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Abstract: At present, there are many problems associated with drying of fruits and vegetables such as high energy consumption, long
drying time, and severe loss of nutrients. Those problems have commonly been solved via the innovation of drying technology and development
of drying equipment. However, the growth of technologies for pre-drying is relatively slow. The pre-drying treatment technology refers to the
treatment of materials through using methods such as physical, chemical or biological techniques prior to drying to accelerate the drying rate,
improve product appearance and nutritional quality, and extend shelf life of fruits and vegetables. Currently, the commonly used pre-drying
treatment technologies include blanching, freezing and thawing, osmotic treatment, chemical reagents, ultrasonic treatment, ultra-high pressure,
high-voltage pulsed electric field, and carbonic maceration. In this research, the principles and characteristics of the above pretreatment
technologies were reviewed, the mechanisms and application scopes for different fruits and vegetables were compared, and the prospects and
development trends for pre-drying treatment technologies were also presented in order to provide guidance for research and development of new
technologies for drying of fruits and vegetables.
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Table 1 The common reagents and their principles in the pre-drying of fruits and vegetables

A e RE Bt & AL
WIS, BIER, TRITSMREAA, KR BT,
B VEA A AR, FhnE TR H A,
T BRAITY A AL, ks, AR I R
Frh BALBEE ), IRBHAR T, 1RIF &%, FRDL
Kok e , ‘ Pk FEHBIETHA, TR AR
TR pawAak, StAEcRARRRAARA,  mEe ) T T
1 A S B T 2 I Yok FEBIE S, B AARIEE. AT
BRERAT . gl , i
BART AR ml, minte T Kok 093k K. FIRATA2249F & H 50 g/kg™,
g TRRRERRO WRRBE R, W EARTHH, TEERREMTERA,
= Yesb A, AL A SR S AR B T R A
TET K, T A, Ak B LB A
@ W e e Z=F21 ARAE. SRRk, BAIRARA T F<0.10 mg/kg;
B LEE R TR R L, BRI, e J <0 g bR s
AR, R TR R, © PR mele ERETS meke
£ T HE T RLFRER, MR AL &L AR a0 KEFF<0.10 gikg; FHI3HE +<0.20 g/kg;
PR b WHRESEE, SRR, b 0L ABRET0M0 ke THEABARRT

<0.05 g/kg.

1.5 #Fwa

A (Ultrasound) &8 ANH A 576, 4
KT 16 kHz HI—Fh i . ARIESTR AN, HRE A5
HNEAIREFEACR . (RSB (20~100 kHz) AT H
ERGE TR AR, HAERNEEA: (1) X

316

(RISEMI: A AT P AR AN i AR, Tt
b P bR AR G X A DN 7 S S St
WER/K > IR K IS, R Sy il il NE T e
FskPH. () BUIER: ERERIEISA, =k
FUBIITERG SR 2B BL R B R ) — 25
LA, RT3 Bklgi A gkl (3)



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.6

HABER: AR LB R, S ME R T
JEHERE, SRR R, Hal, EEEN
SRBETERAT AL B AR R BIF 7  E0R 5 PR N SRS
FERK S TR BRI BRE A AEET
A

KEW T BRI R A ] LA B i e
TR R IR RIE YRR . TR AR TR
TR GBI, BRI 5 B e
PR, (R R BN, (R
FICL R B LRIE RIS E . KAARE, S
IR BB RG22 5 @A s EH
A5 2R Reh G, KT AT 3
WA S 21 T4 . Dehghannya 255V B8R 75 I i 4
HAT DR 2 PR TR B 8 R, K
HARTHEITIA] . Fernandes® BT 7t 2% B 2848 K R I
BIENEA B T A B S R AT 2, KA
b 1 R BEV T 53T SR S SO FL LR BHLLE 7K
ST AN, AR I T DA PR
A RSP, R S RIA G R 2 A B R B, R
BB R AR, SRR, MR A
VR TR

