¢ %% Chinese Traditional and Herbal Drugs 25 51 % % 381 202042 A * 631

FIRST BRI R XS PF SR T UREF I R dm B §2 0

EdR b2, kgl sk, mExd, Hwrd Has’
L LA RS S TR, WL % 050061

2. FALE BRI THAH L, WL FAZKE 050061

3. FEAR R T A2BE, b5t 100083

4. WALZAFORF LRI, Wk fi%E 050061

1 OE: By FRIEE AT KM BN TS Panacis Quinquefolii Radix HE T 45 Al R S, iR s i S
RT R M T W RSOk IE . 7355 MR TR N 55 C&H T, fEEMXHEE (20%. 30%. 40%). [ BRI 40%
SHIREE 1. 5. 9 h JEFER 20% M FESHRE TR FR TS TR . KA MY BURE (De)~ SKIG 4ELL. &
BEEERWREHIEm . R EEENEEETERAMT, AR T R AR, MXREEY 20%0 L 4090
FUERT4EEL T 6.8%; BrEXFRRTIRAM T, MXHEE 40%IR%: 5 h 5 200480 TIEGHRR TR 730, R 1465
T 3.4%, TIPS ITHER B K2 Do 78 149X 1070~2.50 X 10710 m?/s; 5 /K 1t 3 B2 52 44l 40 0 455 440 F) st I 7
FE R K TS /K 2R AR, EL AR R RS RO B R ok /s, e L BE ARG FE RIS N ok, R R T BB WS B E M
etk OGRS RN, EEHRE TN EE SRR I 4 T, WS ECTER K . B, I BRI T4
AT VSR oK FIERY BUfLIE, M T4EHR TR R, $Emikil; AXHEE 40%0R5F 5 h TSR 20%k), 254
P B 0.6120.01, AR TR L E, 2K N 2.234+0.12. it tb 9 0.26 +0.06. A B H R &4 509 (5.01+0.04) %.
2510 BRI TRy ST HR VU VS AR SR SRR 5 0T, AR TR TG A S AR R i R A A i R R B 1 A
AP

XEEIE: TUPES; TRAB TR TIRSR MIXHERE: KM itk BRI ARG AT
FESHES: R283.3 NHEREE: A XEHS: 0253 - 2670(2020)03 - 0631 - 08

DOI: 10.7501/j.issn.0253-2670.2020.03.012

Effect of relative humidity on drying characteristic and quality of Panacis
Quinquefolii Radix

JU Hao-yu"?, ZHAO Shi-hao"? ZHAO Hai-yan’, ZHENG Zhi-an®, GAO Zhen-jiang®, XIAO Hong-wei®
1. College of Bioscience and Engineering, Hebei University of Economics and Business, Shijiazhuang 050061, China

2. Hebei Innovation Center of Poultry Meat Deep Processing Technology, Shijiazhuang 050061, China

3. College of Engineering, China Agricultural University, Beijing 100083, China

4. College of Business Administration, Hebei University of Economics and Business, Shijiazhuang 050061, China

Abstract: Objective Taking Panacis Quinquefolii Radix (PQR) as study object, the drying characteristic and quality was investigated
under constant relative humidity (RH) and step-down RH drying method in order to provide foundation for improving drying efficient
and quality of PQR. Methods At drying temperature 55 °C, the effect of constant RH (20%, 30%, and 40%), step-down RH, when RH
40% was kept for 1, 5, and 9 h and then decreased to 20%, and continuously dehumidification drying conditions on drying
characteristic, moisture effective diffusion coefficient, rehydration ratio, shrinkage ratio, total ginsenoside content and microstructure
were investigated. Results With constant RH drying condition, the lower the RH was, the higher the drying rate was. When RH was
20%, the drying time was shortened by 6.8% compared with RH of 40%. With step-down RH drying condition, when RH 40% was
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held for 5 h and then decreased to 20%, the drying time was shortened by 3.4% compared with dehumidification drying method.
Also, a transient increasing drying rate phase was appeared. Moisture effective diffusion coefficient ranged from 1.49 <107%° to 2.50 x
107 m%s. Rehydration ratio mainly depended on the damage degree of the PQR cellular structure and the moisture content before
rehydrating. Additionally, the rehydration ratio and shrinkage ratio increased with the increase of RH. High RH was benefit for
reserving and transferring of ginsenoside content. The microstructure results showed that under continuous dehumidification drying
process, the PQR surface was crusted so that the drying time was prolonged and rehydration ratio was decreased. On the other hand,
step-down RH drying method was benefit for porous structure formation, which was helpful for shortening drying time and
improving rehydration ratio. When RH 40% was kept for 5 h and then decreased to 20%, the comprehensive score of this drying
condition achieved its maximum value as (0.61 +0.01). Such drying condition was regarded as the best drying process with the
rehydration ratio, shrinkage ratio and total ginsenoside content of 2.23 *£0.12, 0.26 +=0.06, and (5.01 = 0.04)%, respectively.
Conclusion Step-down RH drying method can improve PQR drying efficient and quality and such conclusion provided theoretical
foundation and technical support for how to adjust RH during hot air drying of PQR.

