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Abstract: Objective To explore the extraction process parameters of Ruxiankang (FLAREE) through network pharmacology and
design space. Methods With the help of network pharmacology, the active ingredients of Ruxiankang were screened, and molecular
docking with tyrosine kinase was carried out, combined with “Chinese Pharmacopoeia” 2020 edition to determine the index
components, and the extraction process of Ruxiankang by high performance liquid chromatography and design space was studied.
Results The core components of Ruxiankang screened, such as licochalcone A, nobiletin, and taraxasterol, had affinity with tyrosine
kinases similar to those recommended in the clinic, and the optimal extraction process was obtained in the design space: the immersion
time was 30 min, and the solvent volume was 12 times, extraction time was 45—75 min, ethanol concentration was 65%—80%, for
2—3 extraction times. Conclusion The process obtained in the experiment is reasonable and feasible, the verification experiment is
close to the predicted value of the theoretical value, which has certain practical value. The Ruxiankang extraction process is based on
the QbD concept, which is stable and reliable, and provides ideas for its further process development and quality control.
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HAT, 232 T2madfEd, 241
BFRIEA S N T 2Rk e b, (HiX ik
B TS 5 YR IR 58O S AR oI A, AR A
Bl 245 25 3827 % 53 F- 0 BB AR ) 7L R e A 2 1
FR 5> AT O 14 45 BTG PR RS BE AR N FR bR
SR FH BEUE 23 (320 FUAR R B T 2 T 9T
1 UESHH
1.1 ¢E5

Waters-2695 7 155 %30 #H €11 {X «  Photodiode
Array Detector BURIIZS, S5E Waters Aw]; SQP
HLF 08 ROF, 582 R R A IR A A
FA2004 73t RF, bRifg RPAGERICGRABR A A
800Y Y =ik 2 T RER R, 7K J5E T B K L 4= 1) i A
FRA R s MH-3000 YR HAAE, Jbat it
AUNIR AR AT s PS-40 5 B EVES, AC 200~
240V, 50 Hz, RIS REE R EF AR AR HH-6
RE AR KR, RIERNFHERA RA A .
1.2 8

R (k5 180718). HEL (k%5 200703). 7
AYE (k45 190208) ¥4 [ A T i AL 2 6 T3

LR P L E RN EBAREE , N AR
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FB MY H AL Glycyrrhiza uralensis Fisch. [ T-J@AR
BRI A DE SR AR W3 /> 9 Taraxacum mongolicum
Hand. -Mazz. [ M4 5 %P RSB 2B (S
wkq18040203). JIIFkEZ & (b5 wkq20031701).
HEARE A (165 wkq20022102). BiinERR (HtkS
140107). HHE4: ('S5 140227), Jii&E /40l =
98%, I E VU )JIE4E e m AR IR A A .
2 FHEEHER
2.1 FLBRRMEAEFMR
211 FUBREERSM A SRR RG24 e
RS0 Hr°F-&  (traditional Chinese medicine systems
pharmacology database and analysis platform ,
TCMSP, http://lsp.nwu.edu.cn/tcmsp.php ). H Zj 4y
T WL AW 1E B ¥ 4 fr T H - (Cbio-informatics
analysis tool for molecular mechanism of traditional
Chinese medicine, BATMAN-TCM, http://bionet.
ncpsh.org/batman-tem), &5 & A1 ER SR =4k 2 Bl
P, RZIRAS AR & A sy, R 1 ORIk
HR ) AV

F1 ABRREEFRMERIVERER
Table 1 Basic information of main active ingredients in
Rexiankang

4t MOL ID e OB/% DL/%
HE  MOL000354 isorhamnetin 4960 0.31
MOL004083 tamarixetin 3286 0.31
MOLO000359  sitosterol 3691 0.75
MOLO000422 kaempferol 4188 0.24
MOLO000449 stigmasterol 4383 0.76
MOLO005229 artemetin 4955 048
H MOL001798 neohesperidin 7117 0.27
MOL001803 sinensetin 50.56 0.45
MOLO004328 naringenin 59.29 0.21
MOLO005828 nobiletin 61.67 0.52
AT - taraxasterol - -
- taraxerol - -

