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Purification technology of Yinju Jiedu Oral Liquid
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Abstract: Objective To multi-objectively optimize the purification process parameters of Yinju Jiedu Oral Liquid (YJOL), mixed
weight of AHP-CRITIC, Plackett-Burman design (PBD), and Box-Behnken design (BBD) were adopted on the basis of HPLC
fingerprints. Methods HPLC was used to establish HPLC fingerprint of YJOL. Recovery rate of fingerprints of six components
(chlorogenic acid, linarin, harpagoside, R,S-epigoitrin, psoralen, and isobalin) and HPLC fingerprint similarity was taken as the index
to optimize the type of macroporous resin among 10 types. Weights of the recovery rates of six components and similarity were
determined by mixed weight of AHP-CRITIC, in order to obtain the comprehensive index as the evaluation criterion. The significantly
influencing factors were firstly evaluated by PBD, and purification conditions were optimized by BBD. Results HPD-400 type resin
showed a high selectivity for six components. The optimized purification technology was as follows: the ratio of dia-height was 1 : 7,
pH value was 3.5, sample concentration was 0.18 g/mL, ratio of sample to resin was 0.96 g/g, and 77% ethanol’s dosage was 8 BV.
Under the conditions, the recovery rates of six components were 78%—98%, and the similarity of fingerprint was higher than 0.99.
These components could get balanced recovery. Moreover, the theoretical and actual comprehensive indexes were 94.28% and 93.69%,
respectively, with a relative error of 0.59%. Conclusion Based on HPLC fingerprints, mixed weight of AHP-CRITIC, combined with
PBD and BBD-RSM used to optimize the purification process for the YJOL in this study is scientific and feasible, this way can improve
the purity of the active components and keep the uniformity of main components in the YJOL as well.
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WP B 5 TR LGRS . AR AR B
RS S, 2 B R 2 B alipl1,
HEMPIPTEMEEARZ LL 1 FpE ) UFR o) )= A4
bR, AR CLHERG . SeB b RIL T 255 5l gy, (TS
GHARE A R Z R . ARSI DR S B
FRALEEART 6 MEFR G B IR NP Fa AR, B
] AHP-CRITIC V& & A% Plackett-Burman %11
(PBD) 4 Box-Behnken %1l (BBD), % H#Frifilk
YIOL fyafifk T2, AMURESE A 808 1 i &5
B, ERERFFIL R I —EME, A YIOL 4hifk
T2t e sk, B — et HME.

1 UFEERG

Agilent1260 =GR AN LREAY, & EZHEE A
H]; BP211D LT #r ok, + /54> —, 4% [ Satorius
A\ I, Bakal, SEEKHAF; HPD-100.
HPD-400. HPD-450. HPD-600. NKA-9. AB-8.
S-8. X-5. D-101. LX-17 KFLIZBAAE, =B
WL AR PR A, HEE . Bl Jrdral, vapiik
TRmARAR; 28K, Bl

SRS ERERR (LS 110753201314, &S
$ 96.6%) FEACH (5 111528-201308, JFiE45>
95.1%). R,S-H1KEF (5 111753201304, Ji
A 99.9%) MEMRE (S 111730-201307,
97.1%) #MEAEZE (iS5 110739-201115, &4
$99.3%). FAMEAER (LT 110738201313, Ji

HH100.0%),  HE AL 2 SR E B AR

JARTE N B AR B XBHEYME £ H L
Lonicera similis Hemsl. F) 54835 80 9] AL <
WA EHEY Y % Chrysanthemum indicum L.
T IELRIEF. ZSNZXSHEMZ S
Scrophularia ningpoensis Hemsl. )T AR HREAR
RN FAERHEYIFNE Isatis indigotica Fort. [TJ5
R AME G SRHEY)#ME BE Psoralea corylifolia L.
TR S, 5 BRZGH 0 B U )11 8 i A
T HBR AT, 2R 2= 2 K5I 8 = e 245 711
BRI R EEYSE, BfFE (REZHR) 2015
ERR—HB, JIERIETE & (DU 2 haiE) 2010
TERR, YIOL /KIRWGRE (Hit5 20170501), HARH
= 24 K2 I J B AR
2 FHESHER
2.1 AN

