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Abstract: Objective To optimize the extraction process parameters for Xiaoer Xiaoshi Granules (/) JLIH & ik, XXG) by applying
the quality by design (QbD) concept, enhanced with Monte Carlo sampling methods. Methods A fishbone diagram was utilized to
identify the critical process parameters (CPPs) for the XXG extraction. The effects of these CPPs on the critical quality attributes
(CQAs) were assessed through orthogonal experiment. The extraction process was further optimized and validated using a Box-
Behnken design. A robust design space was defined via Monte Carlo simulations, and cost function was developed to determine the
optimal parameters within this space. Results The determined CPPs were the first and second extraction water quantity and the
extraction time; CQAs were the total solids extraction and total flavonoids extraction. The robust design parameters were set as follows:
the first extraction water quantity: 10.8—14.0 times, the second extraction water quantity: 10.8—14.0 times, and the extraction time:

72.0—81.4 min. The optimal extraction process calculated according to the cost function was: first extraction water quantity of 13.9
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times, second extraction water quantity of 11.9 times, and extraction time of 81.4 min. The total solid extraction rate was 230.1 mg/g,

and the total flavonoid extraction rate was 5.1 mg/g. Compared to the method optimized by orthogonal experiments, the optimized

process reduced extraction costs by 11.82%. Conclusion The optimized extraction parameters for XXG, using the QbD concept and

Monte Carlo methods, proved feasible and cost-effective. This optimization provides a reference for precise and efficient process

development in traditional Chinese medicine formulations.

Key words: quality by design; Monte Carlo sampling; Xiaoer Xiaoshi Granules; extraction process; critical process parameters; critical

quality attribute; design space; total flavonoids
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Fig. 1 Fishbone diagram of XXG extraction process
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Table 1 FMEA analysis of extraction process parameters

M HER EME SRR WTRENE RPN RPN 452K

W AR E 4 4 3 48 fi%
WERE 7 4 3 84 r
gL 3 3 3 27 fi%

e FHRWE 4 4 4 64 th
B 7 4 3 84 r

AR SRR E 9 4 4 144 &
SEHU ) 8 5 4 160 &
RIURE 6 5 4 120 th

WA IR 6 5 2 60 th
BREE 5 5 6 150 ]

Zidt TR 9 2 2 36 ik
MRz 6 3 2 36 ik
Zitireh 7 2 3 42 ik

B, BT 25 mL &, MAEEFERES 15
min, {FHEM, BRAEZEE, IKEREEZIE, /I
R BN 0.2 mg/mL 7 T X6 B8 S AR .
222 ASER SIS BUEILE 2.5 g K% 2.5
g\ IOIRT 2.5g. WZ51.5g. RE 1.5g. 1.5
g« N4 0.75 g, BREHEMA, kIR 30 min,
I EIRSEEL, XUZ 300 H e A g, & IFuE,
VKRR ZE 250 mL, RIS HR SR

223 HMECRFEH  RGEWIACE TN G
0.6. 12, 1.8, 2.4, 3.0, 3.6mL, BT 10mL &
B, IIKZE 4mL, N 5% AHERENA W 0.5 mL,
FE2], BE 6 min, JIA 10%MEREE AW 0.5 mL,
P2, #E 6min, MIA 4%EEAENAE SmL, N
IKFEREEZIE, # 8 15min, DAAINE ORI
Ve AXHIE, AR 510 nm ARG REE (4D 11,
DLV TR SR BE AR AL AR (X0, A {ENIAAAR (Y,
bR 2k, FEATERVERDA T, B RNA T R
A R B E AT Y=13.316 X—0.014 8, R?*=
0.999 4, Z&MVERIN 0.012~0.072 mg/mL.

