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Optimization of processing technology of Sarcandra glabra based on multi-index
evaluation method

WEN Rou, LI Chao, YAN Li-ping, ZHANG Chong-pei, ZHANG Yi-xin, GONG Qian-feng, YU Huan
School of Pharmacy, Jiangxi University of Traditional Chinese Medicine, Nanchang 330004, China

Abstract: Objective Analytic hierarchy process (AHP) was used to establish a comprehensive evaluation method of multiple indexes
of traditional Chinese medicine, and the best processing technology of Sarcandra glabra was optimized. Methods On the basis of
single factor experiment, the comprehensive score of neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, caffeic acid,
isofraxidin, astilbin and rosmarinic acid content was used as evaluation index by AHP, and drying temperature and drying time were
used as influencing factors. The purification process of S. glabra leaves was determined by single factor investigation. Taking soaking
time, soaking time, cutting length and drying temperature as influencing factors, the optimal cutting process of S. glabra stems was
optimized by central composite design-response surface method. Multi-index analytic hierarchy process (AHP) was used to analyze
and verify the optimal process. Results The best processing technology of S. glabra stems was as follows: stem Rob water washed
once, soaked in 12 times of water for 1 h, moistened and softened for 3 h, cut into 15 mm segments after taking out, and baked at 50 ‘C
for 2 h; The processing method of leaves was as follows: leaf Rob water washed once and dried at 50 “C for 4 h; Then mixed the
processed stems and leaves of S. glabra at 2 . 1. The deviation between the verification value and the prediction value of the
comprehensive score of the optimal S. glabra stem by softening and cutting method was 4.70%. Conclusion The processing
technology is simple, stable and feasible. The obtained parameters can provide scientific basis for the research and production of S.

glabra, and AHP can provide reference for the multi-index evaluation of traditional Chinese medicine.

WS HE: 2019-03-24

EeWB: EFhAEHHHEMIS 10 Mp 2 A bri b @0 H (ZYBZH-Y-JX-27); T e 45 6 1 R 119 3k T 9 ) B ok 22 AR AT 72
(JXSYLXK-ZHYAO038); & T-REFRARC A I 7 Mt H AR BUARHT 5 (JXSYLXK-ZHYA0043)

1EEEN: R, AmiL, WFERZME. YOr R E S EEIFLHRFT ST, Tel: 18702535428  E-mail: 1240057947@qq.com

HBIEEE T, BERIN, Bu%, WFhEmfR. O R AR E S RS
Tel: (0791)87118852  E-mail: gongqf2002@163.com
T, YR, R ARAEL S R 2 IR AL . Tel: 18607090626  E-mail: 416931863@qq.com



¢ $# Chinese Traditional and Herbal Drugs %5 50 % 25 12 3 20194 6 A

* 2869

Key words: Sarcandra glabra (Thunb.) Nakai; analytic hierarchy process; central composite design-response surface methodology;

multi-index evaluation; neochlorogenic acid; chlorogenic acid; cryptochlorogenic acid; caffeic acid; isofraxidin; astilbin; rosmarinic

acid

], AT, R E S RHE ) S
Sarcandra glabra (Thunb.) Nakai [f] 45, BRT.
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1 ES5HH
L1 2%

Waters 2695 4 i RCBUAH (0 S, A0.45 PU TG 71
B MERA . CHREFES] (PDA) A #5 F1
Empower 3 i T{Eufi, 3E[E Waters A F]; AE240
tHnz—mT R, E£E Mettle 27]; SQP U

TRV, Hz—, B"SHAWRAE dbsD F
FRAHE]; YB502N 1R, ApZ—, LR
A s KQS200B AU 7S s veds, Rk
PR AR AT, THE 200 W, #i3 40 kHz; Milli
QB M4k RS, EE Millipore A #];
GZX-9076MBE HLHAE X T1AE, Eig R SlA
FRAFRBIT AT S
1.2 MR

