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Analysis of characteristics and energy consumption of microwave drying of pork
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Abstract: Objective: Exploring the microwave drying characteris-
tics of pork and optimizing the microwave drying process of meat.
Methods: microwave drying equipment with microwave frequency
of 2 450 MHz and microwave output power of 70, 140, 210,
280, 350, 420 W were used for microwave drying of pork with
dry mass of 20, 25, 30 g in this paper; Five classical thin-layer
drying models were selected for non-linear fitting of drying data,
R? (coefficient of determination) and RMSE (root mean square
error) were used as evaluation indexes to screen the best drying
model. Results; The Logarithmic model was the best model for
microwave drying of pork. The average energy consumption per
unit of pork microwave drying was 10.89 MJ/kg, and the micro-
wave drying efficiency was 20.72%. Conclusion;: The best model
for microwave drying of pork is the Logarithmic model, pork

mass of 25 g, microwave power of 210 W, can significantly
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reduce the average unit microwave energy consumption, and im-
prove the efficiency of microwave drying.
Keywords: pork; microwave drying; drying characteristics; aver-

age unit energy consumption; drying efficiency
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Table 1 Classical thin-layer drying model
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Figure 1 Pork drying curve under different drying quality
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Figure 2 Pork drying rate curve under different drying quality
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Table 2 Data analysis results of 5 mathematical models with different drying quality
BERY TR g e R? RMSE
20 k=0.002 22 0.972 18 2.777 23
Lewis 25 k=0.002 31 0.988 09 1.216 32
30 k=0.002 38 0.792 77 0.792 77
20 k=0.003 7,n=1.284 95 0.993 77 0.622 14
Page 25 k=0.001 3,n=1.091 72 0.902 83 0.991 16
30 k=0.001 7,n=0.001 69 0.993 79 0.667 58
20 £=0.002 46,a=1.032 80 0.993 65 0.681 70
Henderson 25 £=0.002 42,a=1.046 96 0.984 21 0.984 21
30 k=0.002 46,a=1.032 80 0.993 65 0.681 70
20 £=0.001 49,a=1.239 63,b6=—0.233 78 0.996 78 0.321 72
Logarithmic 25 £=0.002 05,a=1.077 61,b=—0.062 22 0.993 86 0.626 78
30 £=0.002 21,a=1.046 37,6=—0.035 99 0.995 51 0.482 33
20 a=—0.001 63,6=6.731 3 X107 0.998 85 0.115 04
Wang 25 a=—0.001 69,6=7.377 5X10°7 0.983 95 1.639 32
30 a=—0.001 67,6=7.088 4X10°7 0.973 26 2.872 28
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Table 3 Results of data analysis of 5 mathematical models at different microwave power
FETRY R/W 2 R* RMSE
70 £=0.009 18 0.980 33 5.681 89
140 k=0.002 23 0.984 28 1.851 45
210 k=0.003 39 0.984 26 1.033 79
Lewis
280 k=0.004 81 0.981 88 0.810 06
350 k=0.004 67 0.953 92 2.763 07
420 k=0.007 54 0.987 63 0.341 10
70 £=0.000 19,n=1.212 53 0.993 56 1.859 94
140 £=0.000 84,7n=1.155 92 0.991 84 0.960 11
210 £=0.003 16,7n=1.011 99 0.984 36 1.026 23
Page
280 k=10.005 87,n=0.964 23 0.982 19 0.794 97
350 k=0.003 69,7=1.460 85 0.995 77 0.253 30
420 £=0.006 89,n=1.017 42 0.987 77 0.336 61
70 £=0.001 06,a=1.059 96 0.983 78 1.684 18
140 £=0.002 41,a=1.082 07 0.983 63 1.119 68
210 £=0.003 30,a=0.974 26 0.985 02 0.983 77
Henderson
280 £=0.004 62,a=0.961 49 0.983 63 0.731 82
350 k=10.005 44,a=1.174 93 0.979 72 0.374 88
420 k=0.007 42,a=0.984 84 0.987 88 0.333 58
70 k=0.001 12,a=1.121 70,b=—0.111 04 0.995 21 0.384 38
140 £=0.002 04,a=1.110 03,6=—0.061 60 0.994 50 0.646 93
210 k=0.002 43,a=1.041 48,b=—0.116 27 0.995 45 0.298 94
Logarithmic
280 £=0.003 59,a=1.011 32,6=—0.091 03 0.990 50 0.423 61
350 £=0.003 89,a=1.174 93,b=—0.157 57 0.993 75 0.374 88
420 k=0.007 42,a=0.984 84,6=—0.112 60 0.996 01 0.109 55
70 a=—0.000 66,6=1.095 58 0.996 96 0.878 44
140 a=—0.001 61,6=6.583 91 0.986 96 1.534 67
210 a=—0.002 40,6=1.477 73 0.970 37 1.945 28
Wang
280 a=—0.003 42,6=3.010 24 0.957 35 1.904 20
350 a=—0.003 39,6=2.862 52 0.990 31 0.579 79
420 a=—0.00547,0=17.768 64 0.974 28 0.707 59