i Inert Sustain Cg 1A (250 mmX4.6
mm, 5 pm); VRSN LNE-0.2% MR KB, B
FEYei: 0~18 min, 5%Zf%; 18~24 min, 5%~
10% i 24~30 min, 10%~12%ZJE; 30~33
min, 12%~13%ZE; 33~42 min, 13%~22%Z.
fE: 42~57 min, 22%~24%Z.}E; 57~63 min,
24%~30%ZM5; 63~65min, 30%~55%ZM; &
1217 5 min, 5% K%K 240 nm(0~20 min)+
327 nm (20~43 min). 334 nm (43~51 min). 280
nm (51~57 min); ##d 30 C; AW E 1.0
mL/min; HEFER 10 pl; BEIRIERE LS B 1134
AMETF 5000,
22 RRAIHIE
2.2.1 VREXTH SR IH S R SRR R R
FATF . RS-HME. MEMEIF. fMEIEER. FHb
B e 20t R IE B I 50% B & 4 R R 76.61
ng/mL. ZAETF 25.63 pg/mL. RS-FHKFHE 41.01
ug/mL. MR 20.09 pg/mL. #hEHEZE 20.06
pg/mL. SFAMEAEZ 20.14 ug/mL A5 IR AR
2.2.2 YJOL ¥#fil#  FR YIOL /K& B i&
&, NKIEERB N EIRIE 045 g/mL, RIfE.
23 FHEFER
231 FEEEHEL B YIOL (b5 20170501) 7K
PWIRE | 4y, 4 “2.2.27 W% YIOL i,
i “2.17 TEMELME 6 K, 6 iz EwE 13

(R B ] RSD<<2.01%, &MY RSD<
2.37%, AXENE R RUT o
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WE, Frise B 13 >3 ZIE LR ] RSD<
2.44%, WAL RSD<<2.79%, FESLTE 12 h NEaE
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BWIEE 6 4y, & “2227 T FEATH4 YIOL

WL % “2.17 WA RIME, 6 AT 13
A F BRI A RSD<2.7%, W RSD<
2.19%, IEMIEREE M R,

2.4 HPLC EEREL

F 2% B H YIOL W SV 2 mL, ©A %
10 mL, 0.45 um fALUEIEEEE, #% “2.17 Wik
PR EIEE . FBURA S R SAR, R Eit &
W5E il B, & R S 7 SR F R SO
FHSE PRI R o T B 25 MR WA WA ) 25 AR ST 1 AR
XIAREEITE], %552 THA 6 ME: 1 50§k RS-T5
W 9 SIEAZFET . 10 SIEAMERTE. 125
WEENFNE IR R 13 TRV EER. FIEH O
S iy, HERRRE, G5,
B FEFCEE S RIE, SR E 1.
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S2-YJOL %3 S3-HPDI100 ¥t S4-HPD400 Mty  SS-HPD450 PeMiik S6-HPD600 ¥iMiiik S7-NKA9 ¥l

S8-AB8 Wil S9-S8 WEMiW S10-X5 YW S11-D101 ¥l S12-LX17 WEMEW 1-RS-HIkEF 2-BJHER 9-FEH  10-04 ERFE
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S1-mixed reference substances S2-YJOL S3-cluent of HPD100 S4-eluent of HPD400 S5-eluent of HPD450 S6-eluent of HPD600 S7-eluent
of NKA9 S8-cluent of AB8 S9-cluent of S8 S10-cluent of X5 Sll-eluent of D101 SI12-eluent of LX17 1-R,S-epigoitrin 2-chlorogenic

9-linarin  10-harpagoside 12-psoralen 13-isobalin

1 CRAMREM YIOL AREAFER S KL IEF A5 K HPLC Eik
Fig.1 HPLC of mixed reference substances and fingerprint of YJOL and its eluent treated by different kinds of macroporous resin

