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Fig. 1 HPLC chromatogram of the mixed reference standards (a)
and the sample of Buddleja lindleyana Fortune (b)
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Table 1 Comparative judgment matrix 4 for each index
Yield of Yield of Yield of Yield of
Index
linarin acteoside acacetin paste

Yield of linarin 1 2 3 5
Yield of acteoside 12 1 2 3
Yield of acacetin 1/3 12 1 2
Yield of paste 1/5 1/3 12 1

AHP 3868 B AR 2R ALEH AT BCA PRI 5, HAK
TR (5). (6) Frs.

/lmax —-n
Ic = e (5)
Ic
R 6
= ©

Hob, I A —BUETE AR L N BEHL— ErE S A,
AR TR AR AR A A Re N — R,

W A SR R AR R AR, A SR 1S
BB TERE &6RERMGR N ROHGE
Z K0 9 04832, 02717, 0.1569. 0.0882, H.
Rc =0.0054<0.10 , A —BHR 2K .

242 CRITICH#t FAE i EHdE T b, 1k
K FH R AR 1 XoF 5L 2k R0 36 47 12t 0 O — Kb B 07231, ),
= (7

Xij B (Xii)min (7)
(Xi J )max - (X ij )min
Hrp, X WIEIGBIRFERE; Y, i 40— BE A R

FEPRIE] A XF LB S ; W H LIARIE 2 (o ) Fom,
B 22RO, 0 R Fr B 2 45 8 BB R, 1
FEAREI P hIEME R FEASE A O R B SRR, T
[E]i0Y DS € NS RU A & i 5 I SV (= A L W o
DR S R Ry BARTHE T B4 i an = (8). (9) iR

Y,']' =

S;= 3

Hot, m WREA KNI SE R R 7, R R A
ST j 19 PHME.

Ry=>(1-ry) ©)

Hor, ry NFERR Ak Z B A A G R B

e, it =t (10). (1) 774, 5 AR LR A 15
i Cy RN HR 5 g M T A, ﬁﬁﬂﬁ%%&
Wermme W W BAEAREE 15 B & T 18 b B2 B 15
S



¥4 HFIA, 55 3T AHP-CRITICIRAL S A Wi I 1175 2 HE AR DU I 0 2 A L $R I T2 491
C,=S,xR, (10) (O B (D) Oy 1 Atk AL A 155 i B,

WCRITIC = Cj/i Cj (11)
k=1

B RATRICA LIRS
A B BARBALES R, WA 2.

AT HT, 53] CRITIC

2 CRITIC % HYALTE 7 FOAH K45
Table 2 Results of CRITIC method weight allocation

Index S; R; G Weritic
Yield of linarin 0.2806 0.3111 0.0873 0.1979
Yield of acteoside 0.2732 0.2629 0.0718 0.1628
Yield of acacetin 0.2437 0.6156 0.1501 0.3402
Yield of paste 0.2837 0.4649 0.1319 0.2991
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BT AHP I 1 [ J2 9 i3 F1 CRITIC ¥ 1 82
Bl o M, ST T R Y R LA N A B B
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TEERE AL R (12) HEAHZEFER,. &
AR AR ERE HBEENEZANER
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Wanp X W,
Wanp-critic = " T SLL (12)
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=l ()
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MEARR LIRS (Z)),,, W EHAH DY AR IR
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Table 3 Weighting results of evaluation indexes

J=1

Index Wanp Werrtic W anp-crITIC
Yield of linarin 0.4832 0.1979 0.4354
Yield of acteoside 0.2717 0.1628 0.2014
Yield of acacetin 0.1569 0.3402 0.2430
Yield of paste 0.0882 0.2991 0.1201
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Table 4 Factors and levels of response surface methodology

Level
Factor
-1 0 1
A 65 325 585
B 50 60 70
C 60 80 100
D 1 6 11
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Table 5 Design and results of response surface methodology

No. 4 B c D St
1 0 -1 -1 0 94.20
2 0 0 1 -1 63.91
3 0 -1 0 -1 9328
4 0 0 1 1 76.68
5 0 1 0 1 96.24
6 1 -1 0 0 92.89
7 0 -1 0 1 91.41
8 -1 1 0 0 88.72
9 1 0 0 1 91.35
10 -1 0 0 1 90.95
11 0 0 0 0 95.05
12 -1 0 0 -1 82.05
13 0 1 -1 0 97.02
14 0 1 0 -1 92.91
15 0 0 0 0 95.53
16 0 -1 1 0 73.97
17 0 1 1 0 75.53
18 -1 0 -1 0 92.85
19 1 0 1 0 75.15
20 1 1 0 0 98.70
21 0 0 0 0 97.96
22 -1 -1 0 0 9229
23 -1 0 1 0 60.33
24 0 0 0 0 96.59
25 0 0 0 0 96.48
26 0 0 -1 -1 97.84
27 1 0 -1 0 9239
28 1 0 0 -1 92.91
29 0 0 -1 1 96.94

