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ABSTRACT: The work aims to provide reference for the future application of freeze drying technology in fruits, vegeta-
bles and more kinds of food. The application of vacuum freeze drying technology in fruits and vegetables in recent years
was reviewed, and the possible problems in the freeze drying process and some measures to strengthen the freeze drying
process were discussed. Although vacuum freeze drying technology is regarded as one of the most expensive dehydration
methods, in recent years, due to the demand of consumers for less processing and high-quality food, this technology
has been more and more widely used in the food industry. In recent years, the challenges faced by vacuum freeze drying
technology have been effectively solved through pretreatment and process strengthening of some innovative technologies.
With the introduction of online monitoring, intelligent quality monitoring and other technologies, vacuum freeze drying
has been further developed.

KEY WORDS: vacuum freeze drying; fruit and vegetable processing; application status; review

i B 2022-08-18

EE&WMB: 7hFA%EATR (2021S5054)

fEEEN: 2@%E (1998—), ¥, M4, TXFRFATFRAERMAEBRA,

WIEEE: AR (1968—), %, W, #ik, TEHRTOARHEMIHAR, HALH T LA, Ahm T ERMEA
Ly, BReahn, KT RIE,



- 86 - 1 %% T %

2023 4E 4 A

REEEMEIEAR ., Bk, 52k MYEF
B, BRI EFRNE. REKE B,
A NZRIRE R e A R . OHLE f i e 4 %
By, KRR BT 1B O 10 P
Jor i 25 T KPR o TR T AR 2 BRI Rl 4 4
F A RSB s, BEREH 400 g DL AR E, AU
A BTk o gR R ez Rk, R RE ek D
TR A & AR R TR B A K R, TR
IR W e o RS . X F—2e R BB HIX, %
i QR AF ELA — o R, PR SR B & A i T R A7
HEYEK,

HERHTHREROWHRETHAR, /Eh—F
BT, AR e R T ZiE .
IR T B AR R oK o TR R, S Gt B s Ab
YRR R EIL R R LT, I RETHELRR
FWPR KA T 2P B e R A R A
B2 5 R AT, R — S A oL S A
S EAL T Bk UL, BEERHETREE RN T
P TR DU B T, R ™
MR . TR AR FEACA AR | [R) s AT i KRR B b
R ER P E . B ARG
BEIRMP RE RTINS | FEfER R, HT
SRR, (H5HA TR AR, BSRHT
MEAE R KRR R B ey R, R T
ErEm AR LAk, AT RES S TR
FERGS, BATFRT 280N T T2 M5 nk
5T, QAR & Ak B XA kR B TS T
AREE, WG EERURIEE T S50k . 58 0 R,
JEZ N ZESFH AR RIS b B

Hl, BB G THREERCAERRITLY) 28
L SO EZEERIZEARE R B & b o it
FON FHBAR , 48 = A T AR, IFEH N T
TARACHE I, 575 A B A 0 TR AR 1) & R4t
5% FI B

1 BETSAETEREARIE

K VKRR ZE ST = A I, R TR HA
JRERAE T KB =878k . KE =+ LK 1 R,
M2k R 7K NEREI S B (FHEERE ). W
BRNVEM B (ZERBE ) M E S B A M B (fl
TEBYE: ) Mt . 1R T A RRKTE 0.01 °CHI
0.612 kPa T 1y = AP, C S AKM I T &
(374 °C, 22060 kPa ). 7EIR LT 0.01 °CHf, Pkt
SERARSS R YN KR SERMET 0.612 kPa
W, Rk Ky 2 ELEETHE ) T K o & AR
PRl . i 1 Frs, N A B B RS MR Y
TR, BRI S ARE, SRR TR, EE
WBEIE B B AT =M SR AR ST, B n dR it — 2t
Pt B Bk o LS BT HE RSN,

JE1/kPa

101.330

0.612

0.01 100 eec

e TR =AHES, CHKMIGHR S, ANES
BURT IR S, B ATHET RS,
E 1 KE=HE

Fig.1 Three phase diagram of water

AR H TR EE SN 3 B BUEH
Bt THETHRM B (55 1 BT ). b TR p B
(552 BrBe T ) Bl

AR B S B T R P a5 1 AR,
fifi B b AT RHASE L, ARYE A R RE 4% B B il S
FEAIE MR GE TR o VR4S R VK AR AR R SE R
SRR, PR B UK AR, MRS R K
LRGSR, A7 R 7K 3 R THAE DT B8 A e 3k
JRZ, RSB, U I oK ]S AR 4
FAI IS ML /)N o SR, 3x A9 DK At 255 T 40 i 1)
JE AR EERE , XU A W T PR R AN AL GG £ 7 e
— E R REIRL,

TETHET IR B (55 1 BrBe ), B e 28Xt
WEER N Zs , AR SR, HYRITHTHE, L
FBRYPRE AL T RS R S BOWE B K, 77 A BRI
JEL I AR BE AR 2~3 °CV, SRR IR B 5 7 A AR B 55
VT Ja et A v 2 25 72 WA M B e S TRLRE , T DA AR
T 0B, T LA B R Ak A R A T R
o AR, BRSO R ATR, Pkl e B Es Ak
AR IR 2 HOE 3R TR K 2~20 °Ct,

FEFHET B SE U , A 05 W B E PRE L (1 25
AR T EE L AT T8 (55 2 BB T4 ) iR .
BERB R T B 2208 1) —3 4y, 1l B He THE T4
ZH 30% A, Sl U — TR IR T, SE UM
THEE R, 5 1 B BeR RGBS Ak THE LR, B
SRR E AR T ) G B B AL G AR TR

2 FTFHEAERBREREMMIPH
Rz A

21 KR

IR T YA RN IR, Je AR B E IR Y)



Faak HTH RIWEE,

4

¢ BV UR TR EORAE SR B i 0 T AP A R BRAR - 87 -

FUORIR, W A Rs . R (28 s .
ARIEAF i AR IR TRAL RS TR T, AU
BT RFERIRET R, [FB AR R R B T KR
HE SR, PR E X ERK, BHET, XIKE
BT TEMMRERET S M TIRFEOILE L
B BETESHEE, DIETHET =S, 4
FERUCR RS
211 R

WRIOKRP R EHRRZT, &R Z2/MER
WAy o MR B, B2 R VR T 3RS 15 B8 1 &2 K
PERAT, FHE TR ERA , FLRgEETr .
A Ve SRR, HER KM BRI
PR WP B, A B BB SRR T T2
PEAT T AR o SR 25O i 1E AR iR, & B A
TE-35 °CFHik 2 h 5, 425 °C/10 h, =5 °C/10 h
T B B B i A TR A1 15 °C/11 h, 40 °C/10 h i BE Y
TG, R TR R, IS ek H i a
AERE . R, PR T AR A BRI
EIRARFARA L, V7R TR A R 70 B 4 A2 S g
B A, B E SR 0 B N, RE S A Hb AR
R A R AL 05 R

