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Abstract: In order to optimize ultrasonic-assisted extraction process of total alkaloids from Corydalis impati-
ens , the hydrochloric acid concentration, liquid-feed ratio and extraction time , which were major factors influen-
cing the extraction according to the single factor experiments, were selected as independent variables ,and through
using the ultraviolet absorption of total alkaloids as response values and making the Box-Behnken central combi-
national design,the effects of the above factors on the exiraction were estimated by response surface methodology.
The results indicated that the optimal extraction conditions were 47.5 mL+g ™" of liquid-feed ratio,3% of hydro-

chloric acid concentration,and 78-min extraction time,in which the ultraviolet absorption of total alkaloids was

0.3117.
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1.1 HH5E

ZL &K E 2012 E*Tifﬁél]ﬁﬁ,ﬁ*ﬂ%@jt FAEYHRRT RBRIHRALE, AT, H
BEReA

1X2% : TU-1901 BOEHRE ST 43 J66 B, AL Im B4 X384 PR 3T 8] s KQ-500E B A5 I v
e (500 W) , B Ll i iP5 {286 PR 2> 7] ; BUCHI R-215 k78 & 13, it BUCHI /A & ; AL204 - F R,
BRI 28 (B8 BRAHE,
1.2 RKEAHZE
1.2.1 #AERK

BATRZEIL R E LT, 1t 50 B, WEHARE 1 g, A S0 mL ¥R E N 3% BT 50 °C,30 kHz
T HRER 80 min, FRBURHIBEUER, [ 3% MBS K R E G S SEIUE &I, Bt
BEVRANEEREH 5% 1 NaOH BWIET pH 2 11, % B E /0B E 5 min 5 100 mL S {5AH 3
K, EHENGR, BERSE WA RS BEYR.
1.2.2 BAERZE

ERTTEER R EEYI T IA 20 mL(pH 3.6) IR AE Z W #% , INA 10 mL IR F By 4R 0 Vi 4
BEMA 50 mL @RS, #E 30 min, £ LB, REHEER 10 mL HEHERZE 50 mL 51
W,

B2 X B A B 20 mL ERZE v, INA 10 mL IR By BB WIR-S )5 , A 50 mL &4 #4048
5,8 E 30 min, FE L2, W10 oL @ EHBARHGEZEZE 50 mL,

B R IR O K W 22 A5 R R JE RS 7E TU-1901 BOEIRESb-Al Wb 6B Bt 7 & B (190—
900 nm) 94, 18 H EIL L E B AYEAE 415 nm LF HRRI.
1.2.3 #2HFXE

AT R R B A IR BN, A IS 8 T Eh BRUR B IR BRUIR B UK EY VIR BT Rl S R R v AL &
B p S A YR BUR M
1.2.4 ERXEZFPREAEHBRR LKA

H2#E Box-Behnken H.0H AR R ITEHE , 46 LR R IXBE R o0, B HM/KFE, %50 CTTFU
R ARBGH , B S A YRR IR BEUR R E K B R AR IR B (A) JREETR] (B) JRBHEL(C) #T 9
OHERE . DU AT R EAYIAE 415 nm 20 R 58 SR U i 07 (B, 38 A e B 1T 43 4 15 L AR 7S
RERENEED BEYRORERRTELAS . RBBGTEERBEZKERE 1,

#1 BLASEHERSKER
Table 1 Factors and levels of the centralcombinational design

K
-1 0 1
HBMWEE(A) /% 2 3 4
12 5AS ] ( B) /min 60 70 80
BB (C)/mL - g 30 40 50

2 HR545M0h
2.1 BEENEILEELDEVEBRIENZIE
2.1.1 HBRENELRELEWBRREBRIZRG T A

BEEKIBRE 50 C, kL 50 mL-g ™", 4R BUA E] 80 min &4 F, 451 1%.2% 3% 4% 5% WK &
BIERRRISWGEIE 1.2. 1 TR F IR B4Ry, #5208 1. 2.2 FFR 7 EE7E 415 nm I 778 B4 W R 6 B o
HE 1 T LUES, YRR 3% 6, irfd SAE YRR 2 MNR s = , SRR &, B I Rk i & fE
SAFRIAETF 3% 2o A N
2.1.2 REEEELLELEDBRBERGH A

B KRR 50 C, Bkt LL 50 mL-g ™', $hERYRF 3% &M T, 4 A FAAB 75 R BUERHE BURE & 30 min,
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Fig.1 Effect of hydrochloric acid concentration
on extraction of total alkaloid
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Fig.2 Effect of extraction time on extraction of total alkaloids

BRBAETTLAE H , B A ZE 30—70 min B+, SAEYBHRBEREE RS, HE X
70 minB$REEC RIS BB AR, Bk , SR R BT FEHETE 70 min 54 HH
2.1.3 RBEENELEEZIZAYBRBERGYH

PR 50 mL- g™, ERFR YR B 3%, A8 A SR BB [A] 70 min 54T, 43 5I7E 30 °C .40 .50 C,
60 C .70 C T 1.2.1 Frid F B IREUEAEYI, FF 15 R 1. 2. 2 FriR 5 B2 415 nm JU BTG B4 YIHR

WEE (B 3) .

B BAE T LAE i, IR BGR B X B AE YRR SRR A K, M2 T2 50 C it B A P SN
KRR, ZIBEBEFBIILEY Eﬁﬁ%ﬁﬁﬂfﬁﬁ VRS R, BBUR B NEETE 50 CEANH.

