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Optimization of Extraction Process for Compound Roucongrong Mixture by Analytic Hierarchy Process
Combined with Box-Behnken Response Surface Methodology
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ABSTRACT: OBJECTIVE To optimize the extraction technology of Compound Roucongrong mixture. METHODS Based
on single factor experiments, set liquid-to-material ratio, extraction time and soaking time as independent variable, and the
comprehensive score of the content of verbascoside, lobetyolin and salvianolic acid B as the response value. The 3-factor 3-level
Box-Behnken response surface methodology was used to determine the optimal extraction process, and analytic hierarchy
process(AHP) was adopted to determine the weight coefficient. RESULTS The optimal extraction technology was as follows:
liquid-to-material ratio was 10 : 1, soaking for 1.8 h, extracting twice and 3.0 h each time. Under the optimum extraction technology

conditions, comprehensive score was 95.960 3, which was closed to the predictive value of the model. CONCLUSION The
weight coefficient determined by AHP is objective, real and can reflect the compound compatibility information. The optimized
extraction technology is simple, convenient, stable and feasible, which can provide reference for mass production of Compound
Roucongrong mixture.

KEYWORDS: Compound Roucongrong mixture; analytic hierarchy process; Box-Behnken response surface methodology;
extraction process
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HIRAH, WREHCS: 20170501, F=HINSE).
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2.1 ALk

{3 FE . Wondasil Cis-WR #£(250 mmx4.6 mm,
5um); FEIA: ZHE-0.1%BEBR /K IETR (19 © 81);
P : 1.0 mL-min~'; KRR . BIEARET. &
SR FFHER R B KK 51 330, 268,
286 nm; FEiR: 35 C; #EREE. 10 uL.
2.2 RIS

IR A XS BT 5 SRS 2 PRI S5 TE b
e S PR B G IR ShaE 433 50%
HBEES 2 50 mL sfirh, 3 0.45 pm fAFLIERE,
BT 4 CkFP&H. BBCERART. Sk
1. FHBER B X SAMCE E TR A, B
R SR 82,51, 32.76, 168.40 ug-mL'
TRA T RS QU I il & &b 7
FLBIFRE 2544, #k3E Box-Behnken i i/ [ 2 i 56
GHE BT, %R PUEBOR 5.0mL, H
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AR IE TBEAEEL 3K, BR 15 mL, RIFIET
PR O, EER 25 R AXNZE T, s A iE  H
FA AR, EAE 10 mL 2T, FBEWI S mL,
FEARZE 10 mL, $24), i 0.45 um BALIERE, HL
SRUEW, HNS . OOFAYEXTRESAR . E TR
FERNETT LB 53 MR R KR . 5, S
PLAM HAth 5 R 25 41, 22 2 057 SR I T AT 4R IR
SREIAR B R L S PSS 3 B IBOR
FEF A AR 5 i, A ol A g PR A
WS PSRN RS
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i 2 IR A 0 R A IR TR B
X BRI TRAS 10 puL {EA SRR AU “2.17
TR 2 AT RE , &85 5 s o B Y T R 1K
AR 3 AL R IR R R B R — 2, HEAE
X R SO TE T, RO kT R R A,
LA 1,
2.4 KMEXRREE

FER M “2.2” BT il A TR A 0T RS VA TR
1.0, 2.0, 3.0, 6.0, 10.0, 20.0 mL, 435 T 20 mL
s, O S0% M EMmBEEZIE, A, il
BRI 10 pL, A G, % 217 TUF A5
AR AT, DA TE RO IR . X R I i
VB (ng-mL ) B AR AR AT LS A3 B, 2 il B o
Mk, TFELEIA R, 4550 1,
2.5 (AR R

B 227 TURIRA X AR, % “2.17
T EGEAFESIRE 6 WK, MR BRI . 5%
ST . PHBIR B TR RSD 43318 1.61%,
1.90%, 2.28%, FHUHREH S R4
2.6 FoE ML

B 227 WUR Rl s, % 2.1
N Os 5, s397F o0, 2, 4, 8, 12, 24 hit
R, T BERET . S SRR B
W T AR RSD 20911 0.81%, 2.15%, 1.41%(n=6).
FWHEA A AR 24 h INFaEE R &
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i 9227 WO kil 6 rtilamin ik, %
“2.17 TN OSSR T, e RA, H
TR . SRR B P&
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Fig. 1 HPLC chromatograms of mixed reference solution(A), sample(B) and negative control of Cistanches Herba(C), Codonopsis

Radix(D) and Salviae Miltiorrhizae Radix et Rhizoma(E)

1-verbascoside; 2—lobetyolin; 3—salvianolic acid B.

