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Optimization of extraction of Qiling Yishen Granules by orthogonal test and
multi-index weighting analysis method
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Abstract: Objective To optimize the extraction technology of Qiling Yishen Granules. Methods The comprehensive scores of
astragaloside 1V vyield, total polysaccharides yield, and dry extract yield were used as the evaluation index, and the weight coefficient
of these indexes was determined by analytic hierarchy process (AHP). Lo (34) orthogonal test was designed to screen water volume,
extraction times, and extraction time, and validation tests were carried out. Results The weight coefficient determined by AHP method
was reasonable and effective. The optimized extraction technology was to add 8-fold water, extracting 3 times, and 1 h each time. The
results of three validation tests showed that the average yields of astragaloside 1V, total polysaccharides, and dry paste were 0.10%,
2.51%, and 43.09%, respectively. Average comprehensive score was 99.88 with RSD value 0.03%. Conclusion Orthogonal test and
multi-index weighting analysis method could be used to optimized extraction process of Qiling Yishen Granules.
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IEAC RIS AL B2 25 B R 3R H T2, A 4E
HFURE SR AR =9 RS S5
1 UEFRG

Agilent 1260 = 8GRAHEIEA . 728 KGRI &%
(ELSD) (£ Agilent A% ); AUW120D %Y+ 7553
Z R CHA Shimadzu /A 7]); Epoch2 B fr
{% ([ BioTek A #]); MaxiVac Beta B 75 50 ik
4R1X (F+Z Labogene A #]); 5810R il & LAl (3%
Eppendorf 2 &) ); Milli-Q #B4li /KL (3£
Millipore 2 %] ).

A (k'S €235201102) W E T 7Y 1 A A
REZGHRATR]: IRER )y (iS5 20201101 W H %
BEIHEAGERAR; fifld¥ (b5 191201, 4
A (4165 191101) 5 30 B TR g 250 A R 2
F] o SRV TR — N R il 7R R 5 Rl AT
2% 5 SR H R IE . G (L5 110781-
201616, JHE /3% 97.40%). D-T/KH & GitS
110833-201707, Jifi 5434 99.90%) Xf HE 5 341 [ H
& 52 G e B . I Nt ikal, Kokl
K, FAhARFII A b4k
2 FHEEHR
2.1 RIKZEFINE

FRECAL 5 BT 2403, fidd . SRERA (M),
B 1000 mL BEAFH, A 500 mL 7K, e R 4
B R KER . G5 RTE 2 h i IR RIE O,
MERA TR (M), RIER/KE= (M—Mp) /My
THRAZ B KZ N 164.30%.

2.2 EEUKAERAIHIE

IR T BRI T 9 1, % Lo(3%) IEZZ 1S
REMIATIRE, Jed, BIIER, KRFEREE,
ERZE 200 mL &b, RIS 9 ftikgEm, &,
ki S1~S9.

2.3 HEHFFHH HPLC-ELSD ;&ME

2.3.1 f{ai%FB  Agilent Eclipse Plus Cig i it
(150 mmX 4.6 mm, 5pum), ELSD fill%s; 7&K %%
IR 50 °C, WiEEFE 50 °C, Hh REHF 40Hz,
JEHREE 100%, FAE AR 1.59 L/min, #is)
IR MG - /K (32 1 68), AR 1.0 mL/min, #
1 35°C, #FEE 10uL.

2.3.2 KPR SR A R R E R X
FE 5.02 mg T 5 mL S, i B R RSORT FEL
i W, JREWREEN 1.01 mg/mL.

2.3.3 PR S IER I o TR R 4

(S1~S9) 10 mL, E T 100 mL [FJEkeif, e
TINET 5%IRZ AR 1) 80% 1 EZ A 40 mL, #2757,
FRE B, INEEI 1h, B4 RERRERE, &
5%k SRR 1) VAR R R I R &, 1R AT, DR
b, FESEEAEIEN 25 mL, ZETF, BRI 80%H
RE7ifR, ¥F2 % sSmL &=, N 80%HEEEZIE,
A, vE, WSER, RIfR.

2.3.4 B EPERE SAR M H & R
IATERESS, #%2 2.2 TR (IEASIREE 15 A RB0
ARG, % 2.3.3 TR 5 idkhil 4% B i 18 (0 B 14
FE SR -

235 LEMHR HETEH T RSER. 40K
A VAR (S1) AHGREE R A B AR VAR 10 pL,
HERE, EIEEILE 1. g5 RAERS AR PR R
St B A AR R (R PR BRI TR), BRPERE S i vRAE A
[F) R B B 1) Ak S5 3 HR P O o T 3 o
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Fig. 1 HPLC chromatograms of astragaloside 1V reference

substance (A), negative sample (B), and sample (C)

2.3.6 MR RFEL 4y kG B WU B H R
PEEVAW 2. 5. 8. 12 L, HEREIEIEEAL . LUK
THI AR R0 HAE S AR, 335 5 00 % BUE i A
bR, HEATEMERIE, 19771 Y=1.8862X—1.6894,
r=0.9999, FWTE T HE 139.30~982.77 ug/mL
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LR R RIUTS