- taraxerol acetate - -

SR T B SRR DA U PR T A SR BEAT T A%, 5 AR
3 JRAE TCMSP i R & BIMS B ) H IRAEAR L (OB) St
H2htt (DL {4

The dandelion components were screened using the Chinese Natural
Product Chemical Components Library. After the components being
determined, the OB and DL values of the relevant components were
not found in TCMSP
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AT ) REWSC AR TR B R AL 2 B AR B T,
Bl UniProt £tz % (https://lwww.uniprot.org/), #id
SANEABRIFREMMAN, BRRGEINITE
(¥ 8 FIHEFR L IE A UniProtlD, F45 3 S8k 8 1 ot
[ FE R 4 PTGS1. SCNSA. HSP90ABL. F2. F10
ACHE %§3L1} 382 1,

2.1.3 I I R N R T R R LR
BREESE N 2 224 5 (comparative toxicogenomics
database, CTD, http://ctd.mdibl.org/), A< “ 3,
JigdeE” K “breast cancer” BEATI84E, 5310 &k
ANFERIBE A, MRHE “Inference score”, i HUEHE e
HHHT 500 MR . R FLIRRETS BT 382 A
DRI b 5 0 Db 5 2 TR 4 2 50 P22 1 02 1 7
Jige (AT 500 AN Jk R AR AT 5 B A g, &5
R 1.

100 400
(12.8%)

(51.2%)

p¥ier| PR
E1 IABRERSEESIAREEEFEE
Fig. 1 Rexiankang ingredients gene and breast cancer gene
Venn diagram
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AEMERF NE QA EAEH 2T & STRING
Chttps://string-db.org/cgi/input.pl), FRECE A HAE
MR R, B bR, S N\ Cytoscape
Version 3.7.2 B R iy -FEAR-TE BE X 25 . BT
M (degree) (H R THTEM sk 2 fEH A ECH
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F 73 - O AR -8 A A 2% L dE 165 A
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$15 12.96 M FHEAER; A AP S 9.41
ANEBAHEAEA, BB A5 34.80 AN LA
., PIGAE LR R P AR — N o 5 2 AN A B
ER, WARE—MERS 2 HEAER; f21(E
—ANER S 2B BN, MAAE Nl
ZANMEAER . XM THEZRG S5 ZA £
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2.1.5 RSB N PSR AR AR
Y Ihee, HATEE Y SRR 3 A E] DAVID
B¥E P (https://david.nciferf.gov/) BOlebst Ho 47 3@
P EEDHT. £ DAVID (K 51 338 F 4 AR
R G R B R, 1 “ OFFICIAL GENE
SYMBOL”, List Type W& N “Gene List”, #2321
FE R B FIEFERT L FIFT “Homo Sapiens”, e#f2%
AR INBE (Gene Ontology, GO) AWt fEE
Enr MRS ERA AR 41 (Kyoto
Encyclopedia of Gene and Genomes, KEGG) 15 5l
w5, S “Functional Annotation Chart” 3k
3B E ELE R . ] Omicshare #dE % Chttps:/
www.omicshare.com/) 2l %<, F GraphPad
Prism B2 il AR B0

EIHARE A DAVID #4171 GO YiseE &5
33 GO % H 175 M(P<<0.05), H:r Wit 2 (BP)
%H 94, diifudisk (CC) %H 354, 4T Ihhk
(MF) 2% H 46 1~, 437l 54%. 20%. 26%, 45
Wik 3 fis.

KEGG il % & £ 73 i 45 31 113 46 (P<<0.05)
GO, WK OIS BRI . TSR,
Horp 2 il 4@ S M E2F1. TNF. TP53 25 3E[H
ik e 3 5 5 M2 PIK3CG. E2F1. EGFR Z53E[H;
T 41 i g 38 % v &2 PIK3CG. AR. CREB1. TP53
SR, OB % . WIAIE S S TP53 2L,
SCHRFR FAIBITPS3 L PRy 7 e 1 FH () B B2 L R 2
—o & P AR/ 20 ANEERIEAT R, S5
Kl 4 s
2.1.6 - R TXHEE T e RSCB PDB
B ¥EE (https://www.rsch.org/) T #5 F 2 FR B I
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Fig. 2 Medicinal ingredient-target-pathway network of Ruxiankang
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Fig. 3 Analysis of GO function of ingredient action targets of Ruxiankang
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Fig. 4 20-Channel bubble map of KEGG enrichment
analysis of Ruxiankang

