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Study on the drying kinetics of longan with intermittent vacuum-microwave
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Abstract: Aiming at the problem of uneven heating of longan, exces-
sive microwave drying rate and local over-focus, the vacuum micro-
wave drying was carried out by the combination of intermittent mi-
crowave and variable power microwave. In this paper.,the changes of
water ratio and drying rate in the vacuum microwave drying process
were analyzed, such as the power density, vacuum degree and
loading quantity. Seven thin layer fitting models were tested. The or-

thogonal experiment of three factors and three levels for color, total
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phenolic content and rehydration evaluation was established. The op-
timum intermittent vacuum microwave drying process of longan was
optimized. The results showed that the effective diffusion coefficient
of the longanpresented rising trend with increasing power density and
vacuum degree, and with decreasing loading capacity. Among the
seven mathematical models, Two-term model was the best fitting
one. The optimized intermittent vacuum microwave drying process of
longan was under the condition of a power density of 12 W/g,
vacuum degree of 90 kPa and loading capacity of 100 g.

Keywords: Longan; vacuum-microwave drying; kinetics; nutritional
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Table 1 The thin layer drying models commonly used
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1 Lewis MR =exp(—kt)L17]

2 Page MR = exp(— k¢ )18

3 Henderson and Pabis MR =aexp(—kz)[19]

4 MR = aexp(— kt) + C[20]

MR =aexp(—kt) +bexp(— gt)2!
MR =1+at+br222])

MR = exp[ — (kt)» ][23)

Logarithmic
5 Two-term model
Wang and Singh
7 Modified Page
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The effect of microwave power density on the changes of moisture ratio and drying rate of Longan
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Figure 2 The effect of vacuum degree on the changes of moisture ratio and drying rate of Longan
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Figure 3 The effect of loading capacity on the changes of moisture ratio and drying rate of Longan
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Table 2 Thinlayer drying model fitting under different energy density conditions
Ty R BE A/ IR TR
jjz&j‘ *E‘D R? 2 RMSE
(Weg™h 4% a k n b C g
1 0.006 0.984 1.45X10° 0.038
2 0.004 1.096 0.987 1.22X10°° 0.035
3 1.056 0.007 0.989 9.97 X104 0.032
6 4 1.018 0.008 0.058 0.992 7.10X10* 0.026
5 1.067 0.007 2.7T4E—3 —0.007 0.993 1.15X103 0.034
6 —0.005 7.12E—6 0.985 1.36 X10° 0.037
7 0.006 1.094 0.987 1.22X10°° 0.035
1 0.011 0.968 2.72X1073 0.052
2 0.021 0.848 0.977 1.93X10°° 0.044
3 0.989 0.011 0.968 2.70X103 0.052
12 4 0.945 0.016 0.110 0.997 2.63X10* 0.016
5 0.147 9.060E—1 0.91 0.016 0.997 2.44X101 0.016
6 —0.007 1.35E—5 0.890 9.33X10 ! 0.096
7 0.011 0.843 0.977 1.93X10°°* 0.044
1 0.016 0.975 2.12X103 0.046
2 0.017 0.974 0.975 2.09X103 0.046
3 1.029 0.016 0.976 2.02X103 0.045
18 4 0.988 0.021 0.090 0.989 9.04 X101 0.030
5 0.038 —0.004 1.04 0.020 0.989 8.60X10* 0.029
6 —0.012 4.16E—5 0.962 3.27X1073 0.057
7 0.016 0.968 0.975 2.09X10 3 0.046
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% 3 7 1. Logarithmic Fl Two-term model B R*  R* SRy Fl RMSE fit /. B Two-term model Bl £
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Table 3 Thinlayer drying model fitting under different vacuum conditions

