RETFRA RN R AP MAR

FE TR, Fewm?) mueA, 2eeg, AT, REEE (L EimEZAE, 22 7300005 2. 4
rR il 25 T2 TARBFSE L, 220 730000)

WE. BN FERRATFRIFTAEREROY AR LT NE, AL TR I HhEAE TIRBRE, FiE AZET
F AR FERARN ARG LEF TR ERET TR SB. CEZHY A ZAREN EIH . E BRI FN 547, KA
AR TR AR TR EE TR BOL TR BORGIR AT TR, A B R 54k (AHP) Fe i AUk B A 4 & R 5 AR E, it
RN RESN BB EGRSENFEGE TR EAGOHR RARET R . &R FRATRFFSFEK
R RA B 2 TR, R TR L TRESTFOREG, ¥ ETBAMOLT RTS8, ARBADMELITEN 0 T Sa, %
HT A Aw TR R 09 45 SR 3 5 R R 09 15 BB AR R 5,2 A TR R TR AR SR ) 2 RN R 5 B AT S A,
EEBRERAN, ARG RELATR AT TRESTRERT, 18 FEAFBRFXFEETHERERG Y 0 EFR
K il at 4 TR R, RARRAE TR AR ER G RRIE T TIRT %,

FR) F B AR TR A BRI R RACE  RESM

doi:10. 11669/ cpj. 2024.02. 009  HEHZES R4  TEFRERL:A  XE4HS:1001 -2494(2024)02 - 0172 - 07

Effects of Different Drying Methods on the Concentrates of Astragalus membranaceus

WAN Lingjuan' , HE Hongjie', LI Jintian'*, FENG Xiaoli'*, LIU Xiaoxia', WEI Shuchang'** , WU Xiaoyu'
(1. Gansu University of Traditional Chinese Medicine, Lanzhou 730000, China; 2. Gansu Province Traditional Chinese Medicine Phar-
maceutical Technology Engineering Research Center, Lanzhou 730000, China)

ABSTRACT: OBJECTIVE To investigate the effects of different drying methods on the concentrates of Astragalus membranaceus
and provide a basis for the optimization and establishment of their drying processes. METHODS The contents of Astragalus methylo-
side, Pistil isoflavone glucoside, Pistil isoflavone, Mangiferin, Astragalus polysaccharide, ethanol extract and the clarity index and sol-
ubility index were used as evaluation indexes to dry Astragalus concentrate by freeze-drying, vacuum drying, atmospheric pressure
drying and microwave drying, and the weights of each index were jointly determined by hierarchical analysis (AHP) and entropy weigh-
ting method, and the most suitable drying method was selected by the combination of comprehensive scoring, cluster analysis, finger-
printing and other methods as well as the characteristics of each drying method itself. RESULTS The effects of different drying meth-
ods on the concentration of Astragalus membranaceus varied widely, with the highest comprehensive scores for freeze-drying and vacu-
um-drying and lower scores for atmospheric-pressure drying and microwave drying. According to the analysis of similarity evaluation
software, the fingerprint profiles of freeze-dried and vacuum-dried samples were the most similar to those of concentrates, the differ-
ences between the samples obtained from the two drying methods were small, and the results were similar to the comprehensive scores.
Within the experimental range, the concentrates of Astragalus membranaceus were more stable under freeze-drying and vacuum-drying
conditions. CONCLUSION The effect of different drying methods and conditions on Astragalus concentrates varies greatly. Through
the study of four drying methods, vacuum drying is finally selected as the most suitable drying method for Astragalus concentrates.

KEY WORDS: Astragalus membranaceus concentrate; vacuum drying; fingerprinting; AHP-entropy weight method; cluster analysis
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BT AR SR BRI S X
W SRR IR IR BO PRI B84, R AN TR D ik
X B PR AR T T S M A [ A 5 vk A B
JERE AR AR B A2 P S AR U DL Hh e
W2, G PR B RO A M T AR MK
B, B LA TR AR R BE A

1 (UEFE5HH

Waters 2695 (=200 AH (2,385 A% ( 38 ELR Rt 2
Al) ,ME55/02 B HL 1R F (M RE-FC R 2 U A
FRAT) ,FDU-2110 BU¥e R T AL (_E i 2 B
AR F] ), SAM-255 UGk T M A (15 2 A R A
) ,DHG-9123 A RIGE K14 ( il —1H R4
AR E]) ,DZF-6090 U FL2S THRAR (155 TR
AR o

B P 0T B (1 24 ot 2 0 o R T
fit*5- 110900-200405 ) , ik 57 ¥ i A 280 00 1 X AR
(CREEH R A 2350, #iE 5 20180502) , B4 5+
BT R (ORI Ak 2500 il 3 A R W ik
5 20180609 ) , PEAR AL TS B CRETT & TG 41k

TARAT 45 20181118 ) , 7 2 B X HE & (Rt
WAL A R AL it 20140809) , 2 i
P Ay i 20, FCAL 3700 o B2
RGBT 22 N s 256 T, & H R
BE 2 R 2w B B AT 1 B S 0 , O S RHE Y S
WIS [ Astragalus membranaceus ( Fisch. ) Bge. var.
mongholicus ( Bge. ) Hsiao | Bt AR .