R FE U AR AR AT By T B TR ol RS TR AR
. Kadam™ V& BILES 75 i AL FRAR i 1 48 B i €
TREER . Wang Z5F TR S A 0k RE S 8 v T AR A
BN BT MRS R BRI B DL ARG,
Ha TS 4 SR S S A A TR S TR S A XU B 2
T EERE A . Nascimento 251V BHLER 7 i FAL FE v
DL ek B A R R S By A, SR s AR
LA P A TR /K SR 1 T BB B T A Y

BeAh, HREEIE T DR BN . R KA
MMAIER . #8755 K /) (manosonic ) # &

(thermosonic)+ & JJFI#& (manothermosonic) LA
KBTI EE SR N3 . S
JE JiAn#GE (manothermosonic) 7] DAE F 4 = BRI
SRR KGR A L R, Feng 25
TR T R DA 3 2% P PE A A R ER B 4 B e
BEIBTHEAE R THE DA TR 8 = EQ R PR R AR
YU -

R EAE PRI ZAT . AR A
BRIIAERAT AR 7 X, AT REdE S R RIS b S T
LA, AR TSR M E R
JORE i ARLEP AL R, AR AR M A 2
BRI Y, DR A RE RGN TR HE R iR TR

1.6 #eEEAE

R HOR (Ultra-high pressure processing, UHP)
FE DUKEH S ks I Ao, fEsE (100
MPa L I, 5 H 400~600 MPa) 2514 1 — & i ],
YRR AR BKEE. BTSSR AR
TR —MR . R T DM e . S i
PEL VERIL, BEOE . AR AET,
WA S FHPE R B . e SR s AL
7M. SRR B R ARE A A — L
fiid, HHFIEREIREEART, ARG TR0
IBIEFRANER 2 Pl

T e F e AR AT AR SRR A T R o (A A%
AR, [FIRYIEHEE., TR & R A EA AR
RIS, e RAF R TR A3 R . HH AT
R R T R TR . B SR W I E AL
PR — 01240, I HB SRS RA S BeAE
Ko HPAL AN EL R 2212

R 2 BEERAERETROUENAR
Table 2 Study of ultra-high pressure in fruits and vegetables drying

Je#t AL ILH AR FHRHA ik BSH Lk
WE . . R L3R A48T 100 MPa B, 4p4ted FaRet E] 2 5 442,
N g H R AT o 3 [43]
¥R .Fe AT HémfoiB i 3gig, 1B RadAg bk,
et A RHE. HEK  AMUERT BHEAERBARAETREERIRS, SR ZAEM 44
ZLEHHR
e, B, BT KB WA BE LR, BRBAEAESSFHERTHRGIREL,
. REE. Bk . A 3 EPARTT AT IR ., R@KST AL,
- ! HATF . o [45]
. BeAIE I ABEMF A, RS ERAE,
2385 A MR TR AT e R B R A,
e BEE. A BT AR 5 A AT R AT Bk & B F 4R (46]

HR A Fa iR &, 5 #7 S on BRI

1.7 & fkod o, 37 4 32

EERK A (Pulsed electric fields, PEF)

I LB S sy i (AR P AL 220K,
Br e T A M I S B, ARRRIEAREE, AT AE4a A
R IEE R, Rk, PEF FIFERARESGEM

317



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.6

BEALBEHITE] .

Rastogi Z*"fE 1999 455 — VKl | PEF HikhH
BEFEAE MEBBUKAETIS N RER . Yo )
W5t E] PEF v] DASOIRR TS TZ, 42w EREHE X
0 N P~ RN B -t [ IT Fts 3 J
Parniakov 2 NFEIRE AL PEF T AR 3 5 F VA
TR, BINHALBRAFNE K. PEF n] AERIR
I T ROA s 1, B nAnMoE AN, $R e Rk
BRERCESR, ARH TR E], RN ReA Bl AL
BETS 7, PEREE B IR, K S R A,
Yu PR R PEF BEA TR HE AT AS AL 15 25
2 Iy EARE, PR R, FRARL
P S AR R T SR BRI K . B H AT PEF
HARNEAEEBRIER IR, WA R . B taE %=
LR, AR B —E R R

