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Study on Optimization of the Nine-time Repeat Steaming and Sun-drying Process Processing Technology of
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ABSTRACT OBJECTIVE: To establish methods for the content determination of stilbene glycoside, emodin, emodin methyl
ether and total polysaccharide in P. multiflorum, and to optimize the processing technology of traditional nine-time repeat steaming
and sun-drying process of P. multiflorum. METHODS: HPLC method was adopted to determine the contents of stilbene glycoside,
emodin, and emodin methyl ether. The content of total polysaccharide was determined by UV spectrometry. With steaming time,
drying time and drying temperature as independent variables, the contents of stilbene glycoside, emodin, emodin methyl ether and
total polysaccharide as indexes, the processing technology of nine-time repeat steaming and sun-drying process of P. multiflorum
was optimized by weighted comprehensive score method and central composite design-response surface method, and the validation
tests were conducted. RESULTS: The linear range of sample size of stilbene glycoside, emodin and emodin methyl ether were
0.27-2.7 pg (r=0.997 1), 0.063-0.63 pg (»=0.999 9), 0.038-0.38 pg (+=0.990 9) , respectively. The linear range of mass
concentration of total polysaccharide was 2.07-12.42 pg/mL (r=0.999 6) , respectively. RSDs of precision, stability and
reproducibility tests were all lower than 2% . The recoveries were 99.43% -101.06% (RSD=0.63% , n=6) , 98.74% -120.33%
(RSD=1.34% , n=6) , 98.39% -102.44% (RSD=1.49% , n=6) , 99.561% -101.98% (RSD=0.87% , n=6) , respectively. The
optimal processing technology was steaming time for 4.5 h, drying time for 9 h, drying temperatrue for 66 °C and repeat
processing for 9 times. Results of 3 times of validation tests showed that the comprehensive score of optimal technology was 35.69,
relative error of which to predicted value (36.90) was 3.30% . CONCLUSIONS: Established method is simple and reproducible,
and the optimal processing technology is predicive, stable feasible.
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1 ##
11 g

1260 Infinity [T 9 HPLC 1, £ 45 4% 45 B4 51 A5
#r \LC1260 a3 T AFul (3£ [ Agilent 28 ] ) ; UV-9000S
RIUV (I ICHTH AR A BR A 1) s XMTB-8000 7 i
F ARk 4 2 AES ) s AR2140 BT 4y 22 —HL T 70 it
KA (TR AS AR AT B2 F] ) s SKE200H TR 75 I8 i ok
(LR A IR A AL, 12200 W, 4% . 53
kHz) ; TG16-WS I & 2 g 1 2501 (I R b A S e
TF & A BRI 7)) s DMD-J-24 R 22 35 RIS e84 (7 N Tl
ZRZ PR A -
1.2 Zm5iiH

] B S 25 (I R e 2580 240K A BR | L it
5:20180285) BRGK Fr (RS —MITh 2k R A RR A,
b5 : 20180613) 22 il g H = 24 K22 5 — i s s B 24 2
BBk 8 [ P S 2 9 B R AT B S Pomultiflorum Thunb.

BT e P S Glycine max (L.) Merr. #1181l S Fh
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T TR IR X IS (A4S 110844-201915, 4l : =
98% ) KB Z N B (AL 1 110756-201913, 4 JiF : =
98% ) . D-TC7K i %3 BT RE G (4145 : 110833- 201908, 46
J& : =98% ) ¥ F b EE G 2] SR E BB s R
Tk oF R (B2 110758-201817, 4 )3 : =98% ) I [ i
#h2 MR E R IR A F] O W EE S 6
afi, A R A, AKCh B Atk

2 FiEEHR

2.1 [MESAEAFERERIOH &

Z: 2RIy R, UL 5 258 10 kg, IR
P25 kg (B 1 ke, /K 5 kg, B T 17 fE 28 M0 H A
IR BEFEI ST, Fr BT 2, 553 A% 20 177
53 A 5 452 e S - 7 T VA R A N R A A
ZETH 9 VR, ENEFRESL 20 4L (45 : S1~S20) .

