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Abstract: Objective To optimize the conditions of microwave technique in extraction of effective ingredients in Corydalis Rhizoma
in the condition of pilot scale. Methods Medicinal materials processing, microwave power, solvent concentration, liquid to solid ratio,
extraction time and so on were investigated by single factor test on the extraction rate of tetrahydropalmatine, and on this basis, using
the method of Box-Behnken the microwave extraction process of Corydalis Rhizoma was optimized. Results The optimum process of
microwave extraction of Corydalis Rhizoma was as follows: using drinking water as the extraction solvent, microwave power of 7 kW,
liquid to solid ratio of 10 : 1, and extraction for 21 min. Under these conditions, the extraction rate of tetrahydropalmatine predictive
value was 83.60%, and the verified value was 83.74%; and compared with water extraction,dry extract rate decreased by 70%.
Conclusion The mathematical model established is significant (P < 0.01) and can analyze and forecast the microwave extraction
technology of Corydalis Rhizoma.
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method
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BRI AR, B B ARSI 254 R o)
HAwgre, ok, ke a, A
S, HHTSCHRARIE LA A SR P A g A7 /il sk
By ARMARBG A THROE . Pk, ASEE 2
TRAE PR A N B SRR R I R 2544, RAT
K2 454 Box-Behnken 7, PASESHR LR $EHUR N
FHELARbR, WHIESHZR M PRI 2T, LA
0 S A R I AR P B — TR SR IR

1 NE5RH

WCD10S-03 B fe B 2% » B 18 = SR Tl 4
R JEA PR/ T, Waters 2695 HPLC {Aif 4%, K4
- (Waters) BH (L) HRRAA]; HI650-W &
2 B OB, W R SE S AT R A R A F]
AG-135 BT R, MR E-HER) 2 g R
A,

JEFAZR W BV 9548 1% 2 s T e e 2 Ll
AWRAT, 2RI T N BRI ) 21 %
Corydalis yanhusuo W. T. Wang [F)T-J5E =28, GEHHZER
LN, P E R 2 AR E R, B RS
B, 50 110726-201213, Jiif5r$=99%; —
Ll S A EEA, KK, HRRAEHN
srHTat.

2 FEE4HR

2.1 MEHZEZE HPLC NE

211 s EalEHh Waters Symmetry CigAE
(250 mmX4.6 mm, 5 pm); LLZJE-0.05% = Zfi%
(45 :55) AUEhAH; AFRVE 1 mL/min; A
K280 nm; #EFEEE 10 pL. BRSHCEIIEAR 4 %
WS, NAMET 4000, (i L 1.

2.1.2 WA EIE BUE AR 4300 I ihiE
H, RPEPRE, R R LB R £ % 85 pg/mL
PO RTINS

2.1.3 A A RPN 1 mL & 25
mL ST, N ERREEZE, A, Eo, I
IEW AR

2,14 AMERRFEL RS “2.1.27 TH
SRR 1. 2 44 6. 8. 10 mL & 10 mL &l
o, IR R ZIRE, RRAT, HIAROS R

A HEHAR L FE

t/min

Bl1 EARZEMBR (A) FEiRH (B) HPLC Bl
Fig. 1 HPLC of tetrahydropalmatine contrast (A) and
sample (B)

Fie “2.1.17 TR AR R 10 pL, DUEFE
SRR FE I REAR AR (XD, SEHZR 2 W THI B Ay P Ak
br (Y, Zziilbstiithde, 15 h Y=20.028
X+1.145 8, r=0.999 9; ZiRERUMETAR LKL
8.50~85.0 pg/mL & RIFL&MEK R,
2.1.5 REERLAES KSR “2.1.27 TR0 R
VW10 uL, JREIRIE 85 pg/mL, % “2.1.17 WK
A, LR 6 IR, TIEIEHR LW
[¥) RSD {4 1.85%.
2.1.6 HEEMERE HEENAW, % “2.1.37 I
N5 AR S SPAT S 6y, #1€2.1.17
T g AR, THEES R 4R 2T
RSD fE 4 2.08%.
2.1.7 FREMERE KSR “2.1.67 TR 1t
WA 10 pl, $% “2.1.17 3R AR s, 20
76 0. 4. 8. 12, 164 20. 24 h ¥EFE, JLIsE 7 1K,
AL AR QR THIFAY RSD {H A 2.15%.
2.1.8 fIFEMEDScEALS RS S “2.1.67 TR E
SR IE R, dLe iy, ARl —ERINE
WR BN, % “2.1.37 TR 5 & st
MOV, % “2.1.17 BUN RS, A R AE
ROFFHRE R 99.75%, H RSD 4 2.10%.
22 WKEMIZEERER

