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Evaluation of drying characteristics and physicochemical properties of
Angelicae Sinensis Radix under different drying methods based on combination
entropy weight and variable coefficient method

ZANG Ze-peng, HUANG Xiao-peng, MA Guo-jun, ZHANG Qian, JIANG Chun-hui, WAN Fang-xin
College of Mechanical and Electronical Engineering, Gansu Agricultural University, Lanzhou 730070, China

Abstract: Objective To study the effects of natural drying (ND), hot air drying (HAD), vacuum drying (VD), microwave vacuum
drying (MVD), vacuum far infrared drying (VFIRD) and ultrasonic vacuum far-infrared drying (US-VFIRD) on the drying
characteristics, physicochemical quality and microstructure of dried Danggui (4ngelica sinensis) and explore the best drying process
of samples. Methods The physical properties such as drying time, color difference, rehydration ratio, shrinkage rate and chemical
components such as chlorogenic acid, ferulic acid, senkyunolide H, senkyunolide I, 3-butylidenephthalide, ligustilide, polysaccharide,
total phenols and total flavonoids content were selected as evaluation indexes, coupling weights and comprehensive scores were
calculated using the entropy weight-variable coefficient method, and the evaluation model was validated using the weighted
approximation ideal solution ranking method (TOPSIS). Results MVD had the shortest drying time (110 min) and the lowest color
difference in the dried products (AE = 8.12 £ 3.97); US-VFIRD could better preserve the active ingredients such as ligustilide,
chlorogenic acid, ferulic acid and other nutrients in the samples and improve the internal tissue structure of the samples, and its dried
products had the best quality (entropy weight- variable coefficient comprehensive score Ao = 77.94, TOPSIS relative closeness @ =
0.838 3), followed by MVD. Conclusion The test showed that the US-VFIRD drying method was significantly better than the other
five drying methods, which provided theoretical support of ultrasonic technology applying in drying A. sinensis.
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Fig. 1 Drying curve of Angelicae Sinensis Radix under

different drying methods

FHTT AR, 1R A d P G2 B AR BEU, X
VTR AIZHTAZ R, Hdh MVD BIR BETHAR
4 T I7 a0, XATRERR DY MVD AT DA Ik
H5FRNTRZ AR AL, =5 7K TRIN6E
NG, AL G /K TR R IS5, AErL
FREMOIR, RN R S A KA R B R
(18 KR, g TR BT OA S, SR A
TR, (HR T A PR 5 S B R A 5
NPEE, RAETAHMREEAIG, (RN
BIBENEARAR, BE4h, US-VFIRD FI Fj# 7 i AU
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439N 4.00, 3.48. 4.33, 5 EA—HRT AR EL 2
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VFIRD #HLLE K EEERAR, FIfREZBN VFIRD T4
ARG, PPRHCET (] 4T S A 5 iR 2 22
P24, UL IE PR AN R, T4
AR ML IR, 7] A2 FHAS S K FE ok
[1)953i%, 1 US-VFIRD R H AU A 2= RN,
T8 5] 7S PN FB 7K i ) RS9 5k T 4143 45 R 1] R 4
FLIBIE, WU T @ R S mRAKIES), Bt
KU E I EKAE ST, BeAh, ANETE A
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Table 1 Effects of different drying methods on rehydration ratio, shrinkage rate, color and drying time of Angelicae Sinensis

Radix

THTA A 1% Gz A
a b AE min

BERE - - 80.98+£3.79°  0.40%0.127  14.51%2.12¢ - -

ND 3.16+0.18¢  0.380+0.011°  68.53+4.91¢  433+081° 24994308  16.75+5.85 2400

HAD 32840.12¢  0.430+0.016*°  6232+562° 423+0.77*° 2520+1.79° 21.8545.95 260

VD 3.9740.14*  0.340+0.012° 72214433  1.07+0.13°  1891+2.14°  9.84+4.83d 200

MVD 401021  0.300£0.012¢¢  74.11+£3.28>  2.804+0.22¢  18.10+£222° 8124397 110

VFIRD 3.48+0.14°  0.240+0.017¢  70.78+3.02°  3.12+0.40°  2049+0.97° 12.13+3.20° 220

US-VFIRD  4.33+0.15*  0.210+0.011¢  73.06+£4.97° 4.15+031%* 20.71+1.21> 10.74+5.12 160

FFAFFRROR Z R 2 (P<0.05)

different letters in same column indicate significant differences (P < 0.05)
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ORI A AL I e E A . Horb US-VFIRD Xt
AR RN K RE I A B B 3% (P<<0.05), R
B R PR FH AT DA 250k D PR 4 AL B ) R
Az, XF PN B ZH 2R B 254 B REAR 08