224 SIEEREENE RS IETR 4
mL T 10 mL &S, I 5% AR 0.5
mL, $£%), #H 6 min, JIN 10%HERAEHETR 0.5
mL, %], & 6 min, A 4% ENEW 5
mL, JI/KFREZEZ|E, HE 15min, T 510 nm &b
ME AAE, FEAARAE 2 0 A 7 A2 T SR v
Wb R SR R IR B AR (D) TSR 1)

PS=N
[==ENS
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Table 2 Results of orthogonal experiments in XXG

=

extraction process (X £ S, n=3)

C/min D (%H) MEE/(mgg™)

WS AWK B/IfE

1 1) 41 30 (1) 83.04+8.39
2 1) 8(Q2) 602 (2)  133.60%2.59
3 1) 12(3) 903) (3) 157284248
4 2Q) 4(1) 60 (1)  169.12+5.89
5 22 8() 9@3) (2  205.12+13.02
6 22 123) 30(0) (3) 198.72+4.12
7 3(3) 4(1) 90(3) (1)  199.20+8.89
8 3(3) 8() 30(1) (2) 207.84+1891
9  3(3) 123) 60(2) (3)  223.76+14.85
Ki 373.92 45136 489.60 511.92
K2 57296 546.56 526.48 531.52
K 630.80 579.76 561.60 534.24

R 256.88 128.40 72.00 2232

242 EARE T Z0H RIERS RIS Rt T
Zohr, SR WA 3. WRIETTE S ATE, FREN
[Eo0f i [ A B AN B2 (P>0.05).

243 EARREZEILE PP $FPUKRE
EZELEWME 4. 5 Pon. HZELEHA, #72
g 1 kG 2 Ik, 3 RIS TSRS E3E A 2%

®3 HBESNER

Table 3 Results of variance analysis

WEMIR IARPI5M JlE 5 F{E P

RIERA  15931.012 6 2655169  53.716 0.018
o 276563.798 1 276 563.798 5 595.055 0.000
A 12105.525 2 6052.762 122.451 0.008
B 2961316 2 1480.658  29.955 0.032
C 864.172 2 432.086  8.7410.103
R 98.860 2 49.430

Bt 292593.670 9

RIEM ST 16029872 8

T4 RERBSELREGER
Table 4 Results of multiple comparisons for number of

extractions

O =E ) I BEE 95% & {5 [X [A]
o - brffEik PH ————————
L wHE d-) TR LR

1 2 —66.347* 5.740 5 0.007 —91.046 —41.647
3 —85.627° 5.740 5 0.004 —110.326 —60.927
2 1 66.347* 5.7405 0.007 41.647 91.046
3 —19.280 5.7405 0.078 —43.979 5.419
3 1 85.627° 5.740 5 0.004  60.927 110.326

2 19.280 5.7405 0.078 —5.419 43.979

M BB R 0.05: K S Al
* significance level of mean difference is 0.05; same as table 5.
x5 REUKEEZEHRER
Table 5 Results of multiple comparisons for solvent
volume ratios in extraction
(D #ZHC ) RE HEE R P 95%EfE X7
=} =} Z3 LS T m . L
KGR KR d-)) TR R

4 8  —31.733" 5740 0.031 —56.432 -7.034
12 —42.800" 5.740 0.018 —67.499 —18.101
8 4 31.733" 5.740 0.031 7.034 56.433
12 —11.067 5.740 0.194 -35.766 13.633
12 4 42.800° 5.740 0.018 18.101 67.499

8 11.067 5.740 0.194 —13.633 35.766

PEZES, PREURE 2 IRE 3 IR AR EZE R
PRBUKEE 4 155 8 £, 12 f5x) M A & & iR
HREER, 85 RMGZRLEENER. &£ L
BT id , RAECRAIE S ] R & 2 R T3 T PR AU AR
XXG HMHEE L ZA ABCr, BIFEEL 2 ¥k, $EHL
KAGE 8 £, FRHUN A 30 min.

