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Research Developments of Combination Drying Technology for
Fruits and Vegetables at Home and Abroad

ZHANG Min!, XU Yan-yang', SUN Jin-cai’
{1. School of Food Science and Technology. Southern Yangtze University, Wuxi 214036, China; 2. Haitong Food
Group Ltd. Co, Zhejiang. Ningbo 315300, China) ’

Abstract: The definition and technological characteristics of combination drying were formulated
in this work. Meanwhile, this study introduced current research and application of various
combination drying methods both inland and outland. Finally, the existing problems and

application prospects of the technology in the drying process of fruits and vegetables were

discussed.

Key words: combination drying; fruits and vegetables; development

BATREBRIEYHARE. & 2 FK 2/
BERTFRIREEER, SRBHTH—FES
FRER, MAR-MERE TR AR-SHFEET
B OHRA-MEEESRAE TR AR-RE RS T
BH-E AR E TR BB RREKE TR
% CRAKNTHR METHR.EZTHREGHETIR,
BETHR.EHRBATR. KERTRMBE TR
HEMTRIXBLEEMARNTY, P RAYAE
F B FE S T R ARER
¥ ¥ AENSEN DERLERENLRE
A=Y, LR — TR A TR TR A L AP B R

W B B9 . 2003-05-27; #[E B #3:2003-06-12.

KRMEXRAXERELER FTYR. A
B EEHFEFERRSREEEER TN ERR
FHEREARTVHEEEANBESFHNAERNEE
ML EAMMHBBRES . EHF.RE.TEH
FEaghP . BARERKRBEIAMNGFTHR, B
BARBH OGN EE=RZ— I THRKRKRE
ROMRE LK R B B F R A R F R RS
WAMBEERS, KA TRERUALZFSHER
BRERGEFEXR, ZHEANIEE . CYR . TER
I ZRE.



104 £ 4% B2 I K F £ #

#oz%

1 BAFROGBREFBARMN S

RE PN R RE A KMLAK 3
AR REFE. ARSI BB RBRES S KE
TRtk ek —RABHAT RO &
BE. BATHRUNARSHTRFANELER
(A 4 B B SR R IR B9 T 4R 0 3 » 4 B AR R U
LR G ERBSWEAMBESE S K. F,
BATRUBS TR E . EREE REEE.E
TRME FTHE ZERBEERN.

WA T MR Bf o B 0 E 4 O A R B
SRR A TR ph T A R A
i Bl R B A I P B T R LR BE R BT
FK 4838 & 77 A ] B0 TR A AR AR, B O
& TR 7= R REA 4 LR, AR TR AR
FRELA RN TRIERE OIS XARETR
BREBHES BeTRFARHEIN BETH
— T A B R R B B B B i
GFRMEE,FRRELRER, WRREA AEEE
7K, T A R - IR /¥ R B A T R B O S R e
S .

2 B TR EASFLRAK

2.1 BEeTHRHENIFRAR

211 BE-RAGHRIBRSTHR EIMEENR
SFREZET LTI, Yang S (198D H B
BERAMAHTROFEEETEOUEE TFESH
R R 7E 1996 89 IFT F2 KA, Waliszews-
ki-K-KN 2557 B 8 BBk F B & T RX & A
JEH BB A AL T R, AN B BN BN
B REY SR ERN pH EXNE& T RNES
TARARAENER, EEAMHWKSTREE
FF',7{5}(chrOma)ﬁ.ﬁigﬂﬂ(hue)@ﬁ%ﬁﬁgﬁg‘vﬁ
EmMTRIK R RBERBEEN". Donsi-G F
(1999) R 15 3 T 1 f1 06 R BA FHR XY Stark Deli-
cious 3 B M Bintjie + 5 S YL EHAT TR,
BENF YW EE RS/ REERWET TR
HREHKASMEEY SR, A\TTHE TR AF
MEKHL BREH.FESTRERESTH
BB B K 7 R TR R R WAL
P2 g R B AR & 4L R e, B FREM S
ARSB, FETRHETRNR, 2EFRLELR
W T 4 k31 /1%, None Y] %(2002) X FH M HE
BTRAAREN TS, FEAUBEE 2 ER
) A v vk (L — 2 1 g/ dL CaCl235Brix, A — 2

