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Optimization of ethanol extraction process and fingerprinting of Danggui Jixueteng Decoction using ana-

lytic hierarchy process—entropy weighted method combined with orthogonal design
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Hospital Affiliated to Jiangsu University, Jiangsu Yixing 214200, China; 2. Center for Drug Research and Development,
Guangdong Pharmaceutical University, Guangdong Guangzhou 510006, China)

ABSTRACT: OBJECTIVE To optimize the ethanol extraction process for Danggui Jixueteng Decoction (DGJXTD) and estab-
lish its fingerprint by high-performance liquid chromatography (HPLC) coupled with principal component analysis. METHODS
Reflux extraction was performed using an orthogonal experimental design, with ethanol concentration, liquid-to-material ratio,
and extraction temperature selected as the investigated factors. Multiple indicators, including the contents of epicatechin, albiflo-
rin, paeoniflorin, ferulic acid, pentagalloylglucose, lithospermic acid, salvianolic acid B, ligustilide, and dry extract yield, were
integrated for comprehensive evaluation, and the analytic hierarchy process (AHP) -entropy weight method was employed to deter-
mine a composite score for extraction process optimization. Fingerprint analysis was performed on different batches of DGJXTD
ethanol extracts, and chemical pattern recognition was carried out using hierarchical clustering, principal component analysis, and
orthogonal partial least squares-discriminant analysis. RESULTS The optimal extraction parameters determined by the orthogo-
nal test were 85% ethanol, a liquid-to-material ratio of 1:8, and an extraction temperature of 90 ‘C. Seventeen common peaks
were identified in the established fingerprint, with similarity values exceeding 0.96 across all batches. Hierarchical clustering
grouped the samples into two clusters and identified several key discriminatory components, including peak 15 (salvianolic acid
B), peak 8 (paeoniflorin), and peak 7 (epicatechin). CONCLUSION The optimized ethanol extraction process for DGJXTD
based on the AHP-entropy weighted method was stable, feasible, and reproducible. The established fingerprint combined with
chemometric analysis provided a reliable and suitable approach for quality evaluation of DGJXTD), offering a valuable reference for
the refinement and improvement of its quality standards.
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Fig1 HPLC chromatograms for specificity investigation
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Tab 1 Linear regression equations, correlation coefficients, and linear ranges of the eight indicator components

LN [l )75 r MR/ (pg-ml D
FTILEE Y=33 602X - 833 77 0.999 5 10.05~40.02
AL e Y=9521.9X - 560 51 0.999 2 12.00~80.00
SESRED Y=17 742X - 686 87 0.999 3 69.45~185.17
By 2R Y=29 481X+5 603.8 0.999 4 3.65~29.25
Einacei e SiikaE Y=24 800X - 113 13 0.999 3 7.00~56.00
SRR Y=12 684X+118 50 0.999 8 3.70~30.22
P20 1% B Y=19 861X-+669 75 0.999 7 43.87~374.40
FEA N g Y=4893.1X - 846 88 0.999 3 18.27~292.37
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Tab 2 Pairwise comparison judgment matrix for the contents of eight components and dry extract yield in analytic hierarchy
process
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B 1/2 1 1/6 1/2 1/3 1/2 1/8 1/3 1

A TERR IS B (HD |, e A5 B AU R 5
B Cwy) o AR E R ILAE R (Y1) AT N TR
H(Y2) AT (Y3 TR IR (Y4) | B+ Ik
WA BE(Y5) R (Y6) FFBWMIRB(Y7) #
R (Y8) FiliZ # R (YO Y AL R B 3
10.132, 9.591, 12.405, 9.193, 14.24, 14.244,
5.343.16.735F18. 117,
2.4.3 AHP-WiRUEHE B GNERE Haflp
oK 43 ) e 7R B A EE R LA R (1% A N E v AR
JE A IR B AR SR Ao B AN 5 & WA 1Y) T
A8 oM B, Hi=1,2, 0, 800F,
a=w/ Cwy+w,) (1)
B=wy/ (wytw;) 2
Horfrw, R R TR B , w, IR (LA 2]
FALEE .
ZEAAE W ARIT
Wy, + wy, B