22 ZERZHEMEENE

221 gL M A% e Agilent ZORBAX Eclipse
XDB-C5(250 mmx4.6 mm,5 pm); FahitH: ZE-7k
(25 : 75, V/V) ; i3 : 1 mL/min; #0034 : 320 nm; £
230 Cy iR 10 pL.

2.2.2 XTRESREWEI S BRSO R 2.7
mg, K HFRE , BT 10 mL &8I, A 50% £ 7
SEZS, T UTRRM Iy 0.27 mg/mL RN BE ST

2.2.3 MR Hl s BC2. I A S Lz L
WFAE i A IS U A 0.2 g RS Ao, B T HEEMEIE
HL A 50% L% 25 mL, % 2€ , BRoe S at, ik el i 4
B30 min, G , FRRPRE i, FH 50 % B 2 Ik 1)
iR O s s U e o N E L

2.2.4 ZSEANIRER  LA50% LEE N ES X BRIER
2.25  FRGERMRE  BURIRES PO IR G R
VW AR SR A A i $52.2.17 TR A A Rk R
M ICROREE R L mIE L, R
Xof I G T DA 1 40 B Sy 4,71, BRI HR B K 8 366, 5 H4Y
BT Sy s, HL 2 Pt BRI e e T4t

2.2.6 ZMERREE BU2.22700 F XIS 1.2,
4.8.10 mL, 43 5'EF 10 mL &=, A 50 % £ FEfa
R ZY , ATAS ) o 2 R B A AR I, 442,217 R
s SRR e SR ISR . AR T R & (X,
pg) A AR AR TR (Y) AR A TP Bl 2
W, ORI R B 5 FE Y=256.45X+1 364.9 (r=
0.997 1), 2= B 0K & M 11 K DU 1A A0 1 1) 2 MY L Ry
0.27~2.7 ug.

2.2.7 NERE R AU 2.2.27 R X BRI TR
TE L, HE 2.2, T A S5 4 SL AR E 6 TR, T SR
MR, 458, R O I RSD 24 0.98% (n=
6) , ARG % R AT

2.2.8 HEEMERAE EEAREC2HNMTE S Lz

FPEZG 20204555 31 4555 224



350 4

2 200 ]
Z 150
100 4
50
0
1 2 3 4 5 6 71 8 9
t, min
AZS IR AR
350 4 !
300
250 4
2 200 4
= 150
100 1
50 4
0
1 2 3 4 5 6 7 8 9
t,min
B S T
3509
3009 .
2504
2 200 1
< 1501
100
50 |
0 NN )

'l 2 :3. 4 5 6 7 8 9
c.ﬁ%‘»:(fh’ﬁ%;:’;g;éﬁ%:y))
LR OIRTT
Note: 1. stilbene glycoside
Bl —XZHRESENENSHRERILE
Fig 1 HPLC chromatograms of content determina-
tion of stilbene glycoside

AR (G5 0 S5, A ITHP 5 :5) Bk 0.2 g, Mk 6 47,
Fi242.2.37 500 F 5 Pl g A A, TR 2.2, R
TSR AR AE , T SR W T BT HepR v 2 H A i
T, AR, CROH T E R RSD N 0.99% (n=6) ,
TR E R R AT

2.29 FEMERE  B2.2.3" 0 F USRI (45
S5, A RIS 5) il i, a0l TR T E 0.2.4.6,
8.10.12.24 hiNH%“2.2. 1" 01 F {635 4 HEREIN 4 , 30 %
WA, S5, IR 2T TR RSD M 1.08% (n=
8) , F ML VA T T 20 NS 24 h INEREPE R AT
2.2.10  JRERDBCRIE R SAREC N R 2.1 I
AR S JUZETLIARE (4 - S5, B ST S 5) B
K02 g, 64, N A 2K 2011 X B 2.230 mg, #%
“2.2.37TUT Jy A e A i U, PR 2,217 T (g
S UERRIN S 0 S T AR TSI RE [ IR 45 5 I
1,

