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Exploration on extraction processes of compound Ruyi Jinhuang Powder

based on orthogonal design and multi-index weight analysis

ZHAO Ya-li, ZHANG Si-qi, LU Wen-xi, CHEN Chong, WEI Li
(Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China)

[ Abstract] Objective: To determine the index weight, optimize the extraction process of compound Ruyi
Jinhuang Powder, and to provide a reference for its further research and developmemt of industrial production.
Methods: Taking the extraction capacity of curcumin, berberine hydrochloride, aloe-emodin, magnolol and extract
yield as comprehensive evaluation indexes, the weighting coefficient in 5 synthetic evaluation indexes was determined
by analytic hierarchy process ( AHP) , criteria importance through intercriteria correlation ( CRITIC) method, and
mixed weighted AHP-CRITIC. Combined with the results of orthogonal test, the extraction process parameters of
Ruyi Jinhuang Powder were optimized. Results: Compared with AHP method and CRITIC method, AHP-CRITIC
mixed weighting method was more scientific, reasonable and stable. The optimal process parameters were confirmed
as decocting for 3 times with 2.0 h each adding 8 times volume of the amount of 75% ethanol. Conclusion: The
weight coefficient determined by AHP-CRITIC mixed weighting method was objective and real, which can reflect
the compatibility information of compound Ruyi Jinhuang Powder. The optimized extraction process was stable and
feasible with good repeatability, providing reference for industrial production.

[ Key words ] Ruyi Jinhuang Powder; extraction process; orthogonal experiment; AHP method; CRITICAL
method ; AHP-CRITIC mixed weighting method
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JZ2K 53 ¥ (analytic hierarchy process, AHP) Rl
JEH T. L. Saaty T 20 tH40 70 451045 Ay —Fd g 1 A
SE T ARES G PP N BB 0L BT i R 3K E AL
HADT Ik TR S B A AL 52 % ( criteria
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R A5 40 78 4 0 P I O 4 S BR A T, BRI
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(D) A HEENE I L, (3") IEAR LR R TR
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(A)/% (B) /1% (C)/h (D)7
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10,35 # & Agilent ZoRBAX Eclipse Plus C, #F
(50 mm x2.1 mm,1.8 pm) ; Ji s AH Ky £ N -4 % B iR
IR 16 BEVE AR )Y (0 ~ 0.5 min, 10% ~50% &
J}5:0.5 ~1 min,50% ~55% Z. ;1 ~3 min,55% ~
80% 2, ;3 ~4 min ,80% ~10% 2,5 ) ; MR i &>
0.5 mL-min ™" ; 448 b5 840 B9 A 9% K43 51 4 430 nm
(ZEHFE) ,340 nm (R /NEEGH) ,294 nm (JEFE)
1254 nm (925 KB E ) Wl 30 C; M &
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3 MERBAANHE
i 8 PR IBGE i 19 22 B 3% AR R /1N BE L 2 R B
B FIJEE ATy XoF FEE it 4 L P P T i ) i o vk 32
R 2 i % 192,80 pg - mL ' Eh R /N BERE 2 294. 00
pe-mL ' R ZE R E 15,68 pg-mL ' JEFME 230. 40
we-mL R A N IR AT .
4 HiAMmBARYH &
RIS ma S A E b (£
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FRKHH 50% ,75% 1 95% 1) AT 3R 0k, &
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EXig Y =16.626X +11.486 0.9999  6.025~192.8
hER/NEERR Y =1.006 1X —3.341 9 0.999 8  57.35~2 294
P E ¥=9.3116X-1.8375 0.999 7 0.98 ~15.68
JEFR Y =2.689 7X +2.659 7 0.999 9 7.2 ~230.4