2.5 MBI STHIE

FRECT AL FEVS (6 10 RIS 2.0 g0 2 HIZEAN
100 mL HEEHETEH, FEEMATEKRE N 0.45
g/mL ) YIOL V&% 20 mL, & 10 2080 RHRE 11X,
FER 30s, FFEERFE 20, FRE 24 h G EHIE, 4
BV 4Kk, W ARR T oK s, (8 EIHE R
N, FEFEIIN 70%2. 8 30 mL, 4 10 73 BhREE 1
W, BIK30 s, FREEARE 2 h, HE 24 h 5 ETHH
JE, VEBOBERZE 50mL, 0.22 pm fFLIEE R,
IR “2.17 TN g & me, KPR, S
. RS-HIKE. M. fMEHER. FHMEHR
FAE T P o B ) e i e 8 ot B 5 T DA

E, WRIE IR, THE &R B, &R
UM YJOL B EISEMA 100%, K FAH R
T AR 2 EE i BRI . [FIRRIZ IR A R 0=5/S,
(S ARG BR N TIAR , So A YIOL ¥ W i
WETAR, O Ay IR M, SR A 24
ARG (25 i Fe SUEE A RUE TN R4t
2012A W) B E &SI HPLC Bk S YIOL
T HPLC S IARLLE, 53R 1.
PIGEIRRR . 26T . RS-HIKE. M EMRT.
MR FAME IR R B R AR 9 FE R,
KH AHP-CRITIC V&G IIAEAS 2 A B R 00T 5
e RIATLR GV
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Table 1 Effect of resin type on recovery rate and fingerprint similarity of main components
) B[/ % ‘
P ZRIF IR SALH RS- HKE me AR LGRS FAMTIER HL
HPD-100 18.54 90.87 57.64 971.77 77.88 75.58 0.608
HPD-400 20.20 90.84 65.81 99.54 88.66 88.52 0.616
HPD-450 9.50 60.12 0 87.89 83.42 82.72 0.474
HPD-600 4.68 49.81 0 66.76 84.55 87.25 0.359
NKA-9 14.14 55.88 50.27 79.25 88.58 90.35 0.561
AB-8 17.48 88.97 53.69 95.69 79.90 78.31 0.591
S-8 28.42 57.56 95.22 57.49 84.08 86.19 0.789
X-5 14.78 89.38 0 97.55 81.44 80.82 0.543
D-101 11.80 86.52 0 96.79 86.53 86.37 0.485
LX-17 23.34 39.57 76.49 23.13 67.10 66.73 0.809

HRAE 525 i 1 1 o0 (0 24 BEAE ] S 99 AR B e
RIBCAR R, R 6 Rl R R (v Hh SR ATARLUE R
NRLESRRR, WEM LR 7 MR8 5 AR
ZRIFIR > SAEH > RS- A =g B E > A IR
F=RAEIRE SR, SHARCRIRE™,
18 ] — SOBRREA G IR R, AR VR B 4 SRt
HAR AT IR — AU, THE I 2RIEIR . SEEH | R,S-
TR EEE . AMIIRER. A E AR R AR
AL ) AHP BUE REL

KA CRITIC 5 fEABUE 73 AR brla] (0 L
SRIE Cs;) AHRFRIEIIRIE (6, s B ERIER %
FBAR, HARHEEBRA S AR E R HER o B
TEARIE AR RBON AL, Ron 3 @ MRbs 5 HAR
FEPRHIFH RN, 5 IR bR S B AR U B P45 b 8]
PHIRPERCR, AEMEK.

=13 ez ln—1)]"
zp NHBRE G REAAE, 2 95 | MEARRIREARIIE, m.
n P AMCERARFR D BREASL, =1, 2, = m
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=1

rg NARRR 0, j AHSCREL i=1, 2, =, m, B 6K,
B MRS IE R, ZAbR RN T H AR SR AR
E[lé]

Wi AR AR RIS U 2 L M b, R
PG, F SPSS 19.0 BAFTHEFEFRIAIN siv 65
ZEEMNE (¢;) SHE (0).