Key words: Panacis Quinquefolii Radix; drying medium; drying characteristic; drying quality; relative humidity; rehydration ratio;

shrinkage ratio; total ginsenoside content; effective diffusion coefficient; hot air drying
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1-humidification water tank 2-wet curtain 3-air bellow assembly
4-human machine interface 5-distribution box 6-doorknob  7-fan
support  8-drying chamber door 9-moistrue removing centrifugal

fan 10-tray support 11-door hinge 12-return air flue

13-electric heating assembly  14-inlet air pipe 15-iron ore net
16-axial flow fan fixing bolt 17-weighing module
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Fig. 1 Schematic diagram of hot air internal recycle dryer
based on being controlled temperature and humidity
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Table 1 Design for experiments with run conditions
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Fig. 2 Drying curves of PQR at different RH
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Fig. 3 Drying rate curves of PQR at different RH
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Fig. 5 Drying rate curves of PQR at step-down RH
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Table 3 Rehydration ratio, shrinkage ratio, total ginseng
content and comprehensive score under different drying
conditions
FFs RR SR
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5
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Fig. 6 Microstructure of PQR at step-down RH

3 g

AW U 827 1 AR T AN B P T 2%
PE R FEPESAR B TR AT A . 53R,
AHXHRELE 20%~40%H], FH X BB, gk
R AR 40%1RFF 5 h AR TSR
FHET7 3 TR RIZERE T 3.4%, MBI T7
XA TS TR,

AFTEESMET, K9 D 76 1.49 X100~
250X 107" m?/s Y. AHRHEEE RS, 7K De
MK . AHXHEEE 40%0R%E 5 h J5 44 20%H], Degr
BERT AR TR FA . U6 SRR R KR
— SE IS A R T 3255 Desrs 40 FET-JRES 1]

KM YR A0 B NS5 A R FE R S B
IKETE KR P REma,  FLREAE X R K80 s
WAL LU B S AEDOIR B 3G I 3GK s SR AR A
FIF BREHSENEEMNEL, a5 REKI.
WALl BB AT R 5 TR,
FHXTHERE 40%FREF 5 h 1 J5 By 20%F0, BEFE &+
JER AR 2 A B ) I8 b o, A R TR T2
R KEE A 2.2340.12, W45t A 0.26£0.06. &L
S EN5.01+0.04. 225354 0.61+0.01.

HEHRR TR FM TN, ISR R AL %
ith, SEGCTEE R ER . BTG BB
BT VAT HAFESRINERKEN KD F

TR BALE, AR T 4T ), R e Rk,
AR SEBSHI A TR AT I R AN B A TR 2%
PRSP TR, RR. SRy BRHEK
LR vEoy, SRR BT R U iR v v
SR TRBCEM T, AR RITESR

Tl e e ) 2 A 0 P P R AR AR S

SE 3k

[ %5k & # F W, % WESHRERKLESK
BRI BEVA 25 IR G R AT AT [J]. PREZ, 2018,
49(18): 4399-4407.

[21 FEEME. WEZETSRGTRLIENR [0 Rk
53T%, 2018, 39(14): 116-119.

[B1 & B, BRK, % . ASHEES. £8% 77
i T M BLARIE [J]. MR B IE R, 2011,
26(2): 96-101.

[4] TZR. WESTHIPUE KM RN LK 5T [D].
Kb dEg ke, 2002

[5] Davidson V J, Xiang L, Brown R B. Forced-air drying of
ginseng root: 1. Effects of air temperature on quality [J]. J
Food Eng, 2004, 63(4): 361-367.

