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Abstract

In this paper, the response surface method (RSM) was used to design the experiment, and the ex-
tracting process of scopolamine from Flos daturae was optimized by ultrasonic assisted extraction
of dichloromethane extraction method. On the basis of the single variable test, the effects of the
ratio of material to liquid, ultrasound power and ultrasound time were taken as the influencing
factors, the Box-Behnken center combination method was used to design the 3-factor and
3-level experiment, and the response surface analysis was conducted with the scopolamine as the
response value. In combination with actual operability, the optimum extraction conditions of sco-
polamine were determined as follows: the ratio of material to liquid was 11:1, ultrasonic power
was 173 W, and ultrasonic time was 32 min. Under this optimum condition, the yield of scopola-
mine was 0.09843%, and the relative error with the theoretical prediction value was 0.53%,
which indicated that it was reasonable and feasible to optimize the extraction process of Scopola-
mine.
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1. 5|8

FEEACNARHEY A 16 2 e (Datura metel L)W T-1RAE, MRS KA. 2REE, F-T
L5 ARE. ARG, ZBURT . IR AR E Ao b i b, BRI LIRS 2 D)
B REEIR. BEER. L B E  e AY AR O e T B R . R LR RS B P A R, B
FE N IZ[1]-[6]. WM T 72:(Response Surface Methodology, RSM) & —Fp 264 S i 9286 57 7] [8], i
T AT — R AN I B SEIR SRAT SIS E s, PLG SR 25 S IO 5 R A R O R DL 1 7
FILH Sk B b B S50 i s S 4

AHI T A A B SR B A R AR B A B R b, it e 7 R A B, R P R A R S A E A
PN AUBAE g 240 S B ARy, (Rt MR R B B Y, S AR U [R][9] [10]. ASSEEGAE A
RIEEAN B, DABOREL . AT RN EN B RN ER, DIARESEAF N NAE, H Box-Behnken
Wi 7 T2 5 T SR AR A AR B S K PR B 20554, $R SR BOE A2 AR B S R 155

2. 5 RE

Rkl AL, 77 H LB E YR R A RSP .

WAl e, &0 &GRSR A, W E EGERL S RAIERA R, SURRAEE
B Xof HE ot (22 U R AR MR 2 G BR A Rl AL, 2HRE > 98%), 7K A AiK(E B IR 2EK) .

I3 RRCHAR (1260, 2 EZH#R): BT R TJA2003, EEAFR): K2 TEHMDZF-6050,
g AE R A A PR A F]) s MRS AL BE 2% (SCQ-250B5, 48 /M 125 HE H Zh L e A B BR A D) s 2L (A
5 ML-800, JRJHEESENUM I & B BRAT]); el 28K 45(RES2CS-1, Rl ARAAXERT ).
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3. REHFE
3.1. EEEE

K OB s e B e P AR E S S R . OIS (i ke SGE protecol C18 (5 um,,
4.6 x 250 mm), AN ZME-0.07 mol/L BEEREAVE (7 0.0175 mol/L + e LM EREN), FHBEIR A pH 1H
% 6.0 (1:2, V/V), FPFK N 216 nm, H#E 1.0 mL/min, A 25°C, #HFEE 200l [11].

FE BRI AR IR AR BTN I 8.1 mg (B TR E i 5.6 mg), HMEDERT 10 mL AEM,
e B RSAH 2 T AR B I 560 pg/mL XS IR SE L LGB B, 23 RS S R HIL, )28 166 P8 TR B T
T H B3 R B A R B2 S5 20 i 560 280+ 140, 70+ 35 pg/mL. MR IR (0% 46 AR 0E N m B0R A
I E I T A

THERFFR BUPE B AR B A T S mg 38 & 10 mL 2=, 0.45 wm JE M 38 J5 VN 3 RO € 143,
R R I AME, DAsEf 2t BB AR AR E S A =

REFEWARITEAN: RESHAE%) = RESHBREFSETHIE x %

3.2. BREEAN—SRRENFREEAEE RS

3.2.1. iRt FEERBSENFM

BTN, EIRB S E KR EARIRE A 122 (¢/mL), BAEIIEN 180 W, REURE N 25T, #
HUEFTE] 9 30 min B2, XPRHE ELE T R R AR5, ERERH LR 2K A 6:10 8:14 10:1. 12:1,
14:1.

3.2.2. BFEEINEN R RERSERNTE

BreaAe 0, 7R RS 2K EARFIE N 1:2 (g/mL), =& HFESERNRE A 10:1, $REURE S
25°C, HREUNEJY 30 min MIZAFF, XA BEIIFEAT R, B8 A IR E R KT A 36,
72, 108, 144, 180 W,

3.2.3. RN EMNFEER SR

BUEEAE TN, R S ZUK R BN 1:2 (g/mL), & Tk 5FERNRCRI L N 10:1, A TERN
180 W, TRHUGEE N 25 CHIZAE T, XTHEHs m AT IR ZAR0E, B FREUN ] K 2 KA 10, 204
30. 40. 50 min.