FRES SO R E T A KR, KPR R R
E, Qnfn] 7E CRIE I E R P AN 2K 1 () BRI AE 7 A
AR — T 2R BRSO R T4 2O A
A TS, Z5 R, LSV R T e T 4y R P
T I ER Y B RS A FR A, (HR R AR AR
PR FEUR T AR R . A7 R A5 R, 76 AN [W]
FR R T RIT , AN A fr 225, 8id 2K
ARV B VR R TR G I 30, AN S A i ) 408 24 B ]
K, BE s A G5 T RIS AR S
FEURT, WY TR, R A RO AR T AR
7 RART R TR T SR R Rt ) — R AR
BAS A 7 20 30 T AU A AR R T O SR R
RSB SR R, B3 TiZHbr. XA, 5K
TSNS R B HRE A Eb, TR0 SR KI5 KOS ME R BB
LB R G 2 | LR/, R A A g5 T
18.43%~74.17%, EETFM B RTEEZES . XU
TN R W E ALNE R T 2R e R BRI Ak s s
FEARRIRE T, BERE T AORRTER AR,
2.1.2 JREZE

TR K 2 —Fh el BB A0 3 e R4 A i A K
R, AFEMEIN, VK, BN b TR % e S K
LSRR, HORMMIET . SR, (A
iz i S B R R P B R A S R RS, R R
W o i 25V VR TR A — R B TR i A R
KAZIITAR A L], BRI A o B 1A VR
S SRIEATN R BL, LSV VR I™ d BY E
PUT PR i 5, R i P B B3

B S A, B T A i S R E R g
AR 28 Vo VR AR T R 22 B AL A T Hl R X oy
B NAEAT T AR, HE— 2542 i 1 0 2 A 0
KBS THREAR, MU TES8, H Tt
I TR S SR B BB AR TR i B T

213 {ZR%

RS A R ARR, & WL R 2ok a
TR L MRS, b TR P R E AL T
PR AR RISV B E AL N ERL, KRR
[F) A o 8 e B ) = B XU 4 I A Ak 43 Y
S, G5RERM, BRI T A AR Bk
IR 0 AR 1 R AP RO B, T M e s 1 48
RAK REFRIEY T Rk, (RS FH2k
FEE AR 2 PE W O K 2, FERUBRAR T 2 XN
KPHBE T8 5 19 7=

Dalmau ZEUSBFSE & B, A8 T 5 35 R A fOm 25
FRIWIGR B0 A T 784k, FLAS R UR TR R AR T HE
LW AP EAL TR . TR AR R R, Mt R AT
A 1 R A R AR, SESR Y ) S R B AR R
i, AFLREE, dr R, il A T X
T AT R T T3 51 R B o o A 1 PO R T
ST R AN L R | TR RE R R A ) At
TR, G55 EM, RITMER S B R R T4
AR A Ml R S SR A R, PR R SRR R A T
WU, A5 VR T 7 i 4 A R T 2 30 S R ) A A
2.1.4 #H#FE%E

MR FZAM . A BiE L AT i
FIERAE , IZIOICRIIK P FE R L B FRE R L FREEL,
Forp, MG R s TR 2, R TR 2 AR
PR B R IY o S BA B 2T AR, X4
WEH R T TR RETZE, /el
A IE S 6 ) il ) L2808 U T 2 S il A
Tk, RASGEITMEXEM SRR, G2 &
IKPERN TR R 4 ANEPRBEAT T 0 —fRAb B8, JF3H57
BiE T TR T ZMRES S 450KV, Bk
JE X RASCR A R WA IR K, 33Ky S A 19 S B 2 7 A
T—ENS%,

215 ZR%E

BRI B R A FH R shse, Bk A 5
=, HWULA ARk . A L PR Ak . M
A v B AP I T O R Ty O R R A 5
M, AR FHRTEE, FESRETERAET, KT
TR Ve BBERIEE F 5 AP B SRR B KR AR T 5
HAIRFERE ARG, Salazar Z5PIRFE T 5 9) K76
RUR T B 2 KRR T) . B 22 T2l & B 1A
R, 25T, i BE R 2 A3 S a1 2R
R TR T, BB AR 2 30% Y B n TR ],
SEELT R, IR T X EREE R



- 88 - 1 %% T %

2023 4E 4 A

FETT AR T T BT . AR TR
150 CCHRAJ 4 FhAS [6) J5 20 T8 Bk Al 52
M) o 38 A3 S S - (GC-MS) a#r A, SR
HZS QR TR EOR A8 BARE dh T 5 R 1 Iy
A ARG 5 f R fIG, U6 WA LA A 07 SO
REPATE DI . i TR A bk ] BE
AFTRIPIE, AR T B A R TR — AR
ARHPEH

2.2 3

Bk mw AR T, W] LAAR i B R g
1, BRI KA, S AT H F AR E AT B Y
AT o B R A R B A YRR B RS E R
W, ol ok IR, miEmseds . k. gl
IS, MR B RS%, Ml SRR T
AR WA B R BA B8 2 8 3R A, T R T
WS35 T HARAY 18, Z 3T 7 AW
2.2.1 B3

M B A R R 2 0 — R, B Ak
KBl HiR B2, iR C HENER, UK
B ORKBPAEOCRME TR, MR S R A,
B SR & KRR R, FIA G Bk T —&
MR o M0 = oA T IR E AR o NSt L IX, 2 1R
ML —, BAEEra M HME.
R, FA RO TR ROR BRI 28 TR 2K G
PR TR B b PR A LA ), ANNRE R T HA R
HAE KM, A f KPR K B A A6 7 L BRI,
X102 108 25 (203 5k B PR 2% R o 1 3 56 £ Ak T WS 25
BN T T2, 1538 T B2 0T 28 i i e m T
T2, AL TR TN L TS %,

2.2.2 %

R RAFEEAE . VIS . TR &4k
K. AR . BBAEIREE . AR B R AW SE U B
AESEHEAT TN B, AR ) R AR R R, 52
LA, Liu PSR T AR 0T . KBH T8
AR SRS AL M R . 255/, RikT
PR A R B IR R T 1k o Tai P 9E R0,
B UR T8 LU AT IR R IS N R ARG, 25
HAE N RAEGR TR R R, TR m g
AT, I E T EPOME T B RS TR T 24
e, 25K, TEYREREE N 225 g BRI EE
J 50 °CF, BALKMIA RS . Ve MR KR
wfE.

