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Optimization of Extraction Process of Zuoyu’an Powder by Orthogonal Test Based on AHP
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Abstract: Objective To optimize the extraction process of Zuoyu'an Powder. Methods The effects of volume fraction of ethanol,
solvent amount, extraction time and extraction times on the alcohol extraction process were investigated by the L,(3*) orthogonal
test, with the contents of alcohol extract including rhein, emodin and chrysophanol and the yield of alcohol extract as the
comprehensive evaluation indexes,and the weight of each index was determined by the analytic hierarchy process (AHP) method.
The effects of amount of water addition, extraction time and extraction times on the water extraction process were investigated by

the L,(3*) orthogonal test,with the contents of water extract including berberine hydrochloride, matrine and oxymatrine and the yield
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of water extract as the comprehensive evaluation indexes, and the weight of each index was determined by the AHP method.

Results

The optimal alcohol extraction process was as follows:adding eight times amount of 70% ethanol, extracting three times,

with 40 min each time. The optimal water extraction process was as follows: adding twelve times amount of water, extracting three

times, with 1.0 h each time. Conclusion

The extraction process optimized by the AHP method combined with the L, (3*)

orthogonal test is reasonable and feasible,which can ensure the quality of Zuoyu'an Powder.

Key words:Zuoyu’an Powder;analytic hierarchy process;Ly(3*) orthogonal test;process optimization
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Fig.1 HPLC chromatograms
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Tab.1 Results of the methodological investigation (n = 6)
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Fig. 2 Hierarchical structure model for process optimization of
Zuoyu’'an Powder
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Tab.3 Precedence matrix judgment of pairwise comparison of

various indexes in the alcohol extraction process
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Fig.3 Results of single — factor and multi — level investigation of alcohol extraction process

40,60 min 2RI 2GR 5 o

P& B - IR R BE R 25 M IR 440, B A5
A 2E TR 8 f5 510 70% %, /3 WA E 1,2,3,4 K,
BER 40 min, T 4 B ZE G A5 R WLEI 3 D,
& WY HoAth Z5 AR AE | SR 25 6 D1 4o Bl 3 B B
A3 I RS, E 4R R 3 RS S R EE AR /D, B Bz 4
HUoE 4 B B R B 1,2, 3 1R
2.5.2 ABEIZLEFREZFHXE

IR A < $e b T b B RR A K B 25 A O 5 4y
BB INAE Y TR 4,6,8,10, 1245 897K, 43 B2 B
VIR, L0 h 38 S (R 3B 19 25501 43 45 2R L
4 A, 2B [ HAh 25 N2 oK £k 8,10, 12455
i e e S =T

PRI ]« 4240 7 LU RR A St KR 2R IR 500
BEOY A TIA S TR R 10 A5 2= A 7K BB 1 2k, 433 2 B
0.5,1.0,2.0,2.5 h, I8 5 (3 82 B B 255 1151 - 25 R
ULE 4 B, 2% B [ 5 HA S5 A2 B2 U] 2 1.0,
1.5,2. 0 h R EU 2R AP e -

PRICIEL : 4 7 I RR A K B 250K 440
B A AR Y FAR A 10 f5 = AoK, il $21, 2,3,
4 B0 b, T 4 Gy S Y I 25 G P o 45 R L
Bl 4 C, =W e A SR AN S 25 60 7 fE
BORECN 1,2, 3 2 B K a3 (R ORECh 3,
4R FEA KRV, 2R PR e 4 SO R AR B B
1,2,3K.
2.5.3 HELHAKF

gt /KA T L S0 Wk 5 g 6.
2.5.4 EXRAREGFEpNER

FEd T2 R H] Lo(3) IE AR R AT, 45 R W% 7,
D7 203 M4 UL 3 8 h 6 7 W 22 40 e 8 S T, 44 A
XL T2 M52 K/ MR A > C>D > B, HEA
[ AR B T 285 RN ER G VP52 T A, > A>
A5, By > B> B,,C, > C> Cy, Dy > D> Dy (HE KX B
B Ky, Ky, Ky FHZEARN K Gl 25 5 0F 0 vl A, fe e T
20 A,B\CyDyo 13 8 7 240 I &5 SR T A, 2 BEAR R

60

%5 BRIZERSKE
Tab.5 Factors and their levels of alcohol extraction process
KE - BEA%R) BEBUE) BEFEClmin) BEDOK)
1 60 8 20 1
2 70 10 40 2
3 80 12 60 3

