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Experiment study on convective and radiation drying of Dahongpao Zanthoxylum

bungeanum Maxim under different temperature and humidity
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(1. College of Energy and Engineering » Xi'an University of Science and Technology ., Xi'an, 710000, China ;
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Abstract: In order to compare the drying characteristics and quality of Dahongpao Zanthoxylum bungeanum Maxim (ZBM)
under hot air drying, hot air-infrared drying and hot air-microwave drying methods, and reveal the thin layer drying process
of convection-radiation combined drying to guide the production practice, the effects of hot air drying, hot air-infrared
drying and hot air-microwave drying under the condition of different hot air temperatures (50 C, 60 ‘C, 70 °C) and
different air relative humidity(10% , 30% , 50%) were analyzed by contrast with drying curve and effective moisture diffusivity.
The drying kinetics was analyzed by combining the scale parameter (a), shape parameters (§) of Weibull function and the
calculated moisture diffusion coefficient, the oil bud structure and volatile oil components of dried ZBM were analyzed by scanning
electron microscope (SEM) and gas chromatography mass spectrometry (GC-MS) respectively. The results show that the drying
time of hot air drying was longest. Increasing the temperature or decreasing the humidity was helpful to improve the
drying rate and shorten the drying time, but it had little effect on hot air-infrared and hot air-microwave drying. Weibull
function could well simulate the drying curves of three drying methods. The scale parameter (a) was related to the drying
time and changed obviously with drying conditions. The shape parameter §>>1, it showed that water migration was jointly
controlled by the surface and interior of the material. The calculated moisture diffusion coefficient variation ranges of the

three drying methods were 1.303X10 7 —2.815X 10 7 m*/min.7.646 X 10 " —9.628 X 10 " m*/min.2.200 X 10 ® —2.778 X

Weks B .2022 4 8 H 14 H 1 B .2022 4E 9 A 29 A
* FEAIH BEVE A AL H (2019NY—166)
W AER B, L, 1971 AR BRVE R IR L A BB WF 5y 1 R A A AR T S T REHL R . E-mail: s2t2001718@xust.edu.cn



% 3

BEEREY A A [ IR R L1 A BRORT Uil 8 4 T 1R il B BT 5 97

10" m®/min respectively, and were related to the change of hot air temperature and humidity. Through SEM observation on

the dried peel of ZBM, it was found that the structure of oil bud dried by hot air and hot air-infrared were well preserved, while oil

bud was more full after hot air-microwave drying; and the content of volatile oil extracted from ZBM after hot air-

microwave drying was the most (7.5%) by using GC-MS analysis, the relative content of olefins was the largest. The volatile oil

extracted from ZBM by hot air drying was the lowest, but the volatile oil had the most kinds of compounds. Considering the

quality and drying characteristics of dried Dahongpao ZBM, the hot air-infrared combined drying method was the better method.

Keywords: Dahongpao Zanthoxylum bungeanum Maxim ; drying kinetics; Weibull function; microstructure; volatile oil
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Fig. 1 Schematic diagram of convective and
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Tab. 1 Experimental design and experimental parameters
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Fig. 2 Moisture ratio curves of Dahongpao Zanthoxylum bungeanum Maxim under different drying methods

--50C. 10% - 60 °C. 10%
0.008 - —--70 C+ 10% — 60 C. 30%
[—60C. 50% .~ _

--50C. 10% - 60 C- 10%
=--70 C+ 10% — 60 C. 30%
0.030 —60 C. 50%

-=50C. 10% - 60 C 10%
0,087 =70 T 10% —60 T 30%
[ —e60Cy 50% .-

AR (g-g - min)
[=]
=
[\

0 02 04 06 08 10 0
KA
(a) FAR T 45

02 04 06 08 10 0

(b) R —LLAMKR S T4

02 04 06 08 1.0
IKSrEE
(o) PR — TR Bk & T 45

Kot

3 FAREFHERFT XKD TG 2k

Fig. 3 Drying rate curves of Dahongpao Zanthoxylum bungeanum Maxim under different drying methods
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Tab. 2 Weibull model simulation result at different drying conditions
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Tab. 3 Chemical composition of the essential oil from dried Zanthoxylum bungeanum Mazim using different initial drying techniques

/%
75 CAS 5 F & W24 W
R PR—Lroh ARk
1 5989—27—5 Cio His D— A 13. 84 29. 02 29. 25
2 20126—76—5 CiwHis0 (—) — 44— 8.70 7.28 5.28
3 3779—61—1 CiHis (E)—B— % #if 8.33 9. 04 7.81
4 123—35—3 Cio His A 7.00 10. 43 19. 56
5 555—10—2 CiwHys 3— B —6— (1— P 3 2 5O 3 2 4 5.62 7. 30 7.62
6 80—26—2 Ci, H2 O, TR IR 5. 62 2.18 1.68
7 98—55—75 CioHisO o— iyl 4.72 1. 40 1. 34
8 13877—91—3 CioHys B8 4.13 4.91 3.70
9 99—85—14 CiHis y — KA Cy — i S D 3.70 3.03 2.06
10 7785—70—8 Cio Hys e 3.13 3.15 2. 82
11 78—70—6 CiwHis0 TR i 2.19 1. 09 0. 85
12 99—83—2 CiHis a— KU 2.06 2.31 1. 74
13 29050—33—7 CiHis 4— B 2.02 1.67 1.11
14 150—84—5 C; H,, O, LR B 1. 98 0.55 0. 47
15 87—44—5 Ci; Hay 1— Ak 1. 89 0.67 0.43
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7 SCE 3 PR B 2T A B R O BB T
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PRAOT A ROK 73 3 8RB 48R 25 T 07 Y 2k K
FEME S5 3h 1A, LSBT,
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i i N[O W R AW N B R E BT R T L R 7
e T W AN FE A E S, T ORI . FEWRE 60 C
VB RE 1090 4540 T o 0 b 6T 3 SR A T4 O KT % B
[6] 4351 56 min,17. 5 min, 5 # T4 (212 min) A
Fb o ) 9 4 S 156 5 T M5 BB K R 40 e T e b 1
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ERZ WA/, =457 s AR S K o 9 8 R s 1k
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