5.2 BEEXE H®WC3TINE—IRA X
W VR, 7E B3R 27 TR (8% S i SR ERE 6
K, D A2 45 48 Bn PR BG40 A e 1 B, 45 2R R % 1R AR
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0.07% (Eh#k /NEERR ) ,0.22% (JEFMNE) A1 0. 67%
(PFEERERE) RN % R AF
5.3 REMEE M - pHEal s W, o 0l 1R RE
i AR 0,2 ,4,8,12 F124 h #2 BE“27 10 F J5 %
D5 0 T RR 4 SR 32 K R R /N BE G L JE AN 1 AN
P W T ALY RSD 4» Bk 1.03% ,0.31%
1.83% F1 1. 13% , 3 WAL 32 i i W i 2 PETE 24 h
R4
5.4 ESMHII HIE6 S HAIT R,
BN 384 mL 75% £ T B A HEE 3 YR, &K 60 min,,
Ve, A IEUE, TR 47 IR A I A R
W e FE27 TR (A3 A5 R AT I A, B AR A 4
B 40 o 4 B0 RSD 433k 1.71% (£ %) ,
1.71% (ER R /INBERR) |, (2.31% ) JEEANES 1 2. 38% (5
ZRER) KWL EE R
5.5 MAFEEWESLR 5D ERE 2.5 mL &5
BB IR IR A U (22 B R R R /N B SR AN
PR E RS WK  22.86,179. 62, 11. 38
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AT BE 8 5 2R 43 531 K 101.44% ,101.75% , 102. 88%
F1100.90% , H: RSD {E43511 4 1. 62% ,0.34% ,1.77%
F12.66% .
6 EBERSBEHENNE

a7 I T Pt VAR, T IR 27 T Y (533
ZRAFHERE IS B, 0 403 e BT 4 R A Ak o)

ERFWR AR/ BERL EANE A SR B R g BUR IR A R AR AR 3.

®3 EXLRBH 5L

S W/ pg e mL ! .
A B C D BB/ %
4 FHE ER TR /N BE FERER JE A
1 1 4 1 1 15.17 169.87 33.36 3.76 9.45
2 1 6 1.5 2 30.95 287.50 46.04 6.36 16.18
3 1 8 2 3 27.32 319.02 53.08 6.60 20.72
4 2 4 1.5 3 86.72 374.79 47.29 7.06 15.49
5 2 6 2 1 39.87 323.03 42.23 5.49 11.48
6 2 8 1 2 65.72 410.43 53.90 5.84 13.90
7 3 4 2 2 49. 64 238.25 45.65 6.42 7.93
8 3 6 1 3 30.83 268.24 51.99 6.61 8.56
9 3 8 1.5 1 29.33 188.13 42.46 4.93 6.34

7 BERNE
W47 TR AR A 25 mL, If6 i e
TR RHEE 2R ML, KA T, 105 C T4 3 h,
WO 7E T 2 P v 50 30 min RS % K2, 3 LS
BR(BER = TH R x50/25 Filt x 100% ) ,
ZERLF 3,
8 IEIRINENREE
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WA T P s+ w . CA TR R M W
B W DT TR TR R G, R
YT % B A 0 B TORR 36 B 4 R A 4
B s T (A AR E A [ 25 L) 2015 4 Jig —
U g B IR ATTAR A 2 4 B b & R 4y
S L D B I LA Bl S bR B2 1 25 B
S 55 R A, TR 45 4 T 7 4 B 7 b & T 2 1
B AL, 4542 % ek ks 1 ~9
BRE T3 S W0 T L g A2 7 RS A A 1 A ) R R
P, H5 A 0 2 4 9 B TR A% AN 5 R 2 B D
T AR BT 75 B A 4 MUK 5 W48 AR 20 Ak 3 A
J2 U MR UCGE A 5 52 D5 A& AN FE BRI S U <
BR/NBER = %8 E = ML RE R > FAEH > 1
B G I T 45 TTUHE B X 43, O LI R ST R L
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R /N BET 1 1 1 3 5
ZWHK 1 1 1 3 5
FIERER 1 1 1 3 5
JE I By 1/3 1/3 1/3 1 2
% 1/5 1/5 1/5 172 1

BAFI AHP 3, I 4545 % Scmk 7, 15 31
5 TR AR B AL R BT 0 R 0.294 7 (Fh IR /N BERK ) ,
0.294 7( %) ,0.294 T( LK) ,0.078 1 (B
AN ) F10.037 7(138 %) ,CR(—E M LI H 1) =
0.034 <0. 10, HiH7 7 AU B0 A Bk
8.2 CRITIC i##EME CRITIC k& —FhEELL
A L, S W A AR 1Y T i, BRI R DA
M H8 B 22 18] B o o P 0 T b B SRy 6 A 7 o 58
PR LY 5 32 D) 43 591 2 DA s 1] 19 R O b o 22
AT AR R 1 o 2 153 25 ) 22 1) 7 B8 B 2
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A BB 23 X 52 Ty v 24 1 B AT RO AR s e (AR
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ANTR] W A SR Y 32 L35 W s A R AR O 2 A7
KA Bt o DR AR BT 5 U R 3l 3k CRITIC 32 R 7 42
Ji AR AR I AT 0 KR B 3G
3 B IE A SR A AR 2 L VAR AR AL L 5 4R 1
OME = (A - e /MED) /(B KME - e /ME) %
100 ], F-K H A7 B3 4438 BR S, T3 7 A R AR Y

