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Optimization of extraction process for Yunv Decoction based on objective
weighting method combined with orthogonal design
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Abstract: Objective Based on the quality consistency study of modern preparations and standard decoction of ancient formula, the
modern extraction process parameters of Yunv Decoction (YD, % HI) were optimized. Methods Taking the transfer rate of the
index components and the yield of extract of YD as the evaluation indexes, the range of key parameters of the standard decoction of
15 batches of YD was established. After setting the standards, the process parameters of modern pharmaceutical preparation of YD
were screened by single-factor and orthogonal tests. In the analysis, the objective weighting method was used to determine the weight
coefficients of evaluation indicators to calculate the comprehensive score. With the average comprehensive score of 15 batches of
standard decoction as base value, the formula final score (¥) = 1/| comprehensive score—average comprehensive score of 15 batches
of standard decoction | was designed to pretreat the comprehensive score of orthogonal experiment, which was used as the final score
of orthogonal experiment to screen the best extraction method of YD. At the same time, the rationality of the new algorithm is verified
by confirmatory experiments. Results The yield of water extract extractum prepared by the process screened by the traditional
calculation method exceeds the range of standard decoction. The extraction process of YD screened by the optimization algorithm is
as follows: add 10 times the amount of water, soak for 15 min, and extract for 30 min. At the same time, the verification experiment
showed that all the indexes were within the range of 15 batches of standard decoction. Conclusion According to the research
requirements of modern preparations of classic prescription, the extraction solution prepared by the objective weighting method and
the optimized calculation method is closer to the standard decoction of YD, which provides a new idea and method for the selection of

classic prescription process.
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Table 1 Yunv Decoction standard decoction corresponds to batches of decoction pieces
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Fig. 1 HPLC of rehmannioside D reference substance (a),

Yunv standard decoction sample (b) and negative sample (c)
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Table 2 Transfer rate and extract yield of four index components of Yunv Decoction in decoction slices and standard decoction

. MR % B - R % B2H
B-Ut e S M TUIREF ABERE BII HFETF D B%/% - 7 S AR TSR A REEE BII ML E D 5E/%
S1 7002  57.74 27.75 60.72  28.87 [S11 52.16  52.86 36.10 5596 2843
S2 6591  54.09 32.70 6478  29.10 |S12 7233 5558 36.64 61.06  31.11
S3 65.69  63.96 34.00 67.09  28.60 [S13 53.46  42.60 32.01 59.86  28.72
S4 6348  61.76 3427 48.44  30.66 |S14 62.17 6235 31.59 5779 2791
S5 6322 4749 29.32 4670  28.98 |S15 6491  59.99 33.03 5554 29.52
S6 74.63 4591 38.69 70.02  30.11 |*PHMHE 63.58  56.86 33.85 60.73 2921
S7 5279  72.56 30.06 7041 27.03 [*FHIME X0.7 4451  39.82 23.70 4251
S8 68.28 72.32 40.15 7427  29.07 |[TFHMEX13 8267 73.95 44.01 78.95
S9 6225  51.65 37.68 5145 3144 | FIME <09 26.29
S10 6233 52.10 33.83 66.87  28.66 |“TME X1.1 32.13

e T 8 = A OB BV A 2R 4 £ 3R 2 4 B/ i
W R RO B o 43 A

2 g5 1Al %0, HBEdF D WA IR BIFR
TR R Z N 60.73%, 15 fibbr v B
(S1~S15) T D LA 46.70%~
74.27%, FESBMER 70%~130% (42.51%~78.95%) .
T 0 MR BEIR R B br A B B R R
56.86%, 15 #UARERTE (S1~S15) FRTsAF 15
TN 42.60%~72.56%, TEIMEIT 70%~130%
(39.82%~73.95%) . FIBFEF BII MEIRFR ) 245
HERDR 6 7 RN 33.85%, 15 HUbsHERTR
(S1~S15) R # BII MEBEN 27.75%~
40.15%, TEBMEN 70%~130% (23.70%~44.01%).
B- 15 157 £85I A2 R R B AR A RV IR 5 7% 22 3518 R
63.58%, 15 fUARAERITR (S1~S15) H B-d &7 {55 i
KR RN 52.16%~T74.63%, TELMEN 70%~
130%(44.51%~82.67%) - IR B 1SR IME N 29.21%,
15 #ARHEFDOR (S1~S15) MIREN 27.03%~
31.44%, FEHME R 90%~110% (26.29%~32.13%) .

