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Research of classical prescription based on QbD concept: Optimization of
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Abstract: Objective To optimize the extraction process of Taohong Siwu Decoction (TSD, #kZL.UU477%) based on the concept of
quality by design (QbD). Methods With the extraction amount of solid matter, the extraction percentages of paeoniflorin, ferulic
acid and hydroxysafflor yellow A (HSYA) as critical quality attributes (CQAs), the potential critical process parameters (CPPs) was
screened. The mathematical model was established by Box-Behnken experimental design to investigate the interaction between CPPs
and CQAs. Results Analysis of variance showed that the variance of models was significant (P < 0.05), and the lack-of-fit value
was not significant, indicating that the model was statistically significant. Based on the results, through the establishment and
optimization of the design space, the optimum extraction process of TSD was obtained as follows: two extraction times, 40—80 min
extraction, and 11—15 times of water adding. The extraction rate of the intermediate was 49.48%, and the extraction percentages of
paeoniflorin, ferulic acid and HSYA was 2.53 mg/g, 0.30 mg/g and 0.58 mg/g. Conclusion The extraction process of TSD was
stable, and the quality properties of the preparation intermediates were close to reference samples, which could provide guidance for
the research of subsequent granules.
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2 2 J7 Bk 48 9 ¥ % ( Taohong  Siwu
Decoction, TSD) Hi HiERSEAERTE (ARKED
M, EB 0. . TNZfe. W EAAT . MRk
K WE AR, DIRCORIEIMAER . FRMIA% . TSD I
IRNH iz, YA BE. Ji. REiise
S EA BB, B E A T R ORRT], ]
Hesha A8 J7 AL 7S R, (BT IR RS 54

HH G 2T I AR AR I o B 2 N B
BEATHEHL, RARYE 2 B4 J7 ORI R R S AR K
A, URLFRRE 7 5 R R R DG B o B JE
(critical quality attributes, CQAs) #%i. ZEA % &
FFFIEFERT CQAs FPAERIFZm, 2l BT
(quality by design, QbD) FIEEET, X HRLH i 2%
TEAREHATESRI, Ml TZ0E, R
SR EA R SR g, R R AR
FF b it B JE@ A AR 22 e ik o s b 2 52 B A
REEOHE 4 ANTTH: MR B FERE.
PR, Hrar =& AEME R, RBGRHEAE
MR, g TZHLMR R R ARS8 A ]
i€ 15 it TSD JEERE . e AR SUEiE . fabn
YRy 2N CQAs, FHHfiE HiEHl . T QbD
HE, et . HER NN, R
MEIVERACTR I T Z, AL HE L2 R i 23,
PRIk PF G 2R R IBORAE, 845 277 h A 5
FEHERE S I CQAs TREFE— 2, 45 BRI 4
T R T2 B A
1 UESHR
1.1 Y&

BSA 224S {7 MRV, Tiorz—, A
FEAGEHERA R AR IM-B100002 1R,
THASZ—, RTLERERREEFR A
DS-009 ZAMFE R, wHEZEAEAN; H22-X3
R JURH FL B A, BTN L PH A S F AR A PR A
SHB-III R /KAZ B2 R, AR T
HBR/AF; Thermo Fisher U3000 /= RBAH ELIEAX,
DAD failll &5, CM7.2 tailk TAER, FEERCH/RBHE
FEAER AR HH-6 B HEAER KGR, bkt
AR MAXZRH R AT FD-2A HZAHTIENL, b
I T R R S IR AX 28T B 7] s DZF-6051 B L7 -5
ax, AR RIS ERH AR AR G20 BEHEO
Bl bR VRT3 A R A A .