322 AATFE A YIHAER R AR
M5 5 AR 25 P B R bR 2 — 20, R [RIFE T
A R B R s (P<<0.05). R 1 7]
H, WEEME L o b3 80.98£3.79. 0.40+
0.12. 14.51+2.12, S5HrsErt AL, TEEE T
Hldh LB B S, oF P RET S, W TERE
FEM RN, XREHTYHTE SR P,
H R PUAMBREE TR, KW 8] 2 2 A S
FHERIRETH, 5 KA EAMR B SRS N, X
5 Wu SR TR EE KK AE HmERURARIK N
MVD>VD>US-VFIRD > VFIR >ND>HAD, 34
Lt AR — 80 XU B ) ) SR A B 2
DRSS 2 W AR I R AR P, AT %
K% . MVD ) AE (8.12+£3.97) Bk, Al fEEH
T LB I 23 3 R i P AR B AT AU Bl R A Bl
AR, ek B AR AL S RL A AR, e AL,
VD Lt US-VFIRD [ Z1H /N, wlREZ&F N VD 1]
DALE KSR 950D i A A s i, ek
FEEE EARER TR S EFEATE FR sy, HAIR, US-

6

VFIRD 8] 75 U RO ALk 225 W e 2 3 ol 4 T
BEFIURADI0 50 70 S8 A Bl DA o 32 o v i 2 1
K, RAEREAGSREM T wOER, FImE
W& NF. 255 K%E, MVD fil VD A F|F 419+
fR et R R AR B

33 FRAXIHUFER 7RI

331 AETEET L TG HUR B RRBR R &
VIR ARSI IIE 1 AR 107 2R 2 VAR
hag R IR, BB . SRR, WIS AR H ¥
JIEANEE I TR 6 2l )H FZEE MR 1
oE, BEELE 2, AETED R S IH EARA
JR PR BRI A MR- & & R 2 PR
HAD SRR FTERRR . ¥ )11E5 A TE Hy FEA NS
BRRAK, X2 TR ROE Y R 2
PERGSY, BRI KA E, AR T
PEVIBTIERBE s £E 6 107 0, BRETET
il i A RS RO SRR S T R R, X2
DR AR T P DKW PRI 28 R Ry ), B
AR, )0 US-VFIRD JE#E M P40 R IR . B4 BiS
&6 MEHEYI R R EE S T HATE T (P<
0.05), 5 ND [(2 797.48+21.41) pg/g] f1 HAD
[(2572.29427.10) pg/g] #Ek, US-VFIRD J5#A
Mg [(4 692.48+23.66) pg/gl &8 HIIE S

| 6

ND HAD
2 2
| |
! 3 ? 1 § 5
|6 |6
VD MVD
2 2
1
3 5 ! 3 >
16 6
VFIRD US-VFIRD
2 ’: 5
1
! 3, 5 1 3
0 4 8 12 16 0 4 8 12 16

1SRRI 2-FIERe 3-F)IEARR T 4-3)IIESABRH S-TMIERER 6-FARNER
1-chlorogenic acid 2-ferulic acid 3-senkyunolide I 4-senkyunolide H 5-3-butylidenephthalide 6-ligustilide
2 TNEFHEFREYT HPLC B
Fig. 2 HPLC comparison of Angelicae Sinensis Radix by different drying methods
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drying methods

x2 AEFEAFXTHAERMIRPENRENMERXU SIS E

Table 2 Content of organic acids and phthalides compound in main roots and fibrous roots of 4. sinensis under different

T

AL

AHREED (ugg™)

KRB AW (ugg™)