2.2.11 FESERIE  B20 4L “2.17 I F Juzg JUlfikE
AR AR f L $52.2.37 30Ty v A R R R, PR
“2.2.17 N S AR REDN R T SR 0 T RO bs v
LD B

2.3 HEEBRMSENE

231 @AM iS4 Agilent ZORBAX Eclipse
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XDB-Cy5(250 mm=4.6 mm, 5 pm) ; 37 S AH : B %-0.1 %
B R 7K 5 W (80 = 20, V/V) 3 it 34 : 1 mL/min; K % 1<
254 nm; FE¥R 2 30 C; MR 10 pl.

F1 ZEZHEEHMEEKRRIENELER (n=06)

Tab 1 Rresults of recovery tests of stilbene glycoside

(n=6)

EAGEmg  MAEmg  WEEmg  HEREK % FEMERCE % RSD,%
22513 2.230 45049 101.06

22509 2.230 44821 100.05

22551 22 44 .

55 30 739 99.50 001 06

22529 2.230 4498 100.62

22531 2.230 44869 100.17

22489 2.230 44663 99.43

2.3.2 TRAX IR AE R BORE K H ik
Xof B TE RSB RRE , AT B e 2, R
2K R H TR 4350 63.0,38.4 pg/mL KRS
X HE A T TR

2.3.3 AR Hl A B2 S LR L
WRES R R 1 g A B FRE , BT H IR, A H
Ji 50 mL, %5 € , B i, N RN R E L h, A, PR
TR Joit o, P R T A R 2 10 Jo o, 45, e, B
W, B

2.3.4  [BAPEXTRRS I DUR A B RV

2.3.5  RGUEFAMERE BRI R IR AR
HE T A VTR A o, 62,317 T i A
EFENNE e St Eag I, PEULIE 2, mE 2 v, KiE S
Xof I C TS PR 43 13 Ol 2,32, BB AREICH 13 513; K&
P P o 7 €00 T I8 49 3 5 B A 20,33, SR B K 16 212;
SHA AL, HIHPEXT RO 2 T4k .
2.3.6 LPEXRREE 2327 IR N R A TR
1.2.4.8,10 mL, 4351 F 10 mL &5 , I B B e R
FEREZS, FIAS A [R] Fh We E BOARMEVA I, $ “2.3.17 0 F
CE AR IEREI R i SR i . LASS RN AR A3 DR
(X, ng) M REARAR AL (V) PN AR bR A7 2 b [ml
ghAL R EE R KR H A RE Y R B Y=
202.04X—0.652 2(+=0.999 9) , Y=56.176X+0.311 9(r=
0.990 9) , FHA K 2 H 2 H Ik Rl A 1 ) 2 M
FEL43 51147 0.063~0.63.0.038~0.38 pg.

2.3.7 AEEREAL R EWC2.3.27 I IR A N RE
VSO i, $22.3. 17T (03 2 R SRR A2 6 1K, il
SRR, 55 KRB R  RB K H ki 1w ALY RSD 43
I 1.19% .0.99% (n="6) , FE A RT % 5 R 4T .

2.3.8 FEAEMEIRE B2 IR 5 U SUIRE
(%5 : S5, R M EITF S :5) A 1 g, 364y, #%2.3.3”
TR Dy il g e A A R, PR 2317 I ek A ik
FENAE , 0 s AR b e d 2R H AR S S . 45
B, KE 2R R &= Wk &%) RSD 4391l 1.62%
1.31% (n="6) , 3R L E LR L.
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B2 XER AHZABAIENENSREERIEE
Fig 2 HPLC chromatograms of content determina-

