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Optimization of extraction process of Shenqi Qiangxin Tablets based on
pharmacodynamic test and analytic hierarchy process
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Abstract: Objective To optimize the extraction technology of Shenqi Qiangxin Tablets (SQT). Methods With the improvement of
heart lesion of pharmacological model of isoproterenol induced heart failure in rats as the index, pharmacological efficacy test was used
to screen extracting conditions of the technology. The extraction technology was optimized by analytic hierarchy process combined
with principal component analysis, single factor and orthogonal tests using each content of solid matter, ginsenosides Rgi, Re as
indexes. And the verification test was carried out by using solid mass and icariin content as indexes. Results Pharmacological
efficacy test showed that technology 4 was superior. The optimal extraction condition of technology 4 was as follow: five medicinal
materials including red ginseng and astragalus were reflux extracted three times with 50% ethanol, 11 fold for the first time, 10 fold for
the second and three times, 2.5 h for each extraction; Epimedium and the other two medicinal materials were decocted three times with
water, 19 fold for the first time, 16 fold for the second and third times, 1.5 h for each decction. The verification test showed that the
average yield of ethanol extracted solids was 19.78%, and the average extraction rate of ginsenoside Rgi and Re was 77.52%; The
average value of water extracted solids was 16.58%, and the average extraction rate of epimedium was 90.98% (RSD < 2.0%, n = 3).
Conclusion The optimized extraction technology was stable and feasible.
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LrJ1%Eu Cheart failure, HF) fRIFROEE, &%
MO ER A RBIB, BAMEZ . JET R &Rk
s RO IR B LT “RRE” K
Wy, ZRMAMT. R EE . REERITTT
A3, S0 F (Shengi Qiangxin tablets, SQT)
RHAZ, WK, BFEESTWRGHM, BAHEA
b RLE I T 2 N A1 N Py Pl 777 N e s
TRIT AR T AR AL 5, B T Rk
HRZh o DY BRAEZ A 77 B o A AR T 2%, AT 5T
R AR % TR S BRI
R B O LA DR 0 7y 558 g A2 50 1L JUE 5 28 1) o 3
FERE, WIPImIR SRR & 12, FX ik fE
Yl ag TZBATO0, DUk 2 00RO i B fE 2
WTZ.

1 EFESHHR
1.1 {48

Agilent 1200 HPLC. DAD &l %%, 3¢ & Agilent
Nl TLE204 4381 ~F, #it: Mettler Toledo 24 &)
R1005 RUFEEE 25 KA, R AIMAL TS PR 7] 5
JJ500 M7 R AP, W BT R MR AR T
DZF-6050 R E A THA, Ll ZR2 s
KQ-300DE ¥4 il e as, B Lo A A%
AIRAT .

12 X%

I AN Z 2H Rgr (Rgi, iS5 110703-
201128, JAESTEL 93.4%). NS 21 Re (Re, it
5 110754-201525, JiiE 7241 92.3%) FEH Git
5 110737-200415, it %$0>98.0%) 1 H
i 2 A E W AR s 405 Ginseng Radix et Rhizoma
Rubra ¥ ¥& Astragali RadixVE=£5E Epimedii Folium
LR T TN ZIRP AR AT, &7 RE
& Bt AR AT Tt Bt 985 11 324 o 24 4 5 53 )
RNIUINE N JEFEY) A2 Panax ginseng C. A. Mey.
RS i 2 25 5 T ERAR AR 25 . SR s
Y5 B Astragalus membranaceus (Fisch.) Bge.
var. mongholicus (Bge.) Hsiao [fJ T AR . NEERIE £
BV EFE Epimedii brevicornu Maxim. [T
e, BFFE CREZH) 2015 FER—H S 2
TNHRER: AW NN, CIEHCIEAE, HAb
A o e, KOs AT K .