3.3. M mEfiE

AR RSB, E R AR RN = EERER, A BRHE(X ), S Th A (Xp) AR E
I 18)(Xs), FEAEAMSI AR BREAT 3 BRIER 3 /KT M R d kS . Sl /MR 2, R =X EE . SE KT
SHBE KRR 1, & 2,

Table 1. Factor level and code of Box-Behnken design
= 1. Box-Behnken &+ 36 E 7K F K 4w

. IKP AN
A5 ity
-1 0 1
WEHEE (mL:mg) X 10:1 11:1 12:1
T H (W) X, 144 162 180
HLHL A [A] (min) X; 25 30 35
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Table 2. Experimental design and extraction yields of Scopolamine with RSM from Flos daturae

=2 FEUPREEWRERIZM0EEE SRRt RER

RS X X, X3 FHE (%)
1 1 0 -1 0.08744
2 0 -1 1 0.08763
3 0 -1 -1 0.08665
4 1 0 1 0.08998
5 0 1 1 0.09547
6 1 1 0 0.09332
7 -1 1 0 0.0917
8 -1 -1 0 0.0835
9 0 1 -1 0.089
10 -1 0 -1 0.08508
11 1 -1 0 0.08606
12 -1 0 1 0.08861
13 0 0 0 0.09645
14 0 0 0 0.09626
15 0 0 0 0.09763
16 0 0 0 0.09587
17 0 0 0 0.09704

4. SKWER
4.1. FrfEfhEk
DA THTAME Y ANAERR, DA ORI FEAE XONBEALAR, Zaibbnde phek, 754825 ml i 2k o4 [l
A2 Y = 15.845X + 62.966, R =0.9999.
4.2. BRI R EEBISRARM

HE P 1R, R R AT SR B SR IO B AR o s n, (H A0k EUlE I 10:1 B, RS AT
FMRTHRSE . 1933 (G0 Ui B 5 v VOB EL AT M T AR RS IR It (ELREE VRORK EL 3G, 8 P e
AL B AN, AEAR R AR R B, PRI RS TS 23 BT CAREA VORE CL 38 0, 15 2980
HrasAEsz. BrbliRtERRR EE Y 10:1.

0.10-
_+—1
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<
=
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=
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The ratio of material to liquid

Figure 1. Effect of ratio of material to liquid on yield of scopolamine
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4.3. BEENENAREBSENR M

HIPE 2 WL, R RS TS R B R R A S D AR AN T AN T 0, 7E 144 W )R, RXAEBARLE . B
R P P A R R AR AR R S R W ANIRBIIRAS, P AR, AR sy B, 6 OB AT 2 R
TR, SRR REAS ORI TA o RN Bl P e T R O, e P SRR 2 R 7 Rt 2 M £ A e
PG 9, A< A5 TRl POV LS 3 B K o NS ey 78 7 R AR AR B Tl R A BR ], A RESRIE D) 3 4E 36~180
W Z A AR I A R A R S R A 52 . T AR R TR IE Dy 144 W

0.10-
0.08-
S
=
S
= 0.064
0.04- —
0 3 T2 108 144 180

Ultrasonic power (W)

Figure 2. Effect of ultrasonic power on the yield of scopolamine

B 2. BAERINENFRERS RN

4.4. AR ENFREESGRRNT

H Pl 3 RO, 2R B B AT R i A BRI 1) B B B i 30, SR R 30 min J5, AREEE AR
Mg 172z UL REAE R I A AORES, R REAE Tl 7 B NI N o {ELV L B B 5 P I (]
IEa T, RIS AR 0 SR o I () H B I It AN . HAESR U RE Ao B, 248 o SR U 1]
HEIL 40 min J& , SRBGK 277 KR B EOHPREFY, (AR AU B 2, AR RS IRAIRE T %
JIt A AR BRI [A] 32679 30 min.
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Figure 3. Effect of extraction time on the yield of scopolamine
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4.5. MR S HTEER

4.5.1. MEERHLRERTEREREER

e 2 N BT AT T B M S 45 5, 32 ) Design Expert 8.0.6 %t Box-Benhnken iRX54& % i1 77,
XoF A0 AR A R R 1 B DR R (X)), B THR(X,), B S IR ] (X ) HEAT = R 2 = /K P 1A 2 T X 56
wit, WRIT 1~12 BRI, RS 13~17 ZF 0%, 17 MR S0 TR A s, KA
MABEEREE Xv Xov X3 IR =4ETG: RACAXKIBIHOa, FriliEE 5 &k, HIEMN
THA R ZE