FRHE IR B R S M VR, P s
Pe P B FXHE AR (5 H, RIRD AT
PRI TT, DAIE R O RPN 5 5/ b
TG, RTEMME. I L. W %
B pH B BRI ] S & HEL S W] BES 1 L 5
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ROFPRBUSCR MR R AT H 5, 15205 R 25 m
A REGERE; ok, it Box-Behnken yA44L
R8s BE, LT PRI T 2 15 8 BT AL
P T 2T S . I P R %
I ILERIOR,, DUERAR SRR A VN
PERRICR I 2455, 298 5 oA SR bR .
221 HHEHEE

(1) ZiMmEH: FRICGE R IE MR . S 4
% GRHITES R CREZ80) 2010 4R
ST D) MR 5.0 kg, DIUKORHREUA G, woe il
W 4 kW, WEEEN 12 01, FEECRTA] 20 min,
K LG R P IS BUGHE T R 2 R AR BUR A 2y
TR R R, SEH] R LR BRICRE S50 78.20%
M1 77.85%, R[5 53 00h 0.85%41 0.83%. 4
HHZ P 55 75 B P s R B SR,
AME R J5 SR ARG 2 52 10

(2) T FREGESHZM 5.0 kg, JL5
B, DK SEIUASE, B SN F] 20 min, [
Lboh 12 01, HEMPEIIE 2. 4. 6. 8. 10 kW Xt
PEHIER LR PEIR TN ] 5 IR s, 45 S AE ]
ROEFIE NN 68.35%. 76.58%. 82.64%.
78.92%- 68.78%, 2 [t 43 A 0.75%+ 0.80%-
0.87%- 0.89%- 1.17%. Fifi A5 5% ) 2 ¥ 18 K 4iE i
ROFPRICR I S 5 PG, B Ui o ik 3
SRR, PEURERR R, ITRECR RS,
Fah, B AR RS, 29E S RN I
e niass. ik, ®HE 4. 6. 8 kW NJaLkiiik
ARG K2 A

(3) WHOKRIE: RIUEHZRZHM 5.0 kg, L5
Uy, VORI INE 6 kW, $EHUNTH] 20 min, [ Lk
1201, H5IKK 30%. 50%. 70%- 90% LB 4iE
THER ORI o s, 25 R EH R
CEPIED BN 81.36%. 80.85% 72.64%-
68.87%- 58.78%, 25l T &5 A 0.93%- 0.84%
0.78%- 0.73%- 0.70%. M EsE, WORk
REBRSE,  ANITAE P AR AR, nide H ks =4 h
it P RS 8 A ORI R, AT SRR AT 23 TR B )
R A FEIRLE, AEJE S5 52000

(4) WL PREGESAZR 258 5.0 kg, 355 17,
DIACH SRR, BOE Mk IiZ 6 kW, eI |
20 min, HEGML 6 1. 8: 1. 10: 1. 121 1,
14 11 XAESHR LR M2 H 2 52,
SERIE R CE R 0 68.83% 76.52%-

82.74%-82.51%+79.36%, 24 [& 75 5 73 5l o4 1.35%-
1.20%- 1.04%. 0.85%. 0.71%. Kk, 8 E Lt
8 11,310 1 1312 1 1 e SRR K 4 A

(5) WU pH fH: FRIUEHHZR 24 5.0 kg, LK
M PERCA I, BRI IR 6 kW, FEHU[H] 20 min,
WL 10 1, HEESIE pH 3. 4. 5. 6+ K pH
(pH {E N 7.12) XHIEHZR £ LR RN 250 5 5 &
IsEm, 25 RAEH R R FEHCR 54 80.83%-
79.52%- 80.91%-. 81.36%- 81.52%, Z[H &84y
W4 0.98%. 0.97%- 1.03%. 0.99%. 1.04%. ¥
PH {EDN P S USRS A BH S )5 ), AN Ay s 458
AR IG5 52 0

(6) EHUET): FREGEFHZRZH 5.0 kg, 3£ 5
By, DAACHSEEUEIE, BeoE ik Dy 6 kW, i Lk
10 11, HEEARFEFREURTE] 104 20+ 30 40+ 50 min
XTIE R L FR PRI ] 5 w5, 45 R4
TR L EHEBER 00 73.78% 82.52%- 78.83%-
72.23%- 50.36%, 25 [E 5 B A 0.88%. 1.03%.
1.18%- 1.29%- 1.40% . iLFEHEHUN [A] 10+ 20, 30 min
NI SR KT 41

