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Optimization of Wuwei Yixin Granules forming process based on D-optimal mixture
design method combined with Box-Behnken design-response surface method
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Abstract: Objective Optimize the forming process of Wuwei Yixin Granules and construct its physical fingerprint. Methods The D-
optimal mixture design was used to screen the best excipient ratio with the primary forming rate, melting rate, moisture absorption rate
and angle of repose of the particles as the indexes. The process parameters of dry granulator were optimized by Box-Behnken experiment
combined with AHP-CRITIC hybrid weighting method, the physical fingerprint of the granules consisting of 13 secondary physical quality
indexes, including bulk density (Da), tap density (D), o, Hausner ratio (IH), H, water content (HR), interparticle porosity (/e), Karl index
(IC), specific surface area (SSA), particle size < 50 um percent (Pr), Span, Width and homogeneity (HG), was established to evaluate the
consistency of granule quality among different batches. Results The best proportion of excipients of Wuwei Yixin Granules: dextrin 49%,
maltodextrin 23%, soluble starch 28%. The best granulation process parameters: feeding speed 64.1 r-min”!, pressure wheel speed
6.7 r-min"!, hydraulic pressure 6.1 Mpa. The physical fingerprint had good similarity between 15 batches. Conclusion The optimized
dry granulation process is stable and feasible, which can provide reference for subsequent pilot scale-up and large-scale production.
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Table 1 Investigation results of excipient types

AR Y1/% Y2/% H/%
WG 60.1 82.75 19.74
B R b 69.3 81.30 23.84
FLbE 60.9 81.61 20.95
TR gER 57.4 75.55 21.69
i PEE Ry 68.3 82.52 21.73
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Table 2 Design and results of D-optimal mixture experiment

Fs A B C Y1/% Y2/% H/% al° Y
1 0 59.96 85.54 21.25 36.128 0.0000
2 0 1 0 69.30 92.60 23.08 34.152 0.4814
3 1/2 0 1/2 60.90 89.49 23.71 34.144 0.0000
4 1/6 213 1/6 73.86 89.66 23.59 34.052 03101
5 0 1/2 1/2 78.59 90.70 23.37 34.455 0.4346
6 213 1/6 1/6 71.25 91.84 22.65 32.148 0.665 6
7 1 0 0 60.12 85.20 20.98 35.989 0.0000
8 0 1 0 69.80 93.15 23.05 33.124 0.557 2
9 1/2 1/2 0 71.54 89.72 21.91 34.510 0.554 4
10 1/3 1/3 1/3 75.44 90.10 22.08 33.573 0.665 6
11 0 0 1 74.14 88.47 23.31 33.714 0.408 0
12 0 0 1 75.20 87.96 23.15 33.705 0.4340
13 1/6 1/6 213 70.20 88.15 22.58 32.315 05331
14 1/2 1/2 0 71.66 88.79 22.15 34.523 0.5056

®3 BESHER

Table 3 Results of variance analysis

ZERORIE CPOrM AmE ¥ FHE P {H ERKIR PG AmE By F {8 P {&

Ay 0.7109 8 0.0889 96.86 <<0.0001 = 0.004 6 5 0.0009
AB 0.0980 1 0.0980 106.78 0.0001  ZRfUIE  0.0002 1 0.0002 0.1687 0.7024
AC 0.0353 1 0.0353  38.46 0.0016 4%  0.0044 4 0.0011
BC 0.0009 1 0.0009 1.02 0.358 1 BE 0.7154 13

ABC 0.1836 1 0.1836 200.12 <<0.0001 R? 0.993 6

ABZ 0.094 7 1 0.0947 103.24 0.000 2 Ragj? 0.983 3

ABC=Z  0.026 3 1 0.0263  28.72 0.0030

A 10— ]
0.8 - :

0.6

0.4

Y {4

0.2

B(1)

1 CRBHEIT 3D M EE (A) RESZE (B)
Fig.1 3D graphs (A) and contour map (B) of mixture design
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47 BBD-RSM 5256, 253K 5.

