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Quality control of ethanol extraction process of Corydalis Rhizoma based on
quality by design (QbD)
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Abstract: Objective To improve the quality control level of ethanol extraction process of Corydalis Rhizoma (CR) by using
quality by design (QbD), so as to meet the extraction requirements of Kedaling Tablets. Methods The critical process parameters
were solvent multiple, extraction time and soaking time, and the critical quality attributes were dry extract rate, content and transfer
rate of dehydrocorydaline. The response surface methodology was used to establish the mathematical model between the critical
process parameters and the critical quality attributes. The overlapping design space of multiple index design spaces was established
to select the optimal operation space, where the process verification was carried out. Results The operating space parameters of
ethanol extraction of CR was 14—24 h of the immersion time, 3.0—4.0 times of the first time solvent multiple, 1.5—2.0 times of the
second and third time solvent multiple, and 1.5—2.5 h of the extraction time. Under this operating space, the extraction yield of CR
was ranged from 6%—8%, the content of dehydrocorydaline was more than 2.8%, and the transfer rate was not less than 85%.
Conclusion The concept of QbD is helpful to improve the ethanol extraction process of CR, and to obtain a reliable and suitable
extraction operation space for the production of Kedaling Tablets.
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Jii~ SR IUEIESE 2 R0 A B, ik R
IFBAR I A SE TR, B R 2 2 i 2
Ak (1999) 2 276 5 HLE H A BN ONAR R B 1Y
85%~115%" . T IEHIZ 2544 K7 1. A
TS IR, & LR o B B kDO, FERTIA
R T2 g E R @B MElREA e, RA
FEFHZRH S B AN IE AR ]

FiEJR T BT (quality by design, QbD) EE&:
RSk 2y i, s H T g & T2
K, EEEIREE. AL TR L EE Rk
TE= b S a1 AR T AVE R BRI [A] |
R IA] A K B T2 2 # (critical  process
parameters, CPPs); VMEFHZRIEIGHFTEZ. i
AR E T HRENCEIEEIE (critical
quality attribute, CQAs), it SLE R 115 AR Y
VEE) S P 2 KR DA S ST 2 s B A ) v T
USRS 6], R E AT T2k .
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FAXFRAC AR AR s JP-1000B-8 f=13d £ T Bk i
Bl KRETH Ak TSATBR A 7] s PTHW-2L i it #4
£, P FREARAT; DGG-9053AD HLHA
E R BT RAR, RIS SLIRAER A R A F] s pH-

100 pH MHX%E, Bl ) RIBVUXESFHCA R A A
KQ-250DE (4% /g veds, W TR H
PR .

1.2 #RI5R%

FEFHRM O, b5 181204, 181002 190102,
190103, T E B2 BB iy, W4
WL Tl K 252 23] 25 B A 2 R 2000 565 o N 28 SR )
YEHHZR Corydalis yanhusuo W. T. Wang ] T ZK
LB, Jyfral, KRBT VU ARk i A TR A )
HEE, srbrall, EZHERTHARAR; Gikg
S, B R Ol, ZBO-M S AiE 7 A R A A
R, FREFRAARAR; =4i%, B
TRk L 22 S A PR 7 5 6] B 5 R 0 S 2R L
JFE 52450 99.9%, WiilA Zidhiasn, fits 060714;
gk, PN RS EAERA A .

2 FAEEHER
21 T ZSHAIRETE

TR R AR 5 52 0 # - (failure mode
and effects analysis, FMEA), R¥E2EH 175 25 HE HL
77 THI 5258 K SCHR B AR R 00, N LB S &R B T
A WA PRBGERAE . IR E DT T T A
HIvEAE 8 T. 22480 (potential critical process
parameters, pCCPs) #HAT X PFAL, TH&E XI5
J& (risk priority number, RPN), RPN=SXOXD,
Hp S R EFE, O NRBKAEMNE, D NATEE
MEDS, g R 1. RPN (8RS AR R, £t

®1 EHRERIZH pCCPs BT

Table 1 Risk assessment of pCCPs in alcohol extraction process of Corydalis Rhizoma
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43 v RS PR 3R AT B IR 300, e e i BRI A
. BIERA) ., FREURTE A CCPs.