WG 5[5, = 3 (1-7,) (i=1,2,m) ] X [
l_é(zi/ _Ei)z

n-1

(":lsz,m)]\j:yi wil:wi =

(21,2, em) IR AU (e, =5,45,)
gtlsi.ai

GPIRWAES,

F S5 CRITIC Y& M ST H HE

9 ZHEITMERBLILR

B AHP % CRITIC ¥ & AHP-CRITIC & & Ji
Bk A3 1 25 A B R Kois 2 285 08 0, 15
FIRIT LR IR 60 I E MoK F 3 Rt o
T R 28 S B/ 5 8 o A 5 R Bk AT 20 A, AHP
55 CRITIC 3% Z B A AHOC R B 0.961 , AHP % 5
AHP-CRITIC iR & AL 2 [a] B 4 5C R %k 0..998,
CRITIC i 5 AHP-CRITIC & & Jin A 2 2 1] (4 A1 O
ZHCN 0.950, =F By A A B F (P <0.05) , I 7k
PR AR 3 IR IL AT 2 B P 45 R B — 2L
(LN #5 3 ACHE Z 800T 5, AHP 3k 5 CRITIC ¥ 2 i)
A C R B A OC, - 0. 483 A SCEA 3%
(P>0.05), Hpr ik /9 {5 B A H & i % AHP-
CRITIC {E & AL AHP 32 ) CRITIC 310 & , o]
LA DA S WL 5 L 5 T4, B W ) £ 8 S 4 T
P BB ZRS W S R NG B B R AR I S
PRSI o

®6 LT HER

BEAEME  EREE  BRM/NEE EAm O HERER BEX
s, 311253 333491 315674  31.2503 326176

5, 20084 13056  1.6357  1.5654  2.1949

¢, 65.3133 43.5406 51.6348 48.9192  71.5924
o, 0.2324  0.1549  0.1838  0.1741  0.2548
MRPER S 4551, 4% | CRITIC 3% n] 13 442 1 5

TG bR (AT R A5 50 R 0.232 4 (£ 8 %) ,0. 154 9
(FhmR/NBERK ) ,0. 183 8 (JEAM ) ,0.174 1 (25K
WE)M0.254 8 (HHX)

8.3 AHP-CRITIC R&EMBUGEHENE HWIHEW
A H O A5 B o9 A B LA B A ol A Y
S, AHP 35 DL A0 S FERE AT ) T 45 48 AR 1AL
AR B, TR DA F8 b PR 22 [8) B 5 ) I A £ S
5 BAR LA EAL AR BT 40 5 & P 448 bn X
5277 1 ot ik R B DA B WO B CRITIC 3 5t
BARA IR, HAL AT LUA 2 b e AHP 74 3250
IR AN S A A 4 i BT, B 6% B A 7 00 A5 B A R
o bR A BT ZR B, () e S i 2 1T AN R R B
5552 5 A5 A8 AR 43 22 181 R O M R B AR S 1 6
Fo B T AR B KA AN S A S
Bt 2 FRIEAN J5 vk AH S5 5 ok 0 8 & HR AR B B 7E
T UL AY [R] B SN 4 L, LR T B R 25
BRE (@) = O ey Ocrimey” 2 O apg @ crimcgo WA
SRASIHE 1 b 5 T 4R AR Y 25 B A E R B BN
0.361 6(£# %) ,0.241 1 (5 /N BERK) ,0. 075 8
(JEFNE) ,0.270 8 (25K EK ) F10.050 7(15 %) .
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S0 G AHP 3 CRITIC ¥ AHP-CRITIC ¥
1 39.58 42.73 37.71
2 67.32 70.41 64.62
3 71.19 79.21 67.97
4 95.52 89.96 95.70
5 67.84 64.92 65.38
6 86.49 82.95 84.87
7 68.84 63.45 67.69
8 66.42 62.94 63.37
9 51.37 49.40 49.72

