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Abstract: In this study, multivariate statistical analysis was applied to characterize the flowability of different
types of microcrystalline cellulose (MCC), and the visualization of R language was used to explore the intrinsic
correlation on its performances. To verify the operability of multivariate statistical analysis, we compared the
results of the conventional methods such as repose angle method, Hausner ratio method, Carr ’s index method
and the parameter a of Kawakita equation to determine whether there are significant differences between the
conventional ones and multivariate statistical analysis. Moreover, the fillibility and compressibility were char-
acterized by parameters 1/b of Kawakita equation and the means of pressure-tensile strength and compressibility
curve method, respectively. The data was analyzed through R language for visualizing the correlation among
the performance parameters of MCC. The flowability of the series of microcrystalline cellulose PH (MCCPH)
were superior to the series of microcrystalline cellulose WJ (MCCWJ), the compressibility of MCCPH-302 was
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optimum, and the flowability and fallibility of MCCPH-102 were better than others. The results of conven-
tional methods were consistent with multivariate statistical analysis. The fillibility was positively correlated
with flowability, both negatively correlated with compressibility by analyzing correlation coefficient diagram,
which was statistically significant (P<0.01). It is reasonable that adopting multivariate statistical analysis to
character the flowability of powders, which is more objective than the traditional approach. The correlation
visualization of performance parameters of powders provides convenience for screening preparation material via

the visualization of R language.

Key words: microcrystalline cellulose; flowability; multivariate statistical analysis; principal component

analysis; visualization analysis
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Tablel Thecomprehensive properties and parameter of different types of microcrystalline cellulose (MCC).
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a
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1/b

Slope K

MCCWJ-101
MCCWJ-102
MCCWJ-103
MCCWJ-CG
MCCPH-102
MCCPH-301
MCCPH-302

36.9+04
336+04
36.3+0.5
39.7+06
342+0.7
33.6+0.9
336+04

0.44+0.01
0.34+0.01
0.42 +0.00
0.35+0.01
0.31+0.01
0.43+0.01
0.43+0.01

0.58 +0.02
042 +0.01
0.59 + 0.00
0.54+0.01
0.38+0.00
0.51+0.01
0.50+0.01

1.33+0.06
1.21+0.00
1.39+0.01
152+0.05
1.23+0.05
1.20+0.01
1.17+0.02

2448 +0.04
16.98 + 0.03
28.00+0.01
34.47 +0.02
18,55+ 0.03
16.59 + 0.01
1451 +0.02

544+ 1.09
5.92+1.09
3.68+1.09
6.41+1.09
472 +1.09
472 +1.09
310+ 1.09

2.82+0.01
4.49+0.01
2.92+0.10
4.49 £ 0.62
574+0.21
5.37+0.09
522+0.49

0.248 = 0.046
0.225 + 0.046
0.294 + 0.046
0.348 + 0.046
0.258 = 0.046
0.254 + 0.046
0.194 + 0.046

6.22 +3.89
6.15+ 3.89
11.96 + 3.89
16.45 +3.89
574+ 3.89
7.41+3.89
519+ 3.89

0.006 + 0.005
0.008 + 0.005
0.009 + 0.005
—0.002 + 0.005
0.008 + 0.005
0.012 + 0.005
0.013 + 0.005
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Table 2 The correlation coefficient matrix of individual com-
ponent. ‘P<0.05

Equilibrium
Angleof  Bulk Tap Water moisture
P
arameter repose density density content  absorption
content
Angleof repose 1 0585 -0.037" -051 0.492"
Bulk density 0585 1 0761 -0.759° -0.121
Tap density -0.037° 0761 1 -0448"  -0.492
Water content  —051"  —0.759° -0.448" 1 -0.085"
Equilibrium 0492° -0121" -0.492" -0.085" 1
moisture absorp-
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Figurel Principal component feature value of all materials

Table3 Theindividual component eigenvalues

Initial eigenvalue

Component
Total Variance/% Cumulative/%
1 2.589 51.780 51.780
2 1.734 34.676 86.456
3 0.359 7.173 93.629
4 0.306 6.116 99.745
5 0.013 0.255 100.000
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Figure 2 Score plot from component of all material properties.
AR: Angle of repose; BD: Bulk density; TD: Tap density; WC:
Water content; EMAC: Equilibrium moisture absorption content

B FA Z5RAT 0L 58 1 R s & R T
T REEEE IR T ZHHE 1 Elarmsgm (K 2,
% 3), AR S ELER T IAE REET RN, RIS E
BRIk R 5 N ER S R TTEk
Eb, %5 1 3 HIBLE A 51.780%/100% = 0.517 80,
[F] 22 A] 73 HoAth & 23 1 P AL LE A 0.346 76,
0.071 73. 0.061 16. 0.002 55. ¥ % £ B o K 11547
HHAE AR A, 15 H %55 MCC K113
G (F 4), ZRECRE2>2, BINTES (F) 53
YRR, 135K, RPN EET . 3] o
THEARH E SO 25 A B 71550 7 IR AT HE 4

Table4 The composite score and grade of MCC

Component plot
Grade Sample

Component 1~ Component 2 F
1 MCCWJ-CG 0.356 25 1.67245 0.764 41
2 MCCWJ-101 1.23851 0.270 39 0.735 06
3 MCCWJ-103 113177 —0.496 77 0.413 77
4 MCCWJ-102 -0.87194 0.512 28 -0.27385
5 MCCPH-301 -0.194 69 -0.727 62 -0.35312
6 MCCPH-302 —-0.165 70 -1.432 01 —-0.582 36
7 MCCPH-102 —1.494 20 0.201 27 —0.703 91
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WiER 4 FEAES MCC HTE0HEAL T 8%
MCC &g & il Jit 7 4 K 2]/~ Jy: MCCPH-102 >
MCCPH-302 > MCCPH-301 > MCCWJ-102 > MCCWJ-
103>MCCWJ-101>MCCWJI-CG.
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Figure 3 Correlation visualization of the flowability, fillibity,
compressibility of MCC (P<0.01). AR: Angle of repose; HR:
Hausner ratio; Cl: Carr’s index; a: Parameter a; 1/b: Parameter
1/b; K: Slope K
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