2.2 CQAs BIMEE

221 JBEAEESH 2B I

(1) XFHR SIS IR ) 2% R R 0 A H R
XTHE AOE R, FEEMRE, 0TS ) i e
FAZ W 505.00, 252.50. 126.25. 63.13. 31.56 pg/mL
IR A, 0.22 um A HLZERER, ISR %
Xof B B VAT o

(2) PR A 2% . PRI C R 4 S8 5 2R
2150 g LS 181204, i S 4E B 208 & 7>
$0.20%), TKF 6 55 80% L8, =i w,
AR 4 h, EERGE. BUESHRRIE 2 mL, &
10 mL &EJfH, IHEES, #85), 0.22 pm HAHLIE
JEEDEL, B TR .

(3) EigKMF: DA\ b S i O I
7877 Zorbax Eclipse Plus Ci1s (250 mm X 4.6 mm,
5um) R ZME-BERR = IR CREFEK A
2 2 mL, F = Z &5 pH & 5.0+0.1)(25 © 75)
NRENM; AR E 1 mL/min; FER 30 °C; K6l
B 340 nm. FARIEIR R I S GE A R g T, B
AMET 4 000,

(4) RGUERMESTREYE: 275k % RO I
VA S R TS 10 uL, FENH IS,
Wi, RIS, O, A o i S e 51
R EIRES BRI, 2EE (R) >1.5, WHEn
Pl sk, WL 1.

A | It A 1

\
R I A B R B

0 6 12 18 24 30
t/min

1 HREBRSEARENRR (A) SEARHIKR B)
B9 HPLC

Fig.1 HPLC of dehydrocorydaline hydrochloride reference
substance (A) and sample of Corydalis Rhizoma (B)

(5) MR RFEEL: HRIENE AR =R
RYVRHIR VAT, AT AR ME (V) X &R
fE O FATERMERA, 3RH77H Y=33.437 X+
39.875, #=0.999 9, £ G B £R R i S AL HH R B AE
31.56~505.00 pg/mL £k % R B 1.

(6) FEHFEHEE: U1 xRSV (R
FEON 126.25 pg/mL), EEELFEFE 6 Ik, X HR LR B B
[F)FHUEETRIAR (1) RSD {73774 0.32%41 0.51%, HH
K5 BE R IF

(7) FREMHLE: K¥E “2.2.1 (207 i FiE
Hil#5 1 B IE R, 22 AI7E 0 24 4. 8. 12, 24
h HERE, 45 FIETH A RSD 1A 1.55%, MR iER
16 24 h WEEE .

(8) HEMHLE: WK¥E “2.2.1 (207 Wi F kL
a3l £ 6 U B VAT, R R B B TR N B R
J£ 1) RSD 187354 0.10%A11 1.28%, EAEMRLT.

(9) IFEREI R ELL. K% E IO A A IE
RIS ERES TRIE “2.2.1 (2)7 TR J5i%kH] %
(A A J1 mL, DN &R B 607.00 pg/mL
it S AE HH R BT R AR 630 pl, HIEEER R 10
mL, #&%5), JERL, “PATECH] 6 4, Ak . A
JEEA R INRE TSRS 97.06%, RSD fEH N
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CPPs CIAFIMEEL A $REUSE] B, ZIEKH C) 5
CQAs (TEXE 1. MEALEHRMEE . AL
R R Yo MM, &t 3 BE 3 KF1
Box-Behnken 5248, Box-Behnken SZ36% i1 -5 M
HWZ* 2.