70Brix) , #% J5 #E47 I A A9 PR T8 (40 T, 72 ho AR
SHE B 60%), BBk R BTN 16. 5K H= &,
HAETREHE AN,

2.1.2 HA-#EBESTHR Riva-M (1991) i
BRI E RS FRNBEEH, 4REH.KE
FREETMINE, EEFEMABEERFIT.,
REREABTREFNEE R, HERET ™M
BRRACERME KM, A BB BN REELS
#1145 B 4 ; Bouraoui-M (1994 57 F 8 3 F 3  K
SFRERWMEENFTTLAE NEKG HER
FRERFTTHR.MAR BT BREHH
THERMKSTBER KA RA, T AR
B 2 1A IR A RO I T, B E K A B AT
TiE A, H A% % B A 0. 973%. Guixing Ren
(1998) Fi It e BB & ¥ B # 2 R (Panax
quingue folim)$47 T TR A NBRE TRHEET T
MR 2 28. 7% ~55. 2% , B X = 5 B I 2 B
/N1 ; Tomas Funebo (1998) Rf F 4 - #4 XL F 4R
French Golden Delicious 3 S #1 B Al 0 BE#E . A K
B4 FREFSTHRMEETREMY, LARARKHA
HENKERENER L EEANEETRAOE
K EIF 20% ~25% , B fER R R AR X TR
HRE R 60 C, ER 1 m/s; B A NRE
B 80 C, R 1.5 m/st™ ; Maskan(2000) K fI &
B RRESTREES ERAIMBETREL RS
T SRR A2 64, 3%, K- MBEREKR. &
AR ™ ; Sharma (2001) R JH 3 8- #4 X T 5 K
E=TE GREEB . ME-ARBES TRELT TR
B[] (S R TR Y 80% ~00%, ARG TR
BRERE, B I AE S, BN S T
Mt B35 4 Page 2B B, Torringa-E &
(2001 B BB A DB BBIE T HE-ARKE
IR, YO - RS TR B R4
FESHRRTE=HHH FTEEHPHEMAIL
[T RS A SR PO AR R B AR
BB T, Bk, Torringa-E %N R ENBE
A AEHGFES TR . FREETRMXREN
M. EREH. 2L ETCHE MBS R IN#R
S IE A g R RO R, B AR .
B Ab , 5 5k 5 1 T Ak 3 A 0 B TR IR B
AR BE T E KM, Baysal-T & (2002} % #
B N R - RS TR BRA TR AT A T
EHNARTFREGT 0%, AREEYR, TRA
eAEREEH AN TYRSE.CEAMTE
LT EE B WA 2 5 (BELE TR B R 8k 2



61

& F AANRARSTREAGHFILR 105

L EEENEKEELE TXR&. FiteP] %
COODMEERETT 5 MEKE TRITEHHLE
o, MR- TR BETR-ANTER.ES
EHRNEETR-BRATR.BETR-HAT R
ETR AR RS ST R-HRT Rk T 5.
SRR TR, AR-BETRBRE. REZBHEM
BETHREATERFERFRNBSHENRE
gﬁz.ﬁ[llj.

2.1.3 HRRE-%EBRSTHE Donsi-G (15583
ER TG HE M -FEETEHSARTR
A HBEAS TR . BEATRATRSHHETREST
T HE IS TR —Fr A 0 5 R KCOR B
AU, Phanindra-Kumar-HS % (2001) % 4 a3
REHE PRBEME AR GTRAAREK S TR,
WEEEYLSEMEER, 55 552 MR RT R
BHTROESEETRER  AWERBHEENY
e, SREH . AFEMAREK S TR RTE
SAMAE KL FEETARTRY>=R, AERE
FHEEETTEEETRY” R BE TRON
HMENERILESVETREET 504, SRR
TR AR, HF HE T KA TR 7 48 G AR K R SR A R
B. TR ENENRE ERARE.

2.1.4 AA-BAE-MRR/AERELETHR Litvin S
(1998) B4 7 IS 05 T 4R B B R AR R L 22
FR¥ME M N ETROEREER 30 C,
#2hjE.AREEHSS C.2h)E, WP PAHK
SERBABAN 0% EERBELE S0 s, BEH
HRARESFREKSERIRBIE SN &
BB B PO RERENFARNE
KEMBHERETRYEERMHUGEPIAZT TR
M.RERBTHE PHEGCHEE.EXKGENHES
FEMNAYE P AL A RRART R, WE b
A BT RetE SR G TRABLIL, 88T TR
B3 HEKBTHZEMUREN =0 Bt BKG
F R TR T R 8 R A R 25 m0e,
22EATRNEATRAR

2.2.1 HRA-#ABESFHR ERZEA98)H%
BEMBEARTREANTROES T ENER
BHAT TREFERERVHEKTFEE. XRIE
Rt ) K R 0 R R . X R
AFREN 3. 5~7 m/s WETHTEKTR
B, E L ERH LA T EERE RALS
FETIRIERM, L2 HRT R AEFE R 30
4%, BY E 454 31 .

2.2.2 mEI-HABEASTFHRE EREI(1998)

MEATREFNAXENREAT SRR 2
SMTEANESHARNBETREGEHAXARSH
BARLAHT TRTBHEALRR K A RN
AWK, BRBER o MFEHRARK o FH
AR TRMRRA, B TREENEEZK
AR LK, K K ya0 ar BEBFR.