WG, VU 22 A6 Y 3% 38 A0 7 A 30 5 R [ AR 05 1k
L i o 14 Pt ) BB AT B AR, DKt B o T 4 5 2
38 AN AR, Mahn Z5P2F 58 & B, 5 e 30
A, FRTVPE 2280 DR s 2 W & & L e
PR S IR S AE 7 o X T PR R i S ae g T
MBSV IR TR R T2 S O 5, AR YR Y 22

TR

M

TR IR TRE R B, TEHZSJE 60 ~ 80 Pa T FHET 4
9~10h, I RAEEZSE 50~ 70 Pa FfgMr TH: 2h )5,
JUT ] 7= i 0 AR AT o

223 HHEZ%

A2 B R T R H AT R T
o s EEDEEEN E, BAEAAT 25% ~ 30%9 i
T DR Ry B B AN ot AN G TR I 7 BT B KR A
A48 TN TTF- BeAFAE 7= B R 0 ™ 5 L XUBR 1 /8%
FAE AR A R A L, R TR B PR R
M EEKYE . TCWINAE T AL, I AR
T AT . Hofthim TR Cangtx 1 ), HAu
RN, BB &, Il & i T
PR KPR 25 .

BN G W, 25 5 7 AR T WS AR i, Sl it
FLZS V8 VR T M R AR e O b AR R W T 1) 3 7
4% o AP i R T RN T e RA T, I E
TR TR A RS =48R, AT s ARk B
FERI, TERTRIG A E BB . ARG 458
FEWAr S ZERAK, HTE N EEA R E K
PR, AT RO ) S P S N, A 1 8 € B de R Ak
2T A0 FERRAR o it 5 2RSS T AR AT 4 0 AR
HHERMERBRBT 052, S50 R W, ST b
Ji WA T 55 M 0 A A KU B o b PR — 3K, 10
B 28 ¥ VR T 0 7 3 BB A5 3¢ g b R R A A 2 S A 1Y
AW o AR TAEGE R TN, R TR R 3ATE T VR
TEMENEAR ., 44ER MESEER, R
B K ) TS, Wk R g POl

06 0 () R O — B 3 d, R s S g s
()2t 4 2t R K BB SR R I 2, DT AT S
T 1) A o T8 A 25 08 VR T AR Sl e ) 2
T, nIAARAFEE G P TR . BERGERS, JRAR YA
e, T Aol EL A AR A XU o k1) T R 45 75 5t 1
IR EIAL T AR EE 25 B R R TR R E T 25
B, WEETRIRE N30 °C. YA JEE K 2 mm. L
AR FREA I ( 0.45% ) 50 T 1 TR ks o
PR DS 58 T a5 A B2 A R T MR R g
YR B S AR S BERPEAY, 25 SR, s AT
PR (B ). UFES AR . A PR S5 43 R ) o
RS R HR T B AR AR IR B8, M AE 30, 40,
50 °C M 0 I VR T B s 1 S5 5 ok 8 (L Gk 3] T ik
T 2 4%, Argyropoulos ZEPIHFSE T HOX 1R . ¥4
VA T R il B2 R T 2 0 € A P s ), 445
B, URT GBI . i IR . %
BAR. EOKBEIIESR, (H7=A T Matkig4p 2 .
224 REEz%

RG2S DI S sl A1 ik e i 2 28 F 4
AL Rl | RS JER AR, IR KRB RS
FEMEA . BRI, DR MY MY



a4k £1H

SUHTRE, . TSV URTURHAR 1 L £ N T o TR 89 -

T FRRFEFRFESAEFENGELEE C 2K b
R MANIR ; JERRKE RN E &5 A RS, @
I B AR TR AR, AT B R R R 2R S R
By IEMEY R . RE ST AR T AT L K
FHRE TR A B2 W R T8 3 Bl =X 20 BiURL, B fn
PLEALTE RS, 45 53R 0, B2V VR T 20 3
PTG 14 1 52 T e AT o OB 1 B 2 2 A 2
X5 T I 0 o0 BRI . Materskal® 'R T 3AN
FHT et SR P R IR S 5, S5 SRR, WS Y
FRICR Bt 2H SUFL B3R 04 388 i 384 in o

225 WRE%

MRZEH B RAEGR R A AR, £
VY ZE T ol B B2 T g R4y, HFR 2, &
FORER AR AR, R B —. S
I, MRS KRR | B R R, R E
SWAE . WA N A LR YA R R YR, W Tk
SR B, AR R 7 (8 AR IR B, R T
o MBI A B TR T B N 2Rk as o sk Hagr
AL MHRT R R, A= AMEREARAE |
FHBAMGE . R3S L B8 MR T2 dh o Bl s )
WS RN, B3 b U) 78 TR Al I B2 —40 °CF 107 S h
Ja, EHEZSE 5 Pa EAHIATE . HBHZS, i
IR N R 00 0 B L K2 & T BRCIR T 5% ),
[ BN 7 B R K PR (5,60 ), BCiF b R4 T 3
N Ve, THE N ZEEEFAT . Rajkumar 2575
FERW, WUR TR TA SRS MIES . B A
AN, R IR TR AR BT, (R E A N RS
[0 R T OR 2EEy v

23 REEEMRETH

R RIS M SR TR R, 2 AR E PR A
Polg etk , IR . ARG A AR
B, IS T HIT BT A2 0 B e B okt AR
BT R BVE IR Y, R T R i AR
oK
231 E#H

AR T HAT5 2, R Jm i S B
MPEH . XA T I L T A T KT N L
AV UR TR X S MR B B R I, SRR, R
22 HL SV UR TR AL B ARAT IO AR B R A 04 U 3l 1 A
28, (HRPEBCRB B9 GRS K
A, FIRERA 2 WAL O R SRR, LA
PLBE I G BR 1 Ph R AE ) docdy, DRI TS 5 85 i
R SR 1 £E 77 o Verma S5OVl AN [] ) T4 i o
FAOMBEATHK, GERFZW, 720 U T8 B R B
BT I TR I 2 00 o ) DR A B B e o I 17 [ A
T RSV VR MR AR XA S8 X0 SR EE SR A i SR 2
SRR, A5V UR 1 vl 5y i DR SRR IO 1
B, KA Ve, BB, EOH B EREE TR

. LT 0 TR G O R T, i AT
. AR BRI VR TR 3 RIS T
b A S0 1 8 AT T T VA A BAAS b 2
LI, 2TV VR T R 1 i R
FE R G, R, LGSk | 7.
RIS L. 540025 5 Ve S B B L R (A7 i
TP 5 UMY AL 5 226 B, Ho e T 3
IR T2, S5 A0, AT T H R R 25 48
ST VA VT 46 0 BB 1 25 4 S R 0
TERE | R