G AL e g m e, S
20171025, ZILVGHEEL R IETHIIREE NE
SEEBHEY) S Sarcandra glabra (Thunb.) Nakai
Tt SRR SRR (45 110753-201716,
BOE B =993% ) . B (it S
110837-201608, Jii fE 70 81 =98%) KL FHFER (it
5 111871-201505, J5i & 53 %0=98%) T~ [E £ /i
i E AR MR E SRR (AT
BCTG-0231, JiEnH=98%). BLt)siR (L5
BCTG-0210, Jii &340 =98% ). MIHEER (L5
BCTG-0286, JiE N4 =98%). W HaH (s
BCTG-0233, Ji &/ $1=98%) T [ [E 4415
HliEH A E K TR 0. FR, LC-MS, it
A117-50, Fisher Scientific, FEEk Ci/REHEERA
" ZfE, LC-MS, ACS, AC-1026-4000, [
ACS BAEMEL: B, Jrfral, #ib'5 1705021, 7o
Bt ety A BR A s KgAK, KR horal.
2 HESER
2.1 #EFRENSTEY HPLC U E M)
211 &M 3% [Diamonsil 5 um Cis (2D,
250 mmX 4.6 mm, 5 um]; FsIAHZME-0.1%FER/K
W, BEEEVERL: 0~5 min, 6%~10%ZfE; 5~32
min, 10%~12%ZME; 32~45 min, 12%~20%24
Ji&: 45~78 min, 20%~35%Zff; 78~80 min,
35%~6% M RFALE 0.8 mL/min; ##E 35 C;
Rl 330 nm (FEHTETH 290 nm) . il B WL 1.
2.1.2  HHARER RS R EREGMHR R 2.0 g
GE=57), BT 50 mL B IEHEHT, FBEmMA
30%4 0% 25 mL, #IE, PRERE, HA (200 W,
40 kHz) 30 min, /4, 30% LEEAN IR R &,
PEAY, P, EXEEW, 1T 0.22 pm FRALIEMREE, RO
13K TR
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I-WERTR  2-85 R 3-FRGRIR 4R S-SRUREE  6-VERTIAT  T-RIAER
I-neochlorogenic acid  2-chlorogenic acid 3-cryptochlorogenic acid 4-caffeic acid 5-isofraxidin  6-astilbin ~ 7-rosmarinic
1 RAXR®E (A) SEM#BEHS (B) Fi&E HPLC
Fig.1 HPLC diagram of mixed reference substances (A) and S. glabra stem samples (B)
2.1.3  XTHRATRHE REMREOTISIE R, 4 43.000 pg/mL; EIEFER Y=47 900 X—7 290, r=

AMET 5 mL &iit, FEEERZE, FERit&
W, ARG IR EBGE R T 10 mL &/, Fl 30%
RERBZIE, $B5), FCHIS SR EE 50 N H sk
JRER 74.7 pg/mL. ZEJ5EEE 156.0 pg/mL. Bk )5
59.0 pug/mL. WIMERR 51.3 pug/mL. SFEERBE 110.4
pg/mL. V&0 86.0 ug/mL. HKIEFEL 75.6 ng/mL
R0 HR A R

2,14 AMERRFL R EWEL “2.1.37 Tt
TRAVAGE &, FHIK 6 Bl 2R R 5 HITR &%
FEIAW, 30% e REZIE, 5], 7 “2.1.17
T e AE R HERE 10 uL W52 . DA EIR AT AL
B O, WERMBNPALNR (YD #EATLMER I, 15
5] 5 75 F2 53 HTER IR R Y=26 500 X—3 180, r=
0.999 5, ZitEiERl 0.747~37.350 pg/mL; 4R
Y=33 800 X—7 040, r=0.999 9, ZkVEJaH 1.560~
156.000 pg/mL; FR&EJRER Y=43 700 X—2 820, r=
0.999 8, kM7l 0.590~29.500 pg/mL; WHEER Y=
61 200 X—11 400, »=0.999 7, £&MEVER 0.513~
25.650 ug/mL; FMEZIE Y=103 000 X—43 500, r=
0.999 8, Z&MEVER 1.104~55.200 ug/mL; & FiAEF
Y=26 500 X+129, r=0.999 7, ZPEJuH 0.860~