1.3 1)

SPF 2 SD K ., MERE -1, R & 192~264 g,

BRI 5~6 A, H iR IR v S s SR s WA TR A H]

Peft, SIS A YERTIES SCXK () 2013-
0004, SEISFNYIIR A HUES 43004700026924

2 FEEHR

2.1 AREIHEILEZHEHIE

211 FEL 1 20%4. 8k, FRASE5HRY
PARIAE 2 Uk, BRI 10 f5 &K, 25 1 KA 1.5 h,
B2 RHIAE 1 h, Y8, WRAE B A X E E R 1.05~1.10
(60 C), A, MALEALTEIEEIL 65%, HHE
24 h, BiEWEWOEE, W45, TR, R, 54
SR A B RG 1 g TIRBE 2T 8.866 g 4224,
2.1.2 BEE 2 BN 70%CEEREL 2 Yk, BN
6 fir g, 1 UIREL 1.5h, 552 EEE 1 h, JEL,
FIUS 2B, T4, RoiEs 2505 AR ZM AT 2 1K,
BN 10 £57K, 55 1 REIRE 1.5 h, 55 2 KB 1 h,
JERL, IR4EBAXTEEN 1.05~1.10 (60 T), K
%, N OB SR RIS 65%, BHE 240, LG
FU 2B, WwaE, TR, B, 542 CmRNT
BEMRAIEI, 1 g TREMHE AT 7.957 g 44,
2.1.3 FEN 3 BN 70%LIEHEE 2 YR, BRI
6 f5E, 1 KIREC1.5h, 552 KIEEC 1 h, eI,
FIS OB, TR, i 255 HRAMATE 2 IR,
BRI 10 f5E7K, 251 IXHETE 1.5h, 252 XHETE 1
h, 8L, W4H, TE, M, S54RI
BEMRAIEI, 1 g TFREMHE AT 5.670 g 42,
214 FEW 4 A5, EmKSE S WM 70% OB
PEE 2 K, BN 6 fiE, 1 IKIEEL1.5h, 52
VARE 1 h, L, B2, T4, B, mrE
S 2 WRZGM A 2 IR, BN 10 fEEK, 21
WHIZE 1.5 h, 2B 2 KA 1 h, JEIE, WR4E AN
S 1.05~1.10 (60 C), JAA, MALEAE
Bk 65%, #HE 24 h, ISR 2 IR,
THE, M, 5 70% RIS TR B R R 2]
B, 1 g TIREMAHNT 7.827 g 424,

2.1.5 FES S BN 70%CEHEEL 2 IR, BRI
6 fi g, 51 UIREL1.5h, 52 IR 1h, JE,
B O, THE, B 2SR 2 IR,
I 10 f5 &K, 55 1 IREIRE 1.5 h, 55 2 IXBIZE 1 h,
JEIE, AR, TR, MR EEESHAR SWAM
R 2 K, Wm0 f5&7K, 2 1 IKREIE 1.5 h,
B2 KA 1 h, JEIE, WR4E B AEXT B N 1.05~1.10
(60 C), T4, MALFMEEIERIL 65%, FE
24 h, LIS LR, W4E, TH, Rr. Rl
FRR 3 B TIREBMNRS, K1 g TREMHEN
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T 6.064 g 42,
22 AEHIEIZHENERAB LRFFLKXR
IR B RS20

RSN APEMEE A SD KR 156 X, %tk
W S ARSREFENL N 13 4. BATEXT IR, AL,
o E2H CBHPEXTHED, FEM 1L 24 34 40 SRRTE
AL o FRBAET R AR 5413 se A E IR
K, BRI 5 mL/kg, FERLAZG 1R, HELE
&7 13d, FHBRETRNYE EREANH 1 K20
mg/kg. 2 K 10 mg/kg. 5 3 K 5 mgkg. 4~
13 K 3 mg/kg, il & CIUIE RO J) 325y S PR,
RN R R sc 65 0.9%AMNES . 18
ERER (PG T2, NS TIERZ)
B, FERN 1. 20 3. 4L SARAIEAIEL (L