233 CQAs If[EIH#EH & ANOVA o irgs iR #i
H Design-Expert.V8.0.6 3 3EAT 44 704, Yi=
2.50+1.62 A—0.038 B+0.040 C+0.001 67 AB+
0.004 13 AC—0.007 67 BC—0.11 A?+0.049 B>—
0.001 88 C?. MR E AL P<<0.000 1, H
BH R KT PERN 02327, AEEK
TaigzE, REIEZ B, BAR 2=
0.994 3, r.q?=0.984 0, iHZAAEEIEI A
. TERRBIHBEAN 2547 (analysis of

variance, ANOVA) &5 IL%K 3, i HAE A
M7 H AR R 2 I A P EII/NT 0.01, K
BAVEES T B R 5 B3, mRH (a5
2 WL [ X - RS AR X 55 . 2 B AB-
AC. BC () P{HYIKT 0.01, BiBH& R REBIT
B RMAH RN

Y,=3.62—0.24 A—0.016 B+0.009 88 C, i%#¥
R ZH RIS P<<0.000 1; KMIFM P (RN
0.467 3; »=0.9306, ru?=0.911 7. ANOVA 73#7
GERK 4, POTEAAE A PE/ANT 0.01, XY
TR BO I S S R0 S B s KR
SRR AL By C Y PAE KRN, HED A BRI 20 B
I le R Ree == AL NI E S Cy AN 195 S REaS il A4
(A) >RERE (C) >HEHU Al (B).

% 2 Box-Behnken SEX&ITEE. KESHNE

Table 2 Box-Behnken experimental design and response values

w5 A B/h C/h W% Y% Y% | w5 A B/h C/h W% Yo% Y%
1 2(-1) 10(-1) 140(0) 552 332 8838 9  4(0) 1.0(-1) 40(1) 721 273 9501
2 6(+1) 10(-1) 140(0) 874 232 9777 | 10 4(0) 40(+1) 40(-1) 792 253  96.52
3 2(-1) 40(+1) 140(0) 566 327 8917 | 11  4(0) 1.0(-1) 240(+1) 724 273 9532
4 6(+1) 40(+1) 140(0) 890 232 9989 | 12 4(0) 40(+1) 240(+1) 749 2779 100.82
5 2(-1) 25(0) 40(-1) 569 316 8668 | 13  4(0) 25(0) 14(0) 759 261 9541
6  6(+1) 2.5(0) 40(-1) 855 233 9596 | 14 4(0) 25(0) 14(0) 7.61 272 100.11
7 2(-1) 25(0) 240(+1) 510 351 8658 | 15 4(0) 25(0) 14(0) 743 2.80 100.48
8  6(+1) 25(0) 240(+1) 829 251 100.49

#3 FEXREMREE ANOVA SR
Table 3 ANOVA analysis result by regression model of dry extract yield