%6 KETEZEES5AT

Tab. 6 Factors and their levels of water extraction process

K BEAME) B % B(h) BECOR)
1 8 1.0 1
2 10 1.5 2
3 12 2.0 3

0 CA) FLER BCHT [R] (C) Xf B 4 T 25 /9 5% i 34 I 2%
(P <0.05), ¥ 7 A4 (B) FIHEHR AL (D) X isidid 1.2
PRI IR PR R J8 25 (P > 0. 05) o Al 7 2% g il 5751) By S B A=
PR A e BERE T2 AL B C,D;, BN 8 %
7 70% LB PREU3 UK, FEK 40 min.

x®7 BRIZL)ETRELER
Tab.7 Results of the L,(3*) orthogonal test of alcohol extraction

process
_, BEA AEB REC BED  hEwly TR 54
W ) w0 KER KRE KE® E®) A0
1 1 1 1 1 18.53  13.97  21.74 26,01  74.05
2 1 2 2 2 20.54 1512 25.31 3122 83.05
3 1 3 3 3 16.40 13.32  21.53 25.88  70.03
4 2 1 2 3 25,11 1767 30.73  38.88  100.00
5 2 2 3 1 19.94  15.89 2272 26.98  80.35
6 2 3 1 2 23.36 16,68 27.61 3456  92.18
1 3 1 3 2 12.07 9.84  16.03 19.96  51.94
8 3 2 l 3 16.36  13.33  21.26  25.77  69.69
9 3 3 2 1 16.58  13.69  22.58  26.05  71.99
K 7571 7533 78.64 75.46
K, 90.84 7170 85.01 75.72
K, 6454 78.07 67.44 79.91
R 2030 274 17.57 444
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Fig.4 Results of single — factor and multi — level investigation of water extraction process

*8 BRIZEAWNFESHER
Tab.8 Results of ANOVA of comprehensive score of alcohol

extraction process

I ERR S df  FZ FHi P BEHn
HEA 1045.65 2.00 522.83 79.05 <0.05 *
AEB(E£) 13.23 2.00 6.61 1.00
HEC 474.88 2.00 237.44 35.90 <0.05 *
HED 37.31 2.00 18.66 2.82

EF, 5(2,2) = 19.00,F,,(2,2) = 99.00,% 10 F,
Note: Fy o5 (2,2) = 19.00, Fy 4, (2,2) =99.00 (for Tab. 8 and
Tab. 10).

KPR T2 2R Lo(3) IE S R AT, 25 R W49,
7 22 T 85 A W3R 10, 3R 9 W 22 A e 4 S ml i, 34>
PRIZE XK B2 T2 A2 K/ MR € > A> B, IR AN
KX KR T2 R LR G V5 52 U o As > A>
A,,B,>B,>B;,Cy > C, > C, (B % B Y K, 1 K, M
FZEARK il LR A RS AT, e KR T 2050 A3BL Gy
1 2 10 77 250 Fr &l SR T 6 SR BOR B (C) XK 4 T2 1)
SEMR P35 (P < 0.05) , T N7k 5 (A) AR IR TA] (B) X 7K
T AW R E (P> 0.05) K3 v BE B i 30 19 52
PRz P i e 2 K3 T2 0 AB, Gy, BRI 12 4%
K PRI K, BRI L. 0 he
2.6 IGIEIRLE

B 105 4h Jr 5 A 6] — L 25 44 3 00, #2522, 5300 T f ik
MY BERE / K $E T2 500043 A T B L, BEEE Y 1 K3
Fie 2. VIR (A S5 o3 i HERE I A2 | I 4% 1 A8 i v Y
G VR o (B 48 b i KA E A2 i v (9 e KRBT )
X AL R AT VRS A R LR 11 3R 12, R Ui
$2 /K T A AR e e X EE M, ol T AR &
R Tl fb A ™=

R I 36 E 3 6 275 L, e LT AR VA 22 A B R
TR AL TT L BIRR UK B, In A 8 A5 11 70% L,
PEHL 3 IR, B K 40 min, & I LW 4 2 /0 & 5 B4R
J 8 245 ¥ 5 43 A T LB R BRI O3 Ak 4 R 25 46 (1) 55
K S AT I ED) — R K A 12 5 &
B B3R, BRI 1. 0 h, A ISR IR, e i 20 i