F4 RRNETTEWE

Table 4 Mixing design process verification

F5 Y% Y% H/% al® Y
1 7558 91.85 2125 33424  0.8095
2 7615 9096 2143 33154 0.7917
3 7589 9155 2160 32985  0.8035

#5 BBD-RSM SRR RER
Table 5 BBD-RSM experimental design and results

R AJ(r min ) B/(r min?) C/MPa Y1/% Yal% H/% al® Y
1 70(-1) 6(0) 4-1)  72.29 88.07 21.76 34.562 09225
2 60(0) 6 6(0) 76.53 91.72 22.08 32.071 0.962 2
3 50(1) 6 8(1) 75.11 90.72 21.42 34.458 0.950 2
4 60 6 6 78.28 90.60 22.02 32.027 09722
5 60 8(1) 4 74.92 89.60 21.17 34.593 0.948 3
6 60 6 6 78.81 91.82 21.22 31.479 0.986 3
7 60 8 8 79.04 90.59 21.91 36.515 0.968 7
8 60 4(-1) 8 76.48 86.03 22.05 37.449 0.9389
9 50 8 6 76.50 92.29 21.05 32.969 0.969 4
10 70 4 6 73.03 87.73 22.15 34.049 0.9249
11 70 6 8 73.61 90.99 20.24 32.097 0.956 1
12 60 6 6 78.39 91.54 21.99 32.806 0.9734
13 60 6 6 78.49 91.17 21.69 32.396 0.976 6
14 70 8 6 73.98 92.97 21.64 34.925 0.944 6
15 50 4 6 76.30 85.80 21.85 31.003 0.9525
16 50 6 4 76.49 92.82 21.12 34.858 0.965 7
17 60 4 4 75.22 87.00 22.18 37.500 0.9312

2.5.2 AHP HiEfEFME  AHP 2 £
RUT70:, AR SR 3 1) 48 56 4 T 45 f i F A 2 TR 1)
HEFREEN2, Jt R HE MR RAE,
BEAHTZZ BRI E . RHE 4 NME
PREERE, B4 MabrRIa R 4 AN EIR, R
FSONT E AT ) P TR e A6 B, W36 6. {3 AR 2 B
SPSS PRO #R#EVE/r 4 it 5 — k% ¥4k
E. H. o RLERESHA 47.53% 23.097%-
20.658%- 8.715%, —EMERFLHEIA 0.03 (<
0.10), 7B 1% ) Wi DIt S i o L A 3 o 1) — B4k
S I

2.5.3 CRITIC g fEFrMLE  CRITIC & — &M
BCERAGE, #E 7 FEME R, FIAME SRS

*6 HIENERY
Table 6 Weight coefficient of each index

Fabr —RBBIER BE H a
R/ L ES 1 2 3 4
AR 112 1 1 3

H 1/3 1 1 3

o 1/4 1/3 1/3 1

R AT B RS N B HRE LRI 1), N2 ARG G
PR ALK IEDS, KR 6 R — IR, a W
. H 4 BB EIRPR LR T RN LB, 15
FIAHC RFERENY, ] SPSS PRO 1E4: F A b3
Bim, HEAR MR, BHHE H a IUER
By A 30.312%- 22.516%- 22.388%- 24.784%.
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2.5.4 AHP-CRITIC V& & N EL% i % 48 b5 AL &
AHP HEAE R WM T CRITIC, 1
CRITIC AH*F T AHP RE 5 % WP & Fabr AL E &
%, AHP-CRITIC R & INBUE R FHe BN A R 2 Al
FEARBAR IR, AMELRE VP Bk, LURE
BE R (0w WHESERHLZEETS (V). RIELA
ﬁ w iﬁ%:wAHPCUCRITIC/ Z (W AHPQCRITIC Tkﬁ?%"i”ﬁkﬂ
B IENE H o BUE RE5 N 53.77%-19.80%-
18.40%- 8.02%!'519, ZE& P (V) IFE AW,
g S,

Y= B2 R /45 KRR 5 X 53.77% + WAL 2R K AL
X 19.80%+ 5t/N HIHX 18.40%+ /) a/aX 8.02%

255 BMWEEITZESH T KA Design-Expert
13 AR S AT IR Z e EEE, BRI =kE
JCEAJ R Y=0.974 140.011 2 A+0.010 4 B+
0.005 8 C—0.000 7 AB—0.012 3 AC+0.003 2 BC—
0.0122A2—0.014 1 B2—0.013 3 C2. =4 R
W7, SRR, Pt R2=0.9367, £
PR B R R BT, P=0.002 (<<0.01), FHIfR
REABEME; KU P>0.05, RHIRZEREE;
fEMe b KT 4, RO ZARI OIS S Pa<Ps<<Pc»
KPR RZRLEEVE IR N A>B>C,

25.6 THAEMH @il Design-Expert 13 #fF
o) 5 DR 2 AH LA R e B2 A A P, L 2. dEad

RT HELZRSH

Table 7 Analysis of variance results
TIENKE CPA HHE H7 F PAE | 72k FM Al 5 FE P
it 0.0053 9 0.0006 1151 0.0020 | B= 0.000 8 1 00008 16.43 0.0048
A 0.0010 1 0.0010 19.83 0.0030 | C= 0.000 7 1 00007 1467 0.0065
B 0.000 9 1 0.0009 17.18 0.0043 | #k% 0.000 4 7 0.0001
o 0.000 3 1 0.0003 526 0.0555 | RFLII 0.000 1 3 0.0000 024 0.8643
AB <0.0001 1 <0.0001 0.04 0.8497 | 4Rz 0.0003 4
AC 0.000 6 1 0.0006 11.88 0.0107 | &% 0.0056 16
BC 0.0000 1 0.0000 0.80 0.4022 | R? 0.936 7
A2 0.000 6 1 0.0006 12.40 0.0097 | Rag? 0.8553