WAL E AR E R P LS D RN
42.51%~78.95%, T-REFHIHEEZE N 39.82%~
73.95%, HIRFEF BI A 23.70%~44.01%,
B-1i 7 (8 B F2 RN 44.51%~82.67%, R EBFEN
26.29%~32.13%, 1EABARHIFIFRHC T 250115k 52 56
IARE o

24 ELFHEEUT ZRIIE
2.4.1 IR EE SR BB S U ]

(1) $RERE: AT 2 f5E, MBAE
30.00g, #hig 30.00g, ABE11.19g, #% 14.92g,
AR 1119 g, N9 EREFAKIMABI R+, 7
¥ 30 min, JOFAEIE 40 min, FH 100 HE 2 HinE
it 3% BRI, A RIBEEL 1L 20 3k, AIFETLR.
SPATACBE 3 4y, B EA RISEHGRECN L R AR R
T E A S B PRI FNR B AR . 4
BR, FREEON £ A HPRHE R T B-15E Bz 5
TR, ARFET BIL M D #ERRANZ BE
REMEER, ERNFE 3. HApPIRI 3 Kk, JTiE
PR35 AR E B BOTE R s $RE 2 IR, R T B
D MIAERE 21, A 4 AT ARAREE ARk R 1T
Bl $2H0 1R, B TIRES R HARERDR I,
Hofth 4 NMEFRIIETLEIAN, v e HAEHUN A K

F 3 REUREX EZRIPIERR A HERBENEI (n=3)
Table 3 Effects of extraction times on transfer rate of

index components in Yunv Decoction (n = 3)
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Table 4 Effects of extraction time on transfer rate of index

components in Yunv Decoction (n = 3)
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Table 5 Traditional orthogonal experiment of Yunv Decoction for modern preparation technology
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K> 256.04 249.40 250.65 252.30
K3 260.75 261.67 277.56 253.35
R 16.54 12.27 44.77 3.05

(2) EAHRBURI AL G m AL T T DAL
VIR Bl R SR . T E . HiEEHE DL AIERRE
BII AR B3 NTRFR AT 2R G P43 0819), IR A8 1A
ZERNES.

LA TP = DB B B R 3 A Gy B e e 3 X
0.2)

TEAZ RS 77 B A3 i 46 R B 5 R R 2565 7T
I3 R MR /IMK IO FR IR TR] (C) > fvk & (A) >
RIETE (B)o 7 ZAMT SRR, hkE. $2H
I [B]6 255 PE 0 IS A Seit 245 L (P<<0.05).
SEBEMTH K AER/DERE, SERTZHR
A3B3Cs, B 12 £7K, 32 30 min, $#2HY 40 min,
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SR WK 6.

(3) BAFRE: 3 K LRI T 250 s
SERLEIR B SR . I DL AIREE T BINY
R RN B BME SN 76.11%- 52.87%-
81.62%- 32.62%- 36.14%, RSD N 4.55%. 1.99%.
6.05%-+ 1.44%. 1.50%, W3 7. 5% LRFRHERTTR
AL, BRI BAFREN 15 MARAERTR KRS
WSHOEH, A S AL T IR T 22K,
TR AT E LRI T 2 Ak

=6 HEHER

Table 6 Results of analysis of variance

T T "
(X10™)
A 2 48.411 6 30.246 8 <<0.05
B 2 32.073 5 20.0390 <0.05
C 2 338.609 0 211.557 1 <0.01
D 2 1.600 6 1.000 0

Foos (2,2)=19.00 Foo1 (2,2)=99.00
£7 ELFILZHWIERIEGER
Table 7 Results of Yunv Decoction technology validation

test
TEPRPE R Fe e /% RHE
s
B-I5E K (S T2 IRAF HUBE D BT BILA5F/%
1 75.37 53.62 81.20 32.13 35.68
2 73.08 51.66 73.41 32.67 36.50
3 79.88 5332 73.09 33.06 36.23
SEEE S 76.11 52.87 7590 32.62 36.14
RSD/%  4.55 1.99 6.05 1.44 1.50
243 ERHRIURIH BRI (R

L4477 B B B 25 2 TR 2 E T R B AR T
JEI GRATD) SCHER . SCEf LS B RN 2
il 2 FOARHERTIR Y B-00 7 S T2 SR AIRER T
BIL. Hui&$F D 58 R AN H 5% 1070 B bR .
T B LB IR E S R Tt fE b, FAEZ 4R
A EE ] 7L

IR, A0 348 A B ) 7510 T 25 A A o RV 5 300
FEARTE FE Py, il S 563 5 AR R S a6 45 2
DR e A SR JE R AT T A B RE ) 2 WAL i
SERAFIEAT A Bt f S Bl U AIRER
BIL. Hh34FF D ¥ 5 A2 B 15 K MBE R 5, JE0A
15 bR RO SME LR AV R, BT AR
BAVEY (V) =1/ 46100 — 15 HthrERICT 1
HLEAVE |5 IE SRS A 28 & VR 34T TiAL B, 1

HUH B MR IZ A8 0s T IR T ZSHbE R
b S P E OB U B R, IR IR e 2 F
7y, SR H AR T 2. AR R 2 fs.
FHARZERALIE I SR I T2 54 AR 1AL ) 42
WLZHATHE, WIS &R,

ERIPOES
TEAC RIS HHLEARIEZ
(BT (FEHTZD

\ . )

FRARVEIE (B-Wip fSER . ToAH . AnEERH BIL
T D R AR AR B

X
[ |
FIIRAEF B SRR BCE | | /| 565 — 15 Sithrvi B
TRV R BT SR A VAT |
\ J
!

