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and particle solubility, and the key material properties affecting the solubility of the preparation were selected to provide reference
for improving quality properties of product. Methods The correlation model was constructed by sampling 20 batches of powder
and particles of five varieties, with angle of repost (o), bulk density (Da), vibration density (Dc), porosity (L), Carr index (IC),
hausner ratio (IH), water content (HR), hygroscopicity (), particle size (D10, Dso, Deo, Do), uniformity (UN), specific surface area
(SSA), relative homogeneity (10), distribution range (span), width, particle size < 50 um percentage (Pf) of the material powder as
independent variables and the dissolution rate (DR) of intermediate particles as dependent variable. Physical fingerprint and hot spot
maps were used to analyze the correlations of physical properties between batches and varieties. Combined with multivariate
statistical analysis method, the correlation between powder chemistry and particle solubility of traditional Chinese medicine
preparation was studied by multivariate statistical analysis. Results The similarity analysis of the radar diagram showed that the
similarity of XZK mixed powder was 86.52%—99.92%, and the similarity distribution of GFJ and TJ soft material was 90.38%—
99.97% and 89.79%—99.99%, respectively. The range of YJ spray dried fine powder similarity was 87.98%—99.90%, and that of
SYP dry cream powder was 86.94%—99.97%. The results of the heat map of the correlation matrix of physical parameters among
varieties showed that the correlation coefficients of each index were in the range of —0.964—0.998. There were high similarities in
Da, D, I, IC, IH, HR, 10 and span, but there were differences in the a and particle size distribution range. Two principal components
were extracted by principal component analysis (PCA). Principal component 1 was mainly composed of IC, IH, SSA, D10, Dso, Dso,
Doo, 10, width and Pf, and the interpretation rate was 57.06%. Principal component 2 was composed of a, Da, D, I, HR, UN and
span, and the interpretation rate reached 20.76%. Partial least squares regression analysis (PLS) showed that D., H, SSA, HR, IH, I,
and IC had significant effect on DR. Conclusion The model established by data statistical analysis can predict the key material
properties of intermediates that affect the solubility of particles and improve the solubility problems such as precipitation, coke chips,
and caking in the preparation production by controlling the related property indexes.

Key words: intermediate of traditional Chinese medicine; powder properties; dissolubility; correlation; Xingbei Zhike Keli; Guizhi
Fuling Jiaonang; Tianshu Jiaonang; Yaobitong Jiaonang; Shenwu Yishen Pian; physical fingerprint; principal component analysis;

partial least squares regression analysis
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Table 1 Standardization conversion formula of secondary
physical quality indexes

S E =1 I & =7 s S Y DA

R Baz%

FeoE HR % 10~0 10—x

H % 30~0 10—x/3
¥— Pf % 100~0 10—x/10

10 - 0~0.02 500 x

span - 5~2 (50—10x)/3

width  — 1600~0 (1600—2x)/160
mshtE IH - 3~1 (30—10 x)/2

o ° 60~0 10—x/6
HERA M Da grmL™! 0~1 10 x

De gmL™! 0~1 10 x
AR I - 0~3 10 x/3

IC % 0~60  x/6

2.3 BRI
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Table 2 Determination data of 12 physical indexes in some batches of each variety

