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Modeling of Microwave Vacuum Drying of Chinese Yam

REN Guang-yue, DUAN Xu, LI Hut, ZHU Wen—xue
(College of Food and Bioengineering, Henan University of Science and Technology , Luoyang 471003, China)

Abstract: Research on microwave vacuum drying of Chinese yam was carried out by using a
microwave vacuum drying equipment. The thin layer microwave vacuum drying model of Chinese
yam was established by analyzing the relationship between moisture ratio and time of experimental
data. The results indicate that moisture ratio was linear before the moisture content of materials was

50% in the microwave vacuum drying. The prediction model of moisture ratio was M,=(0.103 225 3P-

1.628 6x15 W —0.009 729 556) (1/(0.089 295 9P-1.566 473 10 W —0.010 239 25)+t). The
model could describe and predict change regulation of moisture ratio very well according to the
comparison of experimental values and calculated values.

Keywords: Chinese yam, microwave vacuum drying, mathematical modeling

[2-3]
b b b
[1]
b o o
: 2011-10-07
(092102110023) ; (2008ZY040) .
(1971—), , , , , o E-mail :rgy@mail.haust.edu.cn

2012 31 10 1)



REN Guang-yue,et al: Modeling of Microwave Vacuum Drying of
Chinese Yam

Research Article

[4-6]
b

o Fathima A
;Clary C D¥
; KANESUP WP

[10]

[11]
[12]
[13]

[14]

AR
1.1

86%~88% .
1.2
HWZ-2B
BS223S
202
1.3
( 6 mm) ,
300 g ,
5
min 1

-0.08 MPa ,
800.1 200.1 600.2 000.2 400 W,
1 600 W ,
:—-0.02,-0.04 ,-0.06 ,.-0.08 MPa,

1)

50%( 1), ;
2) , 800 W,
—0.08 MPa,
1l min 1 min, (

(82) 17
129%~17%) .,

DPS
Mr

[15],
M-M,

t e 1
MM, (1)
ZMt L ( ,%)9M0

( ’%)9MR

MR:

( ,90)

2.1
8 5 t ,MR

50%
50% My—t

1,2
50%
, 8
R? 1. R* 0.999~0.999 6
0.998 55, My ¢
( My ¢t

@ Journal of Food Science and Biotechnology Vol.31 No.10 2012



In(=InM;) Int ), M, t Mr=k+Nt (2)
k,N o
L.or Lor
—+— 800 W

| i\ N R =i GEr —— —0.02 MPa

NG *— 1600 W e o
0.6 : \. - 2000W 0.6F — it
0.4 \! . A ~0.08 MPa

KM,
Kirtem,
~
T

02t \

XN N

0 ¥
10 N h]] 40 1 I | j
A v 10 20 T 30 a0
02"
5} ] fmin = T il /min
Bl FEMEDETH Mt 35 EH2 ARAZETH M~ S
Fig.1  Distribution diagram of M, -t at different Fig.2 Distribution diagram of M~ at different vacuum

microwave power
1

Tab.1 Correlation coefficients of dyring curve

~0.08 MPa) IMPa( 1600 W)

R 0.999 0 0.998 8 0.998 6 0.999 6 0.997 2 0.999 2 0.997 7 0.998 3
1 5 N W, %:bﬁsz (4)
3, N W J,R* 0.987 142,
N W , : g 500 1000 1500 2000 2500 3000
N:a1+aQW (3) 0.01F
-0.02¢
0 - . - - - ; i
500 1000 1500 2000 2500 3000 s 003} .
0,01+ *
-0.04 +
0,02 - .
005+
L 003 * | v
004l @ _ ; SIE A\
oosl . . B4 NK-WHXFZEHE
i + Fig.4 Relationship of N/K vs W
0.06L
W N K
3 N-WxHRM K ’
Fig.3 Relationship of N vs W Kb +bW ()
(2)
1 5 K W N
; o N K 14 , Mg=f+Nt (6)
N
4. x ’ M=N () (7)
,R?0.989 43, : 2 4 N P

2012 31 10 0



REN Guang-yue,et al: Modeling of Microwave Vacuum Drying of

Chinese Yam

Research Article

’ 50 N P , RZ
0.981 736 ,N P , .
N:C'1+02P (8)
|II| IIIHH ul[;h 0.04 _”'”_1 LAIALY
4 (O3RF
[
-0, 04
v 0.042
.. [(INIEEN
¢
FL#5 1E/MPa

BlS N-PRIxF#s
Fig.5 Relationship of N vs P

2 K P s
6, , R?
0.993 062, :
K=d\+d.P (9)
01 .08 0.06 D03 ooz Hoanh
* 0,037
» 0,04
-}- # .04 ]
0,042
),043
i
-(.044
BL7E FE/MPa
BE6 K-PHXEMHZE
Fig.6 Relationship of K vs P
, N w P K W
p , ; 3) (8 :
N=d+d,W +d;P (10)
(5) 9) :
K=d+dsW+dP (11)
(10) (11) (7), My
M= (d+doW+dsP) ( mm (12)
2.2
3 5 N W P

’