1.8 & eIz EAL

1935 FiEE N Flanzy $#&H 17 = E AR IR 5
(Carbonic maceration, CM)FIMES, B R R ZE AR
FF R B . B AR BIE TSI CO, IS A28 2%
AT A, CM I RE 5| R 4EH— 27 5h
AL AL S P, % CM ARFEST S . 4
FELEE P A DL R B P PRERG S BRI IR B0 B 92 B 4
S, NATTAR CM 75 AT VR T R A AR N

LI IR M GTLOEE AT AR FE, KB CM &b
PR 5 LLFRIARFNLL A M A3 (8] 7 A4 R T 65.15%
A1 71.95%. Liu 25PN 20 B4 CM AbFE IS HEAT TR
Tk, GERFH CM ACH AT A T R
1.5~1.85 1%, HT-J5 BRI S EYR Ve & & Bl s
T 40%~60%F1 121%~582%. An LR CM %=
HEZEHEAT RO, B CM REMETR = HEZE R T B 2
PRI BIE R, dEr e . te4h, CM ATBA
BEMLZWYEILEE (PPO) FILEULYIEE (POD)
B, REEEER. BB, SERGESED AT
b1 (ABTS).

DLW AE 5B, CM AbFE AT DURIR SR B T
TR AR, I AR . RS KK AR, B ngm
M2 IE %, MM m R TdE 2. CM b nT LU
RS, R ARMEASE, MImHeT Rk
FEEFRM . CM R BA AR, RRA, K
BEFE. TEBOKHER. TAZERFAImms, A
BRI EME T, AP E st i in TIESE, M
BRBA AR R 5

2 LTSI ERARERINIE RER LA

318

R UM B A BRSNS FLA T I LERAS R AT Ay
N A PIER AR AL T 3. e se A Al 2R
FEAFEAHRFIACE, PR AT E S
B AR GRREL B ERE. R
A, AN R AR . AE
HTARRETT 5O REERA A FE IR, 0 HRE
TR LU BRI A AR RN . A2 i AL
BUE P RYPRAA Bk R, R TR, ik
FFTRARBTAER o« RRRAC I 23 R K o AT
FET SR A, TR T s 57
T YDION < Vb A <) RN R SU R R (B P b
DA RHR A A R . IR i P, AT
TR, [FIRABAIRO PN R ARV R
BT SE R B AR AR . 2R b
BUEE A ERICR TS SUR . BSOERGR KK,
N K PRI 2R IR T . AR BTN R
SURAEYIZRNE — RIS AR 22 IS, i 4
FEE. AHNRBEAE R ISR DU S IR BRIEFA S50
EIRON KRN, PR R TR R, TR
EREISESE LY

PRI, TR FENARYE RV, 1EFRE
PRI AT B LR TR, TR A58, KA
BEATAAE T Z, A REE BT T
T BA Dol S0 (R SRR LR B BT B i
FUZRIRG CEARE MAC S 257, AT RAe b2t
e s I e 37 DA R — SR AR BBIR A B BB I 2
BHAS, SRk AR, B S igne e g
TRAZE. KB E. B RFRZEEH (ED
FREE (PR SERL AR, 2R, BEL 1
A2, BIEALPILL P GBS Rk ef g
TRMERTD HEEIE ] A s LiE, R
WL KT, FIRERE (D 7 iEis A B4
G, SRR GEE L TR BB
MR, Rk gy e e S sk 275 AUmT A 25
M. PERTAEYIEOEA,  ITHE e e 7R S
BAR . HERK T2,

3 HWERE

3.0 FETRRRTA REHEAT PUAL BT DR 2R TR
R, PR TR ], BB TR A, [
it ] A/ DGR R AR T OB . R
FRACEIE RS BATFEI T . REREIR. X RGBS
(RIF e, FARERSS & THREOR S R — TR
FEE, Sonti 7 ERIIER . BB TERATAR B RO K
J&, TGN, BRI SHR AR N T4