2 FEEHER
2.1 HERFHF A

FRICE EER R 3 &, LAl 7K R 00 [l 42 0,
16 fEHE 7K (6. 67 4. 67 4. 67 £2) 21 3 ¥k, HEHUAT
] 210 min( &YX 70 min) , 75 5 KR BORK . AR5
KPR IRAE 7 0. 12 MPa, JE 3 JLEE 25 °C &
AL 5.3 m - s AT REUE, 15 2 R IS W
BRGS0, 16 MPa, Ji 41 i B 40 °C,
BETREEE 4.5 m - s T RETANDE K T A A AN 0 G E
T VE R G R A BTN 1.29 ¢ - mL7 45
PHRE Affr &

2.2 AR TBIZAREH &

B2, 17U R S R AR (R D TR
ANFELEE (2SR B [a) S8 A5 T o il 5 550
R LS CH R SO T 4 Tl O R B EIR B B
Wel o, K AR SR, 3 5 S0, A H

R LR TR &8T5 &I T A 8 DL ROE AR VESE 20f B A B 45 4

Tab.1 Determination results of dried products with different drying methods

Drying Vacuum Power Drying Dring Mass fraction/mg + g~ v7 v Y
Number

method /MPa /W temperature/C  time/h Y1 Y2 ¥3 V4 Vs Yo /% /% /%
Vacuum drying 7-1 0.08 - 60 36 0.766  0.236  0.132  0.125 6.818 80.111 5446 85.02 91.84
72 0.08 = 70 28 0.733 0247 0132 0.123  6.88 75229 53.75 86.92 90.48
73 0.08 - 80 20 0.733 0234 0.130 0.121 6.89 75406 53.52 85.31 89.65
74 0.08 - 90 10 0.700  0.243  0.129 0.114 6.700 79.023 51.76 84.99 89.51
Atmospheric pressure drying C-1 - = 70 48 0.791 0.219 0129 0.119  6.449 70.878 37.24 83.93 84.61
C2 - - 80 36 0.798 0229 0.135 0.116  6.950 63.862 37.15 83.55 84.66
C-3 - - 90 24 0.768  0.218 0.124  0.100 6.799 69.975 37.14 81.52 83.87
Microwave drying W-1 - 250 75 0.167 0.761 0.208  0.130  0.103  6.656 67.327 4525 78.76 83.18
W-2 - 450 75 0. 100 0.798  0.220 0.128 0.106 6.812 66.646 43.13 83.97 84.58
W-3 - 650 75 0. 067 0.755 0214 0122  0.102  7.029 68.989 41.10 82.25 84.63
Freeze-drying L-1  <0.000 002 - -80 12/24a 0.812 0232 0.128 0.124 7.098 82068 67.22 9531 95.67
L2 <0.000 002 - 80 48/24a 0.865 0232 0129 0.127 7.527 80.630 6577 96.79 97.52
L-3  <0.000 002 - -80 48/12a 0.858 0235 0.127 0.123 7.802 77.847 67.39 95.33 97.48

T — RIS IR) TR TR s B LG (y ) ESESRAIR AT T (v2) BAESRIR (ys) GEWIAETE (va) BHICEHE(ys) BRI (ve) JEWIBHER (y,) AR (ys)

Note: a — Drying times/pre-freezing time; Astragalus methyloside (y; ), Pistil isoflavone glucoside(y,), Pistil isoflavone (y3), Mangiferin(y, ), Astragalus polysaccharide

(ys) , ethanol extract(yg) , the clarity index(y;) , solubility index(yg)
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B4 0.049 2.0.024 9 .0.082 5 mg + mL ™' IR &%t
RS

2.3.2 A EEWRAE S R ARG TR A IS
HEMEIE R, N 30 f5 PR, % 28 FRE T,
FE AL ()% 250 W, 4513 40 Hz)30 min, (7%, AR
FE TR, FH P AN 2 UK R T L 48 022 um gL
DEHEE AT, IS8, B4 o