2.5 Box-Behnken i{ I ITLLIEEL T Z

25.1 Box-Behnken Wit T IEAT IR R,
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BE— DL 1 ERBUKRE & (XD 2 2 ERUK
R () MR (XG) XL ZHI5m,
DL A 24 o B SR U 2 AR R (v AL
S (Y2) NWINL, BEE 1 TARBUKG &
55 2 A IBOK A B AU (A0 2 T2 CQAs 1Y
S0, FIF Design Expert 10 #02F, % & 3 K& 3 /K
*F- Box-Behnken BT FE XXG 1R T ZSHAIE
B EE I MR E R R, RIRKT i E R
W 6.
%< 6 Box-Behnken iR 6% 1T RER
Table 6 Design and results of Box-Behnken design

s XMt X/fE Xs/min Yi/(mgg') Yo/(mgg!)
1 14(+1) 6(-1) 60(0)  188.99 448
2 10(0) 10(0) 60 203.29 4.44
3 6(-1) 10 90 (+1)  202.01 4.60
4 10 10 60 209.14 4.54
5 10 6 30 (1) 182.25 3.56
6 6 14 (+1) 60 185.00 4.89
7 14 10 30 189.12 3.76
8 10 10 60 214.55 4.19
9 14 10 90 238.88 5.06

10 10 10 60 215.44 4.72
11 10 14 30 190.26 3.75
12 6 10 30 191.48 3.71
13 10 14 90 227.90 4.44
14 10 6 90 219.52 4.61
15 10 10 60 201.88 4.39
16 6 6 60 182.54 4.22
17 14 14 60 207.59 5.36

2.5.2 Box-Behnken Wil 7 Z 2T X Box-
Behnken #1H45 K347 I 20 AR, g5k 7,
TR R SRR EA S E, RE P EY<
0.05 (\23), HAEPLIN PEIY>0.05 (AEE), *
BT A m HE . 2 AR SR 2 URIREUKfE . $2
HUE[E] P B3 <<0.05 (\B3&), RUITEILAKAF T 2
VR /K A B R BB a1 e 5 38 I 5 e 4 5
BT E. ZHWE 2 kI P1H<0.05 (BF),
WD TR R e

253 ARSI SN IR I AL 20
BRI 2% A BAE 20 AT A, RETRES 58 Y=
127.69345.462 X;+9.989 X,—0.959 X3+0.252
X1X2—0.083 X1X3+7.761 X 107* XoX3—0.545 X2 —
0.569 X»2—5.813 X107 X32; Y,=2.467—0.258 X;+

*®7 BEEERENEES S
Table 7 ANOVA results for fitting regression equations

5 Rk Y Y2

F1E P1E F1H P1E
it 17.32 0.0005 12.77 0.000 3
Xi 18.75 0.0034 369  0.0810
X 6.51 0.0380 5.98 0.033
X 84.82 <0.0001 37.19 <<0.000 1
XXz 2.42 0.16 — —
XX 14.28 0.0069 - —
Xo X3 1.288X1073 0.97 - -
X2 11.89 0.01 454  0.057
X2 12.98 0.0087 - —
X32 428 0.077 1325 0.003 9
SAU T 0.28 0.84 1.60 0.34

0.049 X,+0.070 X3+0.015 X;2—4.502 4X 107* X32,
YA Y, A TTREROE R R? 43508 0.957 0 Al
0.853 0, Rag? 47514 0.901 8 F10.786 2, FHHi%H|
VAR A FE LT o
254 WRIAT SRS B E L WK 2 B
s Bl 2-ay by e Al EREUNTE] 30, 60, 90 min
I, 551 ARBUK S B A 2 IRAREUK A5 B0 ]
R REm, B SRR BRI (R b, S A
TEEIIES, 51 RIRBUK A EXT A A
R IECR A AR S S & i Bl 3 fos,
K 3-a. by ¢ 4rAASREUE] 30, 60+ 90 min K,
51 UHRBUK RSB 2 IRSEEUK A B L i &
B, B BoRBE SRR G, SEA S E
SIS, FERU (RIS 60 min 5 BT A6
SVH RS B AN K
2.6 WitTEREL