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.6

KRB EFRSETT o AR AL AR AL 2
[P AL . AR R AR B AR . IEAh, AR
R FPAE . A2, W LLRASE AL
BROARBATH S, SEIATAN, BORRERE I SEHL i
Ji RER A e ARSI PR AR IR FEA )5
BRT0 SRAREHE I, REREAE I3 55T H 52N,

S IR TE 2 BN BT RE TS B ARAE T U
BEATRIH], B BRI . ISR . RS2 454
32 ik, RURTIRATAE BRI AN K S K
SEUAT U (1) fIREAR ARBERE. DK HFR
T EAFR I S Bt fin L k. (2) 454
[ AAMIT TSR, SR T BEROR A . BEFER.

TR TEZER R, A 5200 % A/ N AL PR AR B T
Tl PolvAia e, Sl REsRAE . R, (3D
B B — BRI MR D KRR BRI, AR R
PORHRS i, R R A DAL O PAE B AR A

PR EAN, (EFAEERRATE R 5 REFERI SRR -

(11 EI 5 EERNIE, FF b4, 55, & f TR BOR 5 B ik 7u et g
[7]. &R 571 %,2016,7(4):204-208
XIA Ya-nan, HOU Li-juan, QI Xiao-ru, et al. Research
progress of food drying technology and equipment [J]. Food
Research and Development, 2016, 7(4): 204-208

(2]  ZE4L4R,5K 96 M, 55 RER TALBRELR 738 SRR A
AT ILTRREL2015,43(5):271-272,361
LI Hong-juan, ZHANG Qian, YANG Xu-hai, et al. Current
situation analysis and future development trend of fruit and
vegetable pretreatment [J]. Jiangsu Agricultural Sciences,
2015, 43(5): 271-272, 361

(31  SRPHBH, 2,58 5, A5 FAL BT {08 B v R TR 11
JS2HI 53 BT[] B I AT 5 7T 42,2015,36(9):135-140
WU Yang-yang, LI Min, GUAN Zhi-giang, et al. Application
of pretreatment method in food freeze-drying [J]. Food
Research and Development, 2015, 36(9): 135-140

[4] Silva G D D, Barros Z M P, Carvalho C B O D, et al.
Pretreatments for melon drying implementing ultrasound and
vacuum [J]. LWT-Food Science and Technology, 2016, 74:
114-119

[5] Garcia P. Osmotic dehydration of Aloe Vera (A4loe
barbadensis Miller) [J]. Journal of Food Engineering, 2010,
97(2): 154-160

[6] An K J, Wu J J, Tang D B, et al. Effect of Carbonic
maceration (CM) on mass transfer characteristics and quality

attributes of Sanhua Plum (Prunus salicina Lindl.) [J]. Food

[7]

(11]

[12]

[14]

[17]

Science and Technology, 2017, 87: 537-545

YuY S, Jin TZ Fan X T, et al. Osmotic dehydration of
blueberries pretreated with pulsed electric fields: Effects on
dehydration kinetics, and microbiological and nutritional
qualities [J]. Drying Technology, 2017, 35(13): 1543-1551
Mulet A, Bon J, Malonda J E C, et al. Effect of blanching and
air flow rate on turmeric drying [J]. Food Science and
Technology International, 2006, 12(4): 315-323

B e, AR, 5. AR SR Ll SR AR B AT T
BRAFERLT]. £ AH,2013,38(10):83-88

MA Qin, XIE Long, GAO Zhen-jiang, et al. Effects of
air-impingement jet blanching pretreatment on drying Lycium
[J]. Food Science and Technology, 2013, 38(10): 83-88

Ando Y, Maeda Y, MizutaniK, et al. Impact of blanching and
freeze-thaw pretreatment on drying rate of carrot roots in
relation to changes in cell membrane function and cell wall
structure [J]. LWT - Food Science and Technology, 2016, 71:
40-46

Nieto A, Castro M A, Alazamora S M. Kinetics of moisture
transfer during air drying of blanched and/or osmotically
dehydrated mango [J]. Journal of Food Engineering, 2001,
50(3): 175-185