0.999 8, Z&MEVu 0.756~37.800 ug/mL; A 515 B
IITER EVER N Z M R R AT

2.1.5 FEEERLE R RAE R 10 uL,

F 8 PRl S S E 6 IR, ISR, W
SRR SRR FREIEIR. WIHERR . SR
WE . VBT aH  RE AR RSD 43714 2.68%.
1.01%- 1.52%- 2.16%-+ 1.59%. 0.66%. 2.28%, %
A A 5 R

2.1.6 HEEMRE HUE—Z8, % “2.127 TUF
JHEPATHI S 6 i, 78 “2.1.17 Ttk
SAF RN E, SRR . SRR . FRst)R
BR. WIHERR . SRR, ¥EHAE . REFRSE
RSD 7354 2.64%- 2.50%- 2.37%- 2.42%- 2.81%-
2.25%. 2.46%, FIZITEREEME R,

2.1.7 FEMERLE  BUE R T 0L 2.
4. 8. 12, 24 h 7£ “2.1.17 WAl 4 1F T bR &,
MAFFERIER . SRR . BRERJERR . WnHERR . SR
FEWE . VEHTIAE . BIEFERIEIA RSD 435N
0.34%- 1.05%- 0.30%- 0.66%- 0.88%- 0.86%- 0.86%,
F MR 24 h WRE I R 4T

2.1.8  NFEEISGEATS S ks SRR S = C A
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M2 2 g, 394, BENL A 3 A, S alkEE A
X IR, N2 ) AR A % By B
80%- 100%. 120%, 7E “2.1.17 Ok T bkt
Wi, WHEREWE. SSRHRER. SRR, Rt
JERR . WNMERR . SRR RZNE. TEETIEOTE . REERT
BIMEERISCR 508 94.71% 92.82%. 95.11%-
100.01%-+ 93.71%- 95.30%. 95.93%, RSD 735K
1.12%2.26%- 2.10%- 1.60%- 2.27%- 1.78% 2.18%.
B i g N7 B B S T VEHERA FE R AT .
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R R (Y1~Y)) MLEATES (OD), Jifiidk H H )
B B R T2
2.2.1  EIREHE T2

(D) FRRREMIERE: BOEIIN S 4, K
Vel a2 T 300 400 50, 60, 70 C NHEE K>
k4%, HPLC WAL E 7 M & &, XAFET
iR BEREAT VR, OD B 207l 3.200 5.32. 7.62.
430, 6.25, Z5HREH 50 CHEFHAES

(2) THRmFalf kR BRI 5 4y, $hK
Veiia T 50 CHEAE FHE 1. 2. 3. 4. 5h, 1h
KA IE AT, 2 h J5 OD {43518 5.80.7.30.8.51
8.15, SiRFWIMT 4 h B,

BB A P PR R A R S, e 7 AN
RO AT N EEA VPN G S, A3 H S A S T v (1)
J) 5N 50 CHET 4 he
222 FHJE R R R R S0 A

(1) B ks BCREIIZE S, A 12
SRR AR 04 0.5 1.0, 1.5.2.0h, Y] 1~2cm
FEBL, 50 CHtTF. HPLC MIA3 LA E 7 Fpki o I &,
XA RIS [ 34T YA, OD B 437114 5.83.5.99+
8.90. 8.60. 4.22, /5L ILAIR LT (] YE ]
4 0.5~1.5 ho

(2) ol R e ELREIIZE 4 4y, HH 12
BRI 1. 20 30 4. 5. 6 h, ¥]1~2cm
JHE, 50 CHET HPLC WIS LA L 7 R s & &,
XA [R] el i B 1B 34T PEARY , OD B 237114 7.82+.8.90+
8.14. 7.95. 5.65. 4.50, IEFF /5L o] iE i
] 2~4 h,

(3) VIR CREZHL) 2015 AR
DU 50 o) 368 00 R0 5 K VT B I E R R B 5~ 10
mm, KB 10~15 mm. 2555 T) BE FEl %
A R ERE B K B, PRI AR SE G I HE 5 mm.
10~20 mm. 30 mm 3 MIEEITH 5, R IR
KIEE, KPR, 12 fFEKRE 2h,
FIYIHINZ) 5 mm. 10~20 mm- 30 mm HJE, 50 C
TR KT IE R F 8 RV AR XS LA _F 7 Bl
BRI, OD {E 43708 7.85. 9.35. 8.69. iEFE)E
SIS SN 10~20 mm.