Fz9 KRIZL()EXIRKER
Tab.9 Results of the L, (3*) orthogonal test of water extraction
process
s H%A HEB BEC HED 4%(mglg) TEE HoR
(B) () (k) (2a) L@hgs 48 ARE4RE #(%) 2(2)
1 1 1 1 | 0.49 0.64 .15 15.48  76.09
2 1 2 2 2 0.53 0.74 1.16 2161 83.07
3 1 3 3 3 0.55 0.95 1.06 25.26 88.95
4 2 1 2 3 0.51 0.74 111 21,29 81.39
5 2 2 3 1 0.62 0.84 1.02 25.20  91.98
6 2 3 1 2 0.49 0.67 0.99 17.51 75.05
7 3 1 3 2 0.63 0.84 1.34 25.59  98.05
8 3 2 1 3 0.56 0.85 111 17.12 85.97
9 3 3 2 1 0.51 0.80 1.03 23.52 82.10
K 8270 85.18 79.04 83.39
K, 82.81 87.01 8219 85.39
K, 88.71 82.04 92.99 85.44
R 6.00 497 13.95 2.05

x10 KRIZGEFSHESTER
Tab. 10 Results of ANOVA of comprehensive score of water

extraction process

I E kR SS if  FE FA& P REH
HEA 70.87 2.00 35.44 8.63

R%B 37.91 2.00 18.95 4.62

HEC 321.26 2.00 160.63 39.14 <0.05  *
%% 8.21 2.00  4.10 1.00

F11 EBRIZHIEKKEER(n=3)
Tab. 11 Results of the verification test of alcohol extraction

process (n =3)

a3 A& (mg/g) FHEF GEF
xE&®m K& E O kE®H R (%)

1 24.75  17.11  30.28  36.12  97.66
2 2422 17.32  29.83  36.55  96.98
3 24.03  17.48  30.54  38.07  98.00
X 24.33  17.30  30.22  36.91  97.55

61



HFRE
Pharmacy Articles

¥ %

China Pharmaceuticals

202342 7 5 B 55 32 #4553 4]
Vol. 32,No. 3, February 5,2023

F12 KREIZWIEXKRER (n=3)
Tab. 12 Results of the verification test of water extraction

process (n=3)

31 2% (mg/g) FEHAE ZoHF
BB FAM RAE S (%) %2(%)
1 0.63 0.85 1.30 25.01 97.12
2 0. 60 0. 86 1.31 25.36 95. 11
3 0. 62 0. 82 1.28 24.53 95.21
X 0.62 0. 84 1.30 24.97 95. 81
3 AT

3.1 HPLC k& ENE FIREA Rk

= E P BN LG A LR, dE e X AR E
K R T S B R IS A SR SR
(FEH) T2 #AEDS) BOARR I vk ] — S e B0 =
A BEAE S R BTN 2 1 A8 A 0 4 B (A 30
ST LI
3.2 IEZMEIBRENEHRE

2 5 R A B 2% 9T U 2R RO oy 3
[V FH 45 5 o A9 P R A 8 A7 (o A AT s ), 2
HE A Y 22 124 A FH A S A |, SRS 22 B 43 L 22 4 45
VE R4 o5 AR YR A P A ] A T 2 22 5% 35 ] AHP 74
22 45 R ARALEE o AHP 32— Rl PR R e A A5 A 1
LA AT 7 %, 38 2ok BOH a2 K 00X 45 T 4 A 11 E
PR 5 5 45 U o ) A A B 2R 5 78 S ] b AR AN
FB, XA AT — B0V R 5, DA TR Y T 4 7
P, S M B0 E B AL T A 2R A RO
W25 7 I AR T 205 LR AR B — 2 R
Sk A BRI AR R L E I 4 S 2 48
PRi A Vi, iy R IR B2 KRBT D) o7 K 5 S
ARG KRBT KEE KB AR /DB 5 S
B AL SR B i K T B AR R AR bR, X AR VA
GNP T 37 TR AR R IR T 2 R0 ]
5RO RIS A, Rzl R ) Tl A A e A T
SHARA
3.3 IZMUERLER

AEVE AR B R B T R T g oK
Z HAGF TR SURZG MK R 20, 55 11K 2. 0 h,
BE2UK 1.5 h, B IR AR SCk[ 18 — 19]4fiH K& 20204
R T 24 (35 ) ) B 52 D i AR R s T R
AR 7 I R AR TS £ o R S SR
AR R —HE 2504 24y R IH T2 5 AR 5T 4k
TG AR, I I LR B, RIS T2
2 R B A TR AR B B, IR DA R, B
A TR, T T AR IR B S bR AR e i — 25 Tt
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