B0 H 18 b B = (S — B /ME /(B K AR — B/
18) X 100

a2 PR ESE S, BREEERN, XA
KEMW, WWEEOBNERMLENEGE, L, B
O 26 = WAHPHOCRITICH 2O AHPFOCRITIC)» O ARP 171 AHP
T ERIBE RE, ocrme £5 CRITIC & THE K]
BERE, i R i NMRE, jRRE MR,

LR a4 (2 MIEALIHE: Z=3(0/Oimax X
W), Qi AETRFFRIEEIE, Qe N &I AL
P B KA, wy NS FRFRAT R E 540

IHEASER. FH. RS-HIKE. mEM
. AMERER . FAME AR AR S RCE &
By AN 0.284 5. 0.246 9. 0.151 8. 0.129 2. 0.067 1.
0.072 6. 0.0479; HPD-100. HPD-400. HPD-450-.
HPD-600. NKA-9. AB-8. S-8. X-5. D-101. LX-17
Bt i Z E 3N 80.7%- 85.78%. 53.02%-
42.42% 64.92% 78.49%- 84.69%- 67.62% 64.24%.
64.54%, HPD-400. AB-8. HPD-100 =& S R 5%,
SRR FAET . RS-EWKE. M. tME s
. MR ERSAmE. BmyRE. &, BN
— RO, ST ISR AR PR AR
PER RSB o AR £ 2% R& . HPD-100 J9ERR 14
KA, B THX 7 TR R SRR
PEV T BB s AB-8 OSSR MM IR, X T 55 AR P A
e, AR T R EALEY), TR, IR
ReJyithnm, DEEGE TR, MRPEEOS, WeFEE )
gy, MG VER TR, SRS,
FAXE 4 TR, #R 5B ok HPD-400 A
AR PERFLR I, BT BRI S RIAEAE, HEA B
IKFISEIK 2 #8753, BT AT Z [f ) 5E 5 45 G AL
RS B SR — g AT, R AR DAL T B
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2 e L HPD-400 KFLI i el teds k.

2.6 “AEFEHRMRKL

2.6.1 LFEE pHEMHES REUHIEE T 2.0 ¢
THAL BT ¥ HPD-400 ZURFLA I 6 4, 1BIEEERT
ARSI 0.45 g/mL F#3 Z0K BOR #h B2 115 pH
55 2.5, 3.5. 4.5, 5.5, 6.5. 7.5 ) YIOL ¥ 20
mL, & & 24h, A 4BV KL 1.0 mL/min FARFUR
FHIPVERR A, #:5 H 8 BV 1) 70% . LA 1.0 mL/min
IR FR e i, WCER BRI, 70% L BEE S % 50
mL, 0.22 pm fFLIERBE, MKIR “2.17 TUR (g
ZAFME , T 6 Pz o I IR DL A 5 YIOL
M HPLC S ARALEE, KA AHP-CRITIC R &N
BOEATE PR AE R % B TS N Z (8 53 )
N 60.66%-. 93.44%. 81.49%. 55.45%. 60.58%-
54.48%, 4 EFEMR pHAE A 3.5 I, ZfH#EK, Huk
P _LFEW pH 1H 3.5,

2,62 LFFERTEIREERNFES 4 YIOL /KB
BT REIRE N 0.15. 0.25. 0.35. 0.45. 0.55.
0.65 g/mL [PV, P17 pH EHZ 3.5, &l i
JIg 1.5 g ZiM Ry LL] Eag, HARIR “2.6.17 TR T2
SHERAE, THE 6 PR LA I RN DL 2 5 YIOL
R HPLC BEEAHBLEE, SR A AHP-CRITIC J& & i
BOETHEIRAAE R ¥ BEHHHE 2 BN
82.30%- 85.27%- 61.92%- 56.79%- 55.68%- 55.50%
Y R EIREN 0.25 g/mL I, Z &K, #if
E PR EIRE 0.25 g/mL.