2.3.3 g 4% F . Waters Symmebry-C g
(4.6 mm x250 mm,5 pm), JshAH:0. 02% H R /K%E
W(A)-ZJE(B) , BREEBENL,0 ~30 min, L) 12% ~
49% ;30 ~40 min, ZJi§ 49% ~12% ;40 ~45 min, Z,Ji§
12% , Hi#:1.0 mL - min ™', FEFEEE.20 wLo FEIR:
30 °C., KK 260 nm, iBELE 1,

2.3.4 RMEXRRFE  KEWIBGR S X B R
0.1.0.2.0.5.1.0.1.5 mL, £ 2 mL &I PIFEER, %
“2.3. 37T A AR 20 L IE . DAV
REARER (X) VTR A ARAR (Y) ST 015, 75
B R T A A R T R 7 R Y =93 T84X -
43.821 (r* =0.999 5), L PEJLHE N 0.049 2 ~
0.738 pg. B & 57 # W 1] 9 75 2 Y = 106 892X -
38.364 (1 =0.999 8) , &I 4 0.024 9 ~0.373 5
pg. T AR A T L IH 5 fE Y = 57 939X - 12.390
(r =0.999 8) Lk IEIEFEI A 0.082 5 ~1.237 5 pg.

2 A B

3

1
3
al l 2

0 10 20 30 40 0 10 20 30 40
t/ min t/ min
1 - B AT A T 52 — TEWAETT 3 - B
1 — pistil isoflavone glucoside; 2 — mangiferin; 3 — pistil isoflavone.
1 EXREFEAEGET CALFREERETNER S
X B VR R (A) A B & TR (B) & R A & 1 (HPLC)
Fig.1 HPLC of mixed reference substances solution( A) and

test solution( B)

24 ERFHLGENE kAT

2.4.1  XPMESRIEBAH A O BRI R T X
W ahad e, BRI, AR 80 80% W B E 4, il
JRTTEREE A 0. 528 mg - mL ™ [0 R AR A
2.4.2  PHASIERH S RS EARIUS TR &
R0 20 AR IR R 2 AR R A I T AR
B4 O, B IFAIBGROT I 2 AU A 2 W, &
Fra, Of B IR T R 5 20U 1 R AN iy
IETEERAERC2 I, 59 B A IE T BRBOF 56 7 2 2%
S Kz SR T B € 45 2 10 mL
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L, 28 0.22 pum faffL 8 R DR AT, B2k UE
HIFE

2.4.3 @miEL{ 6% 4 Waters Symmebry-C
(4.6 mm x 250 mm,5 pm) . WA 7% KO A D
a5, AT 40 kPa  IERSENREE R 50 °C . sl
0.02% W IR KW (A)-2iF (B), B FE Bk,
0~30 min, ZJi§ 16% ~49% ;30 ~ 50 min, Z Ji§
49% ~16% ,Jii#:1.0 mL « min "', FEFERRE .40 pl,
FEW :30 C, EAikE LA 2,

2.4.4  KMEXRRFE KB WHOT RGBT
0.05.0.10.0.25.0.50.0. 75 mL, & 2 mL & i 3
FEZS o BT FE B0 B R IS MR 2. 4. 37 T
TR 40 WL IE o XA [R] 3T S R B A X B
Al VA TRORIIEE T FER B AR X B, DA R R o 1Y) %o B50A 1
ARFR (X)) T AR R RO AL AR (V) #EA T [l
BRI FFE. Y =1.651 1X +5.087 1,r° =0.999 2,
RPETE RN 0. 528 ~7. 920 pg.

0 10 20 30 40 0 10 20 30 40
1/ min 1/ min

- BRI

1 - Astragalus methylosid.

2 EHEFHEEERA) MR R (B) W& SR A
6,353 & AT A (HPLC-ELSD) F

Fig.2 HPLC-ELSD of reference substance solution ( A) and

test solution solution( B)

