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Research Progress of Vacuum Freezing Combined Drying Technologies
in Food Industry
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Abstract: In this paper, the effects of process parameters of different drying technologies such as hot air, spray,
microwave and infrared combined with vacuum freeze —drying on products qualities were summarized, the drying
principles and characteristics of vacuum freeze—drying combined with other drying techniques were elaborated, and
the synergistic effects of different combined drying technologies on shortening drying time, saving cost and
improving foods qualities were analyzed, in order to provide references for the researches and applications of
vacuum freeze—drying combined technologies in food industry.
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T8 (Spray—freeze drying, SFD) £ A H 75 1 155 25 - HL
23V Uk 118 (Ultrasonic spray—freeze drying, USFD) 4%
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Parameters and characteristics of hot air-vacuum freeze—drying technology
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Table 1
Je R PR 100 °C, 3 h; AR THE-20 CHZR
12 h; 55 3~4 Pa,{IK7R-80 °C,50 h
L PR 63 °C, Heffe 57K 3R 36% , HASJE 40 Pa,
- HAEAETHR 122 h
—20 CHIZRES VK, BL25FE 0.09~0.095 MPa, 35 CHL
SAEZEAE 2 h,40 CHE 2~3 h,45 CHE 4~5 h, 57K % 18%,
PRI 90~100 °C, & 7KZ 194550
BT PR A 55 °C, 54 min; HASRHETE 11 h

il EEPUN

T RIR] 12.16%, 19 21 BALRERE 25.40% [10]

1A T A TEIN TSRS B, 2K 47 [11]

FE AT ACIE e, BAERT 21 h,
FLBA S R TR S h

B T HRFERE LK THRIB L 63.3%,
FEECZS Ve R T 1R 6.3%

[12]

[13]

2 WS -HASR TR TR
2.1 BETREFEERSFS

W5 %5 148 (Spray drying,SD) J& 48 H 25 fb %% 15 £l
W R B DRV | ) B PR XU 4 | e 2R AT M

AREURLIR B At 5 R, T 3 R R TR
PR A, (EAEAERS T PR RBIR R, B 5
WA AS B, D PR S RIS, ] £ AT 055 25 J4
Xt RORHEAT A, el AR R , AT O B R
AR P B,

63



1R&E5 Jn T

BX & 4 - bxyje@163.com

Storage and Process

2023 £ % 3

22 BE-BEFAFTREERYFS

W55 — FL2S Ve UR T2 — PR RV R T 1
AR, —BALFEPIL 5 — RN BRI s b (RS
TR EA R TR TR,

SFD FE A ] b B — EL2S R TR LK 2 A5 5
o 2 GO T 3o O () e s, PR 2 T A2 A R
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Table 2 Parameters and characteristics of spray—vacuum freeze—drying technology
7 i BARZHL A 225 3CHk
\ . BA—FLAS VR VR TR 48 h SR %5 - LA VR T [19]
L\ . #L I - ’
Wik 40 CHAE] 40 °C, 614 min ek % 10 h
LA DA = Ao~ 37 Vo [+
B 1 A sl s e 11 Ve S L2540 i BA, 5 K 8 3.89% , T A
Sl aky  PERHR R 25 mL/min, FILL 1:1, R4S -30 °C 23120 AL 1 At 13,28 me/100 & [22]
S R o R L A e 25
LRI vE 75 JE H7 35 Pa, 2 KUK 5.5 m¥min L BURCAE ™ it R B RAE I B R T [25]

EHET 117.13~200.06 wm

3 HANSE - HL S R RIS TR EOR
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T 75 T T 25 A 2 ) P e 7 0 P A W Y i
B IR, A Y A A A P B A 253 1 e R
B 5IN TTAHl FH 16~100 kHz A9 75 I 2028 2
() B Ak 2 7 I M A R 6l P I A3 A
W AT 55 A0, Wi 55 vl J1AR /N, Tk A kL K A
TR PRI,
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Table 3 Parameters and characteristics of ultrasonic spray—vacuum freeze—drying technology
7 i HARZSH R 22530k
EATURCEE PR 3 WL KRR 3 mL/min, YPRHEDEY) AH O TR T2, DURAA MRS IRAS 1 5 i [34]
LI eI 5% R KB 5 h, B JGREE-40 <C Jot S K S IR BR 0 64 v VA T e TR
FEIA 3 W, BRI 3 mL/min, BT 46/
WBEE A RS 240 CRIVKART IR S he THRIETT AR 39 bkt USRI 5 , ol i A 1S BE B 4 135]