2.1.4 A ELEEELERBIRBRAEGS

HREKIFRE SO C, BRI 3% ﬂfnﬁﬁ‘lﬂﬂﬂ 70 min &44F , 2 HIE A ERBRAER SR EE

HABIHR10mL - g7 20 mL - g7 30 mL - g~

' 40 mL - g -1 50 mL - g

VIREE 121 R R A A

B, P4 IR 1. 2.2 BrR U7 iR7E 415 nm P FTE BAYREBILE (B 4) .
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Fig.3 Effect of temperature on extraction of total alkaloids
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Fig.4 Effect of liquid-feed ratio on extraction of total alkaloids
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B HEE T LAE S, S A IR R R BUSUR BE A BB L B3 T3 Ok, 2408 HE 3K %) 50 mL - g7 BT
SR B A BB, 78 30—50 mL - g TEE AR K, HBEIAKR 2, RN AR BOK 1 A & 7 6t
W TR AR B R, A B B0k} L7 40 L - g7 A R E

2.2 MEESHIRESERSBESH

K22 2 P EIRB IR TE DesignExpert 8. 0. 5b 84 - #E17 2 TN #E0-& Fme B7 1 234 , 18 R By

REGEHIRE T 204 (R 3) MR EE (B 5) .
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Table 2 Box-Behnken combinational design and experimental results

EES ERRIRE (A) REET[E (B) BALE(C) SRRk
1 1 0 -1 0.1659
2 0 1 1 0.2876
3 -1 -1 0 0.1681
4 0 -1 1 0.1709
5 0 0 0 0.3142
6 0 -1 -1 0.2394
7 -1 0 -1 0.1672
8 1 0 1 0.2214
9 0 0 0 0.3167
10 1 1 0 0.2659
11 -1 0 1 0.2587
12 -1 1 0 0.2106
13 0 0 0 0.2798
14 0 0 0 0.2986
15 0 1 -1 0.1597
16 0 0 0 0.2679
17 1 -1 0 0.1554
F3 BEZREMABRBEBFENIN
Table 3 Variance analysis of fitted quadratic polynomial model
FERE FHA B ur F P BEE
Model 0.050 9 5.524 x10 73 7.32 0.0078 .
A 2.000 x 108 1 2.000 x 10 °° 2.650 x 1073 0.9604
B 4.513x10"? 1 4.513%x1073 5.98 0.0444 *
c 5.325x10°3 L 5.325 x10 3 7.06 0.0326 *
AB 1.156 x10 3 1 1.156 x 10 ~3 1.53 0.2557
AC 3.240 x 10 ~* 1 3.240 x10 ~* 0.43 0.5332
BC 9.643 x10 3 1 9.643 x10 73 12.78 0. 0090 ok
A? 0.012 1 0.012 15.83 0.0053 sk
B? 7.488 %10 -3 1 7.488 x10 73 9.92 0.0162 *
c? 6.362x1073 1 6.362 x10 73 8.43 0.0229 *
W 5.282 7 7.546 x10 74
S HAT 3.465 x10 3 3 1.155 x10°? 2.54 0.1945 RE¥
BiRE 1.817 x10? 4 4.542 x10 73
BE 0.055 16
R* =0.9040 R2Adj=0.9278

w ERPBE(P<0.01); » ZFBE(P<0.05)
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Fig.5 Response surfaces of reciprocal effects of two factors on extraction of total alkaloids

MFHFESHERTUER SRR ERIE F=7.32,P=0.0078 <0.01,iF B T B IR E TSR BF
BIER BN Fay =2. 54, 50370 P =0. 1945 >0. 05, iF B 5L 5 IR B35 BB ol R B R Adj {8
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TR,V =0.30 + 0.00054 + 0.024B + 0.026C + 0.017AB - 0. 009AC + 0. 049BC - 0. 0534> - 0. 042B°

50.00° 3 5 4.00



100 ERE, % N EE R ELEE P SEYERB A IRR T

-0.039C?,

F3 % Py = 0.0444,P, = 0.0326,P,, = 0.0090,P,,, = 0.0053,P,., =0.0162,P,, . = 0.0229 # 5
ERENSE, U LA R AT R BN B R R, A AR 3 RE S AL
E i BURTHIE) A1 CORUBHL) RS E A FRE N B3 , oAb 2 B AR R AR B B o

£ F AT LAENT : B F— WK B A €. SRR S B A5 BC BB M9 B35, 7T LAE 4R KA 18] . okt
B Lk B AR B ] S0k H A8 LA AR B B AR IR L o A MR R R R BB

#& B8 DesignExpert 8.0. Sb B XHAI SR 1T 4L T/ BB S B EIL S B b M A YR BT
S5 N ERTRYRIE 3. 06% , SLEAT A] 78. 07 min, WURHEL 47. 64 mL - g~", B ZE I S 1 F ARIBI B9 S 2
YIBRA R IERE R 0.3147,

2.3 SCIGTEHF

RPERTR A NS R, AREART TEMRIIER, STLFRESHERENER, RITH
BAE T S & AHEIE K - ShFRYKBE 3% , SEEKAT 6] 78 min, BORIEL 47.5 mlL - g ™' FEMMF T RIBIE L 40 &
o ) AR MIBRAE 415 nm AbEYESMEICE 0.3117(n =3), '

3 g

S BUSL IR BAiE , Ve A A By IR IR ZE AL S5 S AR W, T LU B R N 2 F RO I BB, AT IE B R R
Prit BB ARBUSH P A M T REERAR . RIEARRLRAEER, KA Box-Behnken XK R T
LA B R N TS A A B % , MR L Z AT 0L, BA 5 i A F B IR I E L R E T BAE YRR
TN SRR R 3% , $2INATIR] 78 min Wkl 47.5 mL - 7'y M TZEMGT,1 g ELEEGM
RIEN A A YIIRAEE 415 nm ALV ESMECR 0.3117 (n =3) o KGR LU B AL AL K E P AV
BT BT RAEH BY, X T DAk AL RBURZG M o S YA — WS EME,
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