ff ] Design Expert 10 AT BT [0 RORY
AR H AR A AT 4 £ >191.10 mg/gs
S R 5 540 $0>4.30 mg/g, Bl Box-Behnken %%
H ] B B L S i KB 80%,  LALRIIE
R L MR 2T e L 2S5 m i
BREACHPR XA, w2 E. Rt
AR BA AR et it ib gt il
T AR il A 5 2 BF 05 Bt 25 180 95%
MBS X E . ik 4 Frow, B 6 DX oA KU X 5,
SLE XN BASE 95% 1% i 2 W] o
2.7 ETEEFFEHENRET=EEL

f§iFH MODDE 13 #1422, XKl 4 Hijdit =
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a-$HU () 30 min; b-$EHUA (] 60 min; c-FZHUA A] 90 min; & 3 .
a-extraction time 30 min; b-extraction time 60 min; c-extraction time 90 min; same as figure 3.
B2 RE#SEFSLE
Fig.2 Contour plots of total solid content
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Fig. 3 Contour plots of total flavonoid content
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Fig. 4 Design space for extraction process
[AIREAT SR RIS, FFE D 0y 128, 3%
ARURHL 100 000 %, BEAFAKF 95%, HikEIRIGEaE
Bt 2 LS Hu B E 5 BIR A R.
ZHVEEINE 1 IBUKAEE 10.8~14.0 £,
552 WHRHUK A5 10.8~14.0 £, FEHUE ] 72.0~
81.4 min.

Fig. 5 Robust design space for extraction process
28 RITEEIKYIIE

BB A BN T 2B A E#ATIE, T
SR A IR AR 8. G5 REW], IEHK
T 1] Y 24 B R AL B I A B>
191.10 mg/g, A3 HR T &3 8 >4.30 mg/g, BiHIER
@it 2 m p e E k.
29 HMARHHIMEERREATLZHHE

W SEA R R SR HUR ) CPPs, 456 S AL i) T



FED 2024498 $55% B 178 Chinese Traditional and Herbal Drugs 2024 September Vol. 55 No. 17

= 5801 »

#*8 WIFRELEER (n=3)
Table 8 Results of verification test (n =3)

s WfiE 1 ERBUKME

52 KHRBUK B

PR E/min - BEA/(mgg!)  BIEE/(mgg)

1 2 (8 12.0 14.0
2 2 (8] 12.0 11.0
3 2 (8 14.0 11.0
4 2 (8] Y 13.0 12.0
5 2 (8 14.0 14.0

72.0 217.61%£5.24 4.87%0.28
72.0 221.48+7.27 4.72£0.27
814 230.8610.16 4.93+0.27
77.0 226.67x7.01 4.76+0.21
81.4 229.52+9.68 5.1410.34

NV FH EANE SR ARAR Tl P KA A DA R B R B
LI A%, R BRIUSA S T2 A R ok
FRo FERARE, MAX 3D Pr.

A =p wti+p x(m+n)m z+ ipnmn (3)
i=1

p o NRALI TR LS, 0 ASREUN A, p o o AAARIK 2R, n
FOREE 1 IRBUKRE R, m RoRE 2 IARBUKRE &, m o3R
AN 1 SRR B B i, pe RN F &R B AN
Mo ma ZoREEBUT O

7t Matlab 2019b i FH fmincon PR%, 4 HPr
BREL fun=FA/Y:, ARt S (8] L ESHEH
TERZIR ERIR, TR AR S A S S A R

i), & TZSHMBUE, RN 1 IREERUK
58 13.9 £, 26 2 WHEHUKAEE 11.9 %, $EHUR[E
81.4 min, EHUL TZSEONRAER T 2.

I B P I T2 5 IR ARG e i 1 R B 2% A
AT, SRR 9 s, MR 9 WAL, S5IER
RGBT ZAM L, KA fmincon pR%L
THEAS BRI PEICT ZH TR, ARt s AT Y
B, [EER) 0B REAR, R, JREUR
AT 11.82%, B EZHE.

3 g

AWFFEET QbD B, Xt XXG I T2 HHT

ZHRA o 1B A TR R L [ A D DG

®9 TREBIZHEEFSERREMMALE n=3)
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