L N Yi Y3

R AR Rl B FAE P BEFEKYE P ¥ FE PH EBEFEKP

it 9 20950 2.330 96.82 <0.0001 #REZFE 353.050 39.230 10.180 0.0100 &3

1 19.560 19.560 813.47 <0.000 1 HEFE 234360 234.360 60.820 0.0006 HEE

B 1 0.200 0.200 8.25 0.0349 12300  12.300  3.190 0.1340

1 0200 0.200 8.12 0.035 8 10.220 10220 2.650 0.164 4

AB 1 1.000X10™* 1.000X107* 4.16X103  0.951 1 0.440  0.440 0.110 0.7486

AC 1 0.027 0.027 1.13 0.336 0 5360 5360 1.390 0.2913

BC 1 0.053 0.053 2.20 0.198 1 3.980  3.980 1.030 0.3561

A2 1 0.740 0.740 30.80 0.002 6 80.770  80.770 20.960 0.006 0

B? 1 0.044 0.044 1.84 02326 0.130  0.130 0.0340 0.8619

2 1 0.130 0.130 5.42 0.067 3 9.010  9.010 2.340 0.1868

W= 5 0120 0.024 19270  3.850

KW 3 0.100 0.034 3.45 02327 AREFE 3290  1.100 0.140 09294 A&

aiiRz 2 0.019 9.730X 1073 15980  7.990

MEZE 14 21.070 372.320
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¥3=68.584+10.97 A—0.13 B+0.15 C+0.11
AB+0.058 AC+0.066 5 BC—1.17 A2—0.083 B>—
0.016 C?, 1ZAEAY ) 2 35 MG 50 P<<0.000 15 RFUI
) P AEN 0.929 4; »=0.948 2, r.q*=0.855 1.
ANOVA 73 Hr 45 5 W3R 3, ¥ 7 A5 00T it S50 48 51 2
R RN R, TP [A] 5 12 I [R] 520
FHXT 55 -

HRE S BN 7 REEAT 2 B AT, Yy TR = 4 7
T L DL P 2-a~ ., 5 SRR 00 2 PR ot T 34 A B (1
2-a. b)), PRI A1 I [A] X I (14 f D AF P A

iy — i S LR 3-a~c, 3 MBS EEK
LRPEREOG, BEAG VA ISR I, &= R PR CE] 3-a);
B A SR IR (8] SRR T A3 0, 0B g
BF (E3-b. ¢)o Y3 Hy=4kmm 5 E WK 4-a~c,
SN OaR g Z AP A RS TE .

24 RIRBRIETEIMEL

2.4.1  BAERRBUR SRS ARAE A A A
5K, B E b E A E R T8 R
FEIH 6%~8%, AR EANT 2.8%, HH
R AT 85%, [ FFA T4 T 2HFE M JE .

(Kl 2-0), RNBEABENSTERYLWELEZE, 1,

F4 r@ARER ANOVA SHER
Table 4 ANOVA analysis result of dehydrocorydaline content

S TER (B 2-d. EAEHRMEE (K

K 5 AN H ¥ F1H P 5K
| 1.870 3 0.620 49.16 <0.000 1 oE
A 1.790 1 1.790 140.98 <0.000 1
B 4510X1073 1 4.510X1073 0.36 0.562 7
C 0.078 1 0.078 6.16 0.0305
Bk 0.140 11 0.013
FAE 0.120 0.013 1.48 0.467 3 FNTE -
ARz 0.018 2 9.100X 1073
B 2.010 14

; b(B=25h)
9.0
< 70
>~
Ch 9§ 30 A
d(C=14h)
3.4+
s | oo N
m
1.6
Ch 9.0 16 B _ : :
3.0 5.0

a-TE A5 B0 S5 AR U 5] 58 LA P AR R SSE T 2047 1] bV 5 B0 5 R I T 52 L A9 P A e 2 T 37 1

WASZTE 2} BT B d-VA R A BRI A B e - )

A
c- R MU 18] 55 3 18] 52 AR Y

a-response surface analysis of the interaction between solvent multiple and extraction time b-response surface analysis of the interaction

between solvent multiple and soaking time c-response surface analysis of the interaction between extraction time and soaking time d-design

space of solvent multiple and extraction time

B2 yiB9=4ENg R E KR =6

Fig.2 3D response surface map and design space of Y1
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1 a(B=25h, C=14h) 1 b(A=40, C=14h)
324 T 3.2
S | \\-‘5‘:*;_ ~ i 1 — - e — S
S - - "‘-:,_\' _ N — -
i Rt ]
22 - 22
3.0 5.0 16 3.4
A B
. c(A=4.0h, B=2.5h) d(C=14h)
3.24 3.4
s | R s
2 |
2.2 1.6
9.0 19.0 3.0 ' 5.0
Ch A