F 6 WA IRIT 22 M dh AR
Table 6 Analysis results of variance of response surface
methodology

A 1R A SR P o5, R A 7 g 7 T ] o YA I B TR
KA 0~1 24BN, £GPPI R 2218 ETHEHE, 3R
M, 7 P A R T Jok L Ly g HR 1y ot v
2.6 ERIETZWIELIE

Jo7 FH g . THTASEFR 43 A 45 SR, AR B T 225 50
GrEc AR A I R H AR, BONAS 20 A T 200
R 337.63 W, W [H b 64.67 mL/g, Z B 1K 2 5 %L
66.23%, B} E] 8.04 min, ZEAFES> 99.61, HRIESL

Sum of Freedom Mean
Source F P
square  degree  square

Significant

Model  2965.83 14 211.85 55.34 <0.0001 K

A 109.21 1 109.21 28.53 0.0001 K
B 10.19 1 10.19 2,66 0.1251

C 1768.32 1 1768.32 461.91 <0.0001 K

D 35.60 1 35.60 9.30  0.0087 K
AB 22.01 1 22.01 575 0.0310 *
AC 58.39 1 5839 1525 0.0016 K
AD 27.37 1 27.37 7.15  0.0182 *
BC 0.40 1 0.40 0.10  0.7513
BD 6.76 1 6.76 1.77  0.2050
CcD 46.73 1 46.73  12.21 0.0036 K
A 123.42 1 12342  32.24 <0.0001 ok
B? 0.30 1 030  0.078 0.7846

c 796.50 1 796.50 208.06 <0.0001 ok

D? 36.55 1 36.55  9.55  0.0080 ok
Residual ~ 53.60 14 3.83
Lack of fit  48.57 10 4.86 3.87  0.1021
Pure error  5.02 4 1.26

Cor total 3019.43 28

*Significanct(P<0.05); **Extremely significanct(P<0.01)

PREEEUEBLAT AT AT, B SEULRE a2 325 W
W IE L 65 mL/g. ZEEARFRMER 66% . H2HUHA] 8 min.
FEZAAME T, 64T 3 IR TE S8, 25 R W% 7, A
SR A ZE A0 99.19, 11155 RSD 4 0.45%,
SHOM T2 A2 8N, SR T2 4R . R
I, MBS E A MR EUT 20 (36 8), A A7 3 HL 21K
BRI AR AT, AT A R o AR bR A PR
2.7 FSMALENEMESE

X T ARG 15 2 0 e AR LY, DL AETT
JoT ek e R A B LR B A — R A B VR B, O LU
) 3 2 3k B 1 Ve A Ry v BREH, SEAT IR AP BT S8 Ak %
2.7.1 DPPHA ®EFRE SN % 3CHk (311 ik,
#5X(14) 1155 DPPH A HILIEBR % R,
A —-A,

0

Rlz(l—

Horpr, 4 BEE TR BIWOEEE, 4, 9 RE S 2

)x 100% (14)
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Fig. 8 Response surfaces of the influence of different factors on the comprehensive score of microwave extraction process for Buddleja

lindleyana fortune
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Fig. 9 Contour plots of the influence of different factors on the comprehensive score of microwave extraction process for Buddleja lindleyana
fortune

WERE, A, N To/K L TEACE: DPPH T AR A9 WG .
272 ABTSAwAFkae s 2% Uk [32] 7 s,
#238 (15) T8 ABTS H I 3EE B R,

273 ravgiAFks SBICH [31] ik, %X
(16) 71872 A IR % R,

Ac—A,
Ry = (1= ]x100% (16)
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Table 7 Verification results of the best microwave extraction

8 WAPFIC T It B rh S IR IR R
Table 8 Extraction results of the linarin of Buddleja lindleyana

process Fortune from existing studies
Yield/® Extraction
feld/% Literature Source Yield/% Extraction method
No. St G .
I . . ime/min
Linarin Acteoside Acacetin Paste
[24] Flowers  3.437 Methanol reflux extraction 180
1 5.419 0.729 0.177 25.764 99.50
[29]  Entire plant 0.052 90% Methanol Ultrasonic Extration 60
2 5.406 0.726 0.174 25.442 98.68
[30] Entire plant 0.954 70% Ethanol ultrasonic extration 40
3 5.426 0.729 0.175 26.100 99.40
Average 5.417 0.728 0.175 25.769 99.19

LU EE R H A UIWOGEEEFRR, WK 10(d) s .

