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Study on optimization and Kinetic model of microwave hot—air coupled drying process of Baozhu pear

LI Lixia' %, ZHOU Jie',ZHANG Fujie'*,XIN Lidong', QIN Tao'

{ L.Faculty of agriculture and food , Kunming University of Science and Technology . Kunming 650500, China ; 2. Yunnan Provineial

University of Chinese Medicinal Materials Mechanization Engineering Research Center, Kunming 650500, China )

Abstract: In order to study the characteristics and quality optimization process of the microwave hol-air coupled dryving of Baozhu
pears ,microwave hot—air coupled drving experiment was carried out on Baozhu pears under the condition of the temperature ,
microwave power and hot air speed.The effects of different drying factors on the drying rate and effective moisture diffusion
coefficient were studied ,and a drying kinetic model suitable for predicting the change of Baozhu pear moisture ratio was
established. Taking the color, hardness and drving rate of the dried Baozho pears as quality evalnation indicators  the microwave
hat=air coupled drying process of Baozhu pears was optimized by orthogonal test and comprehensive secoring method. The
research results show that the effective moisture diffusion coefficient ranges from 5.296 % 107 10 9.66 x 107" m2/s.By fitting seven
mathematical models of drving kineties it was found the Page maodel can better predict the change of moisture ratio of Baozhu
pears in its drying process, it has the largest average R ,and the smallest 3* and the average root mean square error. The primary
and secondary order of the influence of each factor on the comprehensive effect of Baozhu pear dryving is: Microwave powerzhot air
temperature > hot wind speed, the combination with the best overall effect is hot wind temperature 60 °C  microwave power 500 W,
and hot wind speed 2.0 /s,

Key words : Baozhu pear; drying characteristics s optimization s microwave thermo=wind coupling; Page model
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Tab.1 Mathematical model of microwave hot air coupled drying curve fitting for Baozhu Pear

ER {RLHY 45 BRI A
1 Lewis MR=exp (k)
2 Page MRE=vxp ( =kt")
3 Henderson and Pabis MR=aexp ( —kt )
4 Verma et al MR=aexp =kt )+ (1-a ) bexp ( —gt )
5 Wang and Singh MR=1+at+ht’
6 Approximation of diffusion MR=aexp ( =kt ) +( 1=a ) bexp ( =kbt )
7 Madified page MR=exp [ = (k)" ]
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Fig.l  Drving curves of Baozhu pears under different drying conditions

22 RRFREMNFREFEGH

TEAR T4 T, F2RALA DR B T2
AL M2k nIE 2 . Al LA Y DR Y78
eSS A— 2, A THRATI, DR U (I ik
BN, RIS BEE T3 3 ACR AR/ NIRRT, %
AT B AR B 2 W B s R R
R BRI TR R B L, SR AL
AR, FEACRETHE, B HAR B,
M2 DR GER A, e FLE P ey, T
MR GX S 1 (a) 9SSR —ZL BEE TR T,
HRIZ Ko FE B — e RIS, M ERAK 43 ] Sh T
X DR R KT e SR A0 A 7 e, Mt PR
[ #h- 9 WA B A W O, IF L TR ERALAHE

e AR A ey, B K A 7 T R I, WA K
A6 RS BAT RSN AT A , AT 30 DR FRAE
M 2 (b) o] LLE T ERETY DR M5 ik th
(1) 198 i 48 2, DR S Sl et e 0 el g 4 L R T i
L MBS R T L R R FLBR S R o,
T K A A R, DR B 3 T PR
JEr 3, el T R B 5 3 R IR s e e
7K A7 ) SRS YR AT IRRE 22 B 2 /)N, 7K 43 )
SRR, PR DR FRES . dilE 20e) nT I,
AL AL TE M 1.2 mfs 3 2.0 m/s B, DR Bl 22 16 A
WA R 2.4 mis B, DR EE 1.6 m/s $1 2.0 m/s
it X 5 1 (o) fE5IE— 3L

12r 8 12
~ 10}
T osf
_f” 6F
w0 ——50 T
~ 4} % —— 1.2 mfs
= —a—60 LT —a—L6mfs
S Lt —-—?ﬂ“[: —&—2.0m/s
—=—30 T —a—2 4 mfs
0 2 4 f 0 2 4 6 0 2 4 6
FIE KR (g g) FIREKF (g-g") FRERR (g-g")
(al ihl {e)