LT R G R B & 20 8 %) H5E ER 4 KR
ig T2y, BAMEXTIRAL. B KR ig 47
0.5% CMC-Na &, 4525168335749 10 mL/kg, &R
YT IR, B 15 do ALK R AR IR 2555
K FH BRI 25 65 B 25 sh ik i Ab FETR AR FE KRR, HEAT
AR W %2 i 4 VX HE =B s KR OO, R s O
i, THENEERE, DGR E 3K T
WA B IR EF (cAMP) FIFREERE 2 (cGMP) &
I E

KH Excel HHATG b, #5Liedl g ek a7
A ZE 0T (F-test), 44115 255 HE, 40
FLBEK ] Student-r #56 (IEBCHT I ¢ K06 3H4T 4
o aT, A ZEAFERE, SRR IER Student-7 16
KT R b SERNE 1.

x1 AEFIEIZHENFAB LRFBFLRBRORERNEE (X +5)

Table 1 Effects of different preparation techniques on isoproterenol induced heart failure in rats (X *s)

21 5 5 & /(mgkg™) n D &g OEFE %L ¢GMP/(nmol-L™") c¢AMP/(nmol-L™)
IO 12 st L — 12 0.879+0.124 0.2961+0.023 2.256+0.284 8.089+0.552
it — 9 1.334£0.203* 0.446+£0.034"™ 2.210+0.196 8.62240.572"
Hb 0.27 8 1.3074+0.234™ 0.446+0.022" 2.029+0.289 8.95340.652"
B 1 640 8 1.356+0.314™ 0.4441+0.011" 1.824+0.271% 8.04740.600
2560 8 1.34740.087" 0.439+0.025™ 2.250+0.361 8.636+0.606"
BER 2 712 8 1.3424+0.232" 0.440%0.035™ 2.152+0.253 8.395+1.092
2848 8 1.276+0.185™ 0.428+0.057" 2.309+0.152 7.585+0.329%
B3 1000 8 1.303+0.189™ 0.425+0.033" 2.062+0.315 9.575+1.200™
4000 8 1.305+0.185™ 0.429+0.026™ 1.988+0.166™ 10.083 £0.754*##
B 4 724 10 1.324%0.191" 0.438+0.037" 2.186+0.229 7.756+0.500%
2896 8 1.358+0.184"™ 0.434+0.041™ 1.732+£0.251*# 7.538+0.646"
B S 936 8 1.19240.130™ 0.4214+0.021" 2.044+0.071 7.647+1.337
3744 8 1.33440.170™ 0.44740.036™ 2.136+0.422 7.403 +0.682*
SHIE AR P<0.05 “P<0.01; SHAALE: *P<0.05 #P<0.01

"P<0.05 "P<0.01 vs negative control group; *P < 0.05 **P <0.01 vs model group

SEREIR, SEAMEX AL, BRSO R
JRE AL O AR EO B (P<<0.01). SR
EE, & it 2 B4 0 o B AN R LB 2 403
cAMP HEZ R Wox, SHPMETRAMLI, HAH
cAMP &S EHETE (P<<0.05). SHEMAMLL,
FH 1 24 3 = 2 2056 cAMP &2 A WL R 2403 R b
2 mFIEA, FEE 4K, SRR, AR S AR
H I UL cAMP FEIIHE T (P<0.01),
cGMP M5 R BoR, HHIVEX IAAL, BAYAH
c¢GMP R IWHIE A (P<0.05). SHEMAMLL,
BESh LR, FES 3 Ef R4l Bafh 4 miE

HIMEFHIL cGMP FEZHE T (P<0.05.
0.01).

25 b, AR S AR EN I 0 e B 3
cAMP & & EE FFt, BLOIUIEKEY . /) 32 v s Y
HHIET) . RE IR cAMP. cGMP & 545
SHIWT, AR 4 TR
2.3 ERYRERNE