[6] GHEWRME. ORI T TN S L2 K3 B W50 T
F [D]. Ab3:  E AR AR ERT 7B, 2007.

[7] Xiao H W, Bai J W, Xie L, et al. Thin-layer air
impingement drying enhances drying rate of American
ginseng (Panax quinquefolium L.) slices with quality
attributes considered [J]. Food Bioprod Process, 2015,



* 638« ¢ %% Chinese Traditional and Herbal Drugs %551 % %5 33 202042 A

94: 581-591. [18] % IE, X &, WEYT, &5 AVURSL R
[8] Wang D, Dai J W, Ju H Y, et al. Drying kinetics of WA ER AT [3]. AU =TR, 2014(S1): 241-246

American ginseng slices in thin-layer air impingement [19] Darict S, Sen S. Experimental investigation of convective

dryer [J]. Int J Food Eng, 2015, 11(5): 701-711. drying kinetics of kiwi under different conditions [J].
[9] JuHY, Zhao S H, Mujumdar A S, et al. Energy efficient Heat Mass Transfer, 2015, 51(8), 1167-1176.

improvements in hot air drying by controlling relative [20] k&ag, 52, & 8 % HEATRIETES

humidity based on Weibull and Bi-Di models [J]. Food IKREBMB A [J]. &sEHE, 2012(5): 60-63.

Bioprod Process, 2018, 111: 20-29. [21] E#W, Hafh, Aawsg, % FRAMPEELIIT
[10] Martynenko A I, Brown R B, Davidson V J. Physical and PR P A A E R[] R HLME R, 2013,

physiological factors of ginseng drying [J]. Appl Eng 44(S2): 186-191.

Agric, 2006, 22(4): 571-576. [22] Zlatanovic |, Komatina M, Antonijevic D. Low-
[11] Wilhelm L R. Ginseng drying-the effect of drying air temperature convective drying of apple cubes [J]. Appl

temperature and humidity upon quality [J]. Appl Eng Therm Eng, 2013, 53(1): 114-123.

Agric, 1990, 6(5): 635-639. [23] E¥5H, H4fh, i/, & REET-ZRKENER
[12] Du X W, Wills R B H, Stuart D L. Changes in neutral and WLt 556 [J]. Rk TR, 2015, 31(12):

malonyl ginsenosides in American ginseng (Panax 230-238.

quinquefolium) during drying, storage and ethanolic [24] Ju H Y, Zhang Q, Mujumdar A S, et al. Hot-air drying

extraction [J]. Food Chem, 2004, 86(2): 155-159. kinetics of yam slices under step change in relative
[13] B, B, # &, . TEA FURE R humidity [J]. Int J Food Eng, 2016, 12(8): 783-792.

N R R [J]. ROl TREEHR, 2015, [25] W55, ATRNE, B4, 2. £ T Weibull 4310 i %

31(16): 296-304. ) 2 T ARSI A B 2w A 9], a2
[14] Ju H Y, El-Mashad H M, Fang X M, et al. Drying &, 2015, 40(11): 2117-2122.

characteristics and modeling of yam slices under different [26] ZZKE%E. FOEESPETIRHEARM I [D]. KF: HHKK

relative humidity conditions [J]. Dry Technol, 2016, 2%, 2006.

34(3): 296-306. [27] SRIEMS, &IRIT, MM, & BT Weibull HEAH
[15] Dai J W, Rao J Q, Wang D, et al. Process-based drying T 2T ORE T 0] R TRE2E4R, 2015,

temperature and humidity integration control enhances 31(5): 17-324.

drying kinetics of apricot halves [J]. Dry Technol, 2015, [28] BREEIL, MO, ARZ23F, & BT 5 5 A AR I A

33(3): 365-376. WM TR T ZS 8 ] Kk TSR,
[16] Z=ulsg, /758, 2 M, 5. BV IS RR 2014, 30(3): 277-284.

P R 5 15T [J]. & 24, 2019, 50(18): 4320-4328. [29] Wang C Z, Aung H H, Ni M, et al. Red American
[17] E35H, &4%, &, &, T Weibull 770 ek £ ginseng: Ginsenoside constituents and antiproliferative

PIAAC B2 ik ) T4 AR AU K Bl i %t ot [3]. R
%4, 2018, 49(22): 5313-5319.

activities of heat-processed Panax quinquefolius roots [J].
Planta Med, 2007, 73(7): 669-674.



