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Fig.1 Drying characteristic curves of Dioscorea opposita by CU-HPD under different ultrasonic power
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Table 1 Effective moisture diffusion coefficients of Dioscorea opposita under different ultrasonic power

B 75 W LA 2 R? A K5 HH# F /10?57
0 -InM=0.0021:-0.0412 0.998 0.887¢
20 -InM=0.0023:-0.0319 0.998 0.970°
40 -InM=0.0030:-0.0614 0.995 1.267"
60 -InM=0.0033:-0.0759 0.992 1.393¢
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Fig.2  Microstructure of Dioscorea opposite under different ultrasonic power
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Table 2 Porosity and average pore size of Dioscorea

opposita under different ultrasonic power

A oy B W L % F 34 3L 42 /pum
0 0.083 + 0.003¢ 9.331 + 0.025"
20 0.176 + 0.007 10.907 = 0.012¢
40 0.281 +0.010" 13.563 = 0.032"
60 0.381 +0.013" 17.702 + 0.018"

50
40 -
30 F

20

N Y S U AV
01 0.1 1 10

0. 100 1000 10000
T, S5 i)
Transverse relaxation time/ms

B3 HHEFERIRILZ T, 5t AT 8 i 2%
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Fig.4 Transverse relaxation time curves of Dioscorea opposita under different ultrasonic power
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Fig.5 Peak area of moisture in different states under different ultrasonic power
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Fig.6  Proton density image during CU-HPD of Dioscorea opposita under different ultrasonic power
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Effect of Ultrasonic Power on Moisture Migration in Contact Ultrasound Enhanced Heat Pump

Drying of Dioscorea opposita

Xue Yang', Liu Yunhong'?, Liu Enchong', Sun Xue'
('School of Food and Bioengineering, Henan University of Science and Technology, Luoyang 471000, Henan
’Food Green Processing and Quality and Safety Control of Henan Province International Joint Laboratory,
Luoyang 471000, Henan)

Abstract To explore the moisture migration law of Dioscorea opposita in contact ultrasound enhanced heat pump drying,
this paper used the contact ultrasound enhanced heat pump drying equipment to study the effect of ultrasonic power on
drying characteristics and water change. The results showed that applying contact ultrasound during the heat pump drying
was beneficial to accelerating the dehydration process. With the increase of ultrasonic power, the drying time of
Dioscorea opposita could be shortened from 630 min to 390 min, and the average drying rate could be increased from
0.0053 g/(g-min) to 0.0086 g/(g-min), the range of effective moisture diffusion coefficients was increased from 0.887x
10 m¥s to 1.393x10™° m¥s. Scanning electron microscopy results showed that contact ultrasound could loosen the materi-
al structure and produce micropores. With the increase of ultrasonic power, the number of micropores increased and the
porosity increased. Low —field nuclear magnetic resonance analysis showed that there were three kinds of moisture in
Dioscorea opposita: free water, immobilized water, and bound water. There was mutual migration of internal moisture
during the contact ultrasound enhanced heat pump drying process. The content of free water decreased continuously until
it was completely removed. The content of immobilized water first increased and then decreased in the drying process,
and there was still some immobilized water existence at the end of drying. The content of bound water was almost un-
changed during the drying process. The nuclear magnetic resonance imaging of Dioscorea opposita showed that the mois-
ture of the material gradually lost from outside to inside during the drying process. Increasing ultrasonic power during the
drying process could accelerate the internal moisture migration rate of Dioscorea opposita and promote the removal of in-
ternal moisture. This study could provide a reference for the development and application of contact ultrasound enhanced
heat pump drying technology for fruits and vegetables.

Keywords drying; Dioscorea opposiia; contact ultrasound; heat pump drying; moisture migration



