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Abstract: Objective To investigate the effects of the modification technique and process parameters on the compactibility of
Gardeniae Fructus extract, and optimizate the detailed process parameters. Methods Hydroxypropyl methylcellulose (HPMC E2)
was adopted as the modifier to explore the performance of different modification techniques on the compactibility of Gardeniae Fructus

extract such as fluidized coating, spray drying and high shear, etc, and screened out the most suitable modification techniques. The
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overall desirability (OD) was obtained by comprehensively weighted the critical quality attributes based on the concept of quality by
design (QbD) combined with fuzzy analytics hierarchy process (FAHP)-entropy weighting method, and the obtained OD was adopted
for optimization the modification process parameters. Results Among the three modification methods, fluidized coating method show
the best modification effect with the obviously improved compactibility and fluidity; The OD value was positively correlated with inlet
air temperature and feeding rate, and negatively correlated with modifier concentration, and the detailed order of different process
parameters on the OD value as follows: air inlet temperature > feeding rate > modifier concentration; After optimization by single
factor experiment and response surface method, the optimized condition were as follows: air inlet temperature of 70 ‘C, feeding rate
of 11 r/min, modifier concentration of 12%, with the RSD between measured and predicted value less than 5%. After optimization, the
tensile strength (> 2 MPa) and flowability (< 40°) of the Gardeniae Fructus extract tablets met the requirements of tablet production.
Conclusion The modification technique and process parameters had a significant effect for improving the compactibility of extracts,
and the preferred techniques owned the excellent feasibility and reliability, which provided a reference basis for the industrial

production of Chinese medicine tablets with poor compactibility.

Key words: compactibility; fluidized coating; quality by design; entropy weight method; Box-Behnken experiment
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HPMC BCiil oK CEREN 1.1 g/mL) Jeit47ms
ZE, BARFATR B3GR 130 T #EXE
35m’h (100%). ZEiE 0.45 L/h (HROKHEFEE R 1.5
L/h, 30%). 54tk 77 6.0 kPa (45 mmHg).
2.1.3 SEEIUIEOR  MHE IR AT A ST R AU O,
BHET/KIEY) S HPMC R4 )5, BT il 5y Uk
WL HMT LS, TS50 R Hidk 2 E0E 150
r/min. BIY] JJEEE 2 200 r/min. SR [A] 6 min.
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FEdh ARIEAC) CI HR

pol(gmL™) p/(gmL™) pure/(gmL™) FIKE/%

Dso/um span LR /%

JEH 50.231+0.58 36.04£1.44 1.56+£0.04 0.4610.02 0.72£0.01 1.28%0.01 3.81+0.08 42.70£3.57 1.63+0.10 64.08=1.49
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48.1810.30 35.641+1.49 1.53+0.04 0.45%0.02 0.72+0.01 1.26+0.01 3.97£0.08 43.65+0.17 1.6310.02 64.88+1.21
44.6610.38 33.40+0.70 1.50+0.02 0.47x0.01 0.70+0.01 1.27£0.01 3.78%0.10 47.27£5.10 1.50%0.23 63.11%£0.74
37.82+0.31 30.71£1.47 1.44£0.04 0.3410.02 049£0.02 1.34£0.01 520%0.23 199.00£12.13 9.07+1.84 74.62+1.64

LW 5 46.6310.58 37.87+0.32 1.61£0.01 0.36+0.01 0.58+0.01 1.36+0.01 4.12+0.06 17.62+2.42 2.58+0.37 73.4610.41




FED 20244E8 7 $55% H 168  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 16

= 5451 »

25 e ¥

—o— YHIRE
—h—
—v— 5]
—— LB TR

2.0 1

<
o
=15
wn
H
1.0 4
0.5 T T T
10 15 20
b /KN

E1 SE&AKTFEAE-KEBEXRE
Fig.1 Diagram of press-tensile strength relationship on

composite particles

HEn CEC SO 4 %), imahtEsgin (fRibf <
40°), IEFREEEOKR . BhAh, m BT YISOk T
PERIR G0 R S HE T S5O DU sm A . R IE S
JRTGH .72 55, RIS By U1 A B A % HE F /K32
PRI R AR . 25 b, B S T
PR R B > L 5 T4 > BT U] (R,
SRt