2,2.3 mersh-paBEA TR EREDT 99D
B AT b S B A TR BB BT T/ B E
THRER GEMTHRBABEOEN, HRETHRE
BEAE BRAEVQODHARERENATHNE
TR AR AR EHET M, 5
THRERLSETREHEQ T FETTAR
BT B AR RO 5T R, AR E TR K
BEMROER E, XBHESTREEN T,
BifE TR MAZLAREUFEIR TRER
R BEENEKEREDR 00, ARETRENA

 BEREEANETRBEEEEN S KEERE

SRAE. SR FE X B0 4 05 B R LT 2 TR B
GEMEEER MERETESE TH &K

ME RSB ICRTT LLE &, e TREAR
RAERAEHHHEER, REMETFREL, R
AT

3 RATREAAEATHEAMS

WX

3.1 BAFRISNTEERANAE

TR MER S GR B W ERAH TR
MERBRE TRIZHEEERE, TEEHAT
Bst SR EERAEA R TR TIE.
3.2 ERFRMMPERNEE

TR BMAERERELERTESTHN
ERMA LM L0, E L R A BN
MBS TARIE B RALR B R EE
WE B R A E S E X AR TR
B T — AR AR, (B LR A0 AT S R
MTRITBEEHERA FESSRETENBE,
FRATI. BR. K5 B 7R 240 TR
B ANERD, B, B 4R AR ek 4 0 I B
TR, ARG SBEATRTZRERS
RERETHDE,
3.3 B TRIEE0%H

REREERGREER, SHTREEHE S
A E AR U, 0 1 B 22 AR 0 1 50 M R AR
B REANETHERE HETREE, B



106 X & B L X ¥ F R ¥ 22 %

EXRHHERE. RELFHTEE. ERENF

AENEL AR, B, AR TRAYRNGE 3 B OB
B . MR MR, SEETREALS MBS TRE
3.4 BRATRIZHAZEH REFR MR T BT RE R EERE

ERERENRATRIZEUE HTLR  upm, L0841
B SR R TARBR 09 B B AR, M AR
THe# MRS,

SE W :

[ 1] Waliszewski-K-KN. Effect of combined method of dehydration on color changes in papaya slices{M]. New York:Perga-
mon Press, 1987.

[ 2] Donsi-G. A combined technology for the production of dried vegetables: osmotic dehydration/freeze drying(J]. Italian-
Food- & -Beverage-Technology, 1999,15: 9—11.

[ 3] None Y J. Development of 2 combined process of dehydration impregnation soaking and drying of bananas (Musa acumi-
nata groupe Cavendish)[J]. Journal of Food Englneering, 2002,55 (3) :231—236,

[ 4 ] Riva-M., Drying of agaricus biéporus mushrooms by microwave-hot air combination[J], Lebensmittel-Wissenschaft-und-
Technologie, 1991,24 (6). 479—483,

[ 5 ] Bouraoui M. Microwave and convective drying of potato slices[]]. Journal of Food Process Engincering, 1994,17 (3:353
—363.

[ 6 ] Guixing Ren. Drying of american ginseng (Panax quinque folium)roots by microwave-hot air combination[J], Journal of
Food Engineering,1998,35:433—443.

[ 7 ] Tomas Funebo. Microwave-assisted air dehydration of apple and mushroom[J]. Journal of Food Engineering,1998,38:353
—367. '

[ 8 ] Maskan M. Microwave/air and microwave finish drying of banana[J]. Journal of Food Engineering, 2000,44:71—78.

[ 9 ] Sharma G P, Drying of garlic (Allium sativum) cloves by microwave-hot air combination[ ]]. Journal of food engineering,
2001.50.99—105.

[10] Torringa E. Osmotic dehydration as a pre-treatment before combined microwave-hot-air drying of mushrooms[]], Journal
of Food Engineering, 2001, 49 (2/3) .185—191.

[113 Baysal T. Effects of microwave and hot air combination drying on the quality of carrots[]]. Food Science and Biotechnolo-
gy.2002,11 (1) 19—23,

[12] Fito P J. Use of combined drying processes in manufacture of new fruit productsJ]. Alimentaria, 2001,320:113—117.

[13] Donsi G. Combination of mild dehydration and freeze-drying processes to obtain high quality dried vegetables and fruits
[J]. Food and Bioproducts Processing, 1998, 76 (4) :181—187.

[14] Phanindra Kumar H S, Effect of combination drying on the physico-chemical characteristics of carrot and pumpkin[J].
Journal of Food Processing and Preservation, 2001,25 (6} 447—460.

[15] Maskan M. Microwave/air and microwave finish drying of hanana[]]. Journal of Food Engineering,2000,44:71—78,

[16] T4 B TR . ERMOEEEZEMNRICRAFRI] R TES¥HR,1998,3:253—255.

[17] TR, SO SHRRBE TREGHRAFEFRL] R TE¥H,1998.4.257—258.

(18] T MERIABEATRESORBPIFE]. BMILR D ¥H#.1999,1,26—28.

[19] &t Tas ¥ E. AEKA TREGHRERAZD]. Rk TE¥HMH.2001,3,133—136.

(FiE®® A #)