12 K%
W ER A [N ERmIRE, #t5

20201201, HEHYFEEE NPT ER LI EEY 4 A
Angelica sinensis (Oliv.) Diels [FJTF-/54R 15 BHLBE IR
A GrHm R TR, fibS 14, EWEEN
% Z R JE M W) 3% Rehmannia  glutinosa
Libosch. [ AR ) W AT (F2HUHTT L& 48
i, fit'5 BS-12, HEYEFENEERATZEHE
YRj?j Paeonia lactiflora Pall.[F) T AR ) IWLLAEIR
R GrHU TR AL R A R B, bS5 YL20210105,
T W) 3R N %6 BE 40 A8 J8 M W) 4016 Carthamus
tinctorius LI TIRAE)s MR- [F=Hhl FEis g
PR, b5 20201201, FEYE NSRS
YRk Prunus persica (L.) Batsch )18 1% 2
T 1y MERR =P N EZ M T HCEE, S
CX-20181116-101-YP, a5 )5 A< TR} A JEAE
YINE Ligusticum chuanxiong Hort. [ AR 25) . Ik
RGN Zi It A IR A R 44, SdbnihEEg
REFRNFAEBIZEEIFTE (PEZI) 2020 FEhi
WO bR, X EBTERRR (R 8L 99.4%, it
110773-201915) FRELA LT AR A (HSYA, &
¥ 93.1%, L5 111637-201810). ~j25# (R &
IH97.4%, S 110736-201842), T b E £
M2 S B . LM W, Fisher AF, 4
W WERR, Fisher W], ikal; /K, HUNEER
ERARAF.
2 FESHR
2.1 TSD 57 ik R EEH Sl &

ORG24 09 14.92 g WHIEE 11.19 g+ W EHAT 5.60
g, LAY 3.73 g HEMAZ 3.78 g NI 3.73 g, AN
KRR 253 XUZ 300 H e lefijent, &
HIEW, KRR RMEIR, HREETTEAET
60 CTJE3d, #i, i 5 50, BI43 TSD 5+
[EIRENS

FREX_ BB SR TR &8, m/K 500 mL
1239 40 min, 37K (1000 W) 23 5 LASC 2k (600 W)
RIZ 35 min, XUz 300 Hg ey 25@HmA
450 mL 7K, [F¥EERI#E 30 min, JEE, & IFuEM, A
BARFIZE 400 mL, BN TSD /KFIK

F B IR KB 5 mL T 30 mL PaARIE
—20 CW¥ 24 h, B EETSAHTIEN (=80 C,
B 10 Pa), A% 3d, BI75 1 3 TSD FEuErEfh.
22 CQAs fix#E T ZS 8 (critical process
parameters, CPPs) BIFAZE
2.2.1 CQAs HIfisE 456 TSD HEETT i #e Kln
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PREGERE M IR FE0S), W B 2 R AT 2457 L B B
HSYA [ ECEAE N TSD I T 2K CQAs.
222 CPPs Wik kA faH E#HTRETZ S
BHRIL TRk, SR 1. ARYE AT R K
SCHERAT MO0, mT IR R B 1)L SR BRI K
BN PRI B R R
W W

Pt

IR ]

It

In#eg

ilﬁ[g - ?% HX HTI |HJ -
1B PRI
iV / PV R
2R FRHUEAT

1 TSDRREIZSHiHEaEE
Fig. 1 Fishbone diagram for extraction process parameters
of TSD

2.3 $EMRMERS R ENE
2.3.1 X SA R  %

(1) HSYA X i S I (1) i 4« RS % FREX HSYA
XTHRAOEE, IN 25% F I RO IR FE A 556.00
ug/mL [R5 HE S BE

(2) BAJZRER XS IR S VR 1) 5. A 25 R BT 2
PR ot B ST R, N 70% R A BT R FE R 507.60
ug/mL [R5 HE i B

(3) ATZTH IR AR ) . RS RRENAT 24
TR SOE R, 0 RS BN 1 068.67
ug/mL [ HE S BE
232 AR A%

(1) FEHERE AR 12 “2.17 TURN ik
iR FEAERE W, DOEAEREL 1 30, M S mL
=ik, #7530 min (F)# 250 W, S 40 kHz),
B30 0.45 pm JEE, AT~ 251 . 5
FEUWERE S 132, RS IN 5 mL 25% 9 %, #2875 30 min
(Th# 250 W. & 40 kHz), B EEWH 0.45 um
TAFLIEREEE, -0 e BT 2R R A1 HSYA

(2) KBRSV 1% “2.17 TUR T
7% TSD ZK#&3, HU&E = /KFEH 10 000 r/min £ 10
min (02428 5.79 em), _EIEBH 0.45 um #4L
JEMEYERL, M KPP ATZ T . BB X HSYA
&,

(3) iRy PRI 0.25 ¢ “2.17 T
R R A, RSB S mL maizKEk 25% H
BEWSAR, B 30 min (Th3 250 W #9% 40 kHz),