tion of emodin and emodin methyl ether

2.39 FUEMERE  BC2.3.37 W0 PR (T
S5, B B 5)idE i, 0 TR TR P A 0.2.4.6,
8.10,12.24 hisJ 2.3 170U F (Ui 2 R e RN E | 0 5%
WETHIAR . 255, KRBT e % W kI T AR A RSD 435
H1.51% 1.27% (n=8) , RUIPLA Al T2 T ilcE:
24 h NFRETE R Y.
2.3.10  AEmICR RIS RS R RIS SR A 2.1 I
A LR SUMERE i (G 2 S5, R ETF 5 5) 8
K1 g, 360y, A BRI AL 1.290 mg K 3K
it B & 0.890 mg, 44 “2.3.37 301 Jy 12 1l £ 3 VA AR
FHE2.3.17 0T Qi 2 RN E | 10 SR T AU
TR IR, 25 R L& 2.
2.3.11 RS EEDE  BC20 4 2173 R Uz
JUMFAE R ARG 12, 486 2.3.37 300 R Jy vk il 5 Ak
W, TR 2.3 17 U 3% J R FE I E | 30 s W 1 B
FEbEM A SRR &
24 BEEMIENE
2.4.1 X BRSO A BOT R FE E BT Y D-TC
IR BEPBENS IR A B RS SR , KRR ) Ao
J& 4 0.207 mg/mL 4 %F B SR
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F2 REZ XEZHRBOMEDNKRKEUNESR
(n=6)
Tab 2 Results of recovery tests of emodin and emodin
methyl ether (n=06)

BN BHAE.mg AR, mg WiEE mg MEELCR, % FHMERKE, % RD, %
K% 12743 1290 25505 98.93 99.85 134
12851 1290 25589 98.74
1.266 8 1290 25561 99.95
1291 129 25701 10008
12705 1290 25906 10233
12852 120 25629 99.05
KEETR 0.8049 0.890 1.685 8 98.98 100.03 149

0.799 8 0.890 1.698 4 100.97
08162 0.890 1.699 4 99.24
08135 0.890 16892 98.39
0.804 5 0.890 17162 102.44
08152 0.890 1.706 8 100.18

2.4.2 MBI EI R BC2. 17U S LR L
WRE SR 1 g W% FRoE , & T HEHIE S, A
95% £ 20 mL, JIFRIBIGE 2 h, U8, WA 26 95 % L BEVk:
WSYOIFET, K 25 mL, T 70 °C A H#2 850 min, ik
A, A2 000 r/min 5.0 5 min, BCE TR, 5 HREC2
WA I B, B mL, 7K 8 45 2 100 mL i,
EIZE N

2.4.3  BAMEXTHEVE R BN 6% ARV 1 mL BiER 5
mL, & T 10 mL HEE @ T UK 2205 115, RIS,
2.4.4 RO AORRE ORGSR AT R SR 0.5
mL A 1.0 mL, 2305 B F 10 mL HLIEH @&,
KB A 6% AW vA W 1 mL, IE5); INABEZ 5 mL, 1R
ST MK 2B RS, Sy B HEXT R I 10 mL. 4% |
WIER B E T K 4 15 min J5 , F 300~700 nm
PRGN T g, RS SR A 490
nm KA f KR, B 1A X6 B TE T, 53k 46 A6 I 38
4490 nm, FEULIK 3.

245 ZNEXRRFE JrkE R I 2.4.17 30T X R
SVAR 0.1.0.2.0.3.0.4.0.5.0.6 mL, 4% “2.4.4" T F 7
A5, F 490 nm AN E W R . DL D-ToK %
B U (X, ng/mL) M AR R G (V) AL b
PEATLRAE IR . 455, D-JC/K A5 2B [ 9 5 o Y=
1.225 3X+0.074(r=0.999 6) , & B D-JC7K 38 4 B A6 ) Jot
R LB 2.07~12.42 pg/mL.

