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Logarithmic MR =ae " +¢
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Page MR = exp( —kt")
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Fig.1 Drying curves (a) and drying rate curves (b) of

G. elata Blume slices under different hot air drying tempera-

ture
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Table 2 Results of statistical analysis of G. elata Blume slices drying model

B ¥ HAD MWD

Models Parameters 60 C 70 °C 80 C 2 W/g 3 W/g 4 W/g
Logarithmic a 0. 966 0.972 0.797 2.134 3.495 3.300

k 0.011 0.012 0.018 0.019 0.017 0.025
¢ - 0.205 -0.230 -0.120 -1.190 - 2.586 - 2.432

R? 0. 999 0.997 0. 999 0. 999 0. 999 0. 999

RMSE 0. 008 0.019 0.014 0.012 0.014 0.014

SSE 0. 000 0. 001 0. 001 0. 002 0.001 0.001

Handerson and Pabis a 0.787 0.766 0.691 1.020 0.977 0. 920
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Continued table
5 28 HAD MWD
Models Parameters 60 °C 70 C 80 C 2 W/g 3 W/g 4 W/g
k 0.018 0.021 0.026 0. 066 0.109 0. 156
R? 0.984 0.978 0. 989 0. 959 0.947 0.951
RMSE 0.039 0.048 0.032 0. 067 0.078 0.078
SSE 0. 009 0.012 0. 004 0. 067 0. 049 0.030
Newton k 1. 000 1. 000 1. 000 0. 065 0.112 0.170
R? 0. 480 0.517 0. 622 0.961 0. 945 0.941
RMSE 0.317 0. 306 0.281 0. 065 0.075 0. 081
SSE 0.702 0. 562 0. 396 0.068 0. 050 0.039
Wang and Singh a -0.016 -0.019 -0.024 —0.046 -0.078 -0.122
b 0. 000 0. 000 0. 000 0. 000 0.001 0.003
R? 0.977 0.975 0.971 0.997 0.993 0.988
RMSE 0.120 0.134 0.181 0. 025 0.043 0. 068
SSE 0. 086 0.090 0.131 0. 009 0.015 0.023
Page k 1. 000 1. 000 1. 000 0.025 0. 052 0.105
n 1. 000 1. 000 1. 000 1. 341 1.338 1. 256
R* 0. 480 0.517 0.622 0.983 0.976 0.970
RMSE 0.317 0. 306 0.281 0. 045 0. 060 0.078
SSE 0.702 0. 562 0. 396 0. 030 0.029 0. 030
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Table 3 Transverse time and relaxation peak area of different states of water G. elata Blume slices before and after steaming
¥ ih T, /ms T,,/ms T,,/ms A, /g ! A,/ g ! A,/ g ! A, /g !
Samples 21 B 22 s 23 s 21/ 8 22/ 8 23/ 8 2/ 8
St]iifrggzg 5.56£0. 39" 86.5+8.98" 882.61*61.18" 176.36*2.63" 960. 36+ 16. 26" 3 407.63+16.26" 4 544.34+14. 66"
Stg“nfirng 2.42+0.17" 17.44%0.61" 280.22+9.72" 51.27+1.04" 305.04+2.86" 5318.65+78.82° 5 674,96+ 82, 72"

Note:* and " means values with different superscripts are significantly difference (P<20. 05).
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Fig.4 Proton density weighted images of fresh (a) and steamed (b) G. elata Blume slices
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Fig. 6 Changes of relaxation time of water in G. elata Blume slices during HAD process (60,70 and 80°C) and MWD

process (2.3 and 4 W/g)
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Determination of Moisture Changes in Gastrodia elata Blume

Slices during Different Drying Processes Based on Drying Kinet-
ics and LF-NMR Analysis

WU Zhaolong' s WU Tengyu®, QIU Zhanhong®, HUANG Jinmin'""* ,QIN Haibo',

LI Bingzheng'**, HUANG Zhimin"'" "
(1. Institute of Grand Health, Guangxi Academy of Sciences. Nanning. Guangxi, 530007, China; 2. College of Food Science and

Quality Engineering, Nanning University, Nanning , Guangxi,530200, China;3. Guangxi Huatai Pharmaceutical Co. ,Ltd. s Hezhou,

Guangxi, 546800, China;4. Guangxi Key Laboratory of Advanced Microwave Manufacturing Technology, Guangxi Academy of Sci-

ences s Nanning , Guangxi, 530007, China;5. Laibin Branch, Guangxi Academy of Sciences,Laibin, Guangxi,546100,China)

Abstract: Combining drying characteristic curves,a predictive model for Gastrodia elata Blume slice moisture

content based on Low-Field Nuclear Magnetic Resonance (LF-NMR) parameters was established. In order to
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explore the change rule of moisture migration in the drying process of G. elata Blume slices and establish its
quantitative characterization method,in this study, LF-NMR technology was used to analyze G. elata Blume
slices under different hot air temperatures (60,70,80 °C) and different microwave power densities (2,3,4 W/
g) during Hot Air Drying (HAD) and Microwave Drying (MWD). Combined with the drying characteristic
curve,a prediction model of moisture content of G. elata Blume slices based on LF-NMR parameters was es-
tablished. The results showed that the drying rate of MWD was much higher than that of HAD. In the range
of hot air temperature (60 — 80 C) and microwave power density (2 —4 W/g),high temperature and high
power density were beneficial to improve the drying rate and shorten the drying time. The Logarithmic model
can accurately describe the change of moisture content in the process of HAD and MWD of G. elata Blume
slices. LF-NMR analysis showed that in the process of HAD and MWD, the transverse relaxation time curve
of G. elata Blume slices showed a trend of left shift on the whole,and the relaxation peak signal intensity of
each state water decreased continuously. At the end of drying,the free water in the G. elata Blume slices was
completely removed,and only a small amount of immobile water and bound water remained. Whether it is
HAD or MWD, the correlation between the total area of relaxation peak A, and the dry basis water content of
G. elata Blume slices is above 0. 99. The research results provide a reference for elucidating the drying mecha-
nism of G. elata Blume slices and the optimization of drying process parameters.

Key words: Gastrodia elata Blume; hot air drying; microwave drying; moisture content; Low-Field Nuclear
Magnetic Resonance (LF-NMR)
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