B 0.45 pm GALEREREIE, W E 7 R AR
HATEGH . BTERIER X HSYA I &

(4) BIPEBEIRSIAT: AR GIBRAL 7 Rk 2
R 0 ) 2% R AT AR B PR it R AT B PR
BRI BIPERE S SRS IVERE S S 5115
WEHERE S, %8R “2.17 TR TSD FEAERE
B ITVE A B SR AERE A, IR “2.3.27 TR AR E
P it A T A VR R 1) 2% T 32 1) 85 P At et VA
233 (Ot

(1) HSYA: {4 Shim-pack GIST CisFE
(250 mmX4.6 mm, 5 pm); VREIAHN - FHEE-
0.02%R R KAV (5120 1 75); # il K: 403 nm;
A E 1 mL/min; A3 30 C; HEFEAFL 15 uL.

(2) FTEEER: AN Inert Sustain Swift™ Cjg
FE (250 mmX 4.6 mm, 5pm); MBI ZHE-0.1%
BRI, BREEVEL: 0~5 min, 3%ZAE; 5~
25 min, 3%~9%Z.Mff; 25~40 min, 9%~ 11%Z /i ;
40~55min, 11%~12%ZfE; 55~70 min, 12%~
18%Z.Ji: 70~90 min, 18%~34%Z.fi%: 90~100
min, 34%~47%ZME; 100~115 min, 47%~95%
M RMEK 230 nm; KRR 30 C; AFRE 1
mL/min; #EFEE 15 ul.

(3) AjH5H: it N Inert Sustain Swift™ Cig
(250 mm X 4.6 mm, 5 pm); AN ZNE-0.1%
WERR /KIS (14 © 86); YK 230 nm; AEif
30 C; fAFME 1.0 mL/min; HEFEE 15 L.
23.4 MR AFE BUC2.3.17 TN A
% “2.3.37 TN G AT 7 0 I E AN R SR EE R
HSYA. BiZRERAIAT 25 F I (i id 0 AR, DAXT R
rn VBB B IR FE R AA B (XD, TR AL bR
(Y, 4350 HSYA . Bl BRERFIAT 2451 i Bk FEEAT
Lotk R, 13 EA77F25 58 HSYA Y=0.766 4 X+
0.480 5, R?=1.000 0, Z& P75l 5.56~556.00 ug/mL;
FiZEER Y=0.816 2 X+1.124 2, R2=1.000 0, £&1%
il 5.08~507.60 pg/mL; AjZ5E Y=0.339 5 X+
0.197, R2=0.999 5, Z& Y5l 10.69~427.47 pg/mL.
235 FEEEAL DU S AR RIS 10
% “2.3.37 TN G AESLHFE 6 I, 43 i
HSYA. Fi[ZERRFNAT 248 1)U T A2 RSD BN 0.32%-
0.19%- 1.70%, KUK E L RIF .

2.3.6 e tEias  BUSHERE SO RIETR 10
% “2.3.37 N A% F A BIFERI S 04 24 4. 8.
12, 24 h #FEDE, 255 HSYA . FiIZEERFNA]
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ZyHF T A RSD M 0.75%- 0.93%. 2.60%,
B AR S VAVRLAE 24 h RS E I R I .
237 EEMWRLE B MRS, BN 1
FEUERE i, #2327 WU VE SR VAW, 1542.3.37
T R S AR AT IS, 5 HSYA L P BRER
AAGTHE R &% RSD {H4 0.52%- 0.28%-
2.00%, KHZHEEZERI .
2.3.8  INFEREISCRIRIG  HOEEREM 6 4, BN
0.5 SCHEUERE s 20 SRS 35 0 N 55 R A it o A B
oy S ARSI R SRR, 4% “2.3.27 TUIAERE
BEINFEAER AT, % “2.3.37 W RE 452,
3 THE HSYA. BIBRERFIAT 24 (1) TS50 s (=T 0
5 101.05%- 97.68%. 99.93%, RSD A 2.6%-
2.1%-. 1.4%.
239 LREMERK %M “2.3.27 WK 5k Hl
2 B P A A VR 4 T AR R VT, 5 G BRI
HSYA RATZGH 5 BRI o ik B JEik, 45
R 2~4, S50 EKH, ZHENEEERL, &
A SRR
23.10 FEMIGE Rl SR 2R, %R
“2.3.27 WU IE AR VAT, IR “2.3.37 Tt
WEARAERATIN G, THE SRR 1) 2 SR
RORIER = KI8T R B 248D,
24 HERNE

¥ TSD /KPR ELFE B R ML, KIEHRGE 2 A
IR, 60 CEETH 34, REfE, HHEER.