F 2 S LA VAR 25 mL, BT COEER
BRI (wp o, SEETKES AT, BT
105 CFF/% 8 h, Wi, WMESRGHENRE
(W), #HBAAHEETERE (Ve BEERD.
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[ ) 5 = (W2 — W) VI25
24 Rgi» Re MEFEFHIENE
241 Rg. Re Bl  FAiGHA Kromasil
100-5-Cis ¥ (250 mm X 4.6 mm, 5 um); Jishtil
CNE-K (20.5 179.5), AR 1.1 mL/min, A3
30 ‘C, R 203 nm, BEFEE 8 uL. FLRIEHR
i Rgy ETHEAMIKT 6 000,
242 FEEEFHOEXMH AN Kromasil
100-5-Cig A (250 mm X 4.6 mm, 5um); WMEIHN
CIE-7K (29 0 7D, AR E | mL/min, AR 25 C,
R K 270 nm, HEREE S pl, HEASHEMAGEE
B IETHEAMKT 1500,
2.4.3 XREEEIIHE  BOTIRRER, R
TE s I EER A Rgr 950.8 pg/mL+ Re 609.18
pg/mL FIVRA X IR, LR EEERET 584
pg/mL R R IR
244 SQT il MiEmrIml s FE RIS R
i 4) 5 mL, F/KWANIE T EEIRPESEE S K, X
30 mL, HIFIETER, MG 2 I &K
30mL, FFEEM, HHIETEMMEKEE 2 K,
K30 mL, FEKE, IETEHRAT, FRENH
BRI, JFHEME 10 mL B, IPEEEZE, %
51, BN Rgiw Re A MIER. HEFERS 1 mL +
25 mL &, INFEEEE, @A 30 min, KA,
EA, BBE), 1R HR AT
245 PAMEAEH RIS H S FRIGRZL S M Ab
Ji~ BRI TT 2 4. SRS ML TR
70% LB FIARAREL 2 Ik, BRI 6 f5 &, 1 ki
HU1.5h, %52 3RECL b, E, FRZEIFER
2200 mL; HUEEEE A VAL T BRI 2 IR, BRIR
bn1o fEEoK, 51 KEIE 1.5h, 552 KAEIE 1h,
R, W4EIFERE 200 mL. % “2.4.4”7 TR ik
] 88 AR LT 23 P 1 AR VA VR RN R 2 2 2 B PR it iaK
VAT o
24.6 LEMERRFEL  onl R ERx I At
Tt A PR B S VAR R E o RS SRR,
BT 25 B M A4 O A TR S v 2 2 K A TR R
Rgi+ Re. VEIF7EH (S0 AH N IO AL B I,
PR SR 3. B 1~2.
247 AMEXRRFEL FEEEI Re . ReBEXHE
AW 0.1 0.2, 0.4, 0.6, 0.8, 1.0mL, F&T 1
mL B, MHEERRERZIE, 85, FIGRE
OO AR FNE R, BIAE 2 A RBN IR R

Reo
A “ %IRe
I ‘
gl
\ | Rgl
AW /| Re
M A U\
C
I
“‘l.‘ 3
10 20 30 40

t/min
1 Rgi 7l Re BAXERM (A). SQT #iX& (B) FFAM
fidm (C) B HPLC
Fig. 1 HPLC of mixed reference substances of Rgi and Re
(A), SQT sample (B), negative control (C)
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\ EREH
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‘ I

| |

|
c |

2.5 7.5 12.5 17.5

t/min
2 EFEEIRS (A, SQT #iX& (B) MEAMHIR
f (C) B HPLC [&
Fig. 2 HPLC of icariin reference substance (A), SQT

sample (B), and negative control (C)

W Rgiv Re RFINESIEWGARE 10 pl, EFE
T RIS IREIER 15 pl, WA, DIk
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FEEAARR (X0, WERBINPALR (YD 2l briE il
4, 13 Rgiv Re MEFEEH MR MERZ 508 Y=
207.705 642 X—17.687 657 5, r=0.999 93; Y=
264.661 553 X—8914 378, r=0999 92; Y=
2206 0132 X—1.590 343 1, r=0.999 99, £&*:yufH
43514 0.950 8~9.508 0 ug. 0.609 2~6.091 8 pg-.
87.6~876.0 ng.
25 MRkZEERE