2.3.7 REE R R 2RO RS H N A
W10 pL, ESLHFE 6 R, LRGN, 4R
FHHF I RN RSD {4 0.82%.

23.8 HEMRLE HURGEH (S1) ~PATH| &AL
ARV 6 1, A lERE, eI A R R S R
HIRERE . SRHER TP EIREA 342.14
ug/mL, RSD {EN 2.24%.

239 FUEMERAL  HURGEH (S il % il miE
Wi, R T =IE T HCE 0. 2. 4. 8. 12, 24h Gk
FE, IO IR, o SR W I T ALY RSD fE
1.87%, FRIAHLSIABE 24 h B .

2310 [ RE RERINE KR 0342 1
mg FIVRARI (S1) 9 4y, 43 AN B BE F 0T TR
0.1711. 0.3421. 05132mg, & 343~ 1 PKF,
Hil A BEIR IR, R, PR R, 2R
B T8 [RIUSR ly 98.54%, RSD N 1.12%.

2311 FERPEKHEITFRNE R R IOR SR
(S1~S9) 10mL, &Ml midl, DT,
U T AR AR A N[BT RS, SR IR ol 8 18 PR Y
(PR

2.4 FE-THRESENE S ZHEL

241 XHREEB RIS KB E TR E E
JiR 1Y) D-JC /K %) B R 20.02 mg, L 100 mL
SR, IK AR RRE R %0, RIS 200.20 ug/mL
] 25 T TR A

242 LBMEXRRFE  FEEWWEL200.20 pg/mL %
B LA 04 0.2, 0.4, 0.6 0.8, 1.0mL 4341
BT 10 mL RZEZIERE T, KEAE 1.0mL,
FEZE N S%AEMIER 2 mL, HOEiEs), FREin
A 5mL BiEgE, #E 30min, BUHIRAIFNESIE.
PLOmML AN E, T 490 nm AbZEBEFRAY &
WCREAE . DA SR EE M AL bR TR BE(E A AR
Wreztilbrik i 2, HEATLRYERDA, FEIETRE A=
0.006 34 C+0.006 29, r=0.9997, &5 3% 1% %k
£ 20.02~200.20 pg/mL £k 155 2 BT .

243 FEEERE  REBIRYE (S 0.5mL,
IKANE R 1L.omL, ELNE 6 RNOLREE, 115
WP . S RPN R E Dy 95.43
ug/mL, RSD {i} 1.06%.

244 BHEMRLE FEBIORGE (SD 6 4,
43 0.5 mL, JI/KAMEZE 1.0 mL, WEROEEE,
TTHZHERERE. SR FHREIREN

95.44 pg/mL, RSD {HA4 1.12%.
245 FREMiAE RBEBIORYE (S1 0.5mL,
Jn/K#h 2% 1.0mL, 7E 30. 60. 90. 120. 150. 180
min WEWOCEAE, THEZHRERE. &R
(K725 i R FE A 95.42 pg/mL, RSD {H N 1.37%,
FWIRAE T B 2 0 5 (55 7F 180 min R E .
2.4.6 [FSERAL REBIE S 2P 5.41 ng/mL
(R 4 (S1) 0.34 mL, “F4T 6 43, 7l i 200.20
pg/mL 7 % B0 RE LR 0.16 mL, KM 2 % 1.0
mL., T 490 nm KT I ROG BEAE S RN,
SRR N 101.38%, RSD {EN 1.49%.
247 FEREZHENIE R ERIBORAER (S1~
S9) 50 mL, MIATG/K £ B H 7 fE R iA ) 80%,
WEER, 7RIS, HERITGEER, MAZEEKE
R 2 250 mL B, AHHSSIER. FE
FE B AR 1.0 mL T 10 mL B 28 % R
o, W, THERTINRE S 2 R .
25 TEBENNE

W B I FE G 3 4, B 25 mL, ETHE
JE B AR, KIRZET, T 105 CTH:3h,
BFFRsshRizsi, BEReEmREFTET
BRE,

BRAR=WV/ (25XM »)

b V FRIRGRIRAL W R IRBUR VIR
FiF & A R, M o Fom i Ty B T
26 AHPZEHMEEZESITENINERY

AHP 22 — B 48 A5 RO G I8 2 40
RERE, 4 0 W05 Ui 235 SR 0 25 00 i 5 SR b 5
ER BT, W FE bR IR AR, A2
PR AT BRI NBERRRIRE, 7 3N E X,
SRR SR . SR ERRE > L2
R>TERR, FRKHFFREMERT AR
MEMEZE, Ry 340 HEREREMARTTE
BRMEHEE, T 50 SESPHERNEE
PEATHAh 2 MESRZ ], T 2 55, MR AR
AT, FaeHOu B B A, AR 1. 45 R4 AHP
JERGHTEERE 3 MBI R 4505108 0.648.
0.230. 0.122, —F eI F ¥ (CR) =0.003<<0.01,
F WL & — B EER, BUE RACE A 208,
ik, 25670 = GEEHERRERT R FER
KAE X 0.648+ & 2 Wi 159 22/ 5 22 WA 38 5t KAE X
0.230 + & 14 2 /T & 15 % i K{E X0.122) X
100%.
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Table 1 Judgment priority matrix for comparison on index pairs