7S JE /kPa bow IR R? x2 RMSE
i a k n b C g
1 0.010 0.921 6.27X103 0.079
2 0.035 0.719 0.952 3.78 X103 0.061
3 0.962 0.010 0.921 6.15X10°3 0.078
50 4 0.936 0.016 0.129 0.991 6.68X 104 0.026
5 0.871 0.019 0.210 0.001 0.994 4.65X 1071 0.022
6 —0.005 7.060E—6 0.712 2.28X10°2 0.150
7 0.009 0.716 0.952 3.78 X103 0.060
1 0.010 0.935 4,92X10 3 0.070
2 0.027 0.773 0.955 3.35X103 0.058
3 0.969 0.010 0.935 4.83X10°° 0.070
70 4 0.932 0.015 0.126 0.991 7.00X101 0.026
5 0.164 7.130E—4 0.899 0.016 0.991 6.58 X104 0.026
6 —0.006 8.990E—6 0.776 1.69X10 2 0.129
7 0.010 0.769 0.955 3.35X10 % 0.058
1 0.011 0.968  2.72X107%  0.052
2 0.021 0.848 0.977 1.93X10°° 0.044
3 0.989 0.011 0.968 2.71X10°3 0.052
90 4 0.945 0.016 0.110 0.997 2.63X10* 0.016
5 0.147 9.060E—4 0.913 0.016 0.997 2.44 X104 0.016
6 —0.007 1.340E—5 0.890 9.34X103 0.096
7 0.011 0.842 0.977 1.93 X103 0.044
4 FAARHETHETRERME
Table 4 Thinlayer drying model fitting under different loading capacity
FLTRY ITRRE ) N
R/ g sy p . - ; c . R? x? RMSE
1 0.016 0.929 5.36 X103 0.073
2 0.047 0.725 0.970 2.23X103 0.047
3 0.928 0.014 0.934 4,86 10° 0.070
50 4 0.907 0.024 0.132 0.988 8.87 X104 0.029
5 0.727 0.035 0.345 0.005 0.994 4.0X<10* 0.020
6 —0.010 2.590E—5 0.808 1.44 X102 0.120
7 0.015 0.722 0.970 2.23X10°3 0.047
1 0.011 0.968  2.72X107%  0.052
2 0.021 0.848 0.977  1.93X1079  0.044
3 0.989 0.011 0.968  2.70X107%  0.052
100 4 0.945 0.016 0.110 0.997 2.63X10 14 0.016
5 0.147 9.060E—14 0.913 0.016 0.997 2.44 X101 0.016
6 —0.007 0.890 9.34X103 0.096
7 0.011 0.843 0.977 1.93 X103 0.044
1 0.007 0.938  4.58X107%  0.068
2 0.027 0.715 0.980  1.49X107%  0.038
3 0.911 0.006 0.948  3.80X10°%  0.062
150 4 0.881 0.010 0.123 0.997  2.02X10°*  0.014
5 0.223 0.001 0.799 0.011 0.999  8.59X10°7  0.009
6 —0.004 3.990E—6 0.787 0.016 0.124
7 0.006 0.712 0.979 1.49 X103 0.039
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Table 5 Values of effective diffusivity obtained for longan at

different intermittent vacuum-microwave condi-

tions

SES T TR YA Y VL

(Weg™ kPa g (m? « s 1)
6 90 100 3.31X10 ¢
12 90 100 4,16 X108
18 90 100 7.47X10°8
12 50 100 2.86 X108
12 70 100 3.25X10°8
12 90 100 4.16 X108
12 90 50 5.59X10 8
12 90 100 4.16 X108
12 90 150 2.22X10°8
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HE— 21 A e MRS RO TR T2 RO T R
B LH %B‘E B BB R DLW K B
febr. AT =R =K FIEZ K. W8 AR
#* 6.7
ff ZGRE R REERE WS T R REENNH
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LN 12 W/ g, FUASJE 90 kPa, B8 100 g, sLi i
AR B9 1 A2 OK B DL Bt 22 4 531l O 6.02 mg/g DW, 2.56 il
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Table 6 Design form of orthoronal test
HZKT AD)REE/(W-g ) BHEE/kPa CHHH/g
1 6 50 50
2 12 70 100
3 18 90 150

7T EERRETRIZAALERRRE

Table 7 Orthogonal test of optimization of microwave
vacuum drying process
HBE A B C K/ Sk AE
(mg+*g ' DW)
1 1 1 1 4.32 2.12 16.81
2 1 2 2 1.78 2.45 16.01
3 1 3 3 1.99 2.46 16.21
4 2 1 2 5.42 2.28 16.81
5 2 2 3 5.02 2.36 16.41
6 2 3 1 5.93 2.50 15.53
7 3 1 3 3.92 2.13 17.02
8 3 2 1 4.08 2.22 17.12
9 3 3 2 4.18 2.43 16.34
Ky 470 455 478
MoK, 546 463 479 aopec ALBCy
[ 4.06  5.03  4.64
R 4.19 1.44 0.45
. K1 2.34 2.18 2.28
i K: 238 234 2.39 BoA=C B
K 2.26 2.46 2.32
4
R 0.36 0.86 0.32
K, 16.34 16.88 16.49 B>A>C A,B;Cs

K. 16.25 16.51 16.39
ANE
K3 16.83 16.03 16.55

R 1.73 2.56 0.48

HES O TR BOR T AE .
3 &k
1 e R 1) B B0 2 e T M 3l g 2 T R0 g R T 48 T A< 0

A R RICR B T S R R Y BN 0 BE R DL
SRR /N TG 7 R A S X S IR ) AR S
T‘iﬁ?’%ﬁJJ‘J%E‘JUAQt%EﬂVTWO term model BE7 R* fz K,
x* - RMSE e/ AUABOR T . 458 3 717 L B A
ijHEIﬁJ%EiM‘&JFk’&E‘Jm&ILfJ:ﬂJ%ﬁE‘JE 12 W/g,
B 75 90 kPa, 26 4 & 100 g,

2% STk
(1] %)%‘3% FRAS. TEIRIA Al o 5 25 B FH R 5k
ST FIF A, 2010, 16(5); 236-238.
[2] AR T 2 e MR 5T B B A S M i DL i 4R
Hrgell Ka¢, 2011, 7-8.
[3] SCHEPETKIN 1 A, QUINN M T. Botanical polysaccharides:

L]

Macrophage immunomodulation and therapeutic potential[ J]. In-
ternational Immunopharmacology, 2006, 6(3) . 317-333.

[4] WANG Qing-jiang, FANG Yu-zhi. Analysis of sugars in tradi-
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