(4) TRAEERFEESE: MW= S 4, H 12
HaEKIEE 2 h, V) 1.0 cm FEL, 2 AITE 30, 40,
50, 60 70 CHYRE T HPLC MAFEA | 7 Ff
BT e, WA R R B 3 T VR, OD fE %
N 6.99. 9.71. 7.86. 7.77. 7.39. k5 5ESLL
AT N 40~60 Co
223 EEBIZEVIGIRII TR IR ER,
Gfgint, ZEFM AR, FERA R T2
SHABA—FE, B 2R R A AT
TE PR IR B B A 1,  0e BOK U e e i
EEN 4 NRER: RIEEE] (AL REE A (B).
DI E (O, THRIEE (D) fEAALE, DA
BB F R IR IR (YD ZRIFFR (Y2) . FRZRJERR (V3D
MNHERR (Ya). SBREIE (Ys). VEHET (Vo). &
EER (Y7 S8R, R R =
BT 4 3R 3 KFRE, BAFRERK. . &
37K, A RHEA/E-1. 0. +1. 454 AHP %, UUH
BB R e K s A E ), TR S 2 A AR D)
HITZ. BEABiTrHERRERAEFERLE 1, KA Design
Expert DX8.2 #EHRHE LR AT R T 7 6 K&
EEMELSR, W&k 1.