PREL OB SRENAL T 3 4, TN 5 55 70% LB,
FERI 24 h J5, FRERA R, THETIIR SR
979.81%; FHEUKFEEALTT % 3 47, b0 10 &K,
Rifl 24 h 5, OEWRFE, THETFHOKER
323.01%. [k, FHERI T 2N, LBEREAETT
B LIRBIZRZ N 1 AREER, KB 1R
R ROZZ N 3 58K,
2.6 BERDHTEME BRI ER ST

LRI T ZRE SO BT EM R
Re &8 NITFM4EIR, 45 SQT 4bJ7 B A i
0 S & o G BRAE AR SS , R TRV BTE A Rgi s
Re & BEAE AN EIE RS T24L, BRE 3 AN EFR 7
3IANER, IR SR IRT : Rgi >Re> [ LY i &,
g Rt LS I W AR e 55 R, TR & IR A A 1)
FHXTESy,  Fabm ekt b AL e R W3R 2.

R 2 ARIRART LA RO F AR S RE B

Table 2 Priority matrix for comparison on index pairs

B FR AR Rg&® Re®®E [EVGARE
Rg & & 1 2 5
Re & & 12 1 4
[l T4 o 1/5 1/4 1

H% 2 18, A5 wi’:(ailaizai3°°°aim)l/”1 THEY]
WERE 25 (W), 18 wi'=2.1544, w,'=1.2599,

wy'=0.368 4; 1ZIEA R wi=w/i 2w THEIH— 1AL
i=1

HEH w), B wi=0.569 5, w»=0333 1, wy=
0.097 4; F A CI=(max—m)/(m—1) F Apax=1/m
DO agXwiwy) WH—EMSE (CD, 3 CI=

=l j=1

0.012 3; AFRAHMN ()~ FHIBEHL—BEFRFR (RD, W,
% 3, %A CR=CIRI #HH 8 LHIR T, 3
CR=0.0212<<0.1, Kk, 3 TfaFri oo i 5 B
E—EMEER . SRIGMBERRL, B R Re.
TEA i B A R B 72 N 0.569 5.0.333 1.0.097 4.

x=3 THREN—BUEERR RI SR

Table 3 RI table of mean random consistency index

JEFERT L ORI | ZEFERYEC RI ) JERERTEC RI
1 0.00 4 0.90 7 1.32
2 0.00 5 1.12 8 1.41
3 0.58 6 1.24 9 1.45

CRE Vo = [T ot & S 5/ [ TR o K
fHX0.097 4+Rg; #&/Rgr 7 & KME X0.569 5+
Re ¥ & /Re Faf NME X0.333 1.

27 ZERBIZHHRRERZSE

ZEEANFR LR E . R LG BRI (] A
PRI ECNS I BRI T 2 150
271 AR E REUZEESRREUAL TS 5 1y, Ay
BN 10 £5 58 40%- 50%-+ 60%- 70%-+ 80%Z.ME%,
[ FEEN 2 he
2.7.2 RHELL  RECZEEHREUE T 5 4, 43 BN
4, 6. 8. 10. 12 fi5& 70% LK%, [FIHEHL 2 h,
2.7.3  PEEUEIE] FRELZBESREUE T 5 Ay, 4 Al
N 10 £% 70% L BRI 0.54 1.0+ 1.51 2.0+ 2.5 h.
2.7.4  PEEUKEL REUZEESREUETT 4 4y, 430N
A 10 558 70%LBEEIRIEE 1. 24 34 4 IR, BX
1.5h.

I3 A IR SR EGRE, KRBT E R E 200
mL, & Rgi« Re & A TEY) &I THH LA T
OME, SERNE 4~T. HLEETROMELE A SLhriE T
Bff 78 IEAZ RS % R 2 /KPR B : SRR AR 734 50%
60%- 70%, RHEL 6. 8. 10 %, HIZMIE 1.5,
2.0. 25h, RUEXHE 1. 2. 3K
2.8 ZEREBRIZHIERIRE