&M | Vol.38, No.2

RS BEANMKTRIERSN

x4 AEATHERETRUEEMTRERE
Table 4 Unit energy consumption and drying efficiency under different drying quality
id /W T | i/ g TG Biht/ g TR0 [H] /s BT RERE/ (M » kg™ 1) TR/ %
20 6.81 2 250 11.94 18.90
70 25 8.98 2 695 11.78 19.17
30 12.98 2 987 12.29 18.37
20 6.23 1188 11.28 19.39
140 25 8.35 1 343 11.29 19.99
30 12.08 1480 11.56 19.52
20 6.58 747 11.09 20.31
210 25 8.11 876 10.89 20.72
30 7.48 1 251 11.40 19.80
20 5.37 589 11.27 20.12
280 25 7.52 697 11.16 20.22
30 12.87 689 11.46 19.04
20 6.39 439 11.29 19.99
350 25 7.91 549 11.24 20.07
30 12.61 591 11.89 18.97
20 6.41 367 11.34 19.90
420 25 7.99 400 11.49 19.51
30 7.42 199 12.06 18.72
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Figure 3  Specific energy consumption versus Figure 4 Relationship between drying efficiency and
moisture ratio moisture ratio
BRRAY FEEX —BHER., G8n 3R - Esx T

3 ?nuﬁ

WAL XF 5 Fh T B9 T R Hs B AT LB R
Logarithmic X £ Y AT LS 47 b 5 38 58 PR 76 i 4
FEPRK AR R, B TR TR &
T B O By 2 8 B A PR 09 1 ) B0 RE RE S BER S
B T ERSCRE E BEAR, HY TR BT R 25 g
Wy 210 Wi 3k B fx A, it 7 X 867 6B 6
10.89 MJ/ kg B T B 0%y 20,7200 . 2 5 76 BF 55 K
T Dy SR T e B S X R DA B T MR R R e I, R

SR8 SR TR ST 06 A A 22 40 %Dﬁ%ﬁﬁf‘ﬁ?ﬂis%i‘f‘
8 DY) A T B IR AR R A R RE AR R R LA A
}»ﬁ%‘F*JM(I’H“I}&’%&E’JﬁEﬂ:&%BTﬂ“IxIzﬁfd,u%

e dN
(1] SBLLER, 5, TR, 5. Ho7 0 B R BTk bk B e BB 2% (1.
B PSRBT R, 2019(23): 92-93.
GUO Hong-xia, WANG lJing, XING Bao-song, et al. Excellent meat

quality traits and influencing factors of local pigs[J]. Animal Hus-

157



158

35 5 R 8 STORAGE TRANSPORTATION &. PRESERVATION

bandry and Veterinary Science (Electronic Edition), 2019 (23):
92-93.

R] T, Brh, BPa, S ORIE 45 =00 R AT 5 5
WA (7). B2 Tl 2017(4): 19-22.
KU Xue-dong, MA Chang-zhong, LUO Zhang, et al. Effect of dif-
ferent drying methods on the quality of dried Tibetan pork[J]. Meat
Industry, 2017(4): 19-22.

(3] VA /NEL, ZEREEE, BOFY, 5 i Ak B B TR R E D). R AR
BB K 2F 24 4R, 2021, 41(6): 139-146, 166.
TANG Xiao-hong, LI Cheng-yi, HUANG Dan, et al. Microwave
vacuum drying characteristics of oil tea seeds[J]. Journal of Central
South University of Forestry Science & Technology, 2021, 41(6):
139-146, 166.

[4] 5KUR, ANy, R0k, . MOS0 TR IE R TR 2
WRIET]. 12 5 5 L, 2018, 34(4): 206-210.
ZHANG Le, ZHAO Shou-huan, WANG Zhao-gai, et al. Research on
microwave vacuum drying characteristicsof chestnut[J]. Food &
Machinery, 2018, 34(4): 206-210.

(5] X0 17, AU . FRASE P T KT 4R 3l ) 2 B Sk ST 52 (0]
o R B i, 2021, 46(10): 32-37.
LIU Tian-zi, XIONG Han-guo. Hot air drying kinetics of dried sour
and spicy pork and its quality study[J]. China Condiment, 2021, 46
(10): 32-37.

[6] L&, VES X, £ B, 3. 4 T T8 LA & & TR
i, 2012, 33(9): 328-440.
WANG Lei, PANG Xue-feng, WANG Guo-ze, et al. Optimization of
beef jerky drying process[J]. Science and Technology of Food In-
dustry, 2012, 33(9): 328-440.

(71 W, sk4s =, Emn, 5. 5% A I 9 Rl i o 4 T 2 AR o (0]
W2 Tk, 2017(D): 1-4.
TIAN Long, ZHANG Jing-yun, WANG Li, et al. Optimization study
on the preparation process of preserved pork by microwave method[J].
Meat Industry, 2017(7): 1-4.