Ramirez C, Troncoso E, Mufioz J, et al. Microstructure
analysis on pre-treated apple slices and its effect on water
release during air drying [J]. Journal of Food Engineering,
2011, 106(3): 253-261

B il 7 75, T I, A TR i 5 IR, R 2 AL T
JoR = it i SIS L e S L, 2010,26(2):15-18

BI Jin-feng, FANG Fang, DING Yuan-yuan, et al. Effect of
different pretreatments on the product quality of explosion
puffing drying for Hami-melon [J]. Food & Machinery, 2010,
26(2): 15-18

Zhang W, Xia W. Effect of Freeze-thaw pretreatment on
thermal drying process and physicochemical properties of
chitosan [J]. Journal of Applied Polymer Science, 2015,
131(21): 8558-8572

Koc M, Baysan U, DeyserenE, et al. Effects of different
cooking methods on the chemical and physical properties of
carrots and green peas [J]. Innovative Food Science &
Emerging Technologies, 2017, 42: 109-119

An K J, Li H, Zhao D D, et al. Effect of osmotic dehydration
with pulsed vacuum on hot-air drying kinetics and quality
attributes of Cherry Tomatoes [J]. Drying Technology, 2013,
31(6): 698-706

An K J, Ding S H, Tao H Y, et al. Response surface

319



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.6

(18]

[21]

[22]

[26]

optimisation of osmotic dehydration of Chinese ginger
(Zingiber officinale Roscoe) slices [J]. International Journal
of Food Science and Technology, 2013, 48: 28-34

Yadav A K, Singh S V. Osmotic dehydration of fruits and
vegetables: A review [J]. Journal of Food Science and
Technology, 2014, 51(9): 1654-1673

Wang L, Xu B G Wei B X, et al. Low frequency ultrasound
pretreatment of carrot slices: Effect on the moisture migration
and quality attributes by intermediate-wave infrared radiation
drying [J]. Ultrasonics Sonochemistry, 2018, 40: 619-628
YuY S, Jin T Z, Xiao G S. Effects of pulsed electric fields
pretreatment and drying method on drying characteristics and
nutritive quality of blueberries [J]. Journal of Food
Processing & Preservation, 2017, 41(6): 3303

ARXHEE, 7 /NI, 7 AR BRSO UL T R AN
T IFEIRILT]. AL TRE41%,2016,32(9):233-240

ZHAOQ Hai-yan, FANG Xiao-ming, WANG Jun, et al. Effect
of ethanol dipping pretreatment on drying characteristics and
quality of eggplant slices [J]. Transaction of the Chinese
Society of Agricultural Engineering, 2016, 32(9): 233-240
Corréa J LG, Braga A M P, Hochheim M. The influence of
ethanol on the convective drying of unripe, ripe, and overripe
bananas [J]. Drying Technology, 2012, 30(8): 817-826
Doymaz 1. Effect of dipping treatment on air drying of plums
[J]. Journal of Food Engineering, 2004, 64(4): 465-470
Doymaz I, Pala M. The effects of dipping pretreatments on
air-drying rates of the seedless grapes [J]. Journal of Food
Engineering, 2002, 52(4): 413-417

2T, KO, AR O B A5 4P R ) 3 SR AR
MLEEEF T[] b7 2,2013,5:138-141

LI Xin-ming, ZHANG Mao, ZHANG Jun. Inhibitory
mechanism of sulfur-free complex color-protective reagents
against drying ‘Fuji’ apple slices brown [J]. Northern
Horticulture, 2013, 5: 138-141

IR, 1B, R OO, &5 LSRR AT I T L AR AR
U] B S R EERHY,2017,53(6):53-57

LIU Xiang, YE Lin, SHEN Guang-hui, et al. Study on
optimization of vacuum freeze-drying process for bamboo
shoots [J]. Food and Fermentation Technology, 2017, 53(6):
53-57

Ozdemir Y, Ozturk A, Tiifek¢i S. Effect of two dipping
pretreatment on drying kinetics of golden berry (Physalis
peruviana L.) [J]. African Journal of Agricultural Research,
2016, 11(1): 40-47