2.6.3 LHEERFEL ¥ YIOL KIZR B MR
JRERE N 0.25 g/mL AW, 5T pH (% 3.5,
Ay PR -B IS 0.8 21,09 1.1.0 0 1. 1.1 ¢
1. 12010 1.3 01 B, HAthF “2.6.17 IR TE
SHARAE, THE 6 PR bR LA I ISR DL K 5 YIOL
WA SR EAILE, KA AHP-CRITIC & & IIAL
B HERNERY.,. BdiE 2 Ha9N
89.07%- 86.43%- 90.66%- 81.29%. 80.58%- 77.08%,
Y ERERCE MBI N 1.0 1 1, ZEBK, #)
ffi e Zi - AR LE N 1.0 © 1

2.6.4 VEMK QBRI N HE S K YIOL /KiE
TR B R RIRE N 0.25 g/mL A, PR
pHEZ 3.5, #%MBEIMNIE 1.0 g M A LLGI EFE,
Bt 24 h J5, FH 4 BV K EeRR A, 43 FHARAR
IHBUN 40%. 50%. 60%- 70%. 80%- 90%Z.EEiE
TP, A “2.6.17 BF TAS80E, 18

6 FifRbR A I ESCR DL 5 YIOL Wi FE SU Bl
FEALRE, K AHP-CRITIC JB & INBUE TR AL
HARY. WIHE Z 008 20.52%. 47.17%.
69.94%. 87.48%. 84.27%- 73.49%, LIRAAFR
IYHECN 0%, Z (K.
2.6.5 VEFIHENHELEE K YIOL KIEHIRE
BERREIRE AN 025 g/mL VAR, AT pH [ E
3.5, HIREETIWAE 1.0 g ZGM I LB BAE, FRIREH
24 h J&, H 4 BV KRR H 70% LBE53l EA 4
6+ 8. 10, 12 14 BV ¥eft HEATEEML, HARRF
“2.6.17 TUF LZESHERE, t1E 6 Msbrrisr 1=
WL K& YE YIOL ¥ ifa S ek AH R, R
AHP-CRITIC JBAMBGETH AR E R4 Wi
T ZE3 5N 63.44%. 76.8%- 86.21%- 88.07%-
89.92%- 90.54%, 4¥ElifIHEN 8 BV B, Z1{A
AR T2, N LRI MR AR,
WA 8 BV Bt M A H &
2.6.6 EELAIHELEE K YIOL /KIEHR B MRk
JREWREN 0.25 g/mL B, 17 pH HZE 3.5,
IR MR 1.0 g 29I LR B, 43 il i O
A ERUF IR, Rmtb a3 i1 50 1.7 1 1,
91, 111, 1301, ff 24 h )5, A 4BV K
TYERRZs, BEEH 8 BV B 70%L Ve, WaEd:
i, 70% W E A 50 mL, 0.22 um AL IEREE
i, AKER “2.17 TUNERESARE, T 6 FidEhs
B B RICR LR 5 YIOL i s S S B
KH AHP-CRITIC J&-& IIAGE T AR bR A E 540
B EA AR S TR Z B335 60.03%-
76.32%. 88.41%-. 88.05%-. 80.43%. 70.77%, 44%
st 7 LRy, ZAESCR, MOER 7 01 MEE L.
2.7 PBD REFFEFEFmMEZE"!