E NGt
o |
PUVRUT I It '..r‘x.."." S N W
c Gt
i EFUNEUIYIPY SOV PR ¥ N LS N SN S PR
5 |
G ,
N UPPVEUT TP DU | WD | S S PR RN .
* |
T
0 20 40 60 80 100
t/min

AR B-hAAPIMERE S C-TSD #Eih  D-#h
H IE ARG E-P 3R I i

A-negative sample without Chuanxiong Rhizoma
C-TSD sample

D-negative sample without Angelicae Sinensis Radix and

B-negative

sample without Angelicae Sinensis Radix

Chuanxiong Rhizoma E-ferulic acid reference substance

E2 MEHERETREMNE HPLC [
Fig. 2 HPLC of specificity determination of ferulic acid

c HSYA
B
HSYA
A \
0 3 6 9 12 15

t/min
A-TSDH:fh B-BRELIEFIPERE S C-HSYA XTI i
A-TSD  sample
Carthami Flos C-HSYA reference substance
3 HSYA EEMMZE HPLC
Fig. 3 HPLC of specificity determination of HSYA

B-negative sample without

C
AJUE

‘I\

i |

-]

|‘1‘\‘-, 1|
B JAK | S

Al T eme
A L E]
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t/min
A-TSD #£ih  B-BREATFAMERER  C-ATZGH XS IR
A-TSD sample B-negative sample without Paeoniae

Radix Alba  C-paeoniflorin reference substance
4 HHEEFREMNE HPLC
Fig. 4 HPLC of specificity determination of paeoniflorin
HEF R =T R R R
25 BERABYLSTFERERTIZ
PAATZEEE. BIBEER . HSYA $REUK B RN

AR hy, [EE FEAU (A9 60 min, HHZK =N 400,
600~ 800 mL AT 7K B R E S, ZH
F 1. EZE /KR 600 mL, FEEUTE 30, 60. 90
min B THREUN MR R R IR E S, FRIE 2.
F g SR mT A, BEAKE ARG, FEbRtE R 3R
. HERNINETSE, P LUK K & K-
SEN 800 mL; BESLHUAT (B A LE, FERERFEHCRE |
B RIRWE N, HAT 258V HSYA FREUCRTE 90 min
B TR, BT CLR SR B ] =K~ 2 4 90 min.
2.6 Moy AT

2.6.1 CQAs fll CPPs Hyffie  J&T L 44, DLs
AbT7 PR BR AT R ECR (Y FIERRR R HUR
(Y2). HSYA #£HUZE (v3). HEFX (Ya) A CQAs,
K& (XD FEEUNE] OG) FERERE (X)) {E
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F1 BEZMKEER

Table 1 Single factor water addition investigation

b7k &/mL SRR HE /%
AjiE BIEEER  HSYA
400 1.85 0.23 0.93 28.72
600 2.18 0.29 1.06 36.20
800 2.50 0.33 1.12 36.48

#*2 BEREHNAEER

Table 2 Single factor extraction time investigation

N CPPs.

2.6.2 Box-Behnken il F|F Design-Expert 10
B e 3 IR 3 KR 17 IaakEe (ot s FE
2500

2.6.3 Box-Behnken {44554 R #% Box-Benhnken
RIS 7 AT SRR, AR IR 3.

2.6.4 BREES 5P KM Design-Expert 10
AR S AT G, B VPN TRAR I 2 M
AR PEDT 0.05, RIEHZ AR
SEREN, PR b2 DU ) JE I, ik
2 Br 2 AL 4 A CQAs (ATZGHHRIE,
FIZERRPE A . HSYA #2HZ. HER) KX
CPPs (7K E. $EHUmt[a]. $-EIUKED BT
Ho BRI : Y1=2.87440.15 X1 +0.095

N FEMA/% N
I min. = s e wsya
30 1.64 0.19 1.16 22.39
60 2.18 0.29 1.06 36.20
90 2.13 0.35 0.99 39.17

X>+0.45 X3+0.027 5 X1X2+0.06 X1.X3—0.057 5

#3 Box-Behnken SH T Z LMK FRITSER

Table 3 Process parameters and levels design and results of Box-Behnken experiments