W= (3

J n

2(7/&%101/+ whzﬂi)

i=1

i R A LI E LA RE R (W) 15 815R

LR AT NERT A2 BB R
FER AN IR PSR B AR NIRRT R
(9 W, 53 51 K 7.209. 6. 689,17.799.,6.573.9. 943,
9.868.24.349 11. 945 F15. 626,
2.4.4 RLZEES A AHP-RAGE XS F5 AR
WA AT A TRy (P, BARFR A (O35, rp
VIRERSE VPN TER v, [REREE j PR R R Y
ISYNIE

Pj:z;lz | ( 100 W7 j)/yjmax <4>

2.5 IEACIRIGOL AL SIS A B T2
2.5.1 FRZRLE AUFIEHT I BRI 8
(55%~95%) KL (1:6~1:14) FEBUERE (60~

100 “C) FREUREL (1 ~4 0O HHNE, IZER TR N
febn, FEAT PRI R B 5 . RIS R LBy
R 65%~85% KHE L M 1:6~1:10 $EHEURE N
70~90 °C FRBRECH 21K

2.5.2 ExiAmmiit fERREFRIRKR AR R
L, (3D IEAZ R BETHRL , UBHNR L (A) | LBk S
(B) FIH2 BGR FE (O Ry RN R it AHP-
TR X Z 48 b AT 255 V43 D i i e AR R T
Lo RIGEFY KRB XLEE V0 10 52 ) ik
HE¥ h B>C>A & KA RGN B.>B,>
B,.C.>C.>C A A AL T4
HESE , Sy [v] B S 30 B B U KA L T2 1 I
B e AR E GG AN T A
ALBCy, RURHB 108, 2 AR 38k 85 %6 L $2 B
J&F 90 °C

2.5.3 IRUFRE:  HUS E SR g0 A R G 2405
X I 7, F LA Ty R il 5 TR HR IR 2. 2. 37
TR 9 AR AR, ZE R IR 5. WSS R IZE S
WA ME M 94.79,RSD 2~ 1. 95 %,

2.6 fR4UEE

2.6.1 FEEUERERIEST 10 802 UTXG i v 4R
TR IT 250 200 1 58 2 20 M JRe 03 A R =1, A vk
BE T I 25 M 5 WL 6. 10 AR N T W e
“2.2. 37T A3 S A HERE DN E | I sk AR B B .
W 0 S H I T AP 2 kR SR RS AR U T R
G5 (2012) " H AT, B E S1OMARERMERESY , H ShVLRED
LA b € 5 0 55 AR SR M TR, AR A B
Xof BEFE a0 B3 e o B 00 £00 S KL, LK 2.
10 L AE b 14 A7 ALLBE 43 551 24 0. 964, 0.990, 0. 990,
0.964.0.990.0.990.0. 987.0. 987 0. 977.0. 972, 3
WAL B et

2.6.2 RIEHT J3APRE 10424 IS Ik V1Y



o BE e 252 2k 2026 4F 9 55 46 %45 17 ) Chin J Hosp Pharm, Sep 2026, Vol 46,No. 17 - 1965 -
*3 EXRBEHTARSRENRSE REXERESTESER
Tab 3 Orthogonal experimental design and results of each indicator content, extract yield, and comprehensive score
K% FEhR/(mg-g D i A
A e me B e TR e STEWORE T e
FE MR S BB WilE
1 1 1 1 1 0.29 0.50 1.52 0.11 0.41 0.33 3.31 1.67 30.66 67.57
2 1 2 2 2 0.32 0.68 2.54 0.13 0.35 0.34 4.56 1.10 36.13 78.99
3 1 3 3 3 0.31 0.71 2.94 0.16 0.44 0.40 5.21 2.43 33.69 95.34
4 2 1 2 3 0.42 0.63 1.40 0.17 0.34 0.33 4.20 1.50 42.21 75.40
5 2 2 3 1 0.40 0.88 2.52 0.17 0.38 0.34 4.64 1.37 40.06 86.10
6 2 3 1 2 0.36 0.86 2.40 0.17 0.43 0.35 4.26 1.31 33.44 82.87
7 3 1 3 2 0.32 0.69 2.26 0.13 0.32 0.35 4.23 0.94 41.81 75.46
8 3 2 1 3 0.32 0.69 1.74 0.13 0.37 0.33 3.95 1.12 38.80 72.14
9 3 3 2 1 041 077 260 0.15 0.37 037 417  1.04 3927  81.81
K1 241.91 218.44 222,58 235.48
K2 244.36  237.22 236.21 237.32
K3 229.41  260.02 256.90 242.88
R 4.98 13.86 11.44 2.47
*4 EXRRESTESNHFESITER *5 EMIZWRIERKPSHIBERESEE BEERE