232 WEMH

20K T il B 8% SR A AR T A T = A
P, RSPV 22 RGN FE X G, WFSE TV 2L AR
SRR BV URT08 « WE55 T 7 i ) A
AR AR SO, X T HEAR S, Ve &8,
O K. k. WMIES, 5EERW, R
LS VA R T4 O SIS A0 VG 22 26 G 0 O T
T4

B r I RO A, TR/ . Aydin
2 SN pi IAE IR B —65~—60 °C. JE 7] 130~135 Pa |
RUTE 720, IFU R, S TR . BT EREK
BB, 2REa, BAmEKaed . Barm
MEE A RE ST o Suriya ZEPPESY T H AR O T 1T IR 46
B ZEAE RS () 32 2 B0 A S B AR AR I L, 45 SR
HAE BT IRAE S o AR B R A . Ve bk
RESR, S BA BRI K F M8 n)
AN S VIR 5T R ) g K K A B
PR TR SR LA RS2 0, R T A RUT R 1 SR I
T, R EZS T 15 S ORGSR 1 (3 ik
. O EELE . mefe bR, [WIRHE AR Ve
B RAT RV B B o B B DR T R
FHE . A RS KT AR 1L 2 4l i B R S
CEAPEM T 125 2k R PR FE IR A i, 1)
BB R TR RO R, RS 3 Fi PR
T, AR E SRS SR, (HEEZSRHT
e TR PR L e . BT 3 2B TR R
/e
233 HttEm

MR T 5 b e s2 G ok — , T E A
BT ARG BIE LG, C e T4
SR MRS o 50 5 B AR IR T BRI | kel
2R R R A8 2 R i R A A A ) R XU i
JRETERY R, 153 T B A S EAE . IR IR
4 76.19 °C, Wk EIERE A 1.58 cm, 1% KA
4 76.84 Pa, ZaUAT 5 MITHERS B % 7K 5 2 3.82%,
Hm2z | Kk, DS TRENEES, TR
Tolb A P44 T AR 3245 . Sagara ZEPORRSE T R
TR AR, 75T R, B R



- 90 - 1 %% T %

2023 4E 4 A

UREESy R 25, 45, 60, 80 °C, MIMEFRHY2AE LR
JE RS2 Bl A TR TR A T ek AR, IR RT DUAR
I 0 P P AR A TR P TR DA A T B I A AR
R, 2R VR T A B w2 v B B R 1) 7 i L
fief SRl R A A R N T 41%°71

3 Izt

TEH 28V R T w0 sl T 0T 1), DAkt vl 23
TSI, 73 B RS AR B Z SN I T E AR B
SRR AR B B PUAL BT

3.1 TuhbiE

b2 HUBRR I EE TR BE DT R E 9z E TR
TRERTAETEF B, v AR R ER e TR R iy
K is ki o A A B 5 OB AE TR TR ™ S = A
PR B T Y, S R L A SR SR TR Y Il S 4k
MM HE T8 . B FAL A K B R A 2 3L
R ERFTREY, SRR L™ i 5 X
B, R B REAT — o B i 2 4 AR, PRI S i AL,
Ab B 7 3 7 B T R 8 LA T Ak B A S
B Bz Y4y Rl RS, Defraeye™ 5T T it
7K SR R NI AR 45 i [] ARk 2R o £ 9 52
PRV R AR RN, S T7 . JETE . BB
FPREEDE R R Tt #2450 3R B, JBREM 1
T s (R R e, R R/ N U TR AT SR, HLBT R AT
HoAth 714k B Ty AL 48 AR A B AL BRI AA TR 3, dnZE
REGR I AE POK 2 IEAE, n] IR il i il G 250
P, B GRX n  XUBR P A R EEE T RS R
i HP B 1 T RO ) O A T A SR S, Rl
n BE 5 24k A 2 AR S B SR R Ak .

HEr, XFHANBMIRIFAZ, RS
T 4 IR /N DK i, 3 B ) A 2 YR R W RN T
S4, TN VA VR 0 2 E A0 R R UK, X —E
B SR E YA g5, R S 2R
LUK BB R T HOMEs# . 4. B,
A B AE TN oA ot i v g I A A B 3 B Ak s AR 1901
TR A HE AT R 5 5 R B 2 B S A SU O 454 2
AEARAR DT R TR B R 7 i TR T A
R R AN ) EE (=20 °CUR4S . —80 °CURZE |
WRRES ) TAEM 1~ 3 IRERRMAGHESE R F i 5 =X,
PRV T IR R SE SR R R T BT s . 45 3R B, A
BT RS, RS IRES A X5 R A
25V UR TR s (B B o 4 e, T G B e v, Jk
BTN R, ARG REY, K20 CHEE
URESERGZRAL 1 AL NT B 35 3R A B T sk
BREEAA T
3.2 FHARBIF

HAT, 2% 0T T2 IR E AN S s
TR . REFER . R TR . R T 2t &

FESE, LIRTHIMFSE R, BB R TR AR W & R
H L B T B HLAS 1AL A EGE o LA, BT
By F4im TH e Mt 1], J5 3 A B BRI AR 7=
AR SR AER, ENAMORFR RE T A — T 200
fREAR, DUt o R A

H 20 th2d 70 ALK, 2= E A1 — BEAE TR
TR VA 5 T A B I 28 1% i 3 4 ke 1) R Aok
SR VA VR T AR AR A BT A BTG T S A —
Ty ARURE AR, 2 AR VR 5 DX g W o 1 5% IX L
AR A, SOt R A BY T T AR POk Y
FhE, T2 60%~T75% 7 T-BF )13 sk,
SEG I URTEA L, S 4 B2 R TR T e
A BT A R e G O R A IR Ve
THE EAT BRI A5, (8 PRt o P o R e B AR
SIINE, EREERGVKAS SR, HoRGE DR DL
F Tl e 24 7 b ) SO o A — 1, BRI T I IR AR )
WAL AT, Duan ZEF 5 2B, OEA RS T
P R R R B R 1) AT KRR R | SR A Y
T W | S YU o0 A BB G B A R
PER2E TR BRI L, BT NS SRR K a8 S
KEGT T o H AR 285 i i A — 1k )
Mo, FAE B, B R, Fan 0 R45 R
Y ET SR B S A TR TR S R T s
FHB B AR SR A Qe s 0k | v e A B bk b el 355
DA 5 A VR ) 5 ) SRR e W R T