B2 AR TR T R A TRt 2

Fig.2  Drying rate curves of Baozho pears under different dryving eonditions



44 PACKAGING AND FOOD MACHINERY

Val, 40, No.1, 2022

23 EXAE
FRAE R I BRI R, 4 2 AT I, LA

*£2 EXRBEEZEKER
Tab.2 Orthogonal test factor level table
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Tab.3 Orthogonal test results and range analysis
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Tab.4 Fitting results of effective diffusion coefficient of water
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80 ==0.000 757 5x+0.149 306 4 0.993 770 6 7.675x107
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Tab.5 Range and average value of £, x* and eqys: value of the kinetic model of microwave hot—air coupled drying

of Baozhu pears
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Fg Ji [ FHy1H i FHE i i
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Tab.6 Statistical results of Page model and its constants and coefficients under different drying conditions
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Fig.3  Experimental and predicted values under the same

drying conditions

A LA ERARL ) TR 4, AT 0 S KR
AT, SRR,

(1) 60 52 2R AL R B XU & T R [ &
FF < SRR o 3R > S0RURLEE > PG, S5 45 b
SR LA AARGREE 60 °C BT 500 W
PRHRGE 2.0 mfs, IZEMFTRYE B2 AE=9.13,
FE(H 4 31.86 N, T4 E] 4 150 min.

(2) falginl PRI T A 60 (2 2 A et 1 35 K e i)
SMEREY I TR D, 825, EERFL D, NEFE
H 5.926x107°~9.66x107~° m*s, H 7K 74 HE (L H1
51 MR B —E

(3) R 7 A4~ FHsh e A AT
&, 15 3] Page B 57 BRBL G Y AL A R
AR A B & LA Bk R T 491 0.998 43,
e /N o A e T HIAE, 235104 5.832 1x10°7°,
0.006 86, It Page 151 Y fE G5 15 47 1 75100 5 BR B
W R P A AR R L . SR TE I Page
R () T 5 i A L R

Xk

[1] EEHL S BT < B R (0 =l A 2 SR e [
[1]. B, 2017 (12) :22-23.

NALY L. Development status and problems of Baozhu
pear characteristic industry in Kunming | ]|, Market
Maodemnization, 2017 {12 ) :22-23,

[2] DURTE Y,CHAUX A,LOPEZ N,et al.Effects
of blanching and hot air drying conditions on the
physicochemical and technological properties of yellow
passion ruit { passiflora edulis var. flavicarpa ) hy-
products | J | Journal of Food Process Engineering.,
2017,40(3) :212-220.

[3]  fhepas, Xk, WA, 5 . Bl AR bR T

BEBLH A TR (1], ik SR, 2018,34(9)
37-42,
SUN C Y,LIU Y H,ZENG Y.et al.The drying
characteristics of direct—touch ultrasonic enhanced
hot—air drying of pear slices [J] .Food and Machinery,
2018,34(9) :37-42,

[4] K, BIEdL, SR . G T Ml 8 b ra et

YR ) R B e A I BB B B [0 ] ol TR
4, 2020,36 (3) : 302-312.
CHENG Y DYTZ K, JIN Y Z.Heat and mass transfer
and deformation parameter model of Antarctie krill
meat paste during microwave drying [ J | Journal of
Agricultural Engineering, 2020,36 (3 ) ;302-312.

[5] JaoA QXU X MIN Z Y. Maodelling of dehydration—
rehydration of instant rice in combined microwave—
hot air drying [ ] ] .Foad and Bioproducts Processing:
Transactions of the Institution of Chemical Engineers
Part C,2014,92 (C3) :259-265.

[6] ARRAL T8¢ LS Rk T U R
BULJ]. frdh S % Tk, 2020,46 (2) :85-93.
SONG S 1, WANG M Microwave drying characteristics

and mathematical model of matured purple potato chips



AR, S WA S TR T S S ALY 4

[7]

[9]

L10]

[11]

[12]

[13]

[ 1] .Food and Fermentation Industries,2020,46(2) .
85-93.

SR, RIHEH , R, 5 . KBRS TR
FHRAEBEEDETE (1], # Tt #9R ,2016,28 (1)
19341940,

SONG F H.ZHOU H MLLL Z F.et al.Study an
Temperature Gradient of Coupling Drying Burdock
with Hot Air and Microwave [ J | . Journal of Zhejiang
Agricullure, 2016,28 ( 11} : 1934-1940),

AEEL, TR R, S ARG S TR R
mi SR (1] Ak SRl 2019,37(1) .
50-55.