Tab 4 Analysis of variance results for comprehensive scores

in orthogonal experiment

KW VIO AmE ¥y F{H P
A 42.883 2 21.442  4.331 >0.05
B 289.133 2 144.567  29.199  <0.05
C 199.101 2 99.551  20.107 <0.05
P 9.902 2 4.951

17 A A WG T AL S A SPSS 27 B4, 2% FH 24 18] Bk
ek, DOV WK IGHE B VR B AR E AT R Rk
ST W3 R, 2 5 BRIGHEE 5 ok 25 B, 1041t
X I T R R R 2 285 2 R G HE B N
10 BF, 10 #EAE S ek — 2B 47 4 980 S4 RTS8k
A TEITA 2K T3 A 28, 5 A R A A
B XS PR R R R N Ay . R, S1.S6
5 S7HE R 4y 250K F B = 3 AR Y 4R

&S
Tab 5

yield, and comprehensive score in the optimal process valida-

Contents of eight indicator components, extract

tion experiment

gy PR/ (mg-g Y9/ \g}iﬁ

Yi Y2 Y3 Y4 Y5 Y6 Y7 Y8 4 VAP
1033 0.70 1.76 0.14 0.29 0.29 2.94 2.04 35.17 94.64
2038 0.76 1.71 0.15 0.32 0.31 3.10 1.62 36.09 96.71
3032 0.77 1.74 0.13 0.28 0.30 2.85 1.83 37.83 93.02

2.6.3 Zooguitartr B 104 S H A I 7 Y
17 A A e 0 T FUBICHE 5 A SPSS 27. 0 Fl SIMCA
14,15, DA E R O RRAF A S BT T 22 STk R A
S BN RESEAT o b . BEROR RO
fEAH >1 (AT 4 A 1% 50 19 T 22 53 ik % 5 5l R
40.125% .31.843% . 11.227% .7.593% , Bit )5 %
TRk FIL 90. 788 %, W 4, Firb, T840 1 A 3

F6 10 HABMBEFEREA RGN SER
Tab 6 Batch number information of six medicinal materials used for 10 batches of DGJXTD ethanol extract
FE i E1E X 1 A 2 HAj JER A

S1 240717612 240601611 230200039 240604201 240600069 240702421
S2 240717612 240601611 221000119 230600031 221000289 221101781
S3 240717612 221103301 240601611 240604201 240600069 240702421
S4 221103461 221103301 221000119 210500613 221000289 221101781
S5 221103461 240601611 240600149 240604201 240600069 240702421
S6 240717612 240601611 240600149 230600031 240600069 221101781
S7 240717612 221103301 230200039 240604201 221000289 240702421
S8 221103461 240601611 240600149 210500613 240600069 221101781
S9 221103461 221103301 240601611 230600031 221000289 240702421
S10 240717612 221103301 240600149 210500613 240600069 221101781
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Fig2 Overlay of the HPLC fingerprints of 10 batches of DGIXTD ethanol extract with reference fingerprint
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Fig 3 Hierarchical clustering dendrogram of 10 batches of DGIXTD

ethanol extract based on common peak areas
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Fig 4 Principal component analysis score chart of 10 batches of
DGIXTD
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