AU B A T, i 2R TR RS
() AT RLak B34 A5, 3 5 o B BE Rk A T
PR, AT DAHRE o = S e A i, A RO g
FERRAS . HAlT, ST a3E XA TR A T4 |
HS B -TE 2 INZEA AT . IR IRECS TR 5
ZREA TR AR . B /MEECT R R, KRR
BA TS MR R THEM, KT RcRrTEm, H
il BB 42 AL AR AL AE R IR T T A ] B, o
NGy AR, (R R G b O B A6 e P 2k 2 T R M
JE 25 N ZE B A T M A AR AR S — B B 801 RE A PR 19 AR
SRR AR, ISR K R %R T O 2E Ak
RS TR (IR AR | LS TR AR )
SEZ N AR, DA =i 2 L% T
FEE o, 5 AR T e i SR RERE AL
PR T B S50 Tl REG . REREMR S,
T T 2 A R A SRR TR R R IR
TR, (A S A H TR RS, WAk
ff Dz R AL, JFAE B TR s Rl R B R AT
T il ) S RO

AT, MiEESRHR TR AR RW LR, B
FHRAELR W . AR AR 25 B B R ST B .
FZ B AR A TS B
JEAER R RG], FEERNAETERSR S, SFEKk
SR HRE A I 22 560 R R A, PR Ik R i R )



Faak HTH RWEE, . HER

IR TR AR R 5

eSSy | RIS RN 91 -

ﬂﬁ*%%%ﬁ%%ﬂ@m%%ﬂ%f%%%ﬁﬁﬁ
TEXPREE KR il R AR DR LSS, K

TR, HARER . 5 5PRR AR 2R NE
FiaL, XA R HAS R VR TR T8 A 3 et J g 44t

T %A . Wang S5 B AN B A S FT TSR T,
TEMN g A 4 R S 400 8 e | P Al fe i 2 1T A
AR SR ol i o . F S el AR I AY R
[Fi) st 2 AR A £ i Tl 189 A R T 1 o ASad H RITI 45
AR R E AR I T AT, AR B AR A A I
B, RRZE BT R A

4 L5iE

FAT, =R HRERE LT EHTRERE
A K T4, ARG | Bk . MY FEREE . ]
EHEAVUR T BEORAAAE TR R | I &) 53 A
S, AR R e B K B U7 3 BARTER R
e A P AT 2 A0 G 23 4 A B3R At A W 0 1
B, H5HAR R O T, B ‘W?ﬁ&*%%
PRAF R A A B R U W B 7 3 SR LS8 R
PR SEICR LB FRr  DIREIE PR R, S
FETHE AR IE RS STAER, JE i TlAk B ek — 4k
DB R TR ACA S R T 25 R TR EOR
TET I PO R AL, B TR M4 L ot TR R ) 25 B AR 1Y
FIA, B HRTRAE] T — P A e . MR R 4

ARACH BB HE 2 R G5 KA Wi, AR R+
FORTE R A7 o HAT ST R A9 A e s 1)
S 3k

[1] World Health Organization. Fruit and Vegetables for
Health: Report of a Joint FAO[EB/OL]. (2004-09-03)
[2022-07-20].https://apps.who.int/iris/bitstream/handle/
10665/43143/9241592818_eng.pdf.

(2] RN, ERI, Bork, 5. AR A3 T5 2

XA T THRBOR[T]. &5 &R Lk, 2019, 45(7):
235-241.
WU Man-gang, WANG Jun-shan, DUAN Li-kun, et al.
Effects of Different Drying Methods on Drying Chicken
Cubes[J]. Food and Fermentation Industries, 2019,
45(7): 235-241.

[3] MERIVAARA A, ZINI J, KOIVUNOTKO E, et al.
Preservation of Biomaterials and Cells by Freeze-Drying:
Change of Paradigm[J]. Journal of Controlled Release,
2021, 336: 480-498.

[4] BHATTA S, STEVANOVIC JANEZIC T, RATTI C.
Freeze-Drying of Plant-Based Foods[J]. Foods (Basel,
Switzerland), 2020, 9(1): 87.

[5] SUNDARAMURTHI P, SURYANARAYANAN R.

[10]

[11]

[12]

[13]

[14]

Calorimetry and Complementary Techniques to Cha-
racterize Frozen and Freeze-Dried Systems[J]. Ad-
vanced Drug Delivery Reviews, 2012, 64(5): 384-395.
ASSEGEHEGN G, BRITO-DE LA FUENTE E,
FRANCO J M, et al. The Importance of Understanding
the Freezing Step and Its Impact on Freeze-Drying
Process Performance[J]. Journal of Pharmaceutical
Sciences, 2019, 108(4): 1378-1395.

PATEL S M, DOEN T, PIKAL M J. Determination of
End Point of Primary Drying in Freeze-Drying Process
Control[J]. AAPS PharmSciTech, 2010, 11(1): 73-84.
TANG Xiao-lin Tang. PIKAL M .
Freeze-Drying Processes for Pharmaceuticals: Practical
Advice[J]. Research, 2004, 21(2):
191-200.

VFISIG, PROUE, HRMEHE, 2. FLos 8 UR R RA XU T 4
X W AR BT E A [T]. AR, 2014, 35(5): 64-68.
XU Qing-qing, CHEN Hang-jun, GAO Hai-yan, et al.

Design of

Pharmaceutical

Effects of Vacuum Freeze-Drying and Hot-Air Drying
on the Quality of Blueberry Fruits[J]. Food Science,
2014, 35(5): 64-68.

A, SRELL, KK, G RAE T HA
T[] AN T, 2021(7): 27-30.
GUO Jian-ye, ZHANG Yan-hong, ZHANG Lan, et al.
Study on the Vacuum Freeze-Drying Processing Technol-

R T

ogy of Strawberry Slices[J]. Farm Products Processing,
2021(7): 27-30.

PROSAPIO V, NORTON I, DE MARCO I. Optimiza-
tion of Freeze-Drying Using a Life Cycle Assessment
Approach: Strawberries' Case Study[J].
Cleaner Production, 2017, 168: 1171-1179.
ZHEE. AR THRIT XSFE BEE]. ']
Sk, 2016, 37(15): 100-106.

LI Bao-yu. Effects of Different Drying Methods on
Food Science, 2016,

Journal of

Quality of Banana Products[J].
37(15): 100-106.

ANDINO A R, PIENIAZEK F, MESSINA V. Texture of
Bananas Submitted to Different Freeze Drying Cycle
Applying Scanning Electron Microsocopy with Image
Analysis Techniques[J]. Food Biophysics, 2019, 14(1):
13-21.

HEE, ek, HEH, %
R A R I R e BRI ).
2F9R, 2022, 22(3): 178-189.

GUO Yu-xia, BI Jin-feng, YI Jian-yong, et al. Effect of
Adding Peel on Quality of Freeze-Dried Restructured

NI =Ly
Hh £

Mango and Pitaya Chips[J]. Journal of Chinese Institute
of Food Science and Technology, 2022, 22(3): 178-189.