FREL SRR 7 27 4y, $% Lo(3%) IEACR4S
B BDR R SRR I H ) R 3R S KA T R AR A, 8
i, Wi E R A 200 mL. EARE &, @it

F4 CERRBBERESRIEBFARIEERER
Table 4 Single factor test results of ethanol concentration

in ethanol extraction process

W/ 2] Rgi/ Re/ LEATF
% FifE/g  (mgmL™)  (mgmL™) E
40 29.100 3 0.978 1 0.356 4 87.99
50 28.646 4 0.998 6 0.528 3 99.85
60 27.014 7 0.953 3 0.3213 83.67
70 25.5397 0.938 2 0.3151 81.92
80 21.882 4 0.8455 0.3530 77.80




* 2594 -

¢ %% Chinese Traditional and Herbal Drugs

FE50% F11H 200986 H

*®5 CERBBERSIERRIEERGER
Table 5 Single factor test results of solid-liquid ratio in

ethanol extraction process

®7 CERBBEEZESIMREIURKEZERER
Table 7 Single factor test results of extraction times in

ethanol extraction process

WA ETEY Rgi/ Re/ ZRETVE e EEY Rgi/ Re/ LRGP
B/ Fig/g  (mgmL') (mgmL™) E REL /g (mgmL™")  (mgmL™) AN
4 22.9019 0.792 2 0.253 5 71.19 1 27.129 6 0.812 8 0.3033 65.41
6 26.291 5 0.887 1 0.3473 84.53 2 37.166 4 1.050 0 0.425 8 87.44
8 26.8152 0.908 6 0.4453 93.03 3 38.400 5 1.1617 0.4413 93.95
10 28.996 0 0.963 9 0.459 7 97.95 4 38.580 5 1.2470 0.4712 100.00
12 29.2192 0.998 5 0.420 4 97.15

*®6 CEFRENSAEFESINIRANAT B)F RER
Table 6 Single factor test results of extraction time in

ethanol extraction process

3MEE R KRG LR E . NREKFIES,
IERIGLERIWNEK 9, FEMTERNE 10, %
TS AL H SPSS 17.0 A Gt 3318, 2551 5L 0,
HREEW AN D>B>A>C, HEREX O/

AU Red Rl AW e e (P<0.05). MR R
[]/h Fig/g (mgmL') (mgmL™) ANz L N .
05 187379 05039 01753 1824 HIA T 208 AiB3CsDs, BN 50% S BE BIALHEEL 3 1K,
10 250768  0.8219 0.2895 77.19 B 1Y 11 AL 55 2.3 O 10 f5E, RER 2.5 ho
15 265995 08037 03350 8048 2.9 RRGHEMEKZIE B E RN
20 279237 09142 03182 8555 IRARHT 2 )25 e P i F ) o B A2 2 2
25 296629  1.0369 04042  99.94 RN RN, A TEM, BRE 2 NMERR
3.0 298339 09303 03395 88.81 2 MNEWR, ML ERT: BEETSE>EIE
35 297811 09625 0.368 3 92.94 Yo, MR ELE BRI SRR R, R 11,

#=8 EZRS5KTE
Table 8 Factors and levels

K AR (A% B (BYfE P [E] (C)/h JRIIRE (D)
1 50 1IN T AR, H 2. 3%mefis 1.5 1
2 60 F XML, 2. 3kme L 2.0 2

70 LRI AR, R 2. 30N 10 £ 25

®9 CZERBIZERR

AL

I

DIRITREER (n=9)

Table 9 Orthogonal test design and result of ethanol extraction process (7 =9)

AT A% B/ C/h D [ g Rgi/(mg-mL™) Re/(mgmL™") LR e 1A
1 1 1 1 1 27.6132 0.734 1 0.228 1 40.56
2 1 2 2 2 36.427 4 1.0356 0.459 4 62.62
3 1 3 3 3 42.157 6 1.5429 0.686 0 90.59
4 2 1 2 3 37.346 8 1.144 4 0.4579 66.37
5 2 2 3 1 29.900 3 0.798 5 0.3325 47.75
6 2 3 1 2 35.024 5 1.090 6 0.587 4 69.69
7 3 1 3 2 32.540 0 0.966 1 0.3533 54.81
8 3 2 1 3 34.960 6 1.0550 0.4317 61.72
9 3 3 2 1 26.5537 0.782 3 0.2857 44.42