o T H ISES T8 IR E & ER I ElUB N — AR LS
HARE (SRS (SRS (Wi (Wi fE Oimax) 7 (CD
- UiRES 1 3 5 2.466 0.648
JE S 1/3 1 2 0.874 0.230 3.003 0.003
FERE 1/5 112 1 0.464 0.122
27 KRIZHIEE T7 2530 Wk 4.
271 HWREAKF ZilRE%, DUnKE (A, w2 BEESKT
PEEUETTE] (B, #&HUKEL (C) AHERH R, %K Table 2 Factors and levels
RN TZAHEAFIFEETERE, L 2HEE KT SES
B FEAEAELERROE L3 1E3TAE:, MKE: (A /65 SREURE (B) h $2HKEL (C) /X
FEHKPEIE 2, 1 6 1.0 1
272 WITMIZER KA AHP 15 B HCE 24, 2 8 15 2
X IEAS R 45 R AT LG VP5r, R SPSS 22.0 3K 3 10 2.0 3
R IEAZ TR IR &5 R AT 73 dr, IR S0 45 R WAk 3,
3 EXRIFITFILER
Table 3 Design and results of orthogonal test
g A B C D WERHAERE  LEHEEE% HEE%  GETFS
1 2 1 3 3 0.10 2.56 43.19 99.19
2 3 1 2 2 0.10 2.11 4391 93.29
3 1 1 1 1 0.05 1.61 29.88 5251
4 1 2 2 3 0.08 2.61 39.46 83.02
5 1 3 3 2 0.09 2.21 40.41 87.64
6 3 2 3 1 0.09 2.63 42.63 92.93
7 3 3 1 3 0.06 1.83 33.58 64.01
8 2 3 2 1 0.06 1.76 34.20 62.13
9 2 2 1 2 0.08 2.21 42.14 62.13
K1 22317 24499 17865  207.57
Kz 22345 23808 23844  243.06
Ks 25023 21378  279.76  246.22
R 9.02 10.40 33.70 12.88
x4 HENWER
Table 4 Results of variance analysis
T7 2RI B2 5 H Sy F {4 P 1
Ik & 143.953 2 71.976 3.232 >0.05
PRI 8] 12.609 2 6.305 0.283 >0.05
PRI 1937.368 2 968.684 43.499 <0.05
wE 44538 2 22.269

Foos(2,2)=19.00 Fop1(1,2)=99.00
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SRR, FHEZEXKIE T Z5mMEION:
C>A>B. H#E C (FREURED XL LA R
FMER (P<<0.05), HARPIAN 2 J0 &35 it
Mo WIS TTRE . FRARSAS X R bR E5 5 VT 77 5
Wi KNI 255 5 1, e Bt T 2230 AoB1Cs, HI
hn 8 fEEK, $E3 K, Bk 1h.

2.8 InERIE

PR AL T ERREUR R 3 1, HIRIEAS I ik
I ZAFEAT IR, HM e FHOCTE AR . 45 R,
SRR B AR Z T IME 558 0.10%. 2.51%.
43.09%; “F¥ZEE1Fsr 8 99.88, RSD {E N 0.03%.
SERRINZIN T ERE 0T, TR T REE T
KL 7 2 K3 T2
3 g

W2 7 IR ST R R AR ISR, 24
o3 ZEERGEE KRR, X BT NAEVLRE 1R
Mo AuEFH, LUB 258 g T s 3 1R
TNV TaPR, BRERER BUE U8 EEHUR 5, X
REAE— R AT IR B E s DAA 77K
B VLS B 2 WS 2 VPN e bs, fE— @28 bl
DIAESREIIR i &, TERRLEERRTZM
Kgkfabre —0l Fk, EFRERHFFER. 02
A 2 R0 T B 15 R AE R R 5 B WURL AL 5 21 12
QNI 22 =7

AHP % —Fh AT 32 00RN 2 R EE T A 14 43
M, AMUHERE T EME K00 Frde i br i) EALFE
FE, XCREARARE & FR bR A6 s < 18] R AH BLEE R AT
B HT, W5 T 255 VR 1A A A e,
AREFFCRA AHP B R ER R, B2 G
RATEMRE 3 MErHEE R854 0.648.
0.230. 0.122, CR<<0.01, N HE REAPA K. Fifs
RV 45 R IEIT SPSS 22.0 BAFHEH T T, IR

WKL Z, RUINKE 8 £, $2H 3 X,
BRHR 1 h, N B RORL 0 ST U AN A K
AR LI IR AR .
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