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Establishment of Feedforward Control Model for Dry Granulation of
Polysaccharide Components Based on Quality by Design

HUANG Zan-yang, WANG Ya-jing', QI Dong-li", GAO Di, WANG Xiao-yu,
WANG Yu, WANG Yan-wen, YE Xiang-yin
(Engineering Research Center of Modern Chinese Medicine Discovery and Preparation Technique,

Ministry of Education, Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China)

[Abstract] Objective: A feedforward control model for dry granulation of polysaccharide components
was established to guide the adjustment and optimization of critical process parameters (CPPs) in the design
space, so as to reduce the impact of fluctuations in raw materials properties on the quality of medicines.
Method: Taking Astragali Radix extract powder as the model drug, the design space of dry granulation CPPs
was determined by Box-Behnken design. Astragali Radix mixed powder with different powder properties were
prepared by mixture design, the variance inflation factor (VIF) was used to diagnose the multicollinearity of the
powder properties, and principal component analysis (PCA) was used to extract the characteristic data of the

model. Radial basis function neural network (RBFNN) was used to establish a feedforward control model for
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reflecting the relationship between the powder properties of polysaccharide components, dry granulation CPPs
and one-time molding rate. Result: The design space for dry granulation CPPs of polysaccharide components
was 16-35 Hz for feeding speed, 10-23 Hz for roller speed, and 10-46 kg-cm™ for roller pressure. The
established RBFNN feedforward control model had a good predictive effect on the one-time molding rate of dry
granulation of polysaccharide components, which could be used to guide the adjustment and optimization of
CPPs in the design space, the relative error was 0.38%-6.73%, and the average relative error was 3.42%.
Conclusion: The established feedforward control model can well reflect the relationship between the powder
properties of the polysaccharide components, the dry granulation CPPs and the one-time molding rate of the
granules, which can be used to guide the adjustment and optimization of CPPs in the design space, reduce the
impact of material property fluctuation on product quality, and provide ideas for promoting the quality of
traditional Chinese medicine from passive control to active control.

[Keywords] quality by design (QbD) ; dry granulation; principal component analysis (PCA) ; radial

basis function neural network (RBFNN) ; polysaccharide components of Astragali Radix; powder properties;

critical quality attribute (CQA)
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2.1 PEdbeLE it

2.1.1 Box-Behnken {5 & 11 ik 50 4 & 1 14 il
7 Ab 5 4 B L) B 85% IR EE RS L 6.5% A
WK L 6.5% n] PR TE K K 2% Si0,, il % & IR A 8
(HERBHS5HEHE SR &R ) o Kk ok
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47 Box-Behnken i 50 % 11, B 40 1R & #r 4L 100 g,
R a5 R 1~17, 45 B Z B I By 7K T 7 45
W1,

#1 EHEKRSHTEFH CPPsH Box-Behnken i I 5 #7
Table 1 Box-Behnken experimental design of dry granulation

CPPs for Astragali Radix mixed powder

No. AREEEE  BIRRRHGE  CERRRET — kR
/Hz /Hz /kg+cm™ 1%

1 5.00 15.00 25.05 37.62
2 5.00 35.00 25.05 0.00
3 5.00 25.00 50.00 0.00
4 5.00 25.00 0.10 0.00
5 20.00 15.00 50.00 51.15
6 20.00 25.00 25.05 49.57
7 20.00 35.00 50.00 38.30
8 20.00 35.00 0.10 26.89
9 20.00 15.00 0.10 42.67
10 35.00 25.00 0.10 48.12
11 35.00 15.00 25.05 55.50
12 35.00 35.00 25.05 40.48
13 35.00 25.00 50.00 54.13
14 20.00 25.00 25.05 48.89
15 20.00 25.00 25.05 48.79
16 20.00 25.00 25.05 49.51
17 20.00 25.00 25.05 49.61

2.1.2 REHAE I A BA N Rk R 2
T BRI A R, ok TR R 0 3% 3, 1 3 i kL Ak
J5 v E S0, F i 2% , SR B Ry B At il R
It 98% , T AE 25 A1 25 W) K R iV L O R
¥ 10%~98% , 42 ZF Wi AS 0~88% , A I PETE #5 0~88% .
BRI A M 3L 100 g, #F 5 2R 18~34, Hfi &2 CPPs
1 HARBUE AT Tk HRL . W 2,

2.2 F AR A

22,1 MHREACHERERI M E RIS SSATE . B
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Table 2 Mixture experiment design of dosages of Astragali Radix

extract powder and excipients %

No. BB X ZF MRS A PEVE R
18 10.00 44.00 44.00

19 10.00 0.00 88.00

20 10.00 88.00 0.00

21 10.00 88.00 0.00

22 90.67 7.33 0.00

23 90.67 0.00 7.33

24 24.67 14.67 58.67

25 24.67 58.67 14.67

26 46.67 14.67 36.67

27 46.67 36.67 14.67

28 54.00 44.00 0.00

29 54.00 0.00 44.00

30 10.00 0.00 88.00

31 68.67 14.67 14.67

32 79.67 3.67 14.67

33 79.67 14.67 3.67

34 98.00 0.00 0.00

E S0, I 2%

wORTR A bl A S e R B Al b (3
¥R EHME, ML T 0.9~1.1 mm, B JE 0.10~
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AL N PAL R . BEE R R TR, BN
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ik 10%, 50%, 90% At FIF X 1 A K42 Dy, Dgys Doy s F-
AP0 30, BOF- (8 . B4R 4 A 56 B (Span) FLKL
& 43 A5 3 L (Width) 9 71582 253 90 1 Span=(Dy,—
D,,)/Ds,, Width=D,-D,,.