(tyrosine kinase, TK, PDB ID: 2B4S) [{] 3D 44
i) pdb #% X3, iz Discovery Studio 2020 Client
AR AR A AR E B 2 T A R AN
pdb JEZEIHSCER2, )N PubChem %37 Chttps:/
pubchem.ncbi.nim.nih.gov/) FE > 2D 454
(#) saf i 0k R PyRx R4 AL Z2K InE G

I FUTOSCHE, KR pdbgt 48X, B
FEA G SO R 2 /M, IR H %46 pdbat
R, &Jais A vina B THER], A RE<0
ULARCIA 52T LA RE A, MPARERS AR
~5 kI/mol 4Ry 35 4 B 34 A L e B ) e A< 4
— WAL AR 5 52 A4 25 A 1) R 5 AR S I g o
IS, RAAEFH BT REPEBR R . AHIE 7870 1 X He 4 R
Bon, HRERMIGE G ERIKK AT 52
TATEFERE (45468 8-36.40 kiimoD) 2%, DIghi&r
e <<—5 kd/mol MifidehritE, nIA, FUREEH R EE
PERL S 5 I R BRI 25 & Rz /N T-5 kd/mol, - ik
2 Fine BT, FUBRRE A% O R 5 IR IR I
M i R e AL, dittE, SiaTEtEm. R
S FRHREE R, B R OGSO IR E P28 R AR (R
[E 2588 2020 4R — o6 2 FE bm it i o B e
BAHHE IR 2= HEA/RE AL BT, B
P e« NP A 7L R o 4% 1 P 75 P R 20
22 JEMROBEEENERENENL

2.2.1 WTERSIER I o R B RO B
FETT IR A 2.82 mg. )11 [% & & 2.58 mg. 18 1 5.31
mg. HHEERE: 7.63 mg. WNHEER 3.07 mg 4> E T
25. 50. 50. 50. 25 mL &=+, IHFEEEREZ
FEZ, i ot 2k FE 7 o H B AR A 112.8
ng/mL. JIBF R & 51.6 pg/mL. #8 fZF 106.2 pg/mL+
H IR 152.6 pg/mL. WNMERR 122.8 pg/mL HX}HE
NS

2.2.2 AR PR & BCC12” BT 3 Ry
&R, b 10~15 f5EEE, =i 30~60 min,
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*2 FLBRRPEMRSXBAIRRRESYNLZLEHERHENESRE
Table 2 Active ingredients in Ruxiankang and binding energy of effective chemical drugs with tyrosine kinase

wEm 2 AR 375 CAS L5 R 45 & BB/ (k-mol )

MipAE i CaoHs00 426.72 127-22-0 -36.40

P 23 8 i CaoHs00 426.72 464-98-2 —35.60

T AT S CaoHs00 426.72 1059-14-9 —34.80

ol e % C15H1205 272.25 480-41-1 -32.40

S Ci5H1006 286.24 520-18-3 —30.00

JNEREE 3= Ca1H20s 402.39 478-01-3 -29.20

RIFETE C16H1204 268.27 485-72-3 -29.20

HEAREE A Ca1H220s4 338.40 58749-22-7-37-3 —28.00

2 B 41 Ci7H27NO2 277.40 380610-27-5 —28.00

e C29H26CIFN4O4S 581.06 231277-92-2 -30.00
FEHL 1~3 Ik, BRIRIEEL 30~90 min, &k, &I A 3
W, WHIRER, ERUSAR, FEFEEL 500 uL 2
PERGRNA e 4 2 10 mL 2, #2271, 1EAft BV 1

I

223 ik KA Supersil ODS i (250
mmXx4.6 mm, 5 um); HFEEN 10 pL; RN
30 ‘C; ABUREAN 1 mL/min; KEK: SeE4
P 200~400 nm NE, AR S R R KR
W K DDA I K 5 A 20 05-0.59% 5 R /K VR
SIAFES BRI ES (0~20 min, 10%~32%Z.Jf; 20~
50 min, 32%~70%Z.JiF; 50~60 min, 70%~10%
) K H B (237 nm). TR (284 nm).
JIFERE R (330 nm). HEA/REH A (361 nm); LA
HH -0, 159 B R /K V85 YRR I Sl AE A FE e I 01T (0~
20 min, 20%HE#; 20~40 min, 20%~30% ¥ ;
40~50 min, 30%~20% F B A I BN HERR (323 nm).
224 LR FEBA “2.2.17 TR XSS
R “2.2.27 TR PRI & 10 uL, 4% “2.2.3”
TR G2 FE R o 25 R, (I RTE
Xof I it A (] £ B ST ) ) R W57 BB A 43 J1) 5 %) HER
TG — 2. iR DL 5.