2.5 REBAENEFENET
2.5.1  XPREGLETRAOEI A RSB FRE D-Jo/K %
BEXFBR Al 12. 56 mg, INZI7K 8 45 %8 25 mL, 4257, ilf5
B D-JC/K AT 0. 502 4 mg + mL ™" % B LA
2.5.2 MKMW OE A R A ARECT R IS
16 AR IR K A, PN & A B B AR R 20 4K
ik 30% , IR 5 S 250 (4 000 1 -
IR B, I 2 A B 4 BS 80%
IR B S B0, BRUTVE, KB IF 2 A 2
25 mL, Bif5,
2.5.3 ZLMEXRRFELE  DHEHWRI2.5. 1710
X BB W 0.25.0.50,0.75,1.00,1.25 . 1.50
mL Fi B EAE 2 5 mL s, 70 A 285 W IR A B
[ 22p ek 2024 4R 1 55 59 B5 2
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W1 mL AR RZEAE (2 ), e 1 ks
A1 mL 5% K75 mL ARFL58583. 3% HIATIR
SR, 38 50 )5 T KB I 30 min, HOKIBR HI B
Uik, 7 488 nm ZEINFFIOGRE(E A, 75 1A IAS mL
PRFRGM 4 83. 3% HYBRER T, 455 Ja T 7K v I #4
30 min, KAKVE R ZEEGMA 1 mL 5% K%
W, 4550, 0 488 nm AbINFFIR G REAE A, s LAROGRE 22
E(AA = A, = A,) X HITHE BT W (p) AT Z (A
19, 753 BIHJ5FE AA =0.004 9p +0.057 4,r=0.999 2,
LRMEYEE A 0.025 1 ~0.150 7 mg » mL ™',
26 BHEHREMEENE

G PR BB T A B TR LR REE
S, 40 A5 TCK ST, B 2E , FRE o, R A PR
(40 Hz, 350 W)30 min, %, #FRE BT i, oK
CTERM R IR 1 BT, S B0 BT TR e R
AR KM, K T 0], 105 °C M 2 1H E i
015,
2.7 U FE AR OB VA R A A A I E

IR TR L2280 TG 4T 6 0y 8
BRREUT R (M,) , A 50 mL 7K, JE € 30 min, Hrh
3 el RIS THEE BT 28 R L, KR 25 T
1,105 C T RIEE R (M), &A1 5w
fRrETE R .

K2 BRAHTE (AHP) $5 47 it H R 48 50 2 7 48 1

Tab.2 Priority judgment matrix for paired comparison of indicators

VEARPERE R (% ) = (M, /M) x100% 5 (1)

HAY3 Gy, VLS mL IR B R O R
(Ay) T 4 TR 22 5 0, T 38 9 0 s e ol %
(Ay) o FA 2 RIFSIR SR 78 I BEHE 2

WEAREAR R (% ) =107 x100% A3 (2)
2.8 R IRAT YA A A
2.8.1  JEWAMTE (AHP) s i —.
SRR . TR B A AL A Tt AR B T
BRI A 2 R AR AN R R B R RIS B 1 )
b RO o B TR A RS K kP 2
T =7 A AN R RE BE RS, WA SO A0k 04
PR B 2555 . T T A M R AN [
B 3 o B L T A0 YRR I B T, AN S e B S R A
(y)) BT EE AT (y,) B RE(y,) .
TAEH (v,) R R (y,) BER Y (ve) T
BERRR (y, ) T FRMETRE (v ) WAL AR 44 8 iR
WA 4 2R BT 2R Rk, s
MRS T 4 B RO T T R ER TE
T 4 2 B A 2 ORI R A, TR o I s [ 46
HE y by, RS E Ly, Fl y, A2, y, fl y, [F]
Iy, Ry RS BT B AR R B A T
Yo =Vs > V1 = Y2 > V3 =¥a >y; =ve, ERON ALY
FIWAR SR (£ 2) o

Index ¥s Yo Y1

=
w
—
IS
[
-
=
o

Y5 1 1 3

Y6 1 1 3
¥ 1/3 1/3 1
¥2 1/3 1/3 1
¥3 174 1/4 172
¥4 1/4 1/4 172
¥7 1/5 1/5 1/3
¥ 1/5 1/5 1/3

4 4 5 5
4 4 5 5
2 2 3 3
2 2 3 3
1 1 2 2
1 1 2 2
172 172 1 1
172 1/2 1 1

AR T R R (w,)
I AEE R %L

w," = (a,a,a;5+a,,) v

A3 f4

~n(3)
w,; =w£'/i'§n‘1w[’ NE(4)
B R (CR) &5 ~7 i1E
CR=0.012 <0. 1,3 2 —EPEER, LR & 3