IRl = Gy AT i s I e Y g [ L AT o R e A T DA T S B el = A 7 L e el
a-response surface analysis of solvent multiple b-response surface analysis of extraction time c-response surface analysis

of soaking time d-design space of solvent multiple and extraction time

3 Y2 B9 HEN N E KR T =]

Fig. 3 2D response surface map and design space of Y2

a(C=14h) — b(B=25h)
105 e

1057

== -
19.0 50
Ch 96— 30 A
d(C=14
3.4+
= e
m
: g 1.6
19.0 ) //3,4
Ch g9 ~—_—7¢ Bh

3.0 5.0

A
a- ¥ SRS RN T8 52 EL AT YA ma ST 20 B P b-TA R 40 R I 80 52 EL AR P B R S TR A B - PR BN i) 5 3R [ 52 .
A R SETET 73 A B -3 4 PR HRRT [0 B BE 22 ]

a-response surface analysis of the interaction between solvent multiple and extraction time b-response surface analysis of the interaction
between solvent multiple and soaking time c-response surface analysis of the interaction between extraction time and soaking time

d-design space of solvent multiple and extraction time
4 YVaB)=HEMR E R IZITEE
Fig. 4 3D response surface map and design space of Y3
3-d). RELEARBEEE (K 4-D FTZRHE SRR RBH 2 A R B0 AN 2 2 (IR I 1) Dy [
[, J8iL Overlay plot /R, e taiENT  EHE, AKFNHEE 14 h.
e HT-FHEE AR 2 MR, B 242 BURREREMEL ¥ ERE#K 3 A8
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AN EE, R T 2B EREER
T AR A I 5, e Bt A A i

(C=4h)

\
3.4+

: \
\ \\ \
_n—xs— - e

\

1@\ | \ v \

SSHAH G YIREFRIN EX FE R I R
HESEBRNER.

(C=121h)

S

I
3.0 A

E 5 EAREHEI ZMRI TEREREERME LS

Fig. 5 Trend of design space of ethanol extraction of Corydalis Rhizoma with soaking time

ELECAEIR MR TE) 4. 12, 14 164 20, 24 h %%
PR, WA B H T B4 R 18 T 1) (R AR 4L
L. RIEHFIA] 4~12 h i FEd, B2 A AR e
TR RIS [B] 38 I () AR A 2 WS s TR VRS [H] 14~24
h R, BT ) AR AR VRS TR 35 AR A
R, e JRIEPRR T (A 14~24 he TETT
28] IR HCR AR B 25 (R a0 T, B A B R REZR T HE,
RIITE] 14~24 h; 28 1 IKIEFIARTEL 3.0~4.0 £i%,
%20 3 WEFIEE 1.5~2.0 %, HREAEE 1.5~
2.5h.

2.5 RIEIRMESIIEMESEIE

ShE S BRIE LI 3 ANERAE 23 18] P I A
HEAT USRS58 o SRR AR 5 PR (R AH X i 22 3 30N,
Ui AR B TN D BRI A HLYI R R R AR ELY)
TEREEN 6%~8%, MiEIE R E2HK

T 2.8%, HBEAMLT 85%, HERWFES.
2.6 EHAREFIE T ZHIIIE SIS

BN SEIS A R RE B R AT T 2 FE YERE,
AT 6 FFIE . AR T ZSH00IR R ] 14
hy B 1 RIS 3.0 £, 2 2. 3 IRIGHFIMEE 1S
% $EEUIE] 2.0 he Z L& R FHTEERN 6.49%,
RSD A 1.30%; M54 $H &R 07 3 & 2 BN
3.02%, RSD N 3.45%; 555 % 98.04%, RSD
N 3.30%, ANz L2 MR E M RT.

A 3 MR E B R 3T T 205E M5
iE, PATHI 2 e . BR T ZESEONRIER
6] 14 h; 55 1 RIEAEE 3.0 15, 26 2. 3 WKIEFIfE
15 REUNTE] 2.0 h, Z5BRIE 6. A%
SIEN M RLF, HAROR TR, BEEHER
B R R R,
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Table 5 Experimental results of actual and predicted process values