292 .

1 % T f&

2023 4E 4 A

[15]

[16]

[19]

(20]

R, AR, PR LSV YRR T X e
JR S RZ M T]. PREES T, 2020, 20(3): 78-84.
GAO Jing-jing, FENG Zuo-shan, BAI Yu-jia. Effects of
Vacuum Freeze Drying and Hot Air Drying on the
Quality of Cantaloupe Slices[J]. Storage and Process,
2020, 20(3): 78-84.

%%,%%W,AI%,% BT dh 5 A B I 2
HZS Ve UR 7l R 22 AL IR & TR T 20580, fe it

Eaﬁu]:,zozz,zz(S):56-62.

YANG Hui, WU Hong-bin, JIA Wen-ting, et al. Study
on Vacuum Freeze Drying Combined with Modified
Temperature and Pressure Explosion Puffing Drying
Technology of Hami-Melon Based on Quality Analy-
sis[J]. Storage and Process, 2022, 22(5): 56-62.

KU, =L, ki, 5. TR AT e AR 1
JAT FRR ) BERSEma [T]. SRR TIARE B, 2022(1):
60-66.

SONG Juan, KANG San-jiang, ZHANG Hai-yan, et al.
Effects of Drying Treatments on Biochemical Compo-
nents and Flavor Compounds of Huangguan Pear[J].
Heilongjiang Agricultural Sciences, 2022(1): 60-66.
DALMAU M E, BORNHORST G M, EIM V, et al.
Effects of Freezing, Freeze Drying and Convective
Drying on in Vitro Gastric Digestion of Apples[J]. Food
Chemistry, 2017, 215: 7-16.

SCHULZE B, HUBBERMANN E M, SCHWARZ K.
Stability of Quercetin Derivatives in Vacuum Impreg-
nated Apple Slices after Drying (Microwave Vacuum
Drying, Air Drying, Freeze Drying) and Storage[J].
LWT-Food Science and Technology, 2014, 57(1):
426-433.

A U B S SR e 2 v VR T R R A T
HUSZEMAESE[D]. dbst: P EALR B, 2021: 15-21.
MA You-chuan. Study on Effects of Pretreatments on
the Drying Characteristics and Quality of Freeze-Dried
Apple Chips[D]. Beijing: Chinese Academy of Agricul-
tural Sciences, 2021: 15-21.

AN, BUAE, 5kK, A IEAZAI R B Al s
KT 20 BT 5T &, 2022, 43(18):
100-105.

YUAN Xiao-feng, RUAN Zheng, ZHANG Fei, et al.
Optimization of Vacuum Freeze-Drying Process of Ho-
ney Pomelo by Orthogonal Test[J]. Food Research and
Development, 2022, 43(18): 100-105.

PG, Fe, BEA, % PRTRAE RS TR
T I B LR SR (0], AR AL, 2011(26):
101-105.

HUANG Zhong-chuang, LI Quan-yang, YAO Chun-jie,

[24]

[25]

[26]

[27]

(28]

et al. Comparative Study on the Quality of Mango by
Hot Air Drying and Vacuum Freeze Drying[J]. Farm
Machinery, 2011(26): 101-105.

SALAZAR N A, ALVAREZ C, ORREGO C E. Opti-
mization of Freezing Parameters for Freeze-Drying
Mango (Mangifera Indica L.) Slices[J]. Drying Tech-
nology, 2018, 36(2): 192-204.

B, EFH4, R, S AR RS
B BT [T]. B Tl RHE, 2023, 44(6): 58-65
GUI Qing, WANG Xiu-quan, HUANG Jian-xiong, et al.
Study on Quality Differences of Ficus Hirta Vahl.
Dried by Vary Processes[J]. Science and Technology of
Food Industry, 2023, 44(6): 58-65.
BRI, BRIR, G HAEWRIRTEREORTER
Ao B25 A7k /9 N [J]. BRORE Tk, 2019,
22(6): 71-74.

LI Bao-lei, ZHANG Li, CHEN Su, et al. Application of
Freeze-Drying Technology in Food and Chinese Herbal

Medicine Industry[J]. Beverage Industry, 2019,
22(6): 71-74.

XIWEIE, 5K AR, %ﬂ , S HA R TRNE

D21 5 2 NN v M TR o o Jmn@n
126-128.

LIU Yuan-yuan, ZHANG Ya-lin, YAO Dan-dan, et al.
Processing Technology and Quality Analysis of Vacuum
Freeze-Dried Artichoke Buds[J]. China Food Safety
Magazine, 2022(22): 126-128.

FAE, WMERk, XA, RET8 T 25 E AR T
SRR AT 0], PREES TN T, 2022(6): 22.

WANG Ying-ying, WU Ye-qiu, LIU Yue. Analysis on
the Influence of Different Drying Processes on the Drying
Effect of Cauliflower[J] Preservation and Processing,
2022(6): 22.

LIU Wei, ZHAO Yang, SUN Jiang-hao, et al. Study the
Effects of Drying Processes on Chemical Compositions
in Daylily Flowers Using Flow Injection Mass Spec-
trometric Fingerprinting Method and Chemometrics[J].
Food Research International, 2017, 102: 493-503.

TAI C Y, CHEN B H. Analysis and Stability of Caroteno-
ids in the Flowers of Daylily (Hemerocallis Disticha) as
Affected by Various Treatments[J]. Journal of Agricultural
and Food Chemistry, 2000, 48(12)' 5962-5968.

VrET, RER, MR, & BEEESRHETE
Tt sE .@miﬂﬂﬁ,mu3my

290-293.
XU Guo-ning, WU Su-ling, SUN Xiao-ming, et al. Op-
timization of the Parameters of the Daylily Vacuum

Freeze-Drying Processing[J]. Science and Technology



a4k £1H

RWEE, . HER

IR TR AR R 5

eSSy | RIS RN - 93 -

[31]

[33] X

[37]

of Food Industry, 2013, 34(2): 290-293.

SURESH S, AL-HABSI N, GUIZANI N, et al. Thermal
Characteristics and State Diagram of Freeze-Dried Brocco-
li: Freezing Curve, Maximal-Freeze-Concentration Condi-
tion, Glass Line and Solids-Melting[J].
Acta, 2017, 655: 129-136.

MAHN A, ZAMORANO M, BARRIENTOS H, et al.

Optimization of a Process to Obtain Selenium-Enriched

Thermochimica

Freeze-Dried Broccoli with High Antioxidant Proper-
ties[J]. LWT, 2012, 47(2): 267-273.