2.2.4 AHP RIS, BIREEE] T 2P
WA EFRATH 7 MEARE RS GRB R RSk,
HENL R IR AR, T S0 e Rk A TR R N
TR R A ) AR AR R S, SRR A ERK,
BRI NI AR, INHERR & B>,
X 7 BUEAR N S NEIR, B et EENE, 7
R {7 WE = RRIE A IR > S J IR > T8 9T 10 1 > H gt )i
I =Ba 2R R > WHERE, UL YAAHP 12.1 Z IR 50T
AT I LA P W 2 8] B L, VT b L3R 2.
HR S B AR R R R, AR 3, HIRME%
FRAT AR Ty o MRIESR 3 VE 45 R, LL YAAHP
12.1 JZ R T ERA T A4S 256 3085 BUE R4
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Table 1 Central composite design and results of cutting process optimization
RIS Ah Bh Cmm D/C Yi/(mgg!) Vod(imgg™") Y3/(mgg™") Ya/(mgg™) Ys/(mgg™") Ys/(mg-g™") Y7/(mg-g™") OD {H
1 1.0(0) 3(0) 15(0) 50(0) 0.2002 1.808 4 03146 0.089 3 0.256 3 0.2210 02915 9.72
2 1.0(0) 3(0) 15(0) 50(0) 0.1877 1.8203 0.279 6 0.0857 0.2455 0.206 2 02834 935
3 1.0() 3(0) 15(0) 50(0) 0.2016 1.836 7 0.300 5 0.094 6 0.248 3 02225 02987 9.73
4 1.0(0) 3(0) 15(0) 50(0) 0.1979 1.8055 0.296 6 0.088 2 0.244 8 02122 02961 9.55
5 1.0(0) 3(0) 15(0) 50(0) 0.2008 1.8473 0.2953 0.087 8 0.246 9 0.217 8 02974  9.65
6 1.0(0) 3(0) 15(0) 50(0) 0.1954 1.758 0 0.294 9 0.088 5 0.236 2 0.207 5 02849 9.28
7 05(=1)2(-1)20(+1)60(+1) 0.076 4 1.0354 0.0199 0.039 8 0.146 5 0.1710 02016 5.56
8 1.5(+1)4(+1)20(+1)40(-1) 0.1228 1.5526 0.2159 0.046 0 0.1889 0.261 1 0.1958  7.40
9 15D 2(¢1)10(-1)40(-1) 0.0372 0.670 1 0.092 7 0.028 1 0.061 6 0.1300 0.1813  3.93
10 1.0(0) 3(0) 15(0) 30(-2) 0.0684 1.203 7 0.143 8 0.051 1 0.0829 0.178 9 0.1527 490
11 1.5(1)2(-1)20(+1)40(-1) 0.1058 0.8812 0.183 1 0.058 2 0.075 1 0.1333 0.1812 4.82
12 1.5(1)4(+1)20(+1) 60 (+1) 0.0835 0.9856 0.1518 0.0459 0.051 6 0.226 5 0.1846 4.89
13 05(-1)2(-1)10(-1)40(-1) 0.069 2 1.001 6 0.1279 0.0479 0.094 9 0.158 0 0.1593 477
14 1.00) 1(=2)15(0) 50(0) 0.0227 0.358 6 0.044 0 0.046 6 0.020 6 0.073 2 00556 1.74
15 05(-1)4(+1)10(-1) 60 (+1) 0.0560 0.769 0 0.116 8 0.0342 0.0518 0.165 6 0.1633  4.03
16  0.5(-1)4(+1)20(+1) 60 (+1) 0.0532 0.9529 0.114 1 0.043 7 0.095 0 0.1879 0.1158 4.35
17 1.00) 3() 15(0) 50(0) 0.0323 0.7343 0.074 6 0.030 1 0.050 4 0.1242 0.1439 345
18 1.0(0) 3(0) 25(+2)50(0) 0.0393 0.942 2 0.104 5 0.028 9 0.0813 0.154 4 0.1913 4.62
19 05(-1)2(-1)10(-1)60(+1) 0.0557 0.698 5 0.1122 0.0450 0.098 9 0.091 0 0.1891 4.44
20 0.5(-1)4(+1)10(-1)40(-1) 0.0698 1.197 1 0.1539 0.035 1 0.083 6 0.238 5 0.1596 5.16
21 1.5(+1)2(=1)20(+1) 60 (+1) 0.049 8 0.806 6 0.110 6 0.025 4 0.0539 0.1257 0.1481 3.71
22 05(-1)2(=1)20(+1)40(-=1) 0.0918 1.078 4 0.180 4 0.033 4 0.109 6 0.146 1 0.1840 5.30
23 0.5(-1)4(+1)20(+1)40(-1) 0.0930 1.8133 0.164 6 0.048 4 0.095 8 0.1912 0.1587 5.82
24 1.5(+1)4(+1)10(=1) 60 (+1) 0.0460 0.927 7 0.086 5 0.0515 0.0577 0.134 6 0.1190  3.69
25 1.0(0) 3(0) 5(=2) 50(0) 0.0436 0.7470 0.095 8 0.048 0 0.0529 0.173 0 0.1834 422
26 1.0(0) 3(0) 15(0) 70(+2) 0.0440 0.603 8 0.096 5 0.044 1 0.0523 0.1209 0.1127  3.19
27 151 4(+1)10(-1)40(-1) 0.1361 0.990 6 02322 0.063 8 0.153 1 0.1115 02217 6.27
28 1.0(0) 5(+2)15(0) 50(0) 0.0363 0.343 1 0.056 1 0.078 3 0.026 7 0.069 5 0.0878  2.28
29 0(=2) 3() 15(0) 50(0) 0.0879 1.3522 0.1535 0.063 1 0.080 4 0.1779 0.1045 4.69
30 2(+2) 3(0) 15(0) 50(0) 0.0815 0.9256 0.1530 0.0511 0.066 1 0.170 8 0.2243 5.15
2 FRRFDIRE 2 CR (FENL— b, (N A A E R
Table 2 Grading standards at all levels BERASHIIFERE, CR=CIRID) <0.1 B}, W56
HIXES 15 X Ha BRI, RWRERRAAMN, EAH
9 2ok L B AT A FEEIIEH T EME R LR E VR
7 4 AT 225 AUk DL OD E AN RN, B4
5 P A RS N 10 73, OD=(0.065 4 Y1/Y1max+0.171 7 Yo/ Yormax+
3 T E AR 0.065 4 Y3/Y3max10.041 3 Yo/ Yamax+0.274 5 Y5/Ysmax 1
1 [Fi) 2 B 2 0.107 2 Y6/ Yomax 1+0.274 5 Y7/ Y7max) X 105 Yimax~ Y2max~
2 4, 6 8 W40 BRI e L 4 Vimaxs Yamas Ysmacs Yomaxs Yrmax 201K 8 50 B
(e A AT SRV EENE N o, T ) 5 I 5 AR 20210,
ZAHSTH I E BN Va 2.2.6 CCD-RSM fl ik BB == V)il -2
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Table 3 Comparison of priority judgment matrix and weight coefficient of seven indicator components pairwise