REPFSY, FH T IESSR IR A 4 i

B2 AERiEE
Fig. 2 Flow chart of method
(1) BEWRBGEf e E: BRBE & —Ff
AE 2 UL I W SEBRAE AN K A L TH R TV, 1%k
SRR SIS 1A] o) b 5 RRRAE 18] ) pp 2 Lk,
T AR AE R 2 T SR G LR, CAFR AR AT A
SRR BRE] B 9, RS 25 W H S WL FG o ]
PR EAE o A FEA0K 2 WAL i€ & 48 05
[ HAEE , R e 4 DL R A sl T e MEAd e
AbER AT EAR PR HEA 2 S, % SPSS PRO Chttps:/
www.spsspro.com/) ik H 2 WAL 2 Ab #1453 2] 5
AR SYE. fRbRrh R, EREESNESSH, H
b B-id B SR . U SRR M EEEF DL A0 BEE T BIL
RESRN A E RIS 5N 16.56% 40.17%-
12.49%. 19.82%- 10.95%, ZEHR W% 8.
FabR LB = SEIME A R AE
# 8 CRITIC X EHIE

Table 8 Critic-related computational data

bR AR R R RN EEE BEY%
53, 57§54 1 0.076 2.228 0.170  16.56
HIBERH BI 0.127 1.598 0203 19.82
FHEE 0.082 1.370 0.112 1095
TERE 0.124 3.317 0.412  40.17
B H D 0.073 1.753 0.128  12.49
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(2) RLRHRI T ZHAR e H A RAE %
e P ISR R ECLINIE S R I A2
(1~6) HHSL AR EANE (F).

DL 1S fASME BT IELR GV N, B
AR VIS0 — 15 #EbRHERRCT B E SR & 07
N 82.81%, HMANX (), XMIEZIRE LS
PROIEAT TARHEE, RIS IR R &0y (),
FRH AT A S AR AL B, e R A TR

Fenn= D Fi(FERAFRERS %) X 1 RAPRUE (2 R

i=1
SR 5 X n) P

Fsssm= D FoB-15t B 675 50) X Bt B 65 LA/

i=1

(-8 B {55 T 5 K% %6 X m) 2)
Fans ;= Y F3TF D HB%) X BT D B/
i=1

(b EEH D S KR Xn) (3)
Founewnm= Y F,(IEF 15 BILF6H %) X &1 B 545 BIT

i=1

AE /(BT BII e KEERSZR X n) 4

Flannn= ), FnCRE %)X B BB ENE/

i-1

(RKEBEFEXn) (5

Fsawm = Fenw) T F@-sgum T Fouser 0yt Fonwew B+
Fanns (6)

Y=1/| &V — 15 Hbhr v BB ¥ E 256 VR 9 |

@D

244 IEZTABRARA T LRPEI T

(1) IEAHRBUR AL AL B ik 138
Wyt 5ERNE 9. HEMAIER (R 10) £,
25 LR RN G5 B P 2 R K/ NR IR O S UK Ta]
(C) >RIEM [ (B) >hnkE (A, HEMRIHT
H K AE R/NERE, AR Z0 AsBiCas BIIIA
10 57K, 28 30 min. (HZT7 Zras R (& 1D
TR, MKE . IR [ A& S0 2R 6 755
TR EERE, BRI, A A RIS
A1 30 min, FRICHTH/KEEATRIE 15 min, A F
THMPRBURRSE N, St IO RETZN
AoByCs,

(2) AL IEAR I UGS :  BRiF Sehe 45 R R W,
34 R A BRI T 200 e p-tit p SR . IR

®9 ERRHABFRERIZEXRRAERITSER

Table 9 Design and results of orthogonal experiment of Yunv Decoction for modern preparation technology

. . ] ) . BERIE O e 2% BEMRR Faowm/
RIS AMF B/min C/min D (iR%) Y&
B PRAE JIRHETF B MWD % %