10 REIZHHE

FIH] SPSS 19. 0 X 1F 52 52 5 ¥ 4f #4743 #r , B
W HT 25 R WL 7,07 20 M W2 8., EOW /M £
PR 3 v 25 DR 2R KT 4 AR BT 2 A R ) R /)
WEF 4350 A >D >C > B Jr 20 R &R A Fl
D XS I R B2 (P <0.05) o Z545 70 il L
B L T 540 A,B,C,D, B 8 f% & 75% 2,
BN AR A R 3 Ik, RFK 2.0 hy,

RTERT IR AR

LG bR A B C D
K, 56.767 67.033 61.983 50.937
K, 81.983 64.457 70.013 72.393
K, 60.260 67.520 67.013 75.680
R 25.216 3.063 8.030 24.743
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x8 JEMER 11 BiFHRE
W% WETHM AmE  FE FIERME P R T 2 I R A R S 5 48 S R A R
CEORBE(A)  1119.987 2 68.880  19.000  <0.05 MRS SAREL 3 0y 5 4% H AL 2544, I # B A Ak
e e Y BROTZECR WK SRR
BERUCK(D) 1083423 2 66.631  19.000  <0.05 Bl 25 R B 2R ANED (17 Hh i S AR g R
e 16.26 2 — — — W9,
R9 BIFLK L
L LW F/pgrml ™ BEBANER e ml T EAM ugemL T PR R gl BER/% GRS
1 82.969 1 668.067 42.482 6.427 16.88 77.24
2 79.550 1 697.112 41.153 7.487 17.20 81.07
3 78.048 1 730.538 40.722 8.227 16.40 84.04
RSD/ % 3.145 1.840 2.213 12.259 2.393 4.220

B2 9 AN, R IL Y 25 5 1T 43 3935 77. 24 L
1= ,RSD 4y 4.220% ,3 #EAE & 4548 b5 & & 19 RSD {H
) <3.145% ,#H 1A JC 8 % M 22 7, R IZ T 2 R0E
AT, HEE M R, n] R AR A B A SR BT S R
2%,

Hp P 24 38 R RN BEE IS YA, 1T b 25 & 0 R
HA W 2 W5 2 P EE R RS, DL Bl 43
YE M FE RPN B 7 092 B T2 R S A3 2 A B, AH B
Z T VA Z A R PR 45 bR e TR A B M AR B 2
H R PR B A AN S o BT b AR SR
& T 253000 U B o3 0 22 B R ER R /N BE AR K
B FNE AN RG4S 5 R S 2[R A A I 48 A L R H
TEAS S 92 A R, 9F LI AHP-CRITIC
WIRAGIMAGE L E N E & W MR T2, LR E
HABMEMT AT, 5 0 ik A 258 ) R RO
AR TS ST T U R A A I B T Tk i O R R
FE AT, T AE 4 min PN [R] B € 4 FPFE bR o & i,
FUR % B R0y B R v, R AN 4 R T B T SR N
M T —Ens%,

ARSI A E A BOE M LA AHP-CRITIC 185
B AR 78 tp 253 U T2 Z 48 bR PR 1R R, AL
R FORAE ) AR O E SR T O
2245 ) SCik & B, R AHP 3L 7 BLEE, g 8 1 R
IRV N B0 3 0L W, BT AE — o R R R AN R
SEEE TP YN B R, 3T IR AT
S T ERER/INEERR 2R S K R RN MR

TS5 TR AR AE R B0 R 0.294 7,0.294 7,
0.2947,0.078 1 1 0.037 7, CRITIC ¥k A 3= 2 2
i 3o 456 b A AH 5 LA B 4% BHiE B 7R S R X L
588 5 LA bR 1 25 T2 =X 1R B H Ok, B 08 2% 0 Ml 2 e i
PRAEE B, (HZ 5 A Z AR AR R C R R
AE ML N 4 W A G RLAEE, 2T,
AHP-CRITIC JE & AU 8k A3 B B2 A2 H
Wi & SEPR %07 %454 T AHP 35 F CRITIC 2 2 Ff
S3ATT O V5 A A, 7E T R LI [R) B SO R 0, L
BB — W PEAN O V5 T 5 BB A8 TN 4 1A M S bk &y v
K IAE B A S XA AR AR i — 2 R
HE T 258 A 45 5 1 e o P AT FE L AR SR
ik AHP-CRITIC R A in A2 % 4N 2 4 FE A4 i T
VPR BR HEATIAN , I3 3 7 22 40 BT, 0 B R RR 2
AR MG SR I A BRI T2, M I A i
B AR S RIS R Tl Ak KA P it 2%
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