2.2.3 M RMERUMER I E WS BB (p,) MRS
(py) " R FH B AT VR I o K 8 205 2 1) R 00 A9 A Y
U = BE 28 2% 71 A 100 mL & 13 L 30 s B 1R 1 4 A
BT SR IR pyo B bR %A R R 2R 4 1t 6 LA
— W W A B Ak, i o R b TR SR



528 B4 4 W] HEXBAFZRS Vol. 28, No. 4
202242 H Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2022

0 SRR S 5 AR i R O R S R SR R ALY
FEAEL B poo L3 T ()17 SR 5 2 0 4450 I
JE o E PSRN T RR B bR SN Bk EE AT A HE L AR S
PR B s o A A BEL 322 30 A0 R DU RS B T R
ASCRE i A v, 2o 28 A0 6 AILHE HERE b i LB
i AR S B AT I R, AT AR AR o

224 KByRFSIPERIE U 30 H Hausner HAE
(HR) FIK 1k £ () FAiF o HR 2 2 B 7R 37 30 1 Y
BB, 5 AR 8 HR=p,/p,. o F |k
M52 — a2 B TR A R T T S BE L 9% % (5
™ B BB A Y IR HE AR 0 B AN TG e
(7] AR 1% 55 BE () RS TR 42 () , #2227 a=arctan
()& a.

225 MRV R E TR AL (o) A
FE 4 B2 (C)RAE . & MR B B FL B 5 B 14 (8] £L B
B b AR B R R 5 BR L Z e IF R AR R e=
(p=py)lp.o CHITH AR C=(py=py) oo

2.2.6 MHRRCEMERME B R R R E K
HE(MC) R IR (H) R AE . A £ Ah 2k P i K 5
W5 A 72 MC L8 0T B 24 1.00 g Y # FE TR 5 0 74l
TR AT TE 105 °CA M T BEAT AR, AR 41 (25
N B RS L 7E 25 °C 4 F R ¥ ad i A A Ak
B RN B 3 A A IS 24 h, R R R R
BE A0 X B TE R A 75% . E IR A A B4t
FAEE (m,) R R L 2 mm TS, T
40 °CHEHE T8 6 h, BUL , THE A % 20 RS % Ak &
(my) JG AT TP R B HLA L3 T e 288 v 15 75 2% 1A
R, T 24 hRTH PR E (my) , iR 3G 2 X H=(my-m,)/
(m,-m,)*100% 1145 H.

2.3 R — RO AL I E R — R R S
182020 4F R A N R 25 ) (LR faf B
B 245 B0 ) ) B0 1 LA o v e PR AR T
RS EOR R B BRI S, RS S N
AEANER S S REEK RS, A4
R, 0 ST 3 min, YHEREE T 1 S0 (10 H)
FORBE L 55 0 (80 H ) I UKL, BRI i, — Ik
JI2 8 356 Sy i S TR U S 7 FIURE B S Y 43 L
2.4 CPPsi& i1 [a] Al #h 2

240 — KRS CPPsiE BRI %
Z& T35 R CPPs X — WY 28 1) 5% i) B A, AL 40
2.1.1 Wi F AY Box-Behnken & i1 ¥ 47 3256, W38 1,
K JHl Design Expert 8.0.6 K {4 1 47 B0 45 43 #r , 57
CPPs il — YR W 8 R 2 [6] (14 22 00 o] )9 52 B B A A
B 44t i R R2=0.943 4>0.85, #1271 L AE i B¢