HTA PR, H DI, 55 B8 S A R TR 2 Kk

[29]

[32]

[34]

[36]

[39]

T ZHE T i RHE,2006,31(2):28-32

DU Wei-hua, YANG Xing-min, XIAO Gong-nian, et al.
Research on modifying rehydration of freezedrying pea [J].
Food Science and Technology, 2006, 31(2): 28-32

Srimagal A, Mishra S, Pradhan R C. Effects of ethyl oleate
and microwave blanching on drying kinetics of bitter gourd
[J]. Journal of Food Science and Technology, 2017, 54(5):
1192-1198

IR, JRE TS, A T 0, 55 A R G 7R e AR R 9 € A
2o ] 8 ERE,2013,34(24):289-293

BU Zhi-bin, TANG Dao-bang, XU Yu-juan, et al. Effects of
different browning inhibitors on color and polyphenols of
Longan puree [J]. Food Science, 2013, 34(24): 289-293
PINKTE. B s R OREE SN T HOR ). L AR £ i FHE2,2004,
6(8):9

SUN Yong-tai. Preservation and processing technology of
velutipes [J]. Shandong Food Technology, 2004, 6(8): 9
Siucinska K, Konopacka D. Application of ultrasound to
modify and improve dried fruit and vegetable tissue: A
review [J]. Drying Technology: An International Journal,
2014, 32(11): 1360-1368

Rodriguez O, Eim V, Rossello C, et al. Application of power
ultrasound on the convective drying of fruits and vegetables:
Effects on quality [J]. Journal of Science and Food
Agriculture, 2018, 98(5): 1660-1673

Fan K, Zhang M, Mujumdar A S. Application of airborne
ultrasound in the convective drying of fruits and vegetables:
A review [J]. Ultrasonics Sonochemistry, 2017, 39: 47-57
Amami E, Khezami W, Mezrigui S, et al. Effect of
ultrasound-assisted osmotic dehydration pretreatment on the
drying of
Sonochemistry, 2017, 36: 286-300
Dehghannya J, Gorbani R, Ghanbarzadeh B. Effect of

convective strawberry  [J].  Ultrasonics

ultrasound-assisted osmotic dehydration pretreatment on
drying kinetics and effective moisture diffusivity of Mirabelle
Plum [J]. Journal of Food Processing and Preservation, 2015,
39(6): 2710-2717

Fernandes F A N, Oliveira F I P, Rodrigues S. Use of
ultrasound for dehydration of Papayas [J]. Food &
Bioprocess Technology, 2008, 1(4): 339-345

Xu B G Zhang M, Bhesh B, et al. Influence of power
ultrasound on ice nucleation of Radish cylinders during
ultrasound-assisted immersion freezing [J]. International

Journal of Refrigeration, 2014, 46: 1-8
Kadam S U, Tiwari I B K, O'donnell C P. Effect of ultrasound



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.6

[40]

[44]

[47]

pre-treatment on the drying kinetics of brown Seaweed
Ascophyllum nodosum [J]. Ultrasonics Sonochemistry, 2015,
23(23): 302-307

Nascimento E M G C do, Mulet A, Ascheri ] L R, et al.
Effects of high-intensity ultrasound on drying kinetics and
antioxidant properties of passion fruit peel [J]. Journal of
Food Engineering, 2016, 170: 108-118

Awad T S, Moharram H A, Shaltout O E, et al. Applications
of ultrasound in analysis, processing and quality control of
food: A review [J]. Food Research International, 2012, 48:
410-427

Feng H, Yang W, Hielscher T. Power ultrasound [J]. Food
Science & Technology International, 2008, 14(5): 433-436
Yucel U, Alpas H, Bayindirli A. Evaluation of high pressure
pretreatment for enhancing the drying rates of carrot, apple,
and green bean [J]. Journal of Food Engineering, 2010, 98(2):
266-272

Bio A O, Rastogi N K, Angersbach A, et al. Effects of high
hydrostatic pressure or high intensity electrical field pulse
pre-treatment on dehydration characteristics of Red Paprika
[J]. Innovative Food Science & Emerging Technologies, 2001,
2(1):1-7