IS Xi/mL Xo/min X3/iK

Y/

Yo/

Ys/

(mgg™") (mgg!) (mgg™")

Ya/%

RES Xi/mL Xo/min X3/¥%

Y/

(mgg™") (mgg™") (mgg™h)

Yo/

Y3/

Ya/%

1 400(-1)60(0) 1(-1) 1.90 0.23 094 29.37| 10 600 60 2 2.62 0.38 1.25 4435
2 600(0) 60 2(0) 3.12 0.41 1.28 47.94| 11 600 60 2 2.75 0.41 1.24  43.11
3 600 90 (+1) 1 2.10 0.31 1.01 2847 12 600 90 3 2.93 0.44 1.19  50.63
4 600 60 2 2.65 0.41 1.23  45.54| 13 800 30 2 2.95 0.36 1.28 39.86
5 400 90 2 2.64 0.39 .11 30.74| 14 800 60 3 291 0.43 1.29 52.02
6 800 (+1) 90 2 3.15 0.49 1.21 49.82| 15 800 60 1 1.93 0.30 1.13 34387
7 600 30(-1)3(+1) 2.81 0.33 1.37 42.86| 16 400 30 2 2.55 0.33 1.23  19.03
8 600 60 2 3.23 0.46 1.27 46.03| 17 400 60 3 2.64 0.42 1.25 40.39
9 600 30 1 1.76 0.21 1.13  25.29
XoX3—0.06 X12+5.50X 1073 X2—0.472 X32, Y= F4 EFFERFESRER
0.414+0.026 25 X;+0.048 75 X,+0.072 5 X3+ Table 4 ANOVA results of regression model
0.017 5 X1.X>,—0.015 X1.X3—7.50X107* X;2—0.020 75 fabn ELPE  RWIIPE Rag? R?
X>—0.068 25 X3?, ¥3=1.254+0.048 75 X;—0.06 X>+ A 0.0231 0.8730 0.7391 0.8859
0.111 25 X3+0.015 X1.X2—0.037 5 X1.X3—0.015 o)X — Rl 2R % 0.003 2 0.8175 09015 0.9569
0.033 25 Xi2—0.010 75 X>2—0.068 25 X3%2, Y.= HSYA 0.002 5 0.2414 09451 09760
45.3947.13 X1+4.08 X,+8.49 X3—0.44 X1.X>,+1.53 R 0.0223 0.026 3 08369 09286
XiX3+1.15 XoX3—4.09 X12—6.44 X»2—2.14 X532,
AJEGHE . PTERIR . HSYA $REUCR BRI 2 2,65 WARNHAHT AT 25 155 i 28 S e L T 43

TR SRy 2 B3 (P<0.05), RIMEAE
=, RPFTEBEHG TR (R4 HEEMRL
H IR RE R2 KT 88%., it WAL A MR 4 K
0531 S AE (AR A s T HE R E R B Raa® YR T 73%,
U B [ A B HOL & FE LT, 1T DLAZ AR 47 404

Pt 5, HArE 5-A FRos SRR R AT 0K B X AT

ZH IR

Wil AR HR B E D 2 TR, K EAE

P 2 B v T BN [R], RN B0 AT 24 1 R M R
K B 5-B R BURBONTIN K BEXEAT 2575 (RS2
M BLHLE [ [# 52 4 60 min B, FEELCELISE S 2 2
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>

AjtF/ (mgg ™)

—"40

AjZiF /(mgg ™)

A-II

X>/min

Xi/mL

C-II

2.5

X3/

Xi/mL Xo/min

5 MLEFMMEE 1) REFSK 1)

Fig. 5 Response surface figure (I) and contour analysis (IT) of content of paeoniflorin

kR, BISEIURBO AT R A
5-C RN FRIEAN SR U [ AT 25 H (52, 24
TR EERE 29 600 mL i, FREKE A& 2 2
e T PRI IR), B BRL3RO0S AT 258 RS M DA SR B
> KR > FREUE . B 5-B. C W
BE, R IRHRREC S IR . SRIBGXECS SR U [H]
IR B A A, W AT R K