AL 1 kPa, FHEFER :BRHURE-25 °C,30 h;-15 C,

1 h;=5°C,1h;5°C,1h;20°C,10h
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FLAS VIR T RIS BRI 58T AT IR BEAE , /K
A 1428 40% , /K 0] 3K 95.4% , AR 1] 1586.9% .
JREVE I A R PR B AT A 8 P R AS R AN
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R G oL F AT K i K g a1 Ak, i1
BB R PO T . AR SR A -
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RUEIKER 37% LS R TR ] 11 h B, A5 3 A1
T 1] ot ot BT R B, R . PSRRI T -
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Table 4 Parameters and characteristics of microwave—vacuum freeze—drying technology
JEk HARSH Fa 2 ik
gk M TR 280 W, 1] 4 min , FLAS VR TR BFIE T BT vh S, B K PELT 142]
- 60 °C, =S 110 Pa, E] 10 h B REFERLAR BV E VPN
FLAS VR TR INAHR 40 °C, 58 50 Pa, X BFIR &
BreRk  —50 °CLHFIA] 8 h, fii Bas T B2 B 3 kPa, 12 BRI /N, KA FLBRR K [43]
FE-35 °C, T3 0.39 Wig, THEEE/KE N 10%
T2 300 W, IR 2 min, [A]8K 2 min, F5305 7K e ; - .
T4 R 37%, WidE-20 °C, IHE] 3 h, HAA T H-60 C, R ””%@’%ﬁﬁfﬁﬂﬁmﬁ’ [44]
25 82 Pa, T4 11 h = R
2R Ij# 800 W, HiLEE 50 °C, TgHTA] 2 h IF ]2, REFEAIG, R TR AT O HACH ftk [45]
JEFE 7 mm BB N FTE 240 W ISR R HRE | s S o
ik A K 60%, HLA-40 CHIPKAT T 24 h, HTRHHE ﬁbﬁj Effﬁ = M’; ggﬁ%’a*ﬂi [46]
Hai}a\{/_?\#ﬁq:dﬁézéth /J\’ FHT 2] ‘%‘m A
oy R A AT g Tl b F S B K Bt ) 6 5 40%
F Y1 2~3 em /NBE B4R 2 min PR VR T4 12 h oK 2T 3K 95.4% [47]
o e =R 381.17 W, RIS 7K R 61.81%, R AL SV ST A1 87N S VA (48]
o ES VR TR ] 12.04 h BRI RBN
T W 500 W, 30K 15 mL/min, EL25JF 140 Pa,  WEIGEEER S TEWTEA T, B RERT [49]

Y BIHELEE -40 °C, INFGREE 60 °C

/N, T LA A B A

WK TG A BT, ZLAN P A 1) F i LA DG 1
JEARLE YR, SRR b > TR EUR S, TE PR BT
M BEAG P AR TA B 4R H
52 IHM-EZAETREEMEER

LLANG FLAS VR URG & ] AL AT 5, sk 7
THAEEN, LT Hh- LAV VR T PR T4 515 1 R 1%
TR UR-LL My BE2H & 1 (Sequential freeze—infrared
drying, FD-IRD) , A F FHELZS V8 UR T 1R L BR DR
IR F 17K, PR ZDAD TR R BR s S /K AR 1)
H K 55 2 s ik 02 41040 - H. 25 3 Uk (Infrared
radiation freeze—drying, IRFD) , @A LLAMT L2505
RTERALH, JEAT L2 W VR TR, 5 X - L2510 VR
THRAALL , 2L AP B2 Ve R TR EAT BE g A TR

ELBERE RS R B B3R RGBS S T
LLAMT IR I HGR FE RS , PRS2 I 5] 210 - s
RURTHR B KRN LB — LS W VR TR i 7K SR e
FBTHBTE G , A T LA RSN T AT
53 AN-BEFZRETRNAHR

TSN T U -HE R TIRBEARNSE
FEri o RIGEIES ST K B R LT AT L BN R T4
BLHY, ST ARG X 85 52 1 23 PR 55, XoF ik S 00 6, 52
MK, TETHEIE WILLAMT & A BRI R 3T 7, 45
A (AR L RIS & o N N T Y a
T 0,22 WA SIS . Khampakool 25595 Fi IRFD 3
AR5 FD BRI SSIRME A AR R 2 5, e —{f ]
FD TR 696 min, ffi H IRFD AJ 45 %4 213 min,
4 TR ] 70%.

RS M-EZRFETEBRROSHES S
Table 5 Parameters and characteristics of infrared radiation-vacuum freeze—drying technology
JER HARSH R 22530k
AR L LIAMTERIE 60 °C, SHRHEE 70 mm, U2 100~450 W, i
B SR LU 80 Pa, Yo BHRIE—40 C IR 6%-25%  153]
TR 250 W, 596 ES 150 mm, EL55FF 267 Pa, @ BHEE-100 C FEHE L) 70% [56]
6 TR A2 B A 7 B ) DG TE R 2% 5 1 7 bk BT Tl

BRAT TR AH LG T 80— FL2s W U TR 1 R
HEH G5 5, AR IR, T ABLAR A AR 7 th
B i SR A A, B T AR R N T & 5
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AT R, e - s v R I LS8
R 2N AT R PHBE - LA R T 155 iz
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e i B KA TT I, X PR R e s 2 A T
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