Vega-Galvez A, Uribe E, Perez M, et al. Effect of high
hydrostatic pressure pretreatment on drying kinetics,
antioxidant activity, firmness and microstructure of Aloe Vera
(Aloe barbadensis Miller) gel [J]. LWT-Food Science and
Technology, 2011, 44(2): 384-391

Ai-khuseibi M K, Sablani S S, Perera C O. Comparison of
water blanching and high hydrostatic pressure effects on
drying kinetics and quality of potato [J]. Drying Technology,
2005, 23(12): 2449-2461

Rastogi N K, Eshtiaghi M N, Knor R D. Accelerated mass
transfer during osmotic dehydration of high intensity

electrical field pulse pretreated carrots [J]. Journal of Food

[48]

[49]

[50]

[51]

[54]

[55]

Science, 1999, 64(4): 1020-1023

YuY S, Jin T Z, Fan X T, et al. Biochemical degradation and
physical migration of polyphenolic compounds in osmotic
dehydrated blueberries with pulsed electric field and thermal
pretreatments [J]. Food Chemistry, 2017, 239: 1219-1225
Parniakov O, Bals O, Lebovka N, et al. Pulsed electric field
assisted vacuum freeze-drying of apple tissue [J]. Innovative
Food Science & Emerging Technologies, 2016, 35: 52-57
Wiktor A, Nowacka M, Dadan M, et al. The effect of pulsed
electric field on drying kinetics, color, and microstructure of
carrot [J]. Drying Technology, 2016, 34(11): 1286-1296

Yu YS, JinT Z. Fan X T, et al. Osmotic dehydration of
blueberries pretreated with pulsed electric fields: Effects on
dehydration kinetics, and microbiological and nutritional
qualities [J]. Drying Technology, 2017, 35(13): 1543-1551
Liu L J, Wang Y X, Zhao D D, et al. Effect of carbonic
maceration pre-treatment on drying kinetics of Chilli
(Capsicum annuum, L.) flesh and quality of dried product [J].
Food & Bioprocess Technology, 2014, 7(9): 2516-2527

Wi 21308 AN [ F9 Ak B X 1 B AR A 7 it i B 52
[D]ALE A E AR K 2,2013

TAO Hong-yan. Effect of different pretreatments on drying
characteristics and product quality of red raisin [D]. Beijing:
China Agricultural University, 2013

IR B, R — S BRIR T 2% ) 481 46 RS FR 52T 1.
v EIERIE,2011,235(10):142-144

LIU Mo-yin, WANG Zheng-Fu. Effect of carbon dioxide
fermented condition on compositions of grapes [J]. China
Brewing, 2011, 235(10): 142-144

An K J, Wu J J, Tang D B, et al. Effect of carbonic
maceration (CM) on mass transfer characteristics and quality
attributes of Sanhua Plum (Prunus salicina Lindl.) [J]. LWT-
Food Science and Technology, 2018, 87: 537-545

(_E$E5 206 T0)

[25]

[26]

JoRRIE, VR I, Sy IR ) S TR A A 8 22 2 W R
T[] E B I INF,2012,51:159-163

LU Xing-da, WANG Jian-ming, MA Xiao-lei. Optimization
of fermentation medium for pullulan production by response
surface methodology [J]. China Food Additives, 2012, sl:
159-163

ARFEAS WA, e, Al R N TR DA IR PR B B 15
RECT 2] B dh 24 A +4k,2016,7(10):4082-4090

ZHU Yan-jie, HU Hua-xin, YANG Hua, et al. Optimization
of the extraction process of cultured Pseudosciaena crocea
protein by response surface methodology [J]. Journal of Food
Safety and Quality, 2016, 7(10): 4082-4090

Zeng X, Small D P, Wan W. Statistical optimization of culture
conditions for bacterial cellulose production by Acetobacter
xylinum BPR 2001 from maple syrup [J]. Carbohydrate
Polymers, 2011, 85(3): 506-513

321