O] SR R F) 25 et 2 S M 2 T B LB 6, v ]
6-A IR SEHUN [RIATNK B B BERR (5o . 8
HCRHIE € 2.24 YR, SREUN [R) 55 i 2 % B i T
IyKEE,  RISEHCR (a0 FT SRR AR 1B 6-B &
T R BHONUIR K B0 B SRR R B2, 4 B EUN ]
I8 %€ 9 60 min I, SEHCICEIN A5 e 2 L v K
=, AISERREOR BB B B 6-C ik
SR BT BRI T8 X B ZRBR (KT 52Mi =4 7K R ] 5
9 600 mL I, FRECRCEL I 58 e 2 8 TSR RS
(], BRI ER X B 2 R (10 52 i Dy i B A 4 > S U
B> K&, B 6-B. C HIMINIIELBE, R WITRH
B IKE S SRBUREC S S U 8] 2 18] 52 AT
Beom, KB ERER LK .

HSYA [R5 e 2 S ML 73 B 7, Herr
7-A R RN R RTIK X HSYA BUsNT. 24

BRI 72 2y 2 RIS, $HCHRT [R] 56 v 42 2% B v 1
K&, BISREUN A6 HSYA Semiiik: & 7-B FoR
SRR K BT HSYA SN, 445 Bk a] [#
SEN 60 min I, FEHEU) S S A FE T K
5, BRBRECR HSYA Semide ke, B 7-C Fordt
B UCEORI B BT [ %6 HS YA RIS, 4 hnsK & [ &
79 600 mL B, HREELICE ) S i 4 5 L v T AR T
], R[4 R 20 HSYA RIS Ay $ Bk > R EUn
> ke, B 7-B. C MR, #ni
RS Ik FRBGRE S $RE [A] 2 [A) 22 HAE
P4, % HSYA A 85K I .

R SR 2R S T A UL 8, L ]
8-A FoRFRIUIS [ RN K S B R I . 442
BB 7 A 2 VRIS, oK B 25 v 4R 5% v T3 B
], BEAK&EX) A Rmiok; B 8-B Ronfi
BLRECRI N /K BT H B 65 mm, SR U (][]
79 60 min I, $EIRE 55 = 2% L = T K &
R SR ECEON B 2K B 8-C RRHRHUK
A G N ETP O = 22102 ) 1Y) & Eibrebs)
600 mL B, $RELICE I &5 i 2 25 B s T AR HUR T
BIY&%- BRI 20T HA B 28 15 D SR LR B > ik &> 4
B Ia] . B 8-A C M ST FERLBE, Fn TR,
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R R/ (mg-g ")

N 40

R EERR/(mg g ™)

X>/min

700
Xi/mL Xj/mL X>/min

E6 MEMEMMNE 1) RFSZ (D
Fig. 6 Response surface figure (I) and contour analysis (II) of content of ferulic acid
C-I

A-1
£ E
= =
A-T C-
2.5
.g
E g
< >
1.5
500 700 500 700
Xi/mL Xj/mL X>/min

El7 HSYAWMNE () RFSZk (D
Fig. 7 Response surface figure (I) and contour analysis (II) of content of HSYA

Xp/min
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Fig. 8 Response surface figure (I) and contour analysis (IT) of content of extract rate

(] 51.082 min, $EHEKEL 2.442 K, TELLSRAFTA)
ZHEFIRBUE N 3.003 me/g, FIBLRZHRELE AN 0.420
mg/g, HSYA REUEN 1314 mgg, HEFN
48.66%. Wi [V [ S 56 1 BT 4SS LS A SE bR s LA
J7K & 600 mL, FEHUETA] 60 min, FREKEL 2 K.
2.6.6 VLiFEEEIEY BT AP R ERE
FAFEA R PR, SO e ST H A R RS
BARISZ, WoE HAsVORE, @t asiE, AT
M AR P 8 SRR AT, DL 2 AR ) SR AR
RUHAR SR B, A IR HEAE S AT 251 T & 40 4
J92.10 mg/g, FiELERJH & 53 40N 0.34 mg/g, HSYA
JRESHON 1.15 mg/g, HEZHN 37.43%, HKEE
WA T RS, NJAEIRELIN 15%, BIELRR
HSYA 515K HIZ1 30%. J9AR-IERS 2 #1771 o
[ AR AE S UHERE S 70%~130%, BE ik Hbs [ARYE
(H i R S 42 T B S8 B 1) R 24 B 7 1 70 25 4
FREASESEM GRITOY, MMIERRMERS . HE
356 S5 17 T e B 1) 7)o S R A o T ) — B
AT bt 18 B U 51 5 A s 7 SR A 1) 70%~
130%. FHF ARSI RS = /MR, 525 V@ )/E4%
ARG OL, AR A 7 R AR bR R B R
T = MR R E, N RIEH I T AR

