %
KNI (] o (HAZ, AR A I (] A R I, ASBE A
R PR T SRR = A, T RIZOE A KA, e
e XE AN SR Ab 2

PRAE CL 28 BN 2 Tl [ AN v B AR IX R — K
BYCR L, BT SR A BT i 22 4 il At B R B ™ .
U3 Ah S HY SRS T R R 1 K 2 AN F T #A P A1
BOIMT AR, — B2 BRI A B0 it
G, AR RER RN TR BT aR S, 'R A
REFERE, AR T HLA IR R A AL T 40 3 e R 2R K
ZW. TNV ERPEAA R A AE R, XA
A A I, BUR RS AT E AT Ah ek
AT 7% A B RS SL AR N R A RDEAE JE B . HRE, AE
[ S SR IR, s B vh A AR 773 A T/t B PR
AN A IR AR OCRE . iR, RE H AT A
(FrAf R K R SR AL, JE A s, ARMER N /D
WP %5, )RR ML PFAIRE. T — & HE R
Bl BR T HE =S, KE KRR A HLALACE, B
v, EAESCEUN A AL bR A, 7R E K
a I PTEREAN SN Rt — A iscit . Bk, S
HNSEARSR I 2 20 43 B2 VA H R 7R B — B A

RRM TR MR CRAF R, HE, BHHR
BERY R L, 2 BRI AR G0 TT DL R O JE R A T B
JE R G, ALV LR 15 2 ELH RS A
MERARAL, EREMEARERE. IELRE 0 A AL BRI 7] =35 2 [7]
BRI R A . WA, HAE RGN RGEC S R
P, FOEIA BV Bk A AN 304 25 il XA A
R EERCR -

7 &% W&
HER A — TR I B f R SR, A4t B

ERALHLS BB L, ATE KBTS Jak,
HAA A R T S AR k4

KRS B UIESEAL G T R R MV 2 8 V% H1 L
REFAON =, AR TARRIEFRRCR, thas 7T
b B ORHUBEHE T . B VA A 2 PR A F A
B HEE £, SR, HAFAEARZ . o 2 v ) 3
WIRE R R, Tk EXEURESZ. G DR B
HIIME, AHMRAE G G R A A PR 7] 45 ) o [A]
BE, X A A A A A BRI 7 B D W A
B PR MU 2 Aoy, 5 EAR AR I
PESR SR, AR B — A RS & T A2 H 0 (2% A
TEHERATIRAII

LAV A BLAR BE A OR SN 8 2 B IR 0 A, HIX
HEMX TSR IR S . TR A P 7
VA A BRI A R B A AR IR — A 225 Bl
n, THAELEILA AN, O EAN A T R B 2 A I
K, 2IBUNERIRF iR, R, U7
BESE,  AE AV ED AR I 1 AR AN ) 9 oz i FEE 22 S AR
Ko XV H G WG R (8 B A . i Rod
1oL 8 g I 7 SRR E Y 50 R B O A, T2 S BB SR A Sk
b bt 2 /T BAR ST AR A vA A AR R Y
RJEAC B A 72 2 P EUCR JE AL A, 52 i N P SR AT UK
B, RIS E . IO BT T AL Hut L
AR L, A B T SO AR R AR,
ARETCHE T o A2 S BCA R %, AT R RS
PR K ZE AR RE A R N %5 FEAE N

i EpTR, HAWRAEORE —WARE SE b H A A
RARHE B EPHAR, EHAERZ AL, FEEZK
R N Sl VAT Grii 2 W L B R E SIS
7 kAL o

Sk -

[1] GARCIA S, HEREDIA N. Clostridium perfringens: a dynamic
foodborne pathogen[J]. Food and Bioprocess Technology, 2011, 4(4):
624-630.

[2] USDA. Performance standards for the production of certain meat
and poultry products[S]. Washington DC: Office of Federal Register,
National Archives and Records Administration, 1999.