225 RMEXRREBE  4rKEE B IH F AR
AL NRRE 2 B F . H R . WMERR X &
R 2 mL, 73 AR H A5 RREE, 115 6 M A el
KA “2.2.37 TUN O3 S5 AFREREIE ,  DUOGT I i 5
EIREONR AR OO, WA NMPALR (YD, 24
P2, HEHATRMERDE, 8RR TR BN E
FiPYREH A Y=45 536 X+8624, r=0.9951; JI|%
& Y=46 332 X—18 169, r=0.998 9; & +F

—_—

5
B
1 4 2 13
M
o 10T 20 T T30 T a0 T s0
t/min

1-fRH 2- )RR 3-HEA/RA 4-HERE 5-INHHR
1-hesperidin  2-nobiletin ~ 3-licochalcone A 4-monoammonium
glycyrrhizinate 5-caffeic acid

5 B (A) MIAREMIXSE (B) AR HPLC
Fig. 5 HPLC of reference substances (A) and Ruxiankang
testing sample (B)

Y=20421 X—9715,r=0.998 0; H % R%% Y=10 828
X—22 550, r=0.997 1; WIHEER Y=138 662 X—
199 822, r=0.999 3; LK, HHEEI/RE A 1E
35~112.8 pg/mL. JIIFRKZZAE 1.6~51.6 pg/mL.
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P& 2 FE 3.3~106.2 pg/mL. H H B4/ 4.8~152.6
pg/mL. MIMEERTE 3.8~122.8 ug/mL U AL 4
KAERILTS
22.6 FEEERE EDOTRSBEREE, %IE
“2.2.37 BUR RS54, ESIEFEIE 6 IR, kg
AR, TS H B A /RE A IR R BT
HrEE . MR ARY RSD 5N 1.44%.
1.95%. 1.08%. 1.32%. 0.36%, &% F% Bk
A=Y/
227 BEEMIRALE EERBES 6 4, MRiEHI%
R AR, IR “2.2.37 TiF ik SR HERE N A2,
ICFIETH RIS R0, 45 RH B A RE AL )1
R R 2% B R L H B R PRI 5 = 4> B 1) RSD
I3 INT 5%, RETIEES MR
2.2.8 FaEthidLe  EE— R RIS R, )
T 0. 2. 4. 8. 12. 16. 20. 24 h #EFE, % “2.2.37
TRt SRR 5, e SRR, SRR
IRER AL NIBRR 2 B8R, H B kg g
T RSD ¥/ 5%, 3R AR I e 3 R
B 24 h EAFER,
229 FERIE ¥ “2.2.27 TFHI& AR A
WIEHR “2.2.37 TR R AR ERE I 52 .
2.3 WITTEEARHERRERTLZ
2.3.1 SCEEF BRI (CQA)FILEE T. 253 (CPP)
i Aere 2R PEAl 75 EEARUE R X A 7= T
i T ) CQA H1 CPP #EAT 7843 HIH% il o

(1) CQA MHfiE: X FLAREIRBGL b 8 R
FIFEbRME > & BT CQA HiE . 45 A FLIRED

IR 28 24 B 2 SCHR 24 R0 PR (R I 72990 Je (o ]
25y 2020 4R bt 8% 25 61 R BRI R 2 AR
E, BTERE (YO RHREE/RE A, HRRRE.
JIBRE 2 PR WNMERR 2R (Yo~Ye) fE
NFLRREE £ T 21 CQA.

(2) CPP [fffirg: X FLIRRIRHCT. 2 F2 7
Zidts WA REGERE. BEERES T T KT
TEAE CPP [HRHUET ] (X0 IVEGERE (X2 $EHX
U (Xa)« IRIIE (X LFEEAAFR L (Xs) ]
HEAT I %8 S AR AL o R Minitab 18 R ARiEAT
Plackett-Burman 2561 11, ik X LR FER 7 F
RN CPP, 455 IL#% 4.