CIEER
CR =CI/RI 2 (5)
Cl'=(A, —m)/(m~-1) n3(6)
/\max = lﬁlj;zn:l(al/w]/wt)/m /Z-\\:T:t(7)
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2.8.2  RAUERIREL B — Rl L
BT o W 2R 48 TG P 32 TR L g B,
FERI0 15 BRI , T2 10 s SRR R Rk A, Xy
T 5 s K, B 4 R LV, LA
Wmr.
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W= A(13)
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5 AN ) e i 25 R 0 1) B ek DA SV 4
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S, B L A 2R K
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F242.8. 37 T M E AR (£ 2),2.8.47 5
THZEETEITR A BT 13 45050 1 25
BV (Y) R 3 . Mg Rn i, Bk T
DUFp T A rh R Ao e, HoO& s T i
Jei 2w TR RN T4
211 FRETEFERENN
>R SPSS16. 0 Ge it 44X B dha a4 T A0 3, 2R
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RI AeNELHETANEM
Tab.3 Weight value of indices

Index wy wy w
Vi 0.116 5 0.101 2 0.100 5
Y2 0.116 5 0. 100 2 0.099 5
¥3 0.069 2 0.078 7 0.046 4
Va4 0.069 2 0.126 8 0.074 8
Ys 0.272 6 0.123 4 0.286 8
V6 0.272 6 0.114 2 0.2655
v7 0.041 7 0.218 4 0.077 7
v 0.041 7 0.1370 0.048 7
0 5 10 15 20 25

w3 7 1 1 | | |

C-3 10 J

W-1 5

W-2 6 J

C-1 8

C2 9

L2 12

L3 13 —]

L-1 11

Z-1 1

Z_3 3 ﬂ‘

zZ2 2

Z-4 4

B3 TETEFXT IB3AFENRESN
Fig. 3 Cluster analysis of samples by different drying methods
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“2.3. 27 kil A i, €2.3.37 2. 4.3V 01
T EERIEIE LR A
2.12.2  AFETHREMRER ) HPLC 3R & 35 A
UBEPEA (SA) DL J4 i 28 6 e 4 01 (3% 6
ZMRIETE (S1) , 7 B 7% HPLC-PDA {4 3% 5] X 3l A
HPLC-ELSD A 3% B %cdia 357 5 A 25 (34 S
AR P R S8 (2012 Ri0) ), i FP (0800 Az o0
MR FR LA, DU (R PR B0 0. 1, R 2 RidG
IEJRHEAT B BhPL R

LRI 13 HE B G T A 19 HPLC-PDA #i54
P (P 4) 3L 16 A0 i -5 50k 1 i Ot B
IR LA, B2 7.8 L 12 5085 531 D B 85 5 1
HERE GEAATE BRI, WK HE W
He R AR i PR T - e 4 9 16T 0 A A8 BE 51 Ay

___,«JLH»,J\_

0.912 ~ 0.929,0.906 ~ 0.927,0.858 ~ 0.889,
0.757 ~0. 789 , 45 T4 J5 12 P 454 i 11 35 AT DL Bk
T HRAE 0.96 LI 1AM HA 3 F#R7E 0.98 DL L.
T ARBLE P LR W], v U T I8 0 28 TR A 1
LRI Wie AN AR G ONIE T el

13 L3 B T4 dl ) HPLC-ELSD £ 2[4 33 (
5) 3LHE 15 A SLAT I JE A 55 0F HE i DR B IR 19 L
BeHE | S B AT 2 ST S
SNBSS TR 6 I TG R TR LA
P BRI T AR it T R A VR ST B A B 53531y
0.983 ~0.992.,0.979 ~0.996 0. 972 ~0.993.0. 975 ~
0. 978 , 35T 1k P A5 A it R TEAT(BLEE#R 7 0. 98 LA
L, 7] HPLC-PDA 150 45 AR, & VR T4 RO
TR LR W TR TR B e e TR

SN S R(16)
. — l At S14(16)
i =t it s13016)
. "J ‘ - $12(16)
A A A ‘ 0 S11(16)
‘ —*—J‘ A . $10(16)
: Atk — (1)
‘ . ! ; ,, $8(16)
! = — s7016)
. - l L S6(16)
,. #h L S5(16)
. A A . S4(16)
A #A i $3(16)
A $2(16)
A S1(16)
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

#/ min

SI — BEHURSITI 5 S2 ~ S5 — FLAS THRAF Al 5 S6 ~ S8 — I THRAE A 5 S9 ~ SIL — W [ THRFE A S12 ~ S14 — W R THRAE S s R AS IEIAE

S1 — the concentrates of Astragalus membranaceus; S2 — S5 — vacuum drying samples; S6 — S8 — microwave drying samples; S9 — S11 — atmospheric pressure drying samples;

S12 - S14 - freeze-drying samples; R — reference graph.

& 4

FRFRAAT 13 9 530 T A% 5 B B0 €38 L4 1 704 3 (HPLC-PDA) 44 50 i

Fig. 4 HPLC-PDA fingerprint of samples with different drying methods
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