A AE S, — YR Y SR (1) S B A 5 T 2 ] 2
AR PR B, HE S 0 R] 0o A A B A Ay T R
o T EMEER B8, P=0.001 4<0.05, i B A&
HA R EME, OB — R U 2R 5 CPPs 1Y 2 i 15 Y
o W B R =26.60+2.9694-1.422B+0.674 6C+
0.037 674B +0.004 0154C +0.002 936BC-0.066 814>~
0.008 4208°-0.013 94C*,
2.4.2 CPPsit= MMM R % P 45 45 5 K
SCHR 15 PR 0k — WO AR 2 BAE 40%~100% 5
FHZEINEFEHNE 4, B, C 507 [0 N1 R L 24K
ZAE 1 25 ] A R B A2 B R R — IR R
LN e N NS e o] I 1 B2 o g e B B S N
FE M TS ] 1 B 95% I B A5 23 18] (C1) 48
U DX Sl Y PRl 7R R T s DR 2 AR T
SR O — R R I H AR . R fiE
TBURL — YA R, BT S ] N A2 16 Hz<
A<35 Hz, 10 Hz<B<23 Hz, 10 kg-cm”<C<46 kg*cm”
YRl a5 ), DL IEl 1,
243 WItEMMFERFERPEEIE ZFRERY %
S — RGN v B i oK TR) A A SRy SR BRUARE R
(A B 2 ST SR 5 R AT 22 Uk BB WL AR A5 21 BT oK ] A
KAEMMESR . & 41F 16~35 Hz, B7F 10~23 Hz, C
TE 10~46 kg-em™ YA [ AL HL £ 1 000 ¥, 155 450 7E 45
il 23 6] o BEAT BE LSS 1 000 YK o R 15 1Y WUk — Ik
I HY T A 40%~100% W) 3150 1k, B A i 2
40%<— K WL Y <100% B R EL 1000 UK, 15 3
2 il 23 18] A9 VE A 2 R 100% -
2.5 BRI A M PR BT R A DGR BT R 2.1
LR B 1~17 41 3% TE 1R A& M5 #% Box-Behnken ¥ 11T
DR AN 2.4.2 350 B B Pl AS N i 140 T
. B 80(A4=30 Hz, B=15 Hz, C=25 kg-cm?) , %f 2.1.2
TR IR R T 18~34 41 5 FETR A 0 T ik il kr , F
T304 2 0%, 00 AR 2 e Jo 0 7 4% S UL 384 et i o o
MR, BT 2K T (VIF) i 2 HIL L 2
Wr, T H S & X AT RE S R A AR R 2 e &Pkl
VE AR G, 43 501 DA A by A4 2 M B A Sy RS o, AR
PEFRAE Jy H A2 &, B SPSS 26.0 #1354 4 W
TR g R A e X S At Ry 4% 2 M I [l 09 7 R ok E R
BRI AR VIF=1/(1-RY) 5 & A48 45 Y
VIF, Y8RP 5T XA L6 AR T Aoy Ak 27 1 Tt 1Y
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Fig. 1 Design space and control space of dry granulation CPPs of

Astragali Radix mixed powder
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Table 3  Principal component factor load and score coefficient

matrix of original data of Astragali Radix mixed powder

- P it 5 39y ZH
S B
F, F, F, F, F, F,

Hib -0.888  0.040 0317 -0.152  0.017  0.197
@ —-0.001  0.624 -0.362  0.000 0257 -0.225
HR 0.822 -0.032 0514  0.141 -0.013 0320
Width 0.753 -0.302 -0.489  0.129 -0.124 -0.304
Span 0.674 -0320 -0.394  0.116 -0.132 -0.245
MC -0.903  0.154  0.120 -0.155  0.063  0.075
H 0.930 -0.023 -0321  0.159 -0.009 -0.200
Py -0.435 -0.783 -0.075 -0.075 -0.322 -0.046
Py 0.559 -0.584  0.519  0.096 -0240  0.323
P, 0.444  0.485  0.164  0.076  0.199  0.102
£ 0.558  0.795  0.126  0.096 0327  0.079
C 0.813 -0.008  0.532  0.139 -0.003  0.331

BBAL S (X)) a(X,) ,HR(X,) , Width(X,) , Span
(X;) , MC (X,) , H(X;) , p, (Xy) 5 po (X)) 5 p (X)
e( X)), C(X,,) , M 32 5053 15 43 7 B0 B | 7T 45 2]
F,, F,, Fy ) 3235 3 A I 32 5820 15 43, 0L 1 i o
FBRE I b R o B BT R Y 3 S R A5 (F L F, L F)
J; RBFNN [ 45 48 il 155 8 4y A 7R it 1 47 I 46 1| 252
3 . F=-0.152X,+0.141.X,+0.129X,+0.116.X,—0.155X,+
0.159X,-0.075X,+0.096.X,+0.076X,,+0.096.X,+0.139X,, ,
F,=0.017X,+0.257X,-0.013X,-0.124X,-0.132X,+0.063.X,—
0.009.X,-0.322X,-0.240X,+0.199.X,,+0.327X,,-0.003X,,,
F=0.197X,-0.225X,+0.320X,~0.304X,-0.245X,+0.075X,—
0.200X,-0.046.X,+0.323X,+0.102.X,,+0.079X,,+0.331.X , .
2.7 RBFNN ij 5 45 il A5 78 (1 ) 2
2,71 H¥EAyBERE L H—1k RBFNN H A2 .
Boofr 2 i 2 = A B AT 0N S A R B
AHE H2 700 R A R A B e s AR
F 17 S E S o AR L R AR A B R 2 A RS
T30 o 2 P A e e S B A e 2 A5 20 9 £ Y i
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Fig. 2 Fitting of RBFNN model training samples for one-time

molding rate of Astragali Radix granules
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