2.4.6 FEHPEERE  BUC2.4.17 50 F X B AL 0.5 mL,
F242.4.47 50 F )ik RS T 490 nm AL E S E 6
OGRS o A5 2R, D-Jo/K i MRS Y RSD 2y 1.34%
(n=6) , FRHUUHG T RAT

2.4.7 EEVERE  OREFREC2. IR S s
WA it (52 S5, AP 5 :5) R 1 g, 2L 6 47, %
“2.4.27 WU R R A R R R, T 2.4.47 T F D5k
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EE , T 490 nm AN RE WG RE bR i i 26323
BRSO R A5, B2 8 (L D-TOKEE T B
RSD N 1.52% (n=6) , &M ik EZ R

1.5

WO

70A5 A L L L " J
300 400 500 600 700
P nm
T L BT (G5 : S5) 5 2. FHMERT IEGAT 5 3. 6T BRI
Note: 1. test sample (No. S5) ; 2. negative control; 3. substance

control
B3 EEEaENENEIMRESLEE

Fig 3 UV absorption spectra of content determina-
tion of total polysaccharide

248 FAEMHRLE  B2.4.27 W F HHR AR (95
S5, AL F 5 6)id i, % 2,447 kA, 4
W T CE 0.2.4.6.8.10.12.24 h BT 490 nm i
KA EWIERE . 455, D-JC/K 2B 6 79 RSD N
0.82% (n=8) , FR ML MW T 25 I T UE 24 h N ER
EPERLT

2.4.9  IREENCRIEE RS AREC R A A 2.1 I
AT S LA JUMERE S (4 S5, BRI E S 5) B
K1 g, 260, #42.4.27 TN kil A Al SV Bl
mL, & FHIEAE T, A D-TooK #0018 5
L A7 2.447 U JrE B A, T 490 nm AR I E
W FE TR IR R, 25 5 L 3,

F3 D-FKEEMER N EE RGN EL R (n=06)
Tab 3 Results of recovery tests of D-anhydrous glu-

cose(n=6)

BHEEmg MAEmg  WEEmg  WHEECR % THMEREE % RSD,%
3.8089 3.690 0 75005 100.04

38951 3.690 0 75789 99.83

3.806 8 3.6900 15161 100.52 10041 087
37791 3.6900 74509 99.51

38705 3.6900 75813 100.56

37852 36900 75481 101.98

2410 FESLEEMGE  BC20 427N T 1 LR
FJURRE SRy R IS &, $242.4.27 0 F Jy kil £ A6 i i
W, PR “2.4.47 0N ik B A5, F 490 nm AN 2
W RE I Fe b v B 4 3 AR Sl o i
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2.5 WHIEMMRL

2.5.1 AIRTE AR AR AR, IS B
B, LAZEHITE] (A) R (B) CHERIEEE (C) Ky
FUAR &, R ST O B R (R 2 R R ko
WATHE) BB AR R, 45 G Bk,
S A SRS B R TR 06 45 AT A A B B
L 8 LR A VE TSR A : Y= Yix30/Y (e +Y2%30/
Yomao = Yix40/Yisman o HY, Y HEEGVEST Y ARG
DU PP AR B AR 5 1, Yo S R A DU BT A8 2 B 5 3, Y
RARE ST TG 2R ST B Yomeo KT TS AH
I b () e AL 5 25 B VRO e 3 R L2000 o)
(i i BT L S ) O Bl i B o (2R LT
FEARY . R Design-Expert 7.0.1.0 8 fF 47 3 R
5K R I (a=1.732) , N K H5KF £ 4, 56 )7
ESSEE I LR

x4 BEER5KFE

Tab 4 Factors and levels

. HZ
KF Ah B,h C,<
-173 3 8 50
-1 34 885 5423

0 4 10 60

| 458 1L15 6577

1732 5 12 70

=5 REAFREER
Tab 5 Test scheme and results
e (53 TARUIET,  HEER,  BZE, 8T,
Ah Bh G % % % It