Fz1 ERUEF. RERE. ARRBAREEFTTE
Tab. 1 Linear relationship of verbascoside, lobetyolin and
salvianolic acid B

%y [EIEpy MR LMEHE/pg mL!
BEWE r=1.63x103X+4.63  =0.999 9 4.13~82.51
WEBHRIF 7=4.39x10°%-31.79  7=0.999 8 1.64~32.76
FHBEE B ¥=9.03x10°X-1.67 7=0.999 9 8.42~168.40

2.8 JFEEEIBCRIE:

B “2.77 TR EA0 A A, RS
PNAGE & BT | ST RR B, &4
AT 6 By, H “2.27 TN SR R A
RSO It s R, % 2.1 TR ks
PRI , THEA BEALRETT | SE ST R R B
SRR ISR AT 51 97.58%, 96.94%, 97.20%,
RSD 4351 1.22%, 2.17%, 1.44%(n=6).
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Tab. 2 Evaluation standard of target tree at different levels

AR T 5 X

1 [ S i

3 i %

5 U] B

7 TRFIE

9 2650 B

2, 4,6, 8  LhABSRAREE EEMER bR

% #505 j EBEZ N ay, W5 i MEZME
Z LN Vay;

T3 3 FRIE M RS O PR [ R
Tab.3 Decision matrix of paired comparison on three active
ingredients

~ EHE HS [
b Dt B, a
Wi i MR B
EEAFET (o) 2(cn) S(ous) 1.744 0.581
HBPH
FHERFR B 1/5(0i1) 1/3(032) 1(0w3) 0.329  0.110
TE: FHRBCE RE(W)=(anan - am)™; A—ALBCE KB (W) =i’/
DL W BRFFEAR (Aay) =D 121 Ty (@ijwj / wi)] / ms CR = CI/RI,
Note: Initial weighting factor(Wi')=(ajiap...aim)"™; Normalized weighting
factor (Wi):Wi'/zi"il Wi’ ; The largest eigenvalue (ﬂmax):[z i

12(021) 1(022) 3(c3) 0.927 0.309 3.003 0.0015

z ’]”=1(aij'wj / wi)]/ m; Random consistency ratio=Constant index/Average

random consistency index.
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Fig. 2 Effects of liquid-to-material ratio(A), soaking time(B),

and extracting time(C) on the comprehensive score
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2.11 Box-Behnken i i [ G AL 2 BT 2
2.11.1 Box-Behnken i i 7RI 51 4301 LA
25 R e R R0 A B W SR oy, [
Sl A BRI 1 AN AK AR Ry i R 1 A 7K -
[ SRR BON 2 IR, LR B r=(E A &
/BB S R KE)XS8. 1+ S AT &/
ST & B (H)X30.9+(FHRTR B & /P
T B & KAE)x11.0 0 {E; H4E Box-
Behnken H.0 2 AR I TR B, SR 3 I 3 K
SEBE 17 2 e 0 R S T oA, Hed s 0
Hub A, TRV R I AR iR 25 . &N
RRKF I 4, MR ER 3k, BOFHIHE,
R HE S R WA S

%< 4 Box-Behnken ¥ 7 & X 3 H £ 5 A& F &

Tab. 4 Box-Behnken response surface test factors and level
tables

W %
AGHHE  B-BHEREA  CRGHE
Al 8 0.5 0.5
0 10 2.0 2.0
1 12 3.5 3.5

5 Box-Behnken " i & it 7 R K& £
Tab.5 Box-Behnken response surface design and results

TR wBHH SHBR B

WA B W% % Sh% ey
1 0 1 1 2.21 0.608 3.00 89.95
2 0o -1 -1 2.01 0.636 2.40 84.16
3 0 0 0 2.28 0.758 2.42 95.89
4 0 0 0 2.19 0.714 2.79 93.15
5 0 0 0 2.18 0.758 3.17 95.90
6 -1 0 1 2.12 0.662 2.66 88.74
7 1 0 -1 2.15 0.666 2.94 90.61
8 -1 -1 0 1.97 0.678 2.13 83.80
9 1 0 1 2.21 0.728 2.48 93.02
10 0 -1 1 2.27 0.652 3.02 93.28
11 0 1 -1 2.04 0.648 2.90 87.11
12 0 0 0 2.27 0.670 3.05 94.12
13 -1 0 -1 1.94 0.620 1.93 79.99
14 -1 0 1.91 0.656 2.00 80.98
15 1 -1 0 2.06 0.686 2.77 88.60
16 1 1 0 2.15 0.672 2.94 90.85
17 0 0 0 2.22 0.708 2.70 93.33
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2.11.2 BEARIFEHL iz Design Expert 8.0.6 #K{F
X 4 PR TIEIAELS, AE 3 AHAE
() R Z e A R, HLmE 5 R R 2R A =
94.48+3.70A—0.12B+2.89C+1.27AB-1.59AC-1.57B
C—4.488A%-3.94B>-1.91C?, Xl B Al k47 )y 22
M, HERIEE 6. HE 6 RIHl, TIRZIUHIR
P<0.000 1, BEHIZIAIRILA R BA Bk
JAUIT P=0.996 6>0.05, RIS &, 15 HiAflh
R XA IR 25 R 0 T8/, 522 HBEPLIR 2251
e, BERIEE T4 S A 11 A o 5 7 22 (] Y 6
R BN, AR EIEA TR A R R-
Squared=0.981 3>0.9, PiHIEAEHRECAAE T A T
B 5 (E A A AR, BRI AT AT s A
XA T A& R BT 245 SRk A7 4 B il
T .