4.5.2. EVARBEPFHERE R EE S
if1d Design Expert 8.0.6 #/F 0 B #4777 72 70 #r, 70 W A R e 3 o o VOB EE(X), A TR (X)
P I 1] (X )0 AR B A5 ) 15 28 RN R, ELBR 75 D 3 A A5 I (A A BARE . K8 F (BT,
R B XHF R FEMRE B AR RN Xy > Xy > X6 A X0 X510 X2 X2 X2 B THRIA R 1 535 K F(P < 0.01),
Xiv XoXs TUE K F(P <0.05), BIHTFEA:
133 (%) =—0.90635 +0.11365X, +0.002912X, +0.007808X,
—0.00001306X,X, —0.00004950X, X, +0.00001525X,X,
—0.004958X —0.000009406X> —0.0001566X>

5] 905 FE A 55 280 R? N 0.9842, FRAY(P < 0.01) A i B 12 25 1, 2 480351(0.1890 > 0.05) B 5 A i
ZE, R AR AL PN E T . BEIE R E R B Ridj N 96.38%, i BRI BEMRIE 96.38% i N {E ) 4%

e, A 3.62% 88 R AR IR . R

CV N 0.99%, TEr[E5zulE N, Ui A E R ER L.

Table 3. Variance analysis for yield of polysaccharides with various extraction condition

®3. AESHE

7908241, ULBZARY FNAE R AF o Wi AR A SR R A

T3 FERVE P H e ¥175 F 18 P {H LENE
Y 0.00035 9 0.000039 48.35 <0.0001 **
X, 0.0000078 1 0.0000078 9.69 0.0170 *
X, 0.000082 1 0.000082 101.93 <0.0001 o
X; 0.000023 1 0.000023 28.32 0.0011 o
XX, 0.00000022 1 0.00000022 0.274 0.6170
X, X3 0.00000025 1 0.00000025 0.30 0.5987
XoX3 0.0000075 1 0.0000075 9.34 0.0184 *
X? 0.0001 1 0.0001 128.25 <0.0001 o
X? 0.000039 1 0.000039 48.47 0.0002 o
X? 0.000065 1 0.000065 79.98 <0.0001 o
7 0.0000056 7 0.00000081
LS80 0.0000037 3 0.0000012 2.60 0.1890
R ZE 0.0000019 4 0.00000048
oty 0.00036 16
F: RIRp<0.01, REREZE; *Rxp<0.05, RERE.
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4.5.3. IWRERZEIER I

2% DR ZOGS 2R B S AT 3R (R S 2 R T A S R, SEARUNE 4 Fon. B 4RI, KRS
B3 A SRR L T2/, S A DR B ECK . B A DR BN, A RSB A4 18
FF HAT PR R L S P DR A HAR LSS, 55—

HIE 4b)ATBLE Y, AR A DDRMFERELT, RESMIEFRZENR L RN E D, 32 E
WISEMARR, Sl A I R BRAEAR G JF ELAT DABORF EE 558 P I 8] B AR ELAE P i A 22

HIE 4(c)AT AR, 2R BE A5 T ) 15 2 Sl 75 I [B) ARE 75 Do (s sk, IR ez M A2 AR

ST E
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180
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2
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S
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144

162 171
Power /W

(a) Bk LR A Th R (b)WBORH LA P B[R] () ThE AT 8]

Figure 4. Response surfaces and contour maps of the interaction of every two factors to extraction rate

4. ZFERHZEAERIHR IR NRIN R H K FSL%(E

4.5.4. Mo R EEA AL AYLEIE

{8 FH Design-Expert ZCEF3EAT TN, 453 31 2% B e B s R 1) 4 20264008 WkHEE 11.08:1, HEA
DI# 17271 W, BRI A 31.52 mins % S SLbREAE IR, Kt LESHUEIE N R 1101, &
AYIZ 173 W, EAERE 32 min, EMHFA T HATIRIERLE . 3 JCOPAT R AR RSS2 35E RN
0.09843%, SEILTIAE KIAHRRZE N 0.53%.
5. B4

AR R A B SR R IO S e P AR B S B I AR AT T e R T S AR R 7 DR R ) A
b, DAVBCRLLE . EEAEThEE . SRHUN AR R, R 2 A M AE, H Box-Behnken £ TTHHHX
T AR, LTI R I TZ . ARIE R A 45 5 SERR AT R, B8 SRR A s ORI
11:1, A D)2 173 W, i 75 I 8] 32 min, 2R BS99 0.09843%, 15 B0 TUINE AR X % 22 4 0.53%,
50 R o 7 T 925 6 45 4 A AR W2 T ) 75 B AT AR A B AT AT
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