Ay

BRI

PSRRI 3
= L

TR E T ZHT R 7.
2.3 £T QbD HERZIHIE CPPs 5 CAQs

QbD RARAZ AL Ty T2 AN H T
%o EITIEABE R EENE . T2 5 E
RS &R, RGP EEYE (critical quality
attributes, CQAs) 5Kt T.ZS4 (critical process
parameters, CPPs) DA{RIUF/™ S &, 754257 5 T
2t 5z 2]z RED,
231 UL & CPPs AT T2 a2
UNUZINEZ SN & SN (i e S TS N2 TR
Y, S IREEL, VISHEBEERTES
B, R EELZNaEE (K2, #54, X
JH % 200k 2 Z8ONE 73 B o 8 P i e ) S i R 3R 33
A7 Rl ol B (). RAEME (0)
R Z AR (D) WEIF4IN (R 2), XL
SRR REAT BAL; Fea , THE XL S 2 B (risk
priority number, RPN), 4% RPN {E & CPPs, H
H1 RPN <<6 [ Z VIR HUE, 6<RPN<\18 [IAIEK
Dy AR, RPN =18 R i KU 4]

RPN=S§XOXD

kK
Bt

A Bl
BRI

JS’
Y

2 RBRIZ&FHE
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Table 3 FMEA risk assessment results of fluidized coating process
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WIREE 70 CHEAT Ja 2:04k
242 HMERIHE EREXEEY 70 C, B
JREIRIEN 10%, BEREEY 7 r/min 260, %
x4 HRUREXEEBERIEM (XLs,n=3)
Table 4 Influence of inlet air temperature on modification
effect (X xS, n=23)

BEXGR AUTCC/ B
em RAEA/C) CI HR

JE/°C (KN-MPa) %
80 8.17 44.5140.4130.71+1.33 1.44+0.03 77.13

43.38+0.22 28.68£1.45 1.40£0.03 79.13
70 10.15 39.87£0.40 23.89£0.96 1.31£0.02 86.83
65 9.90 39.53%0.17 30.211.80 1.43£0.04 82.80
60 SRR, VAR EAHAT

75 8.24
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151—e— 70 C
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Fig. 3 Diagram of press-tensile strength relationship under

different inlet air temperatures
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Table 5 Influence of amount of modifier dosage on

modification effect (X £ S, n=23)

Mtz AUTCC/ 55/
. A A/0) CI HR
FH5/% (KN-MPa) %
5 10.06 41.6640.39 34.75+4.20 1.54+0.10 83.80
10 10.15 38.8740.40 23.89+0.96 1.31+0.02 84.47

15 1022 39.95+0.4222.63+1.31 1.2940.02 77.88
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Table 6 Influence of modifier concentration on mass

modification effect (X £ S, n=23)

PR AUTCC/ m%)
Eﬁl‘f 3] 5 R4/ o1 R
IR /% (kN-MPa) %

8 8.67 40.66+0.39 28.58+1.01 1.401+0.02 82.91
10 10.12 39.8740.40 29.70+0.87 1.42+0.02 86.83
12 12.54  39.8240.32 30.65+1.44 1.44+0.04 88.50
14 12.23  39.88+0.12 26.83+1.44 1.37+0.03 86.67
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Fig. 5 Diagram of press-tensile strength relationship under

different modifier mass concentrations
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THREREE S PR, FERR 2 5K . % T 11 t/min
AR 3R Ak 2 A B AR B AT R (B OKH AUTCC
(8D, WEEHAF NIRRT 5 2L -
RT HRHRENEMESUIROFM (Xts,n=3)
Table 7 Influence of feeding rate on modification effect
(Xxs,n=3)
HERHEE/ AUTCC/ P R T/
(rmin™") (kN-MPa) %
7 12.34  39.824+0.40 30.65+0.87 1.4410.02 85.67
9 1243 39.07+0.41 30.76£2.29 1.45+0.05 85.11
11 12.94  39.081+0.20 31.05+1.44 1.4510.04 84.12

13 I, WK

2.0 {=—@— 7 rmin’!
—&— 9 rmin’!

|—— 11 rmin™!