WE A Bh Ch _ TE /% _ 57340 % ] %
SEPME BUNE AEXRZE SERME BUNME MXNRZE SEPME BUME HXHRE
1 35 20 140 5.59 6.08 8.77 3.40 3.14 7.65 91.75 91.63 0.13
2 30 25 140 6.79 6.91 1.77 3.01 2.99 0.66 98.45 95.68 2.81
3 4.0 20 140 7.32 7.50 2.46 2.87 2.78 3.14 101.22 98.23 2.95
xR 6 WHARERT ZEM MM
Table 6 Verification experiment of ethanol extraction process of Corydalis Rhizoma
5 A TPHREEARB% THE/% RSD/% THTRELENRM % RSD/% BMELEHRMIEZEH/% RSD/%
181002 0.25 7.31 1.35 3.17 0.22 92.55 1.58
190101 0.22 7.33 0.87 2.86 1.73 95.07 2.60
190103 0.22 6.64 3.62 2.93 2.90 88.39 0.73
3 e KW FARR A ER B TR AT R A T

FRT, SHE SRR 20 70 3 B R A
AR (R E 280 2015 SRR E IR R 2544
MIFEARER 7 (REBHZR 208D, EP6nIE R ol e
PRERAY (BEEAESHRID s . thah, ZEi
R T ZMRAAELE LA R R R IR 55 &
TRbn R S H bR, RAGETRRIVE RIS 6~
12 %, HEHUSE] Y 30~120 min, [FF, ZfE .
PR PEHUR I P A— 1022, RS
fEizf QbD H&F RN EE AR T2
ERAEZS R, E A3 200 2 Aol AR 7= P 43 ol i 1 22
3K, RIS SR I e () e A SR B o i S A
ik G (i

QbD HiEiz A S —7E T &t S
N7, 2 ) P A ) A A 2 S A
REHAKCFRAEIER, HRENARELHHER, K
S B L L I A o TR DR 2R R IR i
WA 20 h $2EUKA] 60 min. ¥AFIGEE 10 15 A0
SUET R R RN T ESH (R Do — BN LL
BRI R SLIG KT A 0 K, R —EfulA
+1 K, NI REEIEIS A 102 204 30 h, FEHUN
@] 30~ 60+ 90 min. ¥AFIMEEL 8. 10, 12 f5. {HE
Bz F= B R BT A AR TR ZL I 1 h, SRR 5 /N
RO WA RIS BB A N 7 S0
ARG RIS (], JF BB RN 7RG T2
A, SREH R R S0 45 A = 2%, ARHt
5T Box-Behnken SZIG BT KA 2 57K e & € MR
JERFTE] 4. 140 24 h, $REUEE] 1.0, 2.5, 4.0h, ¥
FEE 2. 4. 6 1%,

S MR 2RO S ES, kIR
130T 5 HOE A T iA R 7 B T2 A4 = i E 23 ] o
B SE B2 (B n] AT T8 R . AR &
5 R R A SRR (R AR .
BB BT : ZIEETE] 12~24 h; 25 1 RG]
fE803.0~4.0 55, 252, 3 WIEFMEE1.5~2.0 1%,
PEELFA] 1.5~2.5 ho ZIRAE R, EHHRSEE)
T8 RIEHE 6%~8%, MEAIEHRM & EKT
2.8%, FHREFEAMET 85%.

AL R BT AR LS BN G 80% L. FE
PEE 3R, BEIK 40, TR CREGXIED
WAL, ATLLVERP= A AR I R (a4 . AHECIRAT 2R =
TZ, fkfEsm (-5, RERTHE) BHEI ik
RO E, dERYE. ERME R, HITERE
¥, TUONDUERE R I T 2 AR RS A
1o 1ZERAEZS AN AR IE RS E I 7 AN i
KA, HRAERIE RSN T &S5,

25 4T, 78 QbD H&is A TR T+ i SH R BEf2
TS, B LR R SLIS I E T CPPs X} CQAs
PRBGE A, FREh 6 Sebras =& AR 3R
JEEE T2 BeRESERSM, 1% BBD SLIS W THEA
FKF, I3RS L& & A = iR E 2 (A
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