[8] DOYMAZ I, ISMAIL O. Drying characteristics of sweet cherry[J].
Food and Bioproducts Processing, 2011, 89: 31-38.

[9] B M, BrdeAe, XUHE, 5. JOB R R RO ] BT R R e 3l
R[] B A 5P, 2019, 35(3): 195-201.
PAN Yu-yan, DUAN Zhen-hua, LIU Yan, et al. Characterization and
kinetics of microwave intermittent drying of dragon fruit slices[J].
Food & Machinery, 2019, 35(3): 195-201.

[10] X4, 211, Bediefe, 5. Do v B3 iE — 1A WO TR Ak

Je gl SR D). £ 5 Do B, 2017, 38(18): 30-35.

LIU Bing, LI Chuan, DUAN Zhen-hua, et al. Permeation-vacuum

microwave drying characteristics and kinetic model of tilapia

fillets[J]. Science and Technology of Food Industry, 2017, 38(18):

30-35.

GUARY, BROC)T, AR, A R 58 1 0 B S B R T R R T

THBCAR ] BB, 2020, 4103): 62-67.

YUAN Dong-ling, GENG Wen-guang, DU Rui, et al. Superheated

[1

steam drying characteristics of South American white shrimp and

mathematical model of drying[J]. Food Science, 2020, 41 (3):

BE 2448 | 20228 2 B | RSV

62-67.

[12] WANG Z, SUN J, CHEN F, et al. Mathematical modelling on thin
layer microwave drying of apple pomace with and without hot air
pre-drying[J]. Journal of Food Engineering, 2007, 80(2): 536-544.

[13] JU HY, ZHAO S H, MUJUMDAR A S, et al. Energy efficient im-
provements in hot air drying by controlling relative humidity
based on Weibull and Bi-Di models[J]. Food and Bioproducts Pro-
cessing, 2018, 111: 20-29.

[14] SRR, BT, o T 4% I 42 1 A R e bt b o i 2 1

PRRREBESE (] £ 5 S MU, 2021, 37C10): 124-132, 244.
SONG Shu-jie, HUANG Xue, GUO Yu-rong. Study on the charac-
teristics of microwave vacuum drying of kiwifruit slices based on
temperature control [J]. Food & Machinery, 2021, 37(10): 124~
132, 244.

[15] WU Ben-gang, GUO Xiu-yu, GUO Yi-ting, et al. Enhancing jack-
fruit infrared drying by combining ultrasound treatments: Effect on
drying characteristics, quality properties and microstructure [J].
Food Chemistry, 2021, 358: 147-152.

[16] AZMI Seyhun Kipcak. Microwave drying kinetics of mussels
(Mytilus edulis) [J]. Research on Chemical Intermediates, 2017, 43
(3):1429-1 445.

(171 /5, SR RHK, #9055 M0 FF JSORL 09 0 T4 3 ) % 5 e e

S BT[] ARAHLILBIE ST, 2018, 40(5): 253-258.
LU Ze, ZHANG Da-bin, HU Hao, et al. Analysis of microwave dr-
ying kinetics and energy consumption of tobacco straw pellets[J].
Journal of Agricultural Mechanization Research, 2018, 40 (5):
253-258.

(18] J/ININ, BediRfe, AT 20, . B 280 o o 9 e 1k 2 3

IR SE 0], £ A 5 HLAR, 2020, 36(10): 177-182, 227.

TANG Xiao-xian, DUAN Zhen-hua, REN Ai-qing, et al. Micro-

wave drying characteristics and kinetic modeling of ready-to-eat

ciguatera slices[J]. Food & Machinery, 2020, 36(10): 177-182, 227.

AERKIEE, S 3. R X Bl e T R A e R B AL (D). £

22014, 35(11): 58-61.

(19

LI Qiu-ting, WU Jian-wen. Microwave drying characteristics and
mathematical model of salt-baked chicken[J]. Food Science, 2014,
35(11): 58-61.

[20] B% ). WOk BLas T4 % AR 0 5 T2 00 10 B L AR G A o F
FE[D]. T TR K42, 2020: 4-5.
XUE Guang. Microwave vacuum drying process optimization and
related characteristics of tilapia fillets[D]. Zhanjiang: Guangdong
Ocean University, 2020: 4-5.

[21] ZE 446, BoRAe, XIHR 1, 45, 3 Bk 28 B0 25 T T e v I 3L
Bl 1 AR ). &R Dok, 2013, 34(22): 285-289.
LI Jing-yi, DUAN Zhen-hua, LIU Yi-tong, et al. Vacuum
microwave drying characteristics and kinetics of okra[J]. Science
and Technology of Food Industry, 2013, 34(22): 285-289.

[22] ALI Motevali, SAEID Minaei, AHMAD Banakar, et al. Energy an-
alyses and drying kinetics of chamomile leaves in microwave-con-

vective dryer[J]. Journal of the Saudi Society of Agricultural Sci-
ences, 2016, 15(2): 179-187.