SONG R KLZHANG F LLYANG W et al.Design and
experiment of hot—air—-microwave coupling drying
system [ ] | .Packaging and Food Machinery, 2019,
3701):50-55,

Xz, B, IR, 5 RS R (A T R R
T RRtsE ()] frifle . 2015,36 (9) : 1-6.
LIUY H,SUN Y, WANG L Y et al.Ultrasonic enhanced
hot air drving of pear sliees drying characteristies [ ] ],
Food Science , 20015,36 (9, 1-6.

ZERhKE  REC . HARAG TR T R R R
(1] fr ki, 2014,35(11) :58-61.

LI T.WU J W.Microwave drying charactenistics and
mathematical model of sali—baked chicken []].Food
Scienee,2014,35(11) :58-61.

B, M2t Ao, % ER ey rh Rk Lr
ST AR AR A R AR BESE ()] Ak HLRCFIR
2013.44(2) :186-191.

JUHY . XIAO H W, BAL )] W.et al.Study on the
drying characteristics and color change of apple slices
by medium and short wave infrared | J | Journal of
Agricultural Machinery,2013,44 (2) : 186-191.

o v L RR, SRR A, S L RN T &
fitr R T ZS8EI]. SRR T,
2013.39(8) : 149-156.

GUMOQ.ZHOU H Y,.LI B S,et al Multi-index
analysiz and process parameter optimization of broiler
wings processing [ J | Food and Fermentation Industry ,
2013,39(8) : 149-156,

TREA , R SIAREE, 55 | K ARG FTE IR R
A AUHE & TR Al L BRI 1) ] Al BB
11€,2020,51 (5) :339-348.

YUHM,LIHY,ZHANG X Y, et al.Study on dynamic

A5 AR
R, A A A SRR RS & TR T AR Bl J R () ] e 9 frah B 2022,40 (1) :40-47.

LI L X, ZHOU J,ZHANG F ], et al Study on optimization and kinetic model of mierowave hot—air eoupled drving process of Baozhu pear [ ] ]
Packaging and Food Machinery, 202240 (1) :40-47.

[14]

[15]

[16]

[17]

[18]

L19]

model of rice straw nutrient plug microwave hot-air
coupling drying [ ] | Journal of Agricultural Machinery,
2020,51(5) :339-348.

PROIETTI N,ADILETTA G RUSS0 P, et al.Evolution
of physicochemical properties of pear during drying
hy conventional techniques, portable—NMR , and
modelling [ 17 Journal of Food Engineering, 2018,
230:82-98.

LYU W QLI DN X et al. Recent development of
microwavelluidization technology for drying offresh
fruits and vegetables [ I | Trends in Food Seienee &
Technology , 2019, 86: 59-67.

sl A, BB Bl 55 L ARinmndE R HEES T 2R
1 Bt 2d o 4y [T A 5 HLBKL 2019,35(6)
182-187.

ZHANG F J,WANG L., YANG W, et al. Microwave
roasting process oplimization and breaking foree
analysis of small coffee beans[J].Food and
Machinery,2019,35 (6] : 182-187,

R, WS, B, O R M s R
TR R R 4 0. SR B P, 2020,
36(4):235-243.

ZHANG L, LI P,WANG Z G, et al.Microwave vacuum
dryving kinetic model and quality analysis of chesinut
slices [ ] ] Madern Food Technology,2020,36(4) .
235-243.

SRR 8 B, R T sl
RIGGWISE (1] . fREF 5N T.,2020,20 (5) ; 78-82.
CHENG L J,CALJ M, HU Y, et al Study on the kinetie
maodel of blueberry microwave drying [ J 1. Preservation
And Processing, 2020,200(5) . 78-82.

U, X, T . Ll R o XU iRt
Bah lE R (1], erah FH9#,2018,39(15) : 115-
120.

WANG HY,LIU D,.YU H M. Drving characteristics
and kinetic model of yam microwave hot—air coupling
[1] .Food Seience,2018,39 (15) : 115-120,

PEE R AT - S0 e (1983) Lo, P, iR WS Oy 1) gl
B e = S T2 & | E—mail « lilixia201 2@kustedu.en

WA IEE A (19770 55 0 W ELER . W9 e e
PR T L G 650500 £ A R AT S TR R
B 727 % EEFHIR T RSl 5 0 4 BE L E-mail : 666051 15@

F'I".!‘J"m