& 2

A/(r-min")

B/(rmin")

B EFEE(E RN E S E

Fig.2 Analysis graphics of interaction response surface of each factor
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Wi 7 FH T 3D EHBTARHEE T CAE 2 5 % o AR 5
MARESE, UR DM, U 2 HACEAR R
LR MR RS 2 HRLHER R, 217
MR 2 R EAEAARZ, 2 AREEA
BRI ZMESCFR o HIIEIAT AN, 3D A 18 18T P R 2 3
B, ERREER; @SR, H%

T BN AR . mERR T ZS809:

FrRHEE 64.1 rmin!y EAFEHE 6.7 rmin! R
J&/J 6.1 MPa.

2.6 EIRIOFRAIEESEE

2.6.1 YPEFRARIGAREES IR BT R B

BEIRPMENAR, T 13 A ZgiRksidtira—
A3, e g5 BAR LR 0~10, & —Zdabn
AR NE S, GERNE,

2,62 TUMRZE O BRI SR BRI R BT
B Ry AFE R AL A PR AR 1 O A R B
A T EHDR LS B0 £ 15 STk 25 O BUkE
(WI~W15), %8 “227 TRk, 5 13 ™M
HSHUEN e YEAars, HAHIREE, BNk
YIRS, R, DL 15 STk 25 OOk T-4)
BV A R R o s (RD, S5 3, =1
R, IR AR Rk 7181,

*8 “RIEMEIRAN
Table 8 Secondary index conversion formula
RN Rk By JEl e —RAEbs ARRE B ¥ et a3
Bl o ° 0~50 10—x/5 ¥—m Pt % 0~50 10—x/5
IH — 1~3 (30—10x)/2 Span — 1~5 (50—10 x)/4
HERAPE Da gem?3 0~1 10 x width pm  0~2000 (200 0—x)/200
D¢ gem3 0~1 10 x HG —  0~1 10 x
FE M H % 0~20 20—x/2 ] IC % 0~50 x/5
HR % 0~10 10—x le —  0~1 10 x
SSA —  0~100 x/10
&9 15 #ARECHRL 13 MM IR E IR
Table 9 13 Physical index determination data of 15 batches of Wuwei Yixin Granules
. Dd/ Dd/ .
Fefh o/ IH Hi% HR/% P#% Span Width/um HG IC le SSA
(gem3)  (gem™d)
Wl 336 8.8 6.60 7.80 433 565 9.78 7.53 6.78 3.08 462 699 521
w2 337 838 6.80 7.90 442 572 9.78 7.52 6.77 3.08 418 6.14 520
w3 340 833 6.60 7.70 429 574 9.78 7.53 6.78 3.08 429 649 523
W4 340 8.43 7.00 8.10 445 559 9.78 7.52 6.77 3.07 4.07 582 5.19
W5 334 833 6.60 7.70 428 559 9.78 7.52 6.77 3.09 429 649 522
W6 339 824 6.80 8.00 428 5.62 9.79 7.53 6.78 3.09 450 6.62 5.22
W7 335 845 7.10 8.20 432 571 9.77 7.53 6.78 3.08 402 567 521
w8 338 8.8 6.60 7.80 436 5.68 9.78 7.53 6.77 306 462 699 522
W9 340 843 7.00 8.10 426  5.63 9.78 7.53 6.78 3.07 407 582 521
W10 3.33 8.45 7.10 8.20 437  5.69 9.78 7.52 6.77 3.09 4.02 567 523
Wil 333 851 6.70 7.70 434 575 9.78 7.52 6.77 3.09 390 582 522
Wiz 340 8.12 6.90 8.20 433 561 9.78 7.53 6.78 3.08 476 6.89 521
W13 3.37 841 6.90 8.00 427 572 9.77 7.53 6.78 307 413 598 521
W14 339 855 6.90 7.90 436  5.66 9.78 7.52 6.78 3.09 380 550 5.20
w15 3.37 8.33 6.60 7.70 433 572 9.78 7.53 6.78 3.08 429 649 520

2.6.3 WEIRSUEREARLIE b N BRI AR
IR A B PRAN [t CORURE ) 25 24 o 1 AR AU
UL, FAALLBEBRFEAT 1, 3% B RIORE A e 2 1k o
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