3] BREL XUSEAR, RIGEHE. A7 =2 52 T8 S T I i ot o (4 5 i [ 1]
B A, 2013, 34(6): 276-279.

[4]  WISCHA, Wb, JBORS d, S5 RS R FUA A R SO HOR (K
FE]. iR, 2012, 37(9): 121-125.

[51 UKLy, ARIEIE, RIFE AR, ANIF 5223 TiA L0 8 it o A S ]

[6] NGUYEN VL, JRE&HE, XK, 55 ANFEL X KRR B2 T
B RCRIIEZMALT]. #1744, 2012, 33(1): 74-78.

[7]  SBBRE, WA, FRh, 45 FLAsTRA Ab B i B Ak VA T
JR[J]. HEFL TR 2R, 2014, 36(1): 75-80.

81 BRJLF, E¥e, (M, & B Wb kK @t )], L
TREE2ER, 2009, 31(1): 95-98

[9] THOMPSON J F, CHEN Y L. Comparative energy use of
vacuum,hydro, and forced air coolers for fruits and vegetables[J].



324 2014, Vol.35, No.11

—

B5oilil =

XA EIE

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

ASHRAE Trans, 1988, 94(1): 1427-1433.

FRIGEAHE, X F K. FLAAHI P i R TR AR D], ARl
TFEEAHK, 2012, 28(1): 266-269.

RADNFE, B, W r, 5 SR AR IR 20N &
K], AL, 2009, 40(11): 129-132.

KNG, BTN, PRI, SR U8 02 00 e A A7 i
FRISEIR[D]. 1742441, 2010, 31(5): 58-62.

RIRAE, XK, BLSCH, 55, b7 78 500 TR AR o (1 vk 10 F
[7]. &S SRR, 2011, 37(1): 211-214.

HARVEY J M. Improved techniques for vacuum cooling vegetables[J].
ASHRAE Journal, 1963, 5(11): 41-44.

FROST C E, BURTON K S, ATKEY P T. A fresh look at cooling
mushroom[J]. Mushroom Journal, 1989, 193: 23-29.

MCDONALD K, SUN D W, KENNY T. The effect of injection level
on the quality of a rapid vacuum cooled cooked beef product[J].
Journal of Food Engineering, 2001, 47(2): 139-147.

WANG L J, SUN D W. Effect of operating conditions of a vacuum
cooler on cooling performance for large cooked meat joints[J]. Journal
of Food Engineering, 2004, 61(2): 231-240.

DRUMMOND L, SUN D W, VILA C T, et al. Application of
immersion vacuum cooling to water-cooked beef joints: quality and
safety assessment[J]. LWT-Food Science and Technology, 2009, 42(1):
332-337.

HOUSKA M, SUN D W, LANDFELD A, et al. Experimental study
of vacuum cooling of cooked beef in soup[J]. Journal of Food
Engineering, 2003, 59(2): 105-110.

DONG X G, CHEN H, LIU Y, et al. Feasibility assessment of vacuum
cooling followed by immersion vacuum cooling on water-cooked
pork[J]. Meat Science, 2012, 90(1): 199-203.

CHENG H P. Vacuum cooling combined with hydrocooling and
vacuum drying on bamboo shoots[J]. Applied Thermal Engineering,
2006, 26(17): 2168-2175.

SCHMIDT F C, ARAGA™O G M F, LAURINDO J B. Integrated
cooking and vacuum cooling of chicken breast cuts in a single
vessel[J]. Journal of Food Engineering, 2010, 100(2): 219-224.
WANG L J, SUN D W. Rapid cooling of porous and moisture foods
by using vacuum cooling technology[J]. Trends in Food Science &
Technology, 2001, 12(5): 174-184.

CHENG H P, HSUEH C F. Multi-stage vacuum cooling process of
cabbage[J]. Journal of Food Engineering, 2007, 79(1): 37-46.