Hibr SR REER SER BHol HaEmR REER Wi BERE D CR
R JE 1 1 2 3 4 4 5 0.274 5 7.0886 0.0112
RILFR 1 1 2 3 4 4 5 02745
SRR R 12 12 1 2 3 3 4 0.1717
e R 1/3 1/3 12 1 2 2 3 0.107 2
BRI 1/4 1/4 1/3 12 1 1 2 0.065 4
B o S5 R 1/4 1/4 1/3 12 1 1 2 0.065 4
VI 1/5 1/5 1/4 1/3 12 172 1 0.0413

(1) A S BB SIS 754 0L
4. I HHEIZ H Design-Expert 8.0.6 #4347 1
N A3HT, A% ODE (YD) X% E kAT 2 okt
[EEAT 2 T A, 3 EEJ7HE Y=0.9543.384 X
10 A+0.023 B+0.014 C—0.048 D+0.037 AB—
1.850X 107 AC—0.018 AD+0.010 BC—0.045 BD—
9.199X107° CD—0.095 A>—0.17 B>—0.12 C>—0.12

D?, #=0.927 2, XHEACRH FRaSedkar 77 2504,
SN 5. SREREREHRIER . SR
PaZp IR DNMERS . SR RNE . JERT IR iE A
B & EFZIRE N D>B>C>A, IR p<
0.01, RTEZE (P<0.05), LTI EZEKTF,
RIZSLIOBI G BT, BASIEN, L5
W2, UL T RS SEBRIE LA B R AF, HAH

x4 SHEBBSOWN

Table 4 Sequential model sum of squares for D-optima

75 ZE KR SEJ7 I HHE Y5 Fig P{E K- e

SERIRER vs L 914.68 1 914.68

HNEBLRY vs PR 7.38 4 1.84 0.31 0.867 7

MR vs Rt 6.22 6 1.04 0.14 0.989 2

2 RITFE vs WHAER 130.63 4 32.66 4328 <0.000 1 Al

3WKTHE vs 2 TR 2.71 8 0.34 0.27 0.954 7

W7 8.61 7 1.23

Mt 1070.22 30 35.67

=5 EVEBRFEN
Table 5 ANOVA for regression model
T ZEHRIR SEJ7 I HHE Fia P1iE HERK  CFHM HABRE FE P{a

Y 144.23 14 10.30 <0.000 1 CD 0.14 1 0.14 0.6779
A 0.027 1 0.027 0.8512 A? 24.95 1 2495  <<0.000 1
B 1.28 1 1.28 02127 B2 77.62 1 77.62  <<0.000 1
C 0.49 1 0.49 0.434 5 c? 41.19 1 41.19  <€0.000 1
D 5.59 1 5.59 0.0158 D2 37.72 1 3772 <0.000 1
AB 2.15 1 2.15 0.1120 &) 11.32 15 0.75
AC 5.477X 1073 1 5.477X1073 0.9332 AT 11.13 10 1.11 0.000 8
AD 0.50 1 0.50 0.426 7 giiR % 0.18 5 0.037
BC 0.17 1 0.17 0.639 8 M 155.55 29
BD 3.25 1 3.25 0.055 5

P<0.05 HEFVEZESR; P<0.01 ANZFNEZSR
P < 0.05 significant difference; P < 0.01 great significant difference
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