1B R A EG JEA , %EH Plackett-Burman i
T, HERm Z R R E R R EE 6 MR
IGE: FRER pH E (A, EFRBRREIRE (B).
FFEE (O, Bl SRR 4 (DD BeliAAFR
(B). &l (B A3 NMTARE (G H. D,
12 Hikss, FAEERIE. K2 ANKF, THER
HHSLES 6 PR bR 1 U 2 BA K 55 YIOL ¥ e
SUEITEARUE , SR AHP-CRITIC B4 BG4
FEPRAUE REL (W), TN 6 PRl s M EIEE . AEAL
Bl wRN ZAAXF, K Z{E. FH Minitab 16.0 X
PEEAT RIS BT e S5 R Ge it 404, PBD RGBT 2
SER K 2. 3. fHw R REL R E A T A,
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Table 2 Test and results of PBD
(TR A B/(gmL ™) Clgg™h D/% E/BV F G H I Z/%
1 4.5 (1) 0.15 (-1) 1.1:1(1) 80 (1) 7(-1) 8:1(1) 0 0 0 9630
2 2.5(-1) 0.35 (1) 1.1:1(1) 80 (1) 7(-1) 8:1(1) 0 0 0 8590
3 2.5(-1) 0.15 (-1) 1.1:1(1) 80 (1) 9(1) 6:1(-1) 0 0 0 97.09
4 2.5(-1) 0.15 (-1) 09:1(-1)  80(1) 9(1) 8:1(1) 0 0 0 7634
5 2.5(-1) 0.35 (1) 1.1:1(1) 60(-1)  7(-1) 6:1(-1) 0 0 0 5722
6 4.5 (1) 0.35 (1) 09:1(-1)  80(1) 9(1) 6:1(-1) 0 0 0 7472
7 2.5(-1) 0.35 (1) 09:1(-1) 60(-1)  9(1) 8:1(1) 0 0 0 40.10
8 4.5 (1) 0.15 (-1) 1.1:1(1) 60(-1)  9(1) 6:1(-1) 0 0 0 6657
9 4.5 (1) 0.15 (-1) 09:1(-1) 60(-1)  7(1) 8:1(1) 0 0 0 5005
10 4.5 (1) 0.35 (1) 1.1:1(1) 60(-1)  9(1) 8:1(1) 0 0 0 7001
11 4.5 (1) 0.35 (1) 09:1(-1)  80(1) 7(-1) 6:1(-1) 0 0 0 6658
12 2.5(-1) 0.15 (-1) 09:1(-1) 60(-1)  7(1) 6:1(-1) 0 0 0 6163
%3 PBD EEMH %= 4 BBD AT RER
Table 3 Significance analysis of PBD Table 4 Test and results of BBD
HzE EIEHR T P HEMHT RIS X(egmL")  XAggh) X% ZI%
A -0.999 -2.09  0.798 6 1 0.35 (1) 1.0 (0) 80 (1)  87.87
B —4.603 -1.76  0.220 3 2 0.35 (1) 09(-1) 70(0) 69.41
C 7.908 3.14  0.088 2 3 0.25 (0) 09(-1)  60(-1) 69.54
D 15.895 483 0.040 1 4 0.25 (0) 1.0 (0) 70 (0)  89.36
E 3.278 097  0.433 4 5 0.35 (1) 1.1(1) 70 (0)  87.53
F ~1.437 -0.62 0597 5 6 0.25 (0) 1.0 (0) 70 (0)  90.19
RO Z 1 BN RO LRI R L E?; " Eg; o 2) o
vﬁ‘aﬁ&ﬁﬂﬁ&@?{ﬁﬂ‘ﬁiﬁe 9 0.15 (-1) 1.0 (0) 80(1)  85.09
2.8 BBD HMHEHRRELER 10 0.25 (0) 1.1 (1) 80 (1)  83.06
B ERERREWRE (XD EFEE (X)) Kk 1 0.25 (0) 1.0.(0) 700) 9311
Hﬁﬁﬁlﬁ?%ﬂ%ﬁj\ﬁ ()(3) y‘j g/ﬁi’ VA yﬂ&%’ 5‘!‘% 12 0.25 (0) 0.9 (-1) 80 (1) 86.74
F AHP-CRITIC V& & MBGE T F AR BE R, 13 0.25 (0) 1.0 (0) 70 (0) 91.95
R 6 Bl o i Bl e ARALEE & w AR\ Z A, 14 0.15 (-1) 09(-1)  70(0)  69.17
R ZME. WS N 0309 3. 0.177 7+ 0.137 0. 15 0.15 (1) 1.1(1) 70 (0)  79.53
0.114 5. 0.070 5. 0.072 8. 0.118 2. i#Hit BBD-%{ 16 0.15 (-1) 1.0 (0) 60 (~1) 74.63
MNIE AL YIOL 4k T2, K Design Expert 8.0 17 0.25 (0) 1.1(1) 60 (-1) 89.76

ARSI HATIE 8, BANFEREK F.
EIRE K A L-1. 0. 1 BE TZRES, St 17 Ak
5, HRAEEREZH R 4. gt fEd
SRR WA RN Z=0.9140.025
X;+0.056 X,+0.032 X540.019 X;X,—0.015 X,.X;—
0.06 XoX;—0.07 X;2—0.074 X, —0.011 X5°. AR
EREZRE (R 5 0.929 3, FHT 92.93%HA1
A 738 S T P O e A R SR R R, T R
R 5 vl fEahdsaitbid 2, i BBD Frfs