TR RS S B R EEoR, BRIk 3 MR FRIE RS I
BELf 7 A R i AR A B X (130% + il 45
SRFD, TN IR e Y FEERE S R R R ] A
25 2.10~3.05 mg/g, BIEEIR 0.34~0.54 mg/g,

HSYA }1.15~1.84 mg/g, 5 5 37.43%~48.66%.
PABE N SR R AT S B AR 148, Wit =s(a),
SERLE 9-A. B B X A AL Sk PRI R T
2, WTEAMMIIME S RS EE R, il
Bt R R R A A E N, B E Xt
[ I BAS K 0=0.05, FEit2s a4k,
SR LE 9-B. B EREAEXEBOVESE 95%H45H
A, RN A S THER A T2 HbR, K
X SO R X 5, R ZS 8] A A THE A 5%
MERTCV 2 SR I T2 HARESR, AEXIEA R
L BRAL H 5

2.6.7 AN HBVIRUE Dy IE e VLTV T 15 4

]SRN, SRR TS [ A 4 NS RN AT IR,
SEIG AR RIE UL 5o BAESEIR S R WK 6, 45
R, A AR RAFA SR, TSRS AN AL,
R BT ST ) S A e T 2 H Aw . B0 IE SRS A 1
TR TR R4 B R B 23 5 B S8 7E FEUERE S K 70% ~
130%, SHEAERE &R VERGT, R E 2
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Fig. 9 Design space of extract process of TSD
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Table 5 Selection of experimental verification points

IS UEHEIR b7k &/mL P []/min
1 CEIERAD 550 60
2 (R 600 50
3 (=AM 420 30
4 (BEXMED 600 60
RIREIG A 2 R

the extraction times are 2 times

TR AT
3 g

CHARE S48 J7 TR 245 5 07 1) 70) B Fo) o A 1
R ERIER GRAT)O) $8H, N B RAZ H.
FRGUFHE B « FAR s & & SR AR ST T, Ul
B 1) 77 S5 A S 1 — EOhE . RT3 EH, 15 #it
FEERE S HR SUEE A AL S KT 0.9, A HAE
NV RS AT N AT TR ) R B2 R Ay, BT
BRI NE 285y, HSYA N4 e

£6 RIBABER (01=3)
Table 6 Results of verification test (n = 3)

I UFREIR AjE5E (mgg ™) Rl ZE R/ (mg-g™") HSYA/(mg-g™") HE /%
1 CRIR D 3.06+0.02 0.48+0.01 1.2640.01 45.83+1.50
2 (D 3.01£0.03 0.4340.01 1.3340.03 46.74+0.83
3 CEASM 2.5540.02 0.3440.01 1.1840.03 36.65+0.08
4 (BEXMED 2.6540.02 0.4140.01 1.2340.01 45.5440.29
BEAERE 2.10£0.03 0.34£0.01 1.15£0.01 37.4340.43
1] 751 v i) 2.53+0.10 0.30+0.01 0.58+0.50 49.48+1.50

ML 12, =FH BN R B E ey, W
& TSD RIFPLR  BURIEH AR 13 0), HE
RARARPUR N EEIE RS, IR FATH
BIZEEL . HSYA & RN 4R .

Wi 7 T B 5 S B0 B T AN B AR LAk T
2 AT RO R, RO 2 N T
LRI 7)) g% 116200 B R &R AR BB AE —
SEVEE A, BT R R R IR, B
] AR ST RERS A AL SRR 26 1, D kA e fit
TSGR o AN SR 2 % Fahm B R A T 4

JEARRR, FR NG 8 2R H bR
PR, DU 7R (A S R R T R R R R .

SIBURZAVALSr acel I AR e HU N e R
20 SRR EL 2 IR, K& 11~15 f%, $2EL
5] [E] A 40~80 min.  JT 73 il 7] B 42 (1) 4 A e 1l 40
TR RS EMIL, R 70%~130%,
Wi B S i R AR A VEAS B 1) TSD $2 L2 E
FIr 545 550 H ) 4k 5 B A ot o B S 1 B AR — 2, T
CAAE A i SRk 1) A 3R B 2

RBAR AR ERRALEF B R
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