S LA Y1~ Ye XF Xo~Xs HEAT L6 [RIH, 15 B4
JifE: ¥Y1=6.36—0.127 3 X;+0.447 X,+5.158 X3+
0.032 7 X4+0.021 4 Xs, Y,=-2.58X10°3+2.0X10°°
X1+1.27X107* Xo4+4.17 X107 X34+1.9X107° X4+
1X107% Xs, Y3=0.031 94+1.038 X103 X;—2.25X
1073 X»,+0.020 5 X+5.17X107* X4—3.72X107* Xs,
Y4=0.037 3—2.57 X104 X;—1.37 X107 Xo+4.74 X
1073 X3+3.79X 10 X4—8.5X107° X5, Ys=-1.028+
4.8X10* X;+0.066 0 X,+0.653 3 X3+2.08X10°3
X4+5.93X107° X5, Ys=1.45—0.028 51 X;+0.297
X2+1.485 X3+5.7X 1073 X;,—0.022 14 Xs.

FHEMIFR 5, HFE S AT Yio Yo~ Yo HIXF
Xiv Xs B Xs i35 brvBEAL RN pareto B I 6,
RNAE ALK L ZEZHI N Xiv Xav Xso &
B 77 257 HR pareto IS 28 ik H S BN (8] Xo\ 42
HURHL Xs CBEARRR 5050 Xs 1E 9 CPP.

x4 TZBHHR
Table 4 Screening of process parameters

BT Xdmin - Xo/fF X3 Xa/min  Xs/%  Yi/%  Yo/(ugg™)  Yal(ugg™  Ya(ugg?d)  Ysi(uggl)  Yel(ugg™
1 90 10 3 60 0 31.85 0.00 23230.29 241.00 3980.52 734.75
2 30 15 3 30 0 31.09 0.00 20 280.94 573.62 7786.48 630.10
3 30 10 3 60 80 16.33 9.12 16 995.83 2477.18 2517.99 520.18
4 30 10 1 60 80 9.76 24.58 7961.99 974.24 3242.25 380.56
5 30 15 3 60 0 31.44 0.00 23775.25 617.72 6 996.73 627.56
6 30 15 1 30 80 10.38 12.29 8 882.64 875.00 2939.54 358.08
7 90 15 1 60 80 12.74 31.35 12 385.73 849.02 2525.11 352.68
8 90 15 3 30 80 20.22 24.13 27 047.80 1441.18 3291.68 285.88
9 90 10 1 30 0 18.61 0.00 8282.18 387.20 4 698.76 458.80

10 90 10 3 30 80 19.59 39.91 22 202.87 1105.51 3045.72 288.71
11 30 10 1 30 0 16.72 0.00 5761.22 381.52 4637.40 439.97
12 90 15 1 60 0 20.39 0.00 11 858.98 535.81 5280.50 527.69
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x5 RENH
Table 5 Analysis of variance
Y1 Y2
KR HHEE ———— - —— -
BB ZEvIMm B FME P B3 BEvsMm ¥ FfE P 23k
LAY 5 652.991 130.598 4437 0.000 #E# 0000012  0.000002 0.74 0.620
5 e 5 652.991 130.598 4437 0.000 #E# 0000012  0.000002 0.74 0.620
X1 1 310.919 310.919 105.64 0.000 #%&3  0.000008  0.000008 2.38 0.174
X2 1 14.959 14.959 5.08 0.065 0.000001  0.000001 0.37 0.564
X3 1 319.294 319.294 108.48 0.000 #%&E3  0.000002  0.000002 0.65 0.452
Xa 1 2.892 2.892 0.98 0.360 0.000001  0.000001 0.30 0.604
Xs 1 4.927 4.927 1.67 0.243 0.000000  0.000000 0.00 0.951
R 6 17.659 2.943 0.000019  0.000 003
A1 1 670.650 0.000 031
Y3 Ya
K HHE — - - T — N =
BRI U7 F  PE BEHE BEvHM B FE P BEH
T 5 0.028314  0.005663 2.67 0.132 0.002005  0.000401 8.65 0.010 &%
2tk 5 0.028314  0.005663 2.67 0.132 0.002005  0.000401 8.65 0010 &F
X1 1 0.020700  0.020700 9.75 0.021 &F 0.001267  0.001267 27.33 0.002 &3
X2 1 0.000379  0.000379 0.18 0.688 0.000001  0.000001 0.03 0.868
X3 1 0.005018  0.005018 2.36 0.175 0.000270  0.000270 5.82 0.052
Xa 1 0.000721  0.000721 0.34 0581 0.000389  0.000389 839 0027 &F
Xs 1 0.001496  0.001496 0.70 0.433 0.000079  0.000079 1.69 0.241
W 6 0.012738  0.002 123 0.000278  0.000 046
#it 1 0.041 052 0.002 284
Ys Yo
R ABE ———— N F . N -
BT W FE P EEM siyzErirm ¥y FE Pl REMHE
LAY 5 5.844 71 1.16894 4112 0.000 & 54,076 0 10.8152 1253 0.004 &3
&tk 5 5.844 71 116894  41.12 0.000 W@ 54.076 0 108152 1253 0.004 &
X1 1 0.004 37 0.004 37 0.15 0.709 15.605 0 156050 18.08 0.005 &3
X2 1 0.326 63 032663  11.49 0.015 6.6129 6.6129  7.66 0.033
X3 1 5.122 13 512213 180.19 0.000 & 26.478 4 264784 3068 0.001 &3
Xa 1 0.011 72 0.011 72 0.41 0.545 0.087 2 0.0872 0.0 0.761
Xs 1 0.379 85 037985  13.36 0.011 5.2925 52925 6.13 0.048 &
WE 6 0.170 56 0.028 43 5.178 6 0.863 1
&t 11 6.015 26 59.254 6
X, 2.3.2 Box-Behnken &1t sBg A A0 LM 5 fe 2 HX
Xs TZ2% R Plackett-Burman S236 45 5, LA X,
Xs Xs Fll Xs NEAL R, L Yi~Ye JMa AR, HIHHA
Z :H Design-Expert 10, #it 3 A& 3 /K PsL8e, S 17
e RIS AR 6.
FRIEEAL AR 2.3.3 Wit EALAE @il Monte Carlo i%