LR M7 PR P<<0.000 1, FRHIIZBRING G2,
KPR IGAEZE (P=0.189 9>0.05), W[4
PR B A E DL R A, REHERF S PO S bRt i . %
WRZEXS Z BN X%>X>X,, LI XX,
FEAEFN Z mEE, X2 X250 Z H BBy
Mo Xiv Xou Xa X Z 4B AE MR 7 1 P L P 2.
29 EEACIEMIIERIEER

K H Design-Expert 8.0 345 % K =K - 47
MRALTFI, £5 Be il T 258 AR &R0 %10.18 /g,
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Table S ANOVA of regression analysis of BBD
KR PR HHBE ¥07 FE Pl B EHA HEE ¥07 Fi PfA
A 0.1 9 0.011 2436 0.0002 | X 0.02 1 0.02 43.48 0.000 3
X, 493x107° 1 493X10° 1053 0.0142 | X? 0.023 1 0.023 49.79  0.000 2
X, 0.025 1 0.025 5415 0.0002 | X3’ 496107 1 496X10*  1.06 03375
X; 8.05X1073 1 8.05X107° 1720 0.0043 | % 3.28X107 7 4.68%X107*
XX, 151X107° 1 1.51X107° 322 01159 | &% 2.16X107° 3 721X10™% 259 0.1899
XX, 9.15x107* 1 9.15X10* 196 02047 | 4ii#%  1.11x10° 4  278x107*
XX, 0.014 1 0.014 30.52  0.0009 | &A1 0.11 16
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Xl(gg )05

05 05,
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2 Xpv X, M X3 Z BRI R E
Fig.2 Response surface plot of X;, X, and X; on Z value

FFER 0.96 g/g Pl L BRI EL 77%, KT
M Z 15K 94.28%. NIAFZBA R e, kT
SHEMAT 3 RERRE (£ 6), RAMEEHIK
LW Btk 26, E79 6 FhEbR R IR K
78%~99%, FLLEEIER] 0.989 LU L, S2br Z F-H1H

N 93.69%, ST Z 5 (94.28%) LK, WZEHN
0.59%, FHMEN LEREIT. AHFREZ
YJOL sfE4ift TESHCOMEmLL 107, b pH
4 3.5, ERERREIRIE 0.18 g/mL, EFEE 0.96 g/g,
8 BV 1) 77% L BET Mt -

R6 3 MIIERIGLHER

Table 6 Results of three batches of confirmatory tests

o /%
it — — — — —— ML 2%
RIRR  FHEH RSHIKE e LR HEIER FAEIER
1 83.43 91.97 88.01 98.98 92.25 91.07 0989 9444
2 78.99 91.92 89.60 99.43 92.36 92.33 0995 9327
3 81.11 90.47 88.48 99.17 90.82 90.69 0997 9335
3 i REORIE 2N B ACR,  SLRENE DR K 23 B A IS o L ISCHY)

TR B2 HE R, AR “ZH0.
DAL R BRSSO, R R R X
A3 B AL AL FP 2GR ST P A BRI . R FLIR PR
BRI T 245 R 73 ' SR A A4k AT 7T H 2 1
Z, Hili TP e, BAMERERBR, K
R ZER R, BUED B IRME . e R
AL 25 R, R BORAE 22 7 TR
T S 52 B BR A 222 24 R S B R
TPERIBRE, RENELA G Axi S 2y
I PIAE PP, USRS AR (oL 45 S RHIE AL
R B AP FE bR SR AR AL 2> B I R, B

— 8k, RIEZHERSG—,

ZIRPREEA BT v, AR KRB L 2
AV PRER SRS B, RIS
J7 PR BT 2RI ARAIE H 25 52 07 1) 770 o B AT A %
B, HATRSIAE R TR R By 2 26 BPEW
BOE RECFI WA E R % 3 WALE REU1 AHP
i TR, ARG E N E WAL,
H AT X 2 48 hn Ak o) S 22 5% F ik, B35
AR EMAIB s, G AR TP, 0
B R4 CRITIC v, BGESE, R AL
AR bR A S B WS S e BCE, Bl 7 AN E
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