Ki 193.77 161.74 17197 132.73
K> 183.81 172.09 173.41 187.12
K3 160.95 204.70 193.15 218.68
R 32.82 42.96 21.18 85.95
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F10 AEDHER

Table 10 Analysis results of variance

TERIE mEVIM ABE FHE P1H
A 566.064 2 11.690  0.001
B 1005.197 2 20.758  0.000
C 280.425 2 5791 0.011
D 3780.729 2 78.076  0.000
RE 435.816 18

F 11 AEARARSTELAR A BT S REBE

Table 11 Priority matrix for comparison on index pairs

BUE 85 EEETSE EhiZ vl
EEEHSE 1 3
& 4 o & 1/3 1

RIER 11 PEo 83, IFHEAREEER SR
HE T2 5 5 (AN = R 2053 70 0.634 0+ 0.366 0,
— B R T CR=0<C0.1. Kk, 2 TidEhait st
EU AR R A — B EER . SRAB OB 2%, BRI
FEHE A B BT E B E R E N 0.634 0,
0.366 0.

CEA AT A E = [ T4 R B/ [ K 5 B e KA X
0.366 0HEFEH S B EFE T EER A X0.6340
2.10 KENMIZHBEEESR

AN FIRIR G B B TR) R B RO RS
PR T 25
2.10.1  EREEL  AREOKSEEALTT 8 473, 73 NN 6+
8. 10. 12. 14. 16. 18. 20 {5 &K, FIZ 2h.
2.10.2  FUERHE FREOKEEEAET S 4, s
A 14 f5KFIZ 0.5, 1.0, 1.5, 2.0, 2.5h.

2.10.3 FUEE WHUKEEEUAET 4 4, s
N 14 KA 1. 20 3. 49k, FHXR 1.5 h,

a3 RS PRAGR I, IRAEIFER A 200
mL, WEFE YR EAEEET S E, I ESES
PEOMAE, SRNE 12~14. BZEEIEMESLE S S2hr
U 52 1E A TR0 25 DR /K P B RHR L 144 164
18 1%, FUZEIFA] 1.0. 1.5, 2.0h, FIZERE 1. 2.
3 Ko
2.11 KEBRIZHIERIRE

FREUKFEEALTT 9 43, 4% Lo(3%) IEACREE A H
DRI 25 SIS BT 1k B PR 35 AT U ER L, g8,
WAE I B AR 200 mL. K2 5K FBERLE 15,
IERZ R LS RIWEK 16, THEEERIE 17, TE
SHTEE R SPSS 17.0 A4S 1S . S5 HRKW, %

F12 KERBERELERREERER
Table 12 Single factor test results of solid-liquid ratio in

water extraction process

BRBEL BV EAFER/ (mgmL ™) LZRETENME

6 6.3152 0.381 4 39.89

8 77315 0.3953 44.62
10 9.108 5 0.746 5 47.86
12 10.430 1 0.749 1 72.88
14 11.079 5 0.8719 81.90
16 11.606 9 1.078 8 95.51
18 12.911 7 1.072 6 98.76
20 13.2280 0.796 1 83.39

R 13 KERBE RS ATRAEE AR

Table 13 Single factor test results of extraction time in

water extraction process

R[]/ TR R /g o F# H/(mgmL ™) ZRE1VFME

0.5 10.1757 0.8017 64.43
1.0 11.182 7 0.863 6 70.05
1.5 11.457 3 0.935 1 73.95
2.0 12.3216 1.463 5 99.37
2.5 12.538 9 1.160 0 86.85

T 14 KEMBRZRSIPRRRBERER
Table 14 Single factor test results of extraction times in

water extraction process

RS BB E/g FEFE T (mgmL™") ZRaiEE

1 11.860 8 0.978 1 51.52
2 16.943 7 1.8825 88.33
3 19.880 5 1.848 6 92.71
4 19.736 5 2.088 8 99.73