Fig. 6 Pareto diagrams of normalization effect

Bl 6 FRENSRIA] pareto &

TR TR MR B8, K Box-
Behnken SZI6 8, BEATIHENUBS 1 50K, i



- 1642 - PER 2021438 #52% H6  Chinese Traditional and Herbal Drugs 2021 March Vol. 52 No. 6
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Table 6 Box-Behnken test design and results
5 Xo/min X3 Xs/% Y1/% Ya/(ug-g ) Yal(ug-g?) Yal(ug-g?) Ys/(ug-g ) Ye/(ug-g?)
1 90 (+1) 2(0) 80 (+1) 17.38 65.32 16 904.35 1191.32 639.47 313.92
2 90 (+1)  3(+1) 65 (0) 20.75 59.81 20298.99 749.51 4425.72 373.45
3 60 (0) 2(0) 65 (0) 19.05 108.87 15 487.87 829.59 3562.39 299.12
4 60 (0) 1(-1) 80(+1) 1133 53.90 5501.27 655.66 828.09 203.20
5 60 (0) 3(+1) 80(+1) 1885 61.03 16 826.04 1174.39 2108.89 251.23
6 60 (0) 1(-1) 50(-1) 14.65 71.07 10 421.77 717.25 1 088.00 93.70
7 60 (0) 3(+1) 50 (-1) 22.87 49.69 20083.12 859.25 1135.30 94.18
8 90 (+1) 2(0) 50(-1) 21.20 7111 17 974.88 807.06 2498.94 239.19
9 60 (0) 2(0) 65 (0) 18.74 58.13 16 320.09 811.46 3826.51 293.93
10 30(-1) 3(+1) 65 (0) 20.06 80.50 17 727.77 831.78 4681.70 341.66
11 60 (0) 2(0) 65 (0) 17.68 86.72 14 672.84 749.32 2016.55 233.61
12 30(-1) 1(1) 65 (0) 11.11 41.39 6 852.96 572.29 2674.12 280.17
13 60 (0) 2(0) 65 (0) 19.67 74.12 15894.33 828.91 6 120.06 378.88
14 30(-1) 2() 80 (+1) 14.20 64.24 10 045.42 819.34 607.86 233.28
15 90 (+1) 1(-1) 65 (0) 14.66 64.56 8583.45 570.28 3412.94 324.61
16 30(-1) 2(0) 50(-1) 18.34 75.12 12 311.65 789.74 2510.08 186.23
17 60 (0) 2(0) 65 (0) 21.99 112.12 14 839.04 805.73 6 355.44 525.02

FOPKN 0.02, IAFRERE Y 0.9 1T LLIRTSHON = 45
L0 ST T AR F MatLab (2018b) A4
f£ () Monte CarLo J7 kit ARG LR B T 22
BB, WK 7. ERE IR T AR
WA (-0.26, —0.58, —0.54). 4B (-0.38, 0,
0.36) Zralik#E 1A i ~PATRET 2 sche, WE,