XIEI, BB, WL, % V422 AR U TR
BN T T2 e ALER[T]. &5 & B Tallk, 2008, 34(10):
110-112.

LIU Yu-huan, YANG De-jiang, FENG Jiu-hai, et al.
The Research on Dry Frozen Broccoli Process and Its
Mechanism[J]. Food and Fermentation Industries, 2008,
34(10): 110-112.

B, BUEGE, EOCR, & MENESR TS
FRPERFAR[D]. BB, 2019, 44(5): 43-46.

YANG Chang-ping, GU Si-yuan, HUANG Wen-gang,
et al. Study on Vacuum Freeze-Drying Characteristics
of Tricholoma Matsutake[J]. Food Science and Tech-
nology, 2019, 44(5): 43-46.

sRHaSR, B R, XGE, SF. R [T Oy SO0 AL
P R KR o e BT (3], B SRk, 2016, 37(10):
116-121.

ZHANG Yan-rong, LYU Cheng-yu, LIU Tong, et al.
Effect of Different Drying Methods on Volatile Flavor
Components in Agaricus Blazei[J]. Food Science, 2016,
37(10): 116-121.

BB, A R TEN A T 2] SHET
AR S E LR EAL 244, 2000, 17(1): 28-29.

HAN Zhen-qiong, CAO Xin-zhi. Technological Process
of Vacuum Freezing and Drying Tricholoma Matsu-
take[J]. Journal of Mianyang College of Economy &
Technology, 2000, 17(1): 28-29.

XIEIR, 47, ORI, XU a5 U s
T2 HEBZE, 2014(10): 34-36.

LIU Yu-huan, JIAO Yang, HE Li-ming. Studies on Opti-

mization of Vacuum Freeze Drying Technology for Aga-

Y UR TR

ricus Bisporus Slices[J]. China Vegetables, 2014(10):
34-36.
JIGENE, SKRBONT, TR, ??E?é@fﬁﬁ

T v g% R ) 5 8l 24
2021, 42(20): 91-97.
LU Xiao-shuo, ZHANG Yi-hang, FANG Dong-lu, et al.

Dynamic Change of Taste Compounds and Umami Evalu-

E%&ﬁ%ﬁ% - BB,

ation of Lentinula Edodes during Vacuum Freeze-Drying

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[47]

Process[J]. Food Science, 2021, 42(20): 91-97.
ARGYROPOULOS D, HEINDL A, MULLER J. As-
sessment of Convection, Hot-Air Combined with Mi-
crowave-Vacuum and Freeze-Drying Methods for Mu-
shrooms with Regard to Product Quality[J]. Internation-
al Journal of Food Science & Technology, 2011, 46(2):
333-342.
%Eﬂ,%@,%ﬁﬁﬁﬁ3ﬁ$ﬁﬁfﬁﬁ%Wﬁ
J AP E AR PERY R MR ()], RS S OT R, 2021,
42(16): 43-52.

KANG San-jiang, SONG Juan, ZHANG Hai-yan, et al.
Effects of Three Drying Methods on the Quality and
Antioxidant Activity of Red Pepper[J]. Food Research
and Development, 2021, 42(16): 43-52.

MATERSKA M. Bioactive Phenolics of Fresh and
Freeze-Dried Sweet and Semi-Spicy Pepper Fruits
(Capsicum Annuum L)[J]. Journal of Functional Foods,
2014, 7: 269-277.
KH LD W b
2019, 9(11): 52-55.
ZHANG Yan-hong. Vacuum Freeze-Drying Test for
Carrot[J]. Agricultural Engineering, 2019, 9(11): 52-55.
B, W, BT S P ESRE TR TR
WFFE[0]. A 5 & AL, 2009, 27(4): 30-32.

XIA Ye-bao, ZENG Hai-bin, LU Ning. Study on Va-
cuum Freeze-Drying Technology of Carrot[J]. Packag-
ing and Food Machinery, 2009, 27(4): 30-32.
RAJKUMAR G, SHANMUGAM S, DE SOUSA
GALVAO M, et al. Comparative Evaluation of Physical

Properties and Aroma Profile of Carrot Slices Subjected

® R TR )] Ak TR,

to Hot Air and Freeze Drying[J]. Drying Technology,
2017, 35(6): 699-708.

PUES/ %%m é@@,ﬁmﬁﬁ%ﬁﬁﬁﬁwm
R & B EmI]. &MU S5 I L, 2020, 41(7):

26-30.

LIU Yan-long, ZHANG Cai-li, LI Ting-ting, et al. Ef-
fect of Different Drying Methods on the Quality of
Cherry Powder[J]. Food Research and Development,
2020, 41(7): 26-30.

VERMA M, SINGH J, KAUR D, et al. Effect of Various
Dehydration Methods and Storage on Physicochemical
Properties of Guava Powder[J]. Journal of Food Science
and Technology, 2015, 52(1): 528-534.

M-, AR, AL, SF. AT S BER KT
JR 0T SR by L SR S e LU (D). B S R T,
2014, 40(2): 155-159.

YE Lei, GAO Hai-yan, ZHOU Yong-jun, et al. Quality
Comparison of Mulberry Powder by Hot Air Drying and



© 94 -

1 % T f&

2023 4E 4 A

[50]

[51]

[52]

[53]

[54]

Vacuum Freeze Drying[J]. Food and Fermentation In-
dustries, 2014, 40(2): 155-159.

WReL, BEdebk, B, 5. THEREB G & TZE
WESE[0]. 74 b BB R 7 2 4l (A A B2 i), 2016,
37(4): 25-28.

CHEN Hong, FAN Jian-lin, LYU Hai-dan, et al. Study
on Preparation Technology of Yacon Powder[J]. Journal
of Northwest University for Nationalities (Natural
Science), 2016, 37(4): 25-28.

P, TR, B, . HERURTBREESON T
2 WF 5T [J/OL]. E %5, 2022: 1-8. (2022-09-19).
https://kns.cnki.net/kcms/detail/21.1174.T7B.20220919.0
920.002.html.

PENG Run-ling, WANG Wei, WEI Yan, et al. Study on
the Process of Vacuum Freeze-Drying Kiwifruit Powd-
er[JJOL]. Vacuum, 2022: 1-8. (2022-09-19). https://
kns.cnki.net/kcms/detail/21.1174.TB.20220919.0920.00
2.html.

e, MR, INEA. AR TR T 78 == B 5 2
i BT S e (], B R A A AR, 2013, 13(7):
152-158.

YANG Hua, YANG Xing-min, SUN Jin-cai. Effect of
Different Drying Methods on Vegetable Powder Quality
of the Broccoli (Brassica Oleracea)[J]. Journal of Chi-
nese Institute of Food Science and Technology, 2013,
13(7): 152-158.