275 RSP AANEMEIRE R | E 10 7] A, B
BRI S Ve % DPPH [ i 2% . ABTS [ Hy 3
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Ve J v B A0 TR TS O, s H B A o R
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40t

DPPH free radical scavenging rate/%
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Fig. 10 DPPH free radical scavenging rate (a), ABTS free radical scavenging rate (b), hydroxyl free radical scavenging rate (c) and total

reducing capability (d) of Buddleja lindleyana Fortune extract and Ve

3 % it
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ment and validation of a sensitive HPLC-MS/MS method

Microwave Extraction Process for Multi-Index Components of
Buddleja lindleyana Fortune Optimized Based on AHP-CRITIC
Weighting Combined with Response Surface Methodology

XIE Qinan!, WANG Chengxiao?, HAN Wei!
(1. Shanghai Key Laboratory of New Drug Design, Engineering Research Center of Pharmaceutical Process Chemistry,
Ministry of Education, School of Pharmacy, East China University of Science and Technology, Shanghai 200237,
China; 2. School of Life Science, Kunming University of Science and Technology, Kunming 650000, China)

Abstract: The effects of particle size, microwave power, liquid-solid ratio, extraction solvent, extraction time, and
extraction times on the microwave extraction of Buddleja lindleyana Fortune, using the yields of linarin, acteoside,
acacetin and the paste as evaluation indexes, were investigated through single-factor experiments. The analytic
hierarchy process (AHP) and criteria importance through inter-criteria correlation (CRITIC) method were combined to
conduct an objective and subjective weighting of each evaluation index, and the Box-Behnken response surface
methodology (RSM) was applied to design a total of 29 experiments with four factors at three levels. With the
comprehensive score serving as the response value, the microwave extraction process for Buddleja lindleyana Fortune
was optimized and the in vitro antioxidant activity of the extract was tested. With a fixed particle size of 120-mesh
(120 pm) and two extraction cycles, the optimal extraction conditions were obtained as follows: A microwave power of
325 W, a liquid-solid ratio of 65 mL/g, an ethanol volume fraction of 66%, and an extraction time of 8 min. With these
parameters set, the yield of linarin, acteoside and acacetin was determined to be 5.417%, 0.728% and 0.175%,
respectively, and the paste yield was determined to be 25.769%, with a comprehensive score of 99.19 (RSD=0.45%).
The optimized extraction process is simple, stable and efficient, and the obtained extract exhibited antioxidant activity.

Key words: Buddleja lindleyana Fortune; AHP-CRITIC weighting method; multi-index comprehensive score;

Box-Behnken response surface methodology; microwave extraction

(FrAE% . TRAK)


https://doi.org/10.1039/D1RA04154A

	1 仪器与材料
	1.1 仪器
	1.2 材料

	2 方法与结果
	2.1 含量的测定
	2.1.1 色谱条件
	2.1.2 混合对照品溶液的制备
	2.1.3 供试品溶液的制备
	2.1.4 线性关系考察
	2.1.5 精密度实验
	2.1.6 稳定性实验
	2.1.7 重复性实验
	2.1.8 加样回收率实验

	2.2 出膏率
	2.3 单因素提取实验
	2.3.1 粒度
	2.3.2 微波功率
	2.3.3 液固比
	2.3.4 提取溶剂
	2.3.5 提取时间
	2.3.6 提取次数

	2.4 综合评分法确定指标权重
	2.4.1 AHP法计算权重
	2.4.2 CRITIC法计算权重
	2.4.3 AHP-CRITIC法计算复合权重

	2.5 Box-Behnken响应面实验
	2.5.1 实验设计与结果
	2.5.2 响应面模型分析

	2.6 最佳工艺验证实验
	2.7 体外抗氧化活性实验
	2.7.1 DPPH自由基清除能力
	2.7.2 ABTS自由基清除能力
	2.7.3 羟自由基清除能力
	2.7.4 总还原能力
	2.7.5 体外抗氧化活性实验结果


	3 结　论
	参考文献