LRI Rl 2R IR FENNESAREH V)= N I BREGE 2NN B A R
ND FHR 628.86+10.71% 1511.71420.48¢ 96.33+4.28" 413.11+14.31°  487.03+9.48°  2797.48+21.41¢
i 133.4716.49F 470.10£10.157  39.66+3.998¢  179.29+10.11° 161.79+9.48% 1528.49+16.81P
HAD FR 422.02+11.24° 1309.10+18.49° 89.35+1.94¢ 704.17+8.90¢ 503.744+13.79% 2572.29+27.10°
i 120.09+7.25F 528.34+17.998  36.99+6.07¢ 160.839+10.21F  167.50=6.41F  1389.67£14.08F
VD FHR 639.97+14.68¢ 1840.17+21.66° 97.954+9.22° 754.34+14.33¢  542.70+12.60¢ 3 702.02+30.17°
ZMR 152.8349.15P 678.85+10.34P 443545488 176.00+10.00° 276.13£7.92¢  1422.11+12.04%
MVD FR 677.60+£11.07° 1912.87+24.11° 134.26+4.37° 811.43+8.79° 790.61+16.33> 4 079.12+14.72°
i 164.65+6.48C 924.91+10.62¢ 4546+5.608  333.65+11.22B 238.96+8.24P 2345.17+25.018
VFIRD FiR 855.16+15.14° 1841.17+20.16° 8220+3.13«¢  816.54+13.97° 685.09+10.27° 3 941.39+22.79%
UM 228.74+5.48%  1064.65+9.48%  4431+3.08%  217.93+9.78¢  299.56+6.70° 2 180.85+16.85¢
US-VFIRD F#R 950.96+12.48* 2208.97+22.67*° 97.95+7.44> 1011.11+10.39* 1431.82+20.14* 4 692.48+23.66*

iR 251.85+7.334  1309.10+14.60*

68.02+5.28%

413.11£745%  320.16£6.894 2572.29+18.204

FFIAR/NG FRER R ER G BEREE (P<0.05), FFIARKREFRRRIMEEEREE (P<0.05)

different lowercase letters in the same column indicate significant differences in main root content (P < 0.05) and different capital letters in the same

column indicate significant differences in fibrous root content (P < 0.05)

67.74%F 82.42%, EWEE (P<0.01), XZ&AHN
7 A — Mo B R R BT R R, R
(R 234K AU A B B3 80 mT AR ARG [ - A % ) A%
JRBE BN, g4 BAAMKEEETR. ReEH AR N
PN SV ER B BT AINER, ERIE A
Wik T KRR TE AL G A S B,
It US-VFIRD J& 5t g o & B8 E . Ak,
ND 1 VD AbBE A0 F AR AP 4R R R & o W 3 22
F(P>0.05), (HEFMR T & 82 7 23 (P<0.05).
332 AFTFIETT R G E TR I 2
B ST R R 1 S A S AR B R Ay, HE
1A PR B BAR VRN A RO E E R
M) o G P Ty AL B B AR VR T, AR
A, A [A] il S A 2 I . AN [R) T 1
J7 R REME TR B ENER 3 R, 6 FiJ#
77 G EE 5 24V EARFIZUARAE 20 A
T EIAFE AR A . VD 5T 5 A 2R
S AL S B A, o (275.41£12.03),
(1.6964%0.0694). (2.2718£0.1022) mg/g, X&
P TP 2R B A 2 T J s KT [] 508
SAERERT . SRS Y E AR A
T RSB, HIRE RSV S 2 WK
E VR A Sl s ST EE AL RS AL 3 K, A

It HAD JGHE M E IR BAK; US-VFIRD J5%
PEALS R & =, AN (462.16£13.08)
(2.988240.093 1) mg/g, tb HAD J5#2m T 67.81%
A1 31.53%, 1t B US-VFIRD i 22 B A g i & £ )
P HAMRHEER, Wang B2 3] 7 M [F 45
5 MVD Jaa@a & [(2.300940.123 3) mg/g]
i, XA MVD I R SRR R A 5
TR EARS), WAL RN S A2
&Y, BRTEGEBMMNAREE TS, M
BT YIRS . A, HER 3 AR AR
MAMR S EFRB S EEREE (P<0.05), AR
W& o S B AR AR 1.5~2.0 1% . 45 & K& US-
VFIRD F MVD J& il it AR A RS 73 i b,
FITE IR S A SR B