FE i a Da De I IC IH HR H 10 span width Pf

XZK1 52.89 0.25 0.56 2.25 0.56 2.26 6.50 21.77 0.000 1 2.17 53.06 81.99
XZK2 54.38 0.28 0.61 2.00 0.55 2.23 7.04 15.71 0.000 2 2.00 60.94 74.00
XZK3 49.63 0.30 0.66 1.80 0.54 2.18 7.11 16.17 0.000 2 1.82 63.42 68.82
XZK4 61.60 0.26 0.64 2.29 0.59 2.46 7.13 23.41 0.000 0 1.98 50.67 81.82
XZKS5 56.49 0.26 0.62 2.26 0.58 2.40 6.81 22.72 0.000 1 231 58.13 79.35
GFJ1 42.74 0.32 0.68 1.68 0.53 2.15 1.11 15.65 0.001 0 243 88.86 62.11
GFJ2 51.14 0.40 0.71 1.12 0.44 1.80 3.91 14.73 0.001 2 231 91.19 59.67
GFJ3 43.99 0.43 0.80 1.07 0.46 1.85 1.25 17.71 0.000 7 2.87 82.70 69.58
GFJ4 4522 0.49 0.88 0.90 0.44 1.78 1.12 19.34 0.000 9 2.85 88.10 66.75
GFJ5 44.44 0.39 0.74 1.23 0.48 1.91 4.01 18.82 0.001 4 2.66 101.60 60.03
TJ1 54.17 0.43 0.89 1.21 0.52 2.07 1.44 17.46 0.002 0 2.69 120.26 53.59
TI12 45.26 0.46 0.95 1.11 0.51 2.06 1.12 15.16 0.001 7 3.10 113.24 58.39
TI3 53.69 0.47 0.91 1.05 0.49 1.95 1.69 18.59 0.002 4 2.39 123.97 48.74
TJ4 53.71 0.46 0.91 1.06 0.49 1.96 1.21 16.17 0.002 3 2.48 124.57 49.93
TIS 57.12 0.40 0.87 1.35 0.54 2.17 1.55 16.24 0.001 6 3.06 112.95 58.30
YJ1 40.16 0.57 0.77 0.45 0.26 1.34 4.64 27.14 0.009 3 1.48 198.53 9.75
Y2 41.71 0.53 0.74 0.54 0.28 1.40 4.74 26.72 0.007 2 1.75 214.30 16.07
YJ3 41.87 0.52 0.73 0.57 0.30 1.42 3.84 26.31 0.006 5 1.85 219.03 18.40
YJ4 48.05 0.41 0.70 0.98 0.41 1.68 3.84 21.80 0.007 8 1.62 211.68 12.36
YJ5 40.64 0.45 0.63 0.67 0.30 1.42 3.84 22.94 0.004 3 2.33 294.82 21.21
SYP1 44.38 0.48 0.83 0.87 0.42 1.72 5.15 29.75 0.001 1 2.25 95.89 56.95
SYP2 42.99 0.48 0.83 0.85 0.41 1.70 4.84 28.66 0.001 2 2.19 96.95 55.48
SYP3 44.14 0.49 0.82 0.84 0.41 1.69 5.51 28.69 0.001 1 224 95.65 56.89
SYP4 4491 0.49 0.78 0.75 0.37 1.58 5.46 29.03 0.001 1 2.18 95.71 55.75
SYP5 43.76 0.50 0.84 0.80 0.40 1.67 5.75 30.39 0.0015 241 106.80 54.90
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PR 0 i BRE TR I T2 B3 TR AR K
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Dso~ Deo~ D905 10. width. PfXﬂ‘ﬂé)ﬁﬁj\ 1 'j"ffﬁj(%
K ERAT 2 B av Das Dew I« HR 2 UN. span
Fe o

K4 e BT DE S, EBTEfr 1 5%
B4y 2 Z AR R, XZK IR AH; K GFI 3 4 43
AT, WAL ZE R BN YT W40
TJ BAremk & SYP HER - mBE 8L, R
PESZIA B SR . Ak, XZK AR Hopth 5 AR X
2LV YA PN I VRS PTAYA I AU e L //E B IR KB
F 72 S, YRS ) T SO RV A TR SR it R
BAKT S, & abhrkbi R B e N, a8 H
TR AL S R TR
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Fig. 1 Fingerprints of intermediate powder and control in batches of various varieties
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Fig. 2 Hot spot map of similarity matrix among varieties
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=3 HWEFEEM PCA
Table 3 PCA of mathematical model

S R%x R%cum FRAEAE
1 0.570 6 0.570 6 10.27
2 0.207 6 0.778 2 3.736
3 0.0923 0.870 5 1.662

Ry NTRBMRALE, R WAPIRRA R
R%y is the main explanatory variable, R’cym is the cumulative

explanatory variable
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Fig. 3 PCA