N=0.103 225 3P-1.628 6x10°W-0.009 729 556
(R>=0.981 989) (13)

4 6 K wW P

’

K=0.089 295 9P-1.566 473x10°W-0.010 239 25
(R?*=0.985 625) (14)

Mz=(0.103 225 3P-1.628 6x15°W-0.009 729 556)

1
( 0.089 295 9P-1.566 473x10°W-0.010 239 25 *)

2.3

-0.08 MPa

1600W |

o
1.0 +— 800 WLl i
B 1 200 WE5 {E
0.8 F l\ &— 1 600 WAy
Q& .
(1K1 AR
= . —@— | 200 WHERY i
= D4 F BN -
. k —@— | 600 WL {f
AN — 2 (00 W A
- NS . :l“( W +I;; -ll. 1.’,]
: % N N\ = 2400 WHERY{
O N e
0 - b e ——
A
: s
¢ P
0.2 0 1) 20 i 40
I B min

B 7 RERGRE T TR %

Fig.7 Drying curves of different microwave power

10 -

- —0.02 MPa
a——00.04 M P ff
0.8 F il i
e —0.06 M Pz
e .08 M
. § 0,02 Mg i
—0.04 M P i
a o —0.06 Myt
S04 N —— 0,08 MPPaFEL i
\b \\.'.
4 -Q;
0.2 N\
*\
() I T A I I
10 RITII o 0 40
*
a2tk [ (Bl i

B8 AREZETH TR

Fig.8 Drying curves of different vacuum

@ Journal of Food Science and Biotechnology Vol.31 No.10 2012



|||||||W||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| ’ ’

s , 50% ,
Mp—t , s ,
50% , o
, Myt °
[1] . [M]. : ,2005.
[2] ) [J]. ,2008,29(3):176-179

YUAN Shu-lin. Research advances on chemical compositions and bioactivities of Dioscorea opposita thumb.(Chinese yam)[]].
Food Research and Development,2008,29(3):176-179. (in Chinese)

[3] , , , . [J]. ,2008,33(11):1271-1274.
BAI Bing,LI Ming—jing, WANG Yong, et al. Studies on chemical constituents of Dioscorea opposita[J]. China Journal of
Chinese Material Medica,2008,33(11):1271-1274. (in Chinese)

[ 4] Nidhal M, Mohammed F. Microwave vacuum drying of banana slices|J]. Drying Technology ,2002,20:2055-2066.

[5 ] Sham P W Y,Scaman C H,Durance T D. Texture of vacuum microwave dehydrated apple chips as affected by calcium
pretreatment, vacuum level ,and apple variety|J]. Journal of Food Science,2001,66:1341-1347.

[6 ] Erle U,Schubert H. Combined osmotic and microwave —vacuum dehydration of apples and strawberries[J]. Journal of Food
Engineering ,2001,49:193-199.

[ 7] Fathima A ,Begum K, Rajalakshimi D. Microwave drying of selected greens and their sensory characteristics[J]. Plant Fields for
Human Nutrition,2001,56:303-311.

[8 ] Clary C D,Mejia—Meza,Wang S,et al. Improving grape quality using microwave vacuum drying associated with temperature
control[J]. Journal of Food Science ,2007,72(1):23-28.

[9 ] Kanesup W, Chutima S, Wongwises S. Experi—mental study on drying of chilli in a combined microwave —vacuum-rotary drum
dryer|J]. Drying Technology,2002,20(10) :2067-2079.

[10] , , , - [J]. ,2005,3(4):176-178.
HU Guang-hua,ZHANG Jin—jiang, WANG Xi-peng, et al. Experimental study on carrot by microwave —vacuum drying][J].
Drying Technology & Equipment,2005,3(4):176—178. (in Chinese)

[11] , . [J]. ,2008,24(5) :253-257.
DENG Yu,ZHENG Xian-zhe. Experiment and research on the techniques for microwave vacuum drying of Preridium aquilinum
[J]. Transactions of the Chinese Society of Agricultural Engineering,2008,24(5).:253-257. (in Chinese)

[12] , , , . [J]. ,2005,26:31-34.
LI Zhi—yuan, WANG Juan,CHEN Ren-ren, et al. Study on the process of drying resolvable banana powder by using microwave
vacuum equipment|J]. Food Science,2005,26:31-34. (in Chinese)

[13] , , , - [J]. ,2006,37:156-158.
HAN Qing —hua,LI Shu —jun,MA Ji —-wei, et al. Microwave vacuum drying and puffing characteristics of apple chips []].
Transactions of the Chinese Society for Agricultural Machinery,2006,37:156-158. (in Chinese)

[14] , , , - [J]- ,2009,25(3) :248-252.
ZHU De-quan, WANG Ji—xian,QIAN Liang—cun, et al. Optimization of technical parameters of microwave—vacuum drying of
Chinese gooseberry slices [J]. Transactions of the Chinese Society of Agricultural Engineering,2009,25 (3):248-252. (in
Chinese)

[15] Midilli A. Detemination of pistachio drying behavior and conditions in a solar drying system[J]. Intemational Joumal of Energy
Research,2001,25(8):715-725.

2012 31 10 O