333 AR 20 2 8 b A A 1R
DPPH % # ISR & RAR 7+ B IS BRIE 1,
itk — B G TR S, KA DPPH
H 395 B2kl AR A BT, 3R 3 BTN
A E T T AR Pt EL e ) E R B (P<
0.05) HAF L #a % 5 Ry A B B & AL, i
BE By AL S R e A &, e E S
FALTETE B ARG, X5 Fu B3R A A — 3
5 VD (45.20%) Lk, VFIRD (62.32%) J& Tl i
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#3 AEFEAFANHEAERMIREF RS S EMRENLEHFNT

Table 3 Effects of different drying methods on nutrient content and antioxidant properties of main roots and fibrous roots of

A. sinensis
TR HBAL Z ¥ /(mg-g™") B/ (mgg™) BEE/(mg-g™) PUEALRE 11/%
ND E 329.38+10.294 1.813 740.092 4¢ 2.478 1+0.071 & 43.07£3.44¢
iR 180.29+7.28¢ 0.872 84+0.045 1P 1.469 7£0.085 9€ 39.75£2.09¢
HAD E 353.21£8.33% 1.920 540.080 4b¢ 2.673 6£0.097 1° 51.94+2.19%
iR 177.36+6.75¢ 1.208 0£0.068 9B5C 1.301 3£0.076 2P 41.8243.20¢
VD E 275.41+12.03¢ 1.696 4£0.069 4¢ 2.271 8£0.102 2¢ 45.20+2.97¢
AR 115.79£6.98F 0.944 34+0.059 8P 1.405 7£0.091 7€ 35.5442.01P
MVD FR 341.30+11.28¢ 2.300 940.123 3° 2.456 2+0.081 5¢ 54.62+1.89°
AR 159.08 £10.01P 1.166 5£0.075 1€ 1.808 7+0.054 8B 50.30£2.114B
VFIRD FR 445.161+14.01%° 2.1258+£0.110 2% 2.878 9£0.123 32 62.3242.51%
AR 203.44+11.448 1.359 540.069 94 1.4753£0.090 9€ 51.52+1.664
US-VFIRD FR 462.16+13.08° 2.0499£0.070 1° 2.98824+0.093 1° 66.311+2.88%
AR 235.43+£9.984 1.212 4£0.081 0B 2.030 7£0.101 04 53.59+2.794

FFIAR/NG FRERR ER G BEREE (P<0.05), FFARKREFRFERIMEEEREE (P<0.05)

different lowercase letters in the same column indicate significant differences in main root content (P < 0.05), and different capital letters in the same

column indicate significant differences in fibrous root content (P < 0.05)

FIPTEAPEIR B T 37.88%; US-VFIRD J& ¥ S A4 41
P (66.31%) fcfiE, ND (43.07%) &, X
& BH T 75 U (0 B FH T DA BE ORI . B R SR
AVREVERIEE R R, HIEE R MR A N B
R 2 1 S5 2R IR RAG FP Jf th B AT — i (T
—EFEE B3R T HPUAEE ;s VD 5 ND b3 5
FEERPTAM LR EZER (P>0.05), ND 5
HAD #H AR P H LR E Z 5 (P>0.05), iXn]
REJe RN PUAAL AR T2 HA 0SS5 P A AL 7
PR AR B 2 S A ] A A B R Y, ND
1 HAD AbBE SR 5 A RSV A Z A K 2
DRI B ] il T4 5 A S B RSS2 S
FACED AR, ST E LR AR . 4%
PrEARE VP T 77 L5 iy US-VFIRD >
VFIR>MVD>HAD>VD>ND.
34 ARFEARNHEEETFSHIFN

B IR BT AT g0, ARG SO R AN
JRITRZ AN, X DL iR %5, Rk
K R 5 R 020 A A 7 ok e 7548
PR REOET S HEE GV, ARG T %
AL FO A A BRI, b A R R A
TN WL S e - FE b S bR BT AU, $R v T IR
RIS

TR, IR, s, BKH. PR

et ZHE. Bl S0, SRR, B, 7
NSNS Hy S5 EE I TR0 0R ., BEA P e
VPR, ARIEEELE RS F R BEAF RS AN
FRPRIBCE R E win A wp WL 4,

x4 FEFEFXTHIEN- T 57 RECERIBRNE
Table 4

entropy weight-variable coefficient method under different

Index weight of Angelicae Sinensis Radix by

drying methods
~ AL AR5 R0
LIy W,
ei o wjl B Wi '
T ] 0.8982 0.101 8 0.039 6 1.477 5 0.354 1 0.133 9