B 1.00
1 s 0.98
.0 0.96
S -1 )

= ) 7/ 0.94
S o 0.92

1 > e ]
XJmin -1 ——" -1 X3 0.90

E7 IABRRERIZ®IT=EE
Fig. 7 Ruxiankang space diagram of extraction process
design

TER, HEA/RE A H S ERE A e T
RN AT RN B, JIBRE 2 FINHERR & 2 4
BT HWA, 46110 (AW =TERIRK
TERX10+HEA/RE A FERER KA
IRER IR AX 30+ H B R # i IRk i K H
B PR T BV FE X 10+ 1 R B2 3% I BV B e oK)
W B 25 o 2 R B X 30+ 465 i T o R VA P A K
I BRI EE X 10—+ Wi P 7R i AR e R Wi P R
BIRMEX10) RfE T2 AN ART S4B, IR T,
4 g

AHIF 7T R FH A 4% 24 B 2 o LR R 5 75 e i
ATE H R T B R R RO AT 45 43
Mro MRIEMLEZGBLERE AL R, SR 2 R
S B O AT T AR E, RIILTE R 28

VEREEERT 2, EEA PR TN,

Fz 7 OWUTEEIELER
Table 7 Design space verification results

a5 Xodmin o Xz Xs/%  Yu/%  Yol(ug:g)  Yal(ugg™  Yal(ugg™  Ysl(ugg™  Yel(ugg™ AN
1 51 2 70 20.30 129 21649 792 21158 643 98.72
2 51 2 70 20.98 127 20 405 690 20 356 671 94.15
3 60 2 80 17.72 107 13675 772 15955 694 86.19
4 60 2 80 18.43 113 19 015 736 14546 711 88.60
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ToEXS HHATIE, X MM BA k) S RARPEAS SR I [ N SR L T2 2 B e E H

SRR, B HE RS “B”, MH C“HER
K7 FEAZ. Bil, 214 T2,
% LA B FR AR A 22 B O T 200k B Fa s
{HIX B4 22 1y 2 15 -5 245 W PR 24 2850RH 5% 1o oK mT
w1, AFEFUAZGY) WG ARE NOE TR, 8 P4
2P ke AU R I RS Y E R, S5 (P E
2L 2020 FR—EBH R HE. WA TR bs
By, TR BRI T S 2, RHZREVE
SIENERN T VN Fabnon AR HL T 2470, 15
FEHON 255 AT ], Bud T HATZ T E L
250 AR BRI A3 9 FE bR TS 25 0 R AH S AN
BRI -

BT, BZHE R 2 H R EIRE AL
PR H IR A WP S 7L i R I 42 | P v
PER R . FELA TR bR 2 A k4T DOE
BRI B TE AR T 2 TR ) FU M R 4 B T 2 AT Wt
Hfb. REH, RIGREL. CEAARRS %L m
VAU SRR TE] . YR VA TE) A% LR R A SR T
SEARW, Hr R SRR R S EEAR A
TR MECARE . BB REN N RETZ
JIRIARTE Y 30 min, AEEEESN 12 5. SR (]
45~75 min. ZEHER 78009 65%~80%. & 2~
3 Ko

MAERHAE TR EZ R BERE R, ELR
¥, HARTERERMAPAGETTIRIE LZ2HE
. AEFFIEHEIE CQA 5 CPP [AEAl [, B
IR TE 70 AT 5 5 M R 3% X0 B 24 7= il Jo 1 TR 2 e (290
7E Plackett-Burman SZ56 i3l gk — 2055 T2k
i7flttk, 7 Box-Behnken SZ4GIEFE A B 1% 4 42
SEES T IEAT, Bl RN U 2 5 )R 22 P,
JEXF Box-Behnken 24645 HLid i Monte CarlLo 741t
FORTFIE TR bR R I 23 (8], THEAUEAL 1 75
R, THRAPKN 0.02, iAFREEZEN 0.9 AT LLRTSEGH
AR ROCGREFATIRE, JUEsSEinss RS 75
[T g R —5, RIS EEIE T U
PR T2RGE AT, AR T 2S5 )
B, AR KA T2 S HmE R it —Fh B .

AW T I ) 2% 24 B 2 5 4 R ROR I 0%
AL CQA, SR LT 2% (R0 FL R A T 3
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