(7) PRI E: RIBUEHZRZH 5.0 kg, L 4
By, DLACHHREBURIR, BOETik D% 6 kW, i Lt
10 01, $RBUSTA 20 min, FEHRBURE 1. 2. 3.
4 KHEHIR CFE PR FI 2 = s, 45 1
EH R L PEUR AT M 83.62%+85.78%-86.63%-
87.06%, 2y & &4 1.01%- 0.59%- 0.34%-
0.26% 0 WA JEIH R AT 18, e S XN 1
R AMEN JG B AR5 520
2.2.2  Box-Behnken VLU AL SE ] 2 oA I T 210

(1) W N THRGG B vl 70 B R 3R G () Sl
DU IR (AD WE B (B). $REUER] (C)
52N %, HYE Box-Behnken N [IE BTG FE,
R ZEB 3 AT, FRESME-1. 0. 1 %R, X4
FHZR R PRI Z AT ARG I 249 T ]
FoxEm s, WWHEIHRIERIAE N EZHNFabs,
RIS LR 1.

(2) M I [T 45 3 R 7 2250 M iR Box-
Behnken i [HARKE B vh 4, BEAT RE SR Tl 4
ORI, 299 “2.1.17 TR (i 4 F AT R I
Mg I TR 6 45 5 L3R 1, SR Design-Expert 8.0.6 4k
PR RE 2R £ P B PR AT [T 2250, 45
RN 2,

18R, R 1~12 5 T RRKE, 13~15
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% 1 Box-Behnken NIRRT R ER
Table 1 Box-Behnken response test and results

ESES

S PR/ % [H S &=/%
A/kW B C/min
1 4(-1) 8:1(-1) 20000 7623 1.08
2 4(-1) 10:1(0) 30(1)  79.58 0.83
3 8(1) 10:1(0) 10(-1) 81.42 0.91
4 4(-1) 10:1(0) 10(-1) 7536 0.95
5 8(1) 12:1(1) 20(0) 8136 1.01
6 60 8:1(-1) 10(-1) 79.68 0.86
760 12:1(1) 30(1)  81.42 1.00
8 6(0) 8:1(-1) 30(1) 7926 1.13
9 8(1) 10:1(0) 30(1) 8131 1.10
10 8(1) 8:1(-1) 2000  80.12 1.15
11 4(-1) 12:1(1) 200) 7538 0.83
12 6(0) 12:1(1) 10(-1) 8025 0.81
13 6(0) 10:1(0) 20(0)  83.35 1.06
14  6(0) 10:1(0) 20(0)  83.38 1.07
15 6(0) 10:1(0) 20(0)  83.37 1.05

x2 EEAREFESH

Table 2 Analysis of variance of regression model

JiEERUE  CPOFRT HBE FE Pl
i 92.25 9 1541 0.0039™
A 41.22 1 61.96  0.0005"
B 1.64 1 6196  0.1774
C 2.95 1 246 0.0890
AB 1.68 1 444 01732
AC 4.69 1 252 0.0452
BC 0.63 1 7.05 03745
A’ 26.73 1 0.95  0.0014”
B’ 14.12 1 40.17  0.0058"
C? 3.23 1 2122 0.0787
W ZE 3.33 5 4.86
KPR TE 2.67 3 0.2823
aliip 2 0.66 2 2.69
js¥il] 95.58 14

"P<0.01 AR P<0.05 HEE

P <0.01 is extremely significant; "P < 0.05 is significant
FAPOIIERE, DA THAKR 2. B Design-
Expert 8.0.6 B} 4 5% 2, 3 SR B 4 504 AT —
REZTCMIARS, IR ORRRBCRELL Y FoR, 1%
U5 FE: Y=3.107 50+8.670 00 A+8.634 58 B+
0.560 92 C+0.161 88 AB—0.054 125 AC+0.0198 75

BC—0.672 60 A*—0.488 85 B*—9.354 17X 10 C*,

B 2 ARl 0, —IR30 A XHERH R LR
KA B VER, kI A% B WHENIR 2%
PRME BAWEE R, LI AC A B EEL
g, AL A BE MR, Bk, & HARS
6% AT 555 M 57 AL FR) 53 T AN TR BRI e P G 2R o AR
SRR P AR /N T 0.01, 5 I i [ 18I (AR 5 2% 1
s MPRILRZEI) PAE KT 0.05, 36 W i Y.
BRSO RE G (G DU, B 72/, i BUR
T MO OE SE #1238 £ R R EAT 20 A A0 T