1 -1 -1 -1 1.90 021 2.17 1855
2 | -1 -1 144 0.20 82 2456
3 -1 1 -1 1.58 02 30.78 3292
4 | 1 -1 098 021 3585 2841
5 -1 -1 | 1.66 021 3219 26.15
6 | -1 | 0.95 020 4029 3897
7 -1 1 | 1.50 021 3725 3096
8 | 1 | 096 020 40.69 39.89
9 -3 0 0 246 020 03 19.66
10 1730 0 1.60 020 44586 3.6
11 0 -172 0 260 0.20 4458 18.84
12 0 1730 220 021 4855 2889
13 0 0 -173 288 020 815 15.16
14 0 0 1732 1.94 0.18 475 2503
15 0 0 0 250 021 468 2168
16 0 0 0 250 021 4628 2168
17 0 0 0 250 021 4628 2168
18 0 0 0 250 021 46.8 21.68
19 0 0 0 250 021 46.8 2168
2 0 0 0 250 021 4628 2168

2.5.2 BRIHS  RIERSLEE, LA (V) M
A5 &, >R FH Design-Expert 7.0.1.0 3 {4 7 2 o0 R £k 1]
HHLE 15 IR Z I Y=21.68+3.26A+2.95B+
3.50C — 1.80AB + 2.53AC — 1.56BC + 2.75A° + 2.00B° +
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0.77C*, ZBERI LG T E REC(R) 7y 0.811 6, BLA Y
P<<0.05, P IR ELAT i 2 1 5 IR 0351 P> 0.05, Ui 5
RIPIA R4 X oy (B A 2 2 PR > A >
B:; 2 H.1i AB.AC.BC K ¥R I B>, C* [R5 A i %
(P>0.05) , IR A’ 5% i@ 35 (P<<0.05) , $E /8 1% 5 Al
H % PR ZE A PR S AN R T B 2R M e R . O
oA R W6,
x6 HAESWER

Tab 6 Results of variance analysis

BREE BRI Ll 2] F P
iR 703,35 9 78.15 479 00112
A 149.16 | 149.16 9.14 00128
B 12217 | 12217 748 00210
C 17130 | 17130 1049 0.0089
AB 25.96 | 2596 1.59 02360
AC 5126 | 5126 314 0.106 8
BC 19.50 | 1950 1.19 03001
X 119.42 | 11942 731 00221
B 6270 | 6270 384 00785
¢ 938 | 938 057 04658
B 163.26 10 16.33

S 163.26 5 3065 335 0.063 8
i <0.001 5 <0.001

Jsill 866.61 19

2.5.3 WM EAHT R FH Design-Expert 7.0.1.0. 044 %

il DAL AR S i A e A A e O TR, TEDLIET 40 1] 4
R, B & IS ) b 1] B S, 2R 5 PR S B
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Fig 4 Response surface diagrams of interaction of

various factors on comprehensive score

254 AL H T2 HE R ] Design-Expert
7.0. L0551 fK i — ik 2307 8 19 B i AR R M il 1

- 2718 - China Pharmacy 2020 Vol. 31 No. 22

20 Ry 7% T iF ] 4.58 b M ) B E] 8.85 b b i R BE
65.77 °C,Ji 9K, B TN LA A PF43 R 36.90 43 A T
TG 2 S BRAE P T oR  AS R U ) 12 R ZE I ) 4.5 h
METIIFR] 9 h LR EE 66 °C, Jfii 9 UK.

2.5.5 AR T Z5UE  BUTE 258 10 kg#2.5.47 1
T e AR U2 A AT JLZE TUMRE P A TR 3
U Ay B 2,272,372 AV U Jy i 2K AT LK
R KW EHEE SRS, R 25,0750 ik
IELEAIE, A5 T, mETATIL, 3R EIFR K
¥ 349 25 43 D53 D 35.69 43, 5 TN ML A AR 45 2y
3.30% , &7 LA AT 15 1% JLZE JUM I i) T 288
CIEF

R7 WIERKELER(n=3)
Tab 7 Results of verification test(n=3)
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