4 % 0.8358 0.164 2 0.063 9 0.241 0 0.057 8 0.068 7
= 0.8734 0.126 6 0.049 3 0.353 9 0.084 8 0.073 1

K 0.788 6 0.211 4 0.082 3 0.114 4 0.027 4 0.053 7
Bis ok 0.792 0 0.208 0 0.081 0 0.155 6 0.037 3 0.062 1
EZ 0.828 8 0.171 2 0.066 6 0.178 4 0.042 7 0.060 3
pSy-yi! 0.8262 0.173 8 0.067 6 0.095 1 0.022 8 0.044 4
S 0.8292 0.170 8 0.066 5 0.100 9 0.024 2 0.045 3
SRR 0.856 8 0.143 2 0.055 7 0.244 3 0.058 6 0.064 6
KRR 0.849 8 0.150 2 0.058 5 0.163 4 0.039 2 0.054 1

) E S H 0.765 2 0.234 8 0.091 4 0.165 1 0.039 6 0.068 0
PEJNENEET 0.881 1 0.118 9 0.046 3 0.237 9 0.057 0 0.058 1
THEFEL 05886 0.4114 0.160 1 0.4423 0.1060 0.147 3
BEAR N 0.8172 0.182°8 0.071 1 0.202 5 0.048 5 0.066 4
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WIEANX (15 HEEZFRENERY w N
0.1339. 0.0687. 0.073 1. 0.053 7. 0.062 1. 0.0603.
0.0444. 0.0453. 0.064 6. 0.054 1. 0.0680. 0.058 1.
0.147 3. 0.066 4, HHULATLAE HTFHRE ), 2z,
TIREORER, BEARABESEAER E,  Woo TR T
VRN .

MR AL A2 7 RO VT S A B [F 48 B8 1R
EAE R (R O FIAFETETT UG 1F 0 (R
5). HIER 5 WA, ANETERTT A H 5 A2 R &
BEEAVES i 2MEAK XN US-VFIRD >MVD >
VD>VFIR >HAD>ND. TOPSIS HfFi%2& ARG
BRSSP KA FAME PSR, THEA
6] T8 T2 S5 B MR 7 RS o Fl @,
F TR S R MA@, ¥ @ K/hHE
FP, @ HBURVH S5 RBkEF, HEdlkE. AN E g
77 AL FE S ARYE TOPSIS #F 71445 H: US-VFIRD>
VFIR>MVD>VD>HAD>ND, A 5585
RBEFES—8. 47E6KE, US-VFIR KA T3
%5 FTRFRARATLABN-ERREREA TS
TOPSIS HFE4R
Table 5 Results of entropy weight-variable coefficient
comprehensive score and TOPSIS ranking method for

Angelicae Sinensis Radix under different drying methods

R R R AT TOPSIS
T 75 \
ZEry 2 o8 o o H4%

ND 58.28 6 02610005200.1661 6
HAD 60.39 5 023050136703722 5
VD 65.49 3 0194601656 04597 4
MVD 68.76 2 0.12950207106152 2
VFIRD 65.34 4 0.14890.1973 05698 3
US-VFIRD 77.94 1 0053002746 08383 1