1 8(1) 0(1) 20(1) 1) 65.28 39.32 21.62 60.59 27.97 70.66 823

2 8(1) 15(2) 30(2) 2) 56.95 48.75 24.04 67.84 29.11 77.90 2037

3 8(1) 30(3) 40(3) 3) 70.00 61.12 29.33 71.92 32.47 9352 9.33

4 102) 0() 30(2) 3) 73.05 43.66 26.17 67.02 30.69 79.63  31.44

5 102) 152) 40(3) 1) 73.11 4923 31.28 7491 35.55 88.90 16.41

6 10(2) 30(3) 20(1) Q) 63.54 43.47 23.32 73.74 30.74 76.94  17.05

7 123) 0(1) 40(3) Q) 75.01 40.28 35.81 75.77 36.28 86.30  28.61

8 12(3) 15(2) 20(1) 3) 65.65 44.65 23.78 61.91 30.27 76.35  15.50

9 12(3) 30(3) 30(2) (1) 66.39 58.10 25.36 72.03 34.92 89.30 15.40
10 ERHSHER 3 D FIBFEH BUWHBRANRBEFETY

Table 10 Results of analysis of variance {4 66.54%. 45.86%- 64.30%. 29.14%F! 32.11%,
. Fesam Y i RSD 4 4.08%- 6.09%. 3.15%. 8.55%7/1 0.04%. 45

A B C D A B C D
K1 242.08 236.59 223.95 248.86 37.93 68.28 40.78 40.04
K> 245.47 243.15 246.83 241.14 64.90 52.28 67.21 66.03
K3 251.95 259.76 268.72 249.50 59.51 41.78 54.35 56.27
R 9.87 23.17 4477 8.36 26.97 26.50 26.43 25.99

T FRRAERTRAAEL, IR R PRI A8 AR R
JEFE, UERH T I8 R BGEA A FIEAS T T 5
HONEHE, SERIE 12,
3 g

ST B FI IR ik R fEe R, 4
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®1l BESWER

Table 11 Results of analysis of variance

G Hew T
BRI (X107 FiH oEN B 5 F1H WEE
A 2 16.766 6 1.161 7 135.792 2 1.1818 T
B 2 95.086 1 6.588 1 118.722 2 1.0332 T
C 2 334.113 3 23.149 2 P<0.05 116.452 2 1.013 5 7
D 2 14.433 1 1.000 0 114.905 6 1.000 0 T

*12 FLRIIZRIERKER
Table 12 Results of Yunv Decoction technology validation

test
o FERRIE R e T 1% BE
B-t 17 (S TH R MUY D AN BEET BI A%/%
1 68.80 4326 63.93 29.21 32.12
2 6728 4881 6249 31.59 32.10
3 6353 4552  66.49 26.61 32.10
P 6654 4586 64.30 29.14 32.11
RSD/%  4.08 6.09  3.15 8.55 0.04

MIHI5E, PLACHIREGA R, 52 MR A K &R i
SESRIUTIR], MR T 2R 2 42 DI #80k), $2X
JEKZ A B RGBT, Xt T
W RE T 25 Tl A7 1) sizhs T2 e s AR R0-21,
H T A 1R 2 SR L T IE S I s ab B, 19
H 0 48 S m) T 1 00 e 7% ZR AN B 1S SRR i
HERT NI e E =1 AN i)Y e c IS AW
#HE R BT b A SE MR AR AN SR I L2 HEIR
VR SREUET A, PREGREL. IKEERER,
EHESE T EEARA—SHBRIER T2 85T
NE

H AT, SR IEARIG % 245 52 77 I E atifr
T2, RENEHB I HRIEIERZ RIS
FEE B AR, @ E I T2 DAL A3 11
R R BIR BRI AN, AR LED
ST IR IERTCN H AR . TEARSLIGH, R
GER) ARG Sk, ARk BRI L 2T i 4 4 He
T SRR AR E R TE . R, ARSI
DAIRK B R [ FOSREET (] 3 ANPR 2 % 48Xt
%, CAEREUI ) - 7 S B 1 SR . HiEEEF DS
FNRERAY BIL (REL RS AR B 155 N Ta b F 2 Wt
BOUEHATRE 0T, THELEEES, ik 5hriERT
WOV B BER IR I T 2K N L Gt 5
T3 RS R EOR B AT B i K R A A SR

R BL1S SUARHERTC P IME LR A VR AR HEE, &
HARBLIED (V) =480 —15 fAbbruERT
WP E S AV | 0 IE RSB I 28 A V7 0 i3t 47 Tl
AFR,  SEBUEBROC AR AR bR N IR T 254
45 (R i 5 PR e RO LRSS, FFE N IERS I
W A0, MRS I T2 R85
TN 1~ i DU | s M S = R BV )
T & SR I h S FR PR IS AE AT E R

(3 Bl P, AT DAL b B3 K e BURR A B ) 254

RE WA T RS T8 i B ATV
FBAR FAVEEHFRARGEARZFR
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