AYDIN E, GOCMEN D. The Influences of Drying Me-
thod and Metabisulfite Pre-Treatment Onthe Color,
Functional Properties and Phenolic Acids Contents and
Bioaccessibility of Pumpkin Flour[J]. LWT - Food
Science and Technology, 2015, 60(1): 385-392.
SURIYA M, BARANWAL G, BASHIR M, et al. Influ-
ence of Blanching and Drying Methods on Molecular
Structure and Functional Properties of Elephant Foot
Yam (Amorphophallus Paeoniifolius) Flour[J]. LWT-
Food Science and Technology, 2016, 68: 235-243.

/N g, Jeil, BRLLHE, 5. AN 07 200 B
KIF B R BRI ()], &R AR, 2020, 45(11):
56-61.

WEN Xiao-long, LONG Lan, YIN Hong-qing, et al.
Effects of Different Drying Methods on the Quality of
Cardamine Violifohia Powder[J]. Food Science and
Technology, 2020, 45(11): 56-61.

XA Fit, FPOCHE, 0. AR TR 7 O L2 4Ry
FRHIFEMAT]. B 5 A R, 2017, 53(4): 27-31.
NIE Xi-rui, GUO Yuan-zhao, QIN Wen. The Influence
of Different Drying Method on Yam-Flour Quality[J].
Food and Fermentation Sciences & Technology, 2017,

[55]

[56]

[57]

[59]

[62]

[63]

53(4): 27-31.

HlZRE, BoHuh, OO, AF. VR T ummEA B OF R K
AR fs R PRI SE (D], SR AR P 2 4, 2019, 40(8):
1618-1625.

HU Rong-suo, DUAN Qi-zhan, DONG Wen-jiang, et al.
Preparation and Flavor
Freeze-Dried Coffee Powder[J].
Tropical Crops, 2019, 40(8): 1618-1625.

SAGARA Y, KAMINISHI K, GOTO E, et al. Characte-

ristic Evaluation for Volatile Components of Soluble

Quality Characteristics of

Chinese Journal of

Coffee Depending on Freeze-Drying Conditions[J].
Drying Technology, 2005, 23(9/10/11): 2185-2196.
CHENG Ke, DONG Wen-jiang, LONG Yu-zhou, et al.
Evaluation of the Impact of Different Drying Methods
on the Phenolic Compounds, Antioxidant Activity, and
in Vitro Digestion of Green Coffee Beans[J]. Food
Science & Nutrition, 2019, 7(3): 1084-1095.
GRABOWSKI S, MARCOTTE M, QUAN D, et al.
Kinetics and Quality Aspects of Canadian Blueberries
and Cranberries Dried by Osmo-Convective Method[J].
Drying Technology, 2007, 25(2): 367-374.

DEFRAEYE T. Impact of Size and Shape of Fresh-Cut
Fruit on the Drying Time and Fruit Quality[J]. Journal
of Food Engineering, 2017, 210: 35-41.

GOSWAMI T K, SINGH M. Role of Feed Rate and
Temperature in Attrition Grinding of Cumin[J]. Journal
of Food Engineering, 2003, 59(2/3): 285-290.

LA, e, Hdn, & BRIERFESER
VRS R Bkt B 2 M (7], Ak TR 2441z, 2020,
36(18): 241-250.

MA You-chuan, BI Jin-feng, YI Jian-yong, et al. Effects
of Pre-Freezing on the Drying Characteristics and Qual-
ity Parameters of Freeze Drying Apple Slices[J].
Transactions of the Chinese Society of Agricultural En-
gineering, 2020, 36(18): 241-250.

RATTI C. Hot Air and Freeze-Drying of High-Value
Foods: A Review[J].
2001, 49(4): 311-319.
PETTRE R P, ARSEM H B, MA Y H. Applications of
Microwave Heating to Freeze Drying: Perspective[J].
AIChE Symposium Series, 1977, 73(163): 131-133.
DUAN X, ZHANG M, MUJUMDAR A S, et al. Trends
in Microwave-Assisted Freeze Drying of Foods[J].
Drying Technology, 2010, 28(4): 444-453.

WANG Yuan-feng, LIU Yang-yang, HUO Jiang-lei, et
al. Effect of Different Drying Methods on Chemical

Journal of Food Engineering,

Composition and Bioactivity of Tea Polysaccharides[J].

International Journal of Biological Macromolecules,



a4k £1H

RWZE,

FLAS Y UR TR BARAE SR S B Al 0 T o 9 18 JH B - 95 -

[66]

2013, 62: 714-719.

FAN Kai, ZHANG Min, MUJUMDAR A S. Recent
Developments in High Efficient Freeze-Drying of Fruits
and Vegetables Assisted by Microwave: A Review[]].
Critical Reviews in Food Science and Nutrition, 2019,
59(8): 1357-1366.

BN, MREEE, BEAE, 5 RRES-ERE T
PR 4 AE 2R AL S i BAYRZ R [T]. b ROl
2021(3): 67-72.

LUO Xiao-mei, LIN Guo-xuan, QIN Yu-long, et al. Ef-
fects of Freeze Vacuum Combining with Hot Blast
Drying Technology on the Quality of Camellia Nitidis-
sima Flowers[J]. China Tropical Agriculture, 2021(3):
67-72.

Be g i, WIMIEE, S, % RENEREG THREAR
5 B AL SR s O 5T R (0], B A RR A R
2022, 40(1): 1-10.

BI Jin-feng, HU Li-na, LYU Jian, et al. Research Ad-

vance of Instant Controlled Pressure Drop Combined

[69]

[70]

[71]

Drying Technology and Dynamic Optimization Strate-
gy[J]. Journal of Food Science and Technology, 2022,
40(1): 1-10.

XUER, R/NE, RO, 55 RERGHRE THREARD
ot R[], PEESE, 2022, 42(1): 8-15.

LIU Jing, WU Xiao-tian, ZHAO Ya, et al. Research
Progress of Fruits and Vegetables by Heat Pump Com-
bined Drying Technology[J]. China Fruit & Vegetable,
2022, 42(1): 8-15.

W, A, R, % BSRGTERELNNA R
gzt 5[] &SP, 2020, 36(1): 116-120.
ZHAO Hai-bo, PENG Xin, WU Kun, et al. Design and
Test of an On-Line Measuring System for Vacuum
Freezing Dryer[J]. Food & Machinery, 2020, 36(1):
116-120.

WANG Da-yuan, ZHANG Min, MUJUMDAR A S, et
al. Advanced Detection Techniques Using Artificial In-
telligence in Processing of Berries[J]. Food Engineering
Reviews, 2022, 14(1): 176-199.

SRS