JE VAR B OB 55 R AR N
77.94, TOPSIS ML & v 0.8383), MVD &
2 (RGN 68.76), ND AbHRJEFE S B i %
(ZFEVPAr N 58.28) . WAk, BRI FH KB G TR 4%
G E TR T8, WHEEN TR AEeh
FIT- BT 0 it o R 508 G IR
3.5 ARTFES RIS HAMUEHFI R0
VIRHR RO ZE P8 T MR, AN 07
R B E AR EI TR LA 3. B
EInT &1, HAD JEE O I ECA S, g E IR
P TP o, A DA R R4, 4 it
2% (B 1) 43 Mrafsn, ND /Koy 28 & R d Ah i o it
17, VIRLZENR . WREERRRE RS2, R
BB, BN, T R A 3 i A
IR G AR INLE RO, AT B i U A R il
2 KIS A SR TGN T KB S, AF)
FARGMZE RS, Kk, HAD TR R T8
HEL, Yao FHFBIHSH TRMALE®R; MVD M
VFIRD Je ¥ i P4 30 tH B 3 IR FLBR 2544, (H FLIR 3
H /b, X a2 T MVD F1 VFIRD I iy Al
CLAMRST ZFE R, KT N R DRI A EE R
e, R T At /N R FLRR, i R 2 5 g e
A%; US-VFIRD J&¥ff O AL R aE bmihs, M4 ek
PG LB IEE H b, A AR L RE e %
HARFHS, R RER s RALBR L5+, FLBR
WCAR IR P A 3K A DRI Ayl 7 8 R D ) P
K-kl P2 AR AR R LI TE TRk [
AW BOLTE, W58 T K THIEE, K
P ER I R LA, PR T [ (] ) 4 o3 BEL
71, Pk, US-VFIRD JE A 5B AGHE R AP, T
I IF] 45 %, X AFRY US-VFIRD & —Fh 58 B8 /71

A,G-ND B,H-HAD C,I-VD D,J-MVD E, K-VFIRD F, L-US-VFIRD

3 FEFEARTHIEEW (A~F) FMW (G~L) HLAL%EHIE

Fig. 3 Macroscopic (A—F) and microscopic (G—L) organization of Angelicae Sinensis Radix under different drying methods
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BT teAh, SRR, BRE T
JE B i PR BT e B IR AL IR &5 F B A 2 S M A
RERRS, Ut BA G TR AR CRUEYDRE WL i J53 7 T =
A—EMRE
4 ZHiL

A SEIGIE I R R IR R B
K. PrEfbrE. ZhE. B, R, SRR
B ERER . VE)IE N BR BEAR N ERSE AR AT 4210 43
HrAILL#L, 398 T NDWHAD. VD $—TF1& 1 MVD.
VFIRD. US-VFIRD BG4 = 3840 14 Jog Ak
MEER RN o BRI, R e REE R T
BB WA E S RAGHIE A R, AR5
J5 AR A B PR B s 2 S B (P<0.05).
MVD -} Al %5, US-VFIRD kK2, ND T-fi}
i f1; US-VFIRD Jaff &K (4.33) f&mE, 1R
iR (0.21) ks MEFERE, MVD JGFRESI LT
(74.11+3.28) i, AE (8.124£3.97) Ak, Vi
MVD & il i i e A i, ST A
N, HAD JGAE (21.85+£5.95) ik, XK A
NN ETERFERTEZS 3 NI = Y2 2R A Y- R L =)
1 2 LA

WA PUEE B R BN E ) & &7 i, US-
VFIRD J5# i 6 Fi R ARTE Y R S R & T
HATHE:, 5 HAD[(2572.29427.10) pg/g] Mk,
US-VFIRD J#AR NS [(4 692.484+23.66) pg/g]
TEDMNIER T 82.42%; MIEAE TR 04T, US-
VFIRD J5 £ 4 [(462.16+£13.08) mg/gl. M &
B [(2.988 24+0.093 1) mg/g] A S i AL I
(66.31%) fer, MVD 5l & & [(2.300 9+
0.1233) mg/g] Hmr, VHHECG THRIEE TR 55
AV T BB A s IR 4584
M1, FESEA TR LA 3G P 25 13
T ANFEFREE G, H HAD XRE S 245 1)
A E B, RIS BIFLIE R R, FLRR A
A4 US-VFIRD J5 t B4 540 I e 5 IR FL B
SER, ULBHAEFE BN, nT DA R R
BB LA SE RIS A A8 T AT 24 4PH 35 HeAh, R TR
B2 5 R A 15 H 256 V2 B & BRI
US-VFIRD > MVD > VD > VFIR > HAD > ND,
TOPSIS HEFF 145184 US-VFIRD >VFIR >MVD >
VD>HAD>ND, M&EZRIEA—F.

254 KAE, US-VFIRD A& T 5 4 IA 1 5 i
s e, HLE AR A— M B SRR B TR EOR

HFF MU 25 AR AE 3 v TR R A i
AR E
FBAR FAVEHFARFEFZFR
S 3k
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