0.5 1

5 10 15
LN
6 ANEHERHEER B E-HKRE X RE
Fig. 6 Diagram of press-tensile strength relationship under

different feeding rate
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H#% 8.

R 8 TN EARAYAE B AN BT RE RS
Table 8 Fuzzy complementary judgment matrix of

evaluation indicators

NES

RAEELN

R B%  Cl HR Rk
JE 4 O 1 5 77 7
(SRS 1/5 1 33 3
CI 1/7 73 1 1 1
HR 1/7 73 1 1 1
RIEA 1/7 13 1 1 1

PRl 1 ONFASFEE, 3 NMMEZ, 5 NWEEE, 7 NMRANE
L, EHOE R R

Where scale 1 is equally important, 3 is slightly important, 5 is clearly
major, 7 is strongly important, and reciprocal form indicates opposite

comparisons.

B, MR A XN RS SR 3 AL E R 2
( ij)o

WP =(arar"** am)""/ z (anawr"* am)""

k=1

Ho, am RO kATIRARE 205 n SIFRFRIE R 1)
Feitsi . i AUTCC. 3%, CI. HR Fffk1k £
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WBE AT — B, 45 R EoR — B R AR
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k=1 k=1
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#* 9 BBD XWRITRE
Table 9 BBD experimental design and results

X/ X X/ ARIEA/ ol HR 3%/ AUTCC/ OD
C (rmin) % (©) % (kKN-MPa) 1{H
75 11 12 38.66 24.63 134 84.58 10.18 0.35
70 11 14 4027 2595 1.35 8425 1226 0.57
70 11 10 3846 24.19 133 90.00 12.10 0.74

75 9 14 3948 26.57 1.34 83.33 9.74  0.16

65 11 12 39.07 24.34 1.34 8233 1258 0.78
65 9 10 40.66 24.61 1.33 84.00 10.62 0.35
65 9 14 4142 26.01 1.37 83.86 1220 0.54
70 7 10 40.66 26.12 1.37 86.33 12.02 0.50
70 9 12 39.87 26.10 1.35 87.85 13.29 0.85
70 9 12 39.87 26.22 1.35 8992 13.18 0.77
65 7 12 4148 26.11 1.36 85.00 12.11 0.47
75 9 10 41.04 26.19 1.37 87.33 11.89 0.56
70 7 14 39.87 25.50 1.36 86.67 11.33 0.50
70 9 12 3947 26.03 1.36 88.58 13.07 0.80
75 7 12 41.81 27.57 1.38 88.00 12.01 0.49
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Fig. 7 Normal plot of residuals
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Fig. 8 Residual prediction plots
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Table 10 Results of analysis of variance for fitted

regression equations

P/ ST SEM HEE %y FE P
it 0.5199 9  0.0578 2449 0.0013*
Xi 0.0423 1 0.0423 17.92 0.0082*
X 0.026 6 1 0.0266 11.30 0.020 1
X 0.018 2 1 0.0182 773 0.0389"
XX 0.049 5 1 0.0495 20.97 0.006 0*
X1.X;3 0.088 2 1 0.0882 37.41 0.0017*
XaX3 0.007 5 1 0.0075 3.16 0.1356
X 0.192 6 1 0.1926 81.65 0.0003*
X2 0.0116 1 00116 490 0.0777
X3 0.1132 1 0.1132 48.00 0.0010*
BRFEIRZE 00118 5 0.0024
LS 0.008 8 300029 1.93 0.3588
AR 0.003 0 2 0.001 5
it 05317 14
R? 0.9820
TE R? 0.949 7
T R? 0.8387
WHE 152599
iz 0.227 6

RAREFRE (P<0.05), "RREFMEE (P<0.01).
*indicates significant difference (P < 0.05), ** indicates very significant
difference (P <0.01).

1.503 7 Xa—1.369 7 X;—0.009 8 X;2—0.001 8 X»>—
0.039 4 X32—0.014 6 X1.X>—0.014 9 X;X3—0.010 8
XoXs0 FTLAE H, OD {8 53k KU AL g 52 1F
G, SecHEmI R ERE 2 A C . RSN
IR, OO RO AR s R IR A R
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