(3) Wy N 4r#r: FIH Design-Expert 8.0.6 %X
i, AR RN 7 R AN [R5 DR 38 I R £ 5%
PRI A 2R 1], o S 1 20 AT BT 2 A o 1 e
IR IERS PSRV =w a5 113 R et il 11| ST NN = B
bz Bl % AR BRI A TR . B 2 )
T L — i I SE B 2R £ A IO RO D2 1R 5
Se T R S PR PR, kR — e IR &
SRR B LU 0 19 0 56 T s 5 AR S EUNF[R]
— 5 I ZE ) 38 £ 3R B AR B e Ty 6 1) 38 o e P
THE G ARG, Tk D)3 — 2 MR £ # 4 I
R SR IR [A] (R 19 N Se 2208 T v 5 2218 BRI ]
EE— 3 INAE 2R £ 3R 2 MU 2 BB DU T 1) 38 o 2%
12 T = 5 202 A, PRI R — e i R 5548
Y 2R ] B %) 385 o o DR T v S5 R A
223 LZIAF MRS Design-Expert 8.0.6 #f K&
(5] Y775 R SR A4S B 150 2R B A ipe B T 2 A i 1
K678 kW, W EL 10.38 : 1, HEHUN A 21.3 min,
I E S 2R 2 BRI FIOIIME A 83.60% . {H A2 M
W% B A e ser B e 1R, el T 2 TIE
MEIE, BIE T 203 7 kW, #i#E EL 10 1,
PN 21 mino $% 18 1F T EHEAT 3 R FFE0UE RS,
S RIEHR CRIRIE 7 84.23%. 83.84%.
83.16%, 2 & &5 A 1.03%. 1.05%. 1.04%.
SRR, WEHR ORIV EA 83.74%,
RSD<<2.0%, 5 M o HI FUMMEL 45 e — 55 Bty
(FIIEEH R LR S TR . W LRI S
)2 R OC AR I AR R E R . SR ORI
JIT A SIE #5122 il iple 8 T 1 e A 20k DAZKOh B Y
I, Ve SR IR 7 kW W B 10 0 1, #2221 min.
2.2.4  PRPEIRIUCSRTESI LR N TR
PESH RGBT 2L, IR rhodt L i 21 i
AT 2T IEA ARG 5T, 13205
(4L B R B AR BURE T8, IR EX iR
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HIEHZR L FE—IRIEHURIL 80%LA I, B R AL T Al
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W BATRE. AL BRI
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A

S Akw 7
E2 FATEHENSETENNE=4E

Fig. 2 Response surfaces of A and B and C to any two significant influential factors

®3 MKRBSAERNILR

Table 3 Comparison on microwave extraction and decocting extraction

PRWOTYE TR AW BRI WELE R /min ERHR O ERIE % AWE A% TEEREY%
o5 7 1 10: 1 20 83.57 1.01 9.50
R — 2 10:1 90 65.32 0.85 16.15

3 e

DAAE S GEH Z AR BT 2 I A AR F R 55
BOEAZ Bk S ki A L2284 5,
AR TGV B DX 5 P DR 32 1R e D 20 5 55 A0 Y. 1)
fE{f. 1Ml Box-Behnken 7 /& 5L 50 e v 5 vk A
RREE G TR, K 2 DN 3 b S 45 RN G &R s Ak
fitek T H A IEAS RS H Re g R = /KP4 A A
JCVEAK AR DT 25 0 (1) dp A 2 5 AR i 37 A PR ke 5
TR BT D7 VAT B[R] FEORS B e S A
X ST 45 S AT REAT SEBR I, A 24 SR Y. H i
il

OO R AR B A T o, WRemak. &
SEELFSEAR S, ok %2 s ] T R AR I Ak
22 M A B TS . AR H AT AT
WA —E MR, KT SEE =6 B,
ol S AR IE >, HIRZMEIOR R R .

PRI, AR S R Y P R S X e 46 14T
TESIRAT RS IR HIETT, SR B BELAR H W] 2.
TR, AU ISE R T IEH] R
LA PERARBAR M ) R A T —PopT IS B AR
VR &) & Es TN TN AN PO £/ W S N
£, BASER 638 .
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