R =50 K /N A C>B>A, H &% PR 20 7K il 2 2 X
SERAT BEMER (P<0.01). MU E BRI RE
PR T 208 AoBoCs, HUIIZKEIA 3 Ik, 2 1 &
19 58, 2. 3016 fi5%, ®IK 1.5h,
2.12 I ZWIEAE

FREL RSN Z08E . KIREXZM & 3 4y, %IE
RIS IE M T ZFEE . W5 [ 40 5 2 A A Bk
SR, AR ES CERIUE 1S 3T
PIMEN 19.78%, Rgi Re $EHCEFIIE N 77.52%,
AT T HIME A 98.68; /K IR & 15 21 H4{H
7 16.58%, VEFFEHIRIETIIEAN 90.98%, L%
EVEA I8 98.42. RSD HI/NT 2.0%, F£H
AR L E R E AT .
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Table 15 Factors and levels

K FEHELE (A) HIZLIS ] (B)/h BRI (O)
1 LU A, B2 3 KN 14 £ 1.0 1
2 SN 19 A, B2, 3K 16 i 1.5 2
3 H 1O 21 £, H 2. 3 0m 18 £ 2.0 3

#16 KERILZEXRERITRRER n=3)
Table 16 Orthogonal test design and result of water extraction process (n = 3)

=R A B C D (% H) [l 4 Jo /g 2 H/(mgmL™) LR E
1 1 1 1 1 10.750 4 1.048 7 56.09
2 1 2 2 2 15.0539 1.416 0 76.81
3 1 3 3 3 17.947 2 1.5793 88.00
4 2 1 2 3 15.3859 1.2949 73.50
5 2 2 3 1 17.865 6 1.924 8 99.20
6 2 3 1 2 12.567 2 1.2194 65.35
7 3 1 3 2 16.754 9 1.729 1 90.53
8 3 2 1 3 12.869 9 1.3295 69.58
9 3 3 2 1 15.968 3 1.307 1 75.07
K 220.90 220.12 191.03
K 238.05 245.60 225.38
K3 235.18 228.42 277.73
R 17.15 25.48 86.70

=17 REDWER

Table 17 Analysis results of variance

TEFRIE WMETIM HHE FAE P1a
A 168.924 2 252.884  0.000
B 338.287 2 506.424  0.000
C 3812.714 2 5707725  0.000
W 6.680 20

B TR 2 = [ T4 5 B oA TR

FEPR B R R = $REGH P8 AR B2 (B B P 5
FRERA ) S B
3 g

(HEZGH) 2015 FhiR—EHBALST N E S &
METifakr N Rgi~ Rew ASEEH Rby (Rby), {H
FEAE IR 2 AR ok Rby B 25, Joidda
Rbi, HMUEBFEHLSH Re. Re NLEEIRITZE
WL FabR ). Rgiw Re A PUBIBKHEFERELL |
PUOEEAH . PO LB S50 5 FE A 25 24 PR AR
FHUOI SR IEH T 2 e 5 1 2R e
EHENEREY, BFEEERAEKNLE .. BFIC
OHFEEE. JUL I Zm A4 E RIS, F8m]

X &N S B R H A R i 2 25 R gk — 2D
T, NB RO T E SR I T2 i 2 8GR I S
AT ittt — 20 1 24 0P o Bt A 40

H T e BCE /BN TTiEARZ, FEN 4 RE
WAL E REGEFI B E R50%, MiA R E
ok (AHP) BE TR FRFRAE R, 250
T FEANZIBE 2 18], BEHRE T E R 780 & I
Tabr B ZEVER R, X RGHI T SR bR A EAE,
WG T RN, (RPN S T A E R,

AW T H BRI R Z2 58 07 45 249 3505 1) 4 2
T, 1&EFE T Rgiv Re. VEFHEH JAeA4% S i HoAth
o3 AR L D B A PPN e AR, SR E
R & B F AR ERRE RS RO
FHPEECTZ, b 1 B DR 3R S W R 2R 4 Y
TR HEMERE, AR T EEH AR,
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