HhAE, W, W, H IR AN S AR KRR M [T]. R
Wk T A2, 2009, 25(9): 313-317.

KANF, B BTSRRI 4G VI AE TR R 7 dr s e ).
AP AR, 2010, 41(1): 167-171.

CARVER C H. Vacuum cooling and thawing fishery products[J].
Marine Fisheries Review, 1975, 37(7): 15-21.

TAMBUNAN A H, SEO Y, SAGARA Y, et al. Measurement of
evaporation coefficient of water during vacuum cooling of lettuce[M]//
Developments in food engineering. Springer US, 1994: 328-330.

[29]

[30]

[31]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[44]

SUN D W, WANG L J. Development of a mathematical model for
vacuum cooling of cooked meats[J]. Journal of Food Engineering,
2006, 77(3): 379-385.

MCDONALD K, SUN D W. Pore size distribution and structure of a
cooked beef product as affected by vacuum cooling[J]. Journal of Food
Engineering, 2001, 24(6): 381-403.

JIN T X, ZHU H M, XU L. Moisture movement characterostocs
and their effect on the ultrastructure of cooked meat during vacuum
cooling[J]. Biosystems Engineering, 2006, 95(1): 111-118.

UM, SKOAE, Tk, &5 HATTA G T i 2 4 B A A
HERIIECE )] TR AR, 2013, 32(2): 168-172.

WANG L J, SUN D W. Modelling vacuum cooling process of cooked
meat part 1: analysis of vacuum cooling system[J]. International
Journal of Refrigeration, 2002, 25(7): 854-861.

WANG L J, SUN D W. Modelling vacuum cooling process of cooked
meat part 2: mass and heat transfer of cooked meatunder vacuum
pressure[J]. International Journal of Refrigeration, 2002, 25(7): 862-871.
HU Z H, SUN D W. CFD simulation of coupled heat and mass transfer
through porous foods during vacuum cooling process[J]. International
Journal of Refrigeration, 2003, 26(1): 19-27.

DOSTAL M, PETERA K. Vacuum cooling of liquids: mathematical
model[J]. Journal of Food Engineering, 2004, 61(4): 533-5339.

JIN T X, XU L. Development and validation of moisture movement
model for vacuum cooling of cooked meat[J]. Journal of Food
Engineering, 2006, 75(3): 333-339.

JIN T X, XU L. Numerical study on the performance of vacuum cooler
and evaporation-boiling phenomena during vacuum cooling of cooked
meat[J]. Energy Conversion and Management, 2006, 47(13): 1830-1842.
JIN T X. Experimental investigation of the temperature variation
in the vacuum chamber during vacuum cooling[J]. Journal of Food
Engineering, 2007, 78(1): 333-339.

DRUMMOND L, SUN D W. Temperature evolution and mass losses
during immersion vacuum cooling of cooked beef joints: A finite
difference model[J]. Meat Science, 2008, 80(3): 885-891.
DRUMMOND L, SUN D W. Evaluation of the immersion vacuum
cooling of cooked beef joints: mathematical simulation of variations in
beef size and porosity and pressure reduction rates[J]. Innovative Food
Science and Emerging Technologies, 2012, 16: 205-210.

CEPEDA J F, WELLER C L, THIPPAREDDI H, et al. Modeling cooling of
ready-to-eat meats by 3D finite element analysis: validation in meat processing
facilities[J]. Journal of Food Engineering, 2013, 116(2): 450-461.

FENG C H, DRUMMOND L, ZHANG Z H, et al. Vacuum cooling of
meat products: current state-of-the-art research advances[J]. Critical
Reviews in Food Science and Nutrition, 2012, 52(11): 1024-1038.
ZHANG Z, DRUMMOND L, SUN D W. Vacuum cooling in bulk of
beef pieces of different sizes and shape- evaluation and comparison to
conventional cooling methods[J]. Journal of Food Engineering, 2013,
116(2): 581-587.