% 6 Box-Behnken ¥ i & 77 Z 44T
Tab.6 ANOVA of Box-Behnken response surface design

B3 FHM HHEEE ¥y F P
Y 384.65 9 42.74 8.80  <0.000 1
A-TCkHE 109.30 1 109.30 40.89  <0.000 1
B-i LI 7] 0.11 1 0.11  104.57 0.752 1
C-FEHL T [H] 66.82 1 66.82 0.11  <0.000 1
AB 6.43 1 6.43 63.93 0.0422
AC 10.05 1 10.05 6.15 0.0173
BC 9.86 1 9.86 9.61 0.018 0
A? 84.42 1 84.42 9.43  <0.000 1
B2 65.45 1 65.45 80.77  <0.000 1
c? 15.36 1 15.36 62.62 0.006 4
B 2% 7.32 7 1.05
AU 0.091 3 0.030  0.017 0.996 6
RS 7.23 4 1.81
RRE 391.97 16

7 : R-Squared=0.981 3, Adj R-Squared=0.957 3.
Note: R-Squared=0.981 3, Adj R-Squared=0.957 3.

IR, a7 R ) — I R ET LR, %
KHE A, CHEWEELI(P<0.01), HEHE
B N EI(P=0.752 1>0.05); 540K J7 A KA
A RRICT E 255 PF43 B PR 2 32 W A 0k EE
(A). RN E)(C)>IZ I ] (B), — kI, AZ,
B2, C* M B M (P<0.01), KEZEHEY
M) 17 17 22 ) IF AR fA] B M E R . &3 BN
AB. BC. AC ¥ % (P<0.05), LK KZE2E
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2.11.3  EiFiAE: I Design-Expert 8.0.6 #{4
SHA A AT AT, 15 B E 5 AR A F e fd
BT 2 WO 10,55, 12 0RTE] 1.84 h, $REL
Bf(E] 3.02 h, BEAITION ARG 1T50 0 95.985 9, %
JE B BRaR I A = AT, KA R SO
SONWCRHEE 10, $EHUATE] 1.8 h, I=EETE] 3.0 he

R it — U SRR, A B AR e 7 T
30 5 A B FER BT 20 A T 25 M b AT L,
SRR S R PR CRE, IR 7, 2R EIR,
55 3 RARIAT, 3 Bl PR BCRAR LA, AT
WA A, B RBORECR 2 K.

MR B 20 78 H AR T 2530047 3 L6 uF it
ZEIR LR 8, PRSI Jr IS IR T 245
ABIF4TN 95.960 3, 3% 5 HE MR (95.985 9)4H b
oM 2E 5, U AR O A R B T AR
L TR,

KT ERRBARRLE

Tab. 7 Results of extraction times

/%
IR EL — — —
BRAEHT WS HAT FHEB R B
%1 63.19 64.72 65.53
82w 12.78 17.45 16.21
%3 3.52 2.86 4.57

T SRHCR=2 IR BN B J5 AREE A ) Psin i o3 7 /25 4
BRI B 5 X 100% .

Note: Extraction rate=The index component content of compound
Roucongrong mixture extracted each time/The content of index
components in medicinal materialsx100%.

£8 ITERIERELEEn=3)
Tab. 8 Verification results(n=3)
TR ST

FHERR B

. .
1 228 0.715 3.08 96.024
2 2.31 0.701 2.94 95.943 9
3 2.32 0.692 3.03 95.9129
XA 2.30 0.703 3.02 95.960 3
RSD/% 0.90 1.650 235 0.06
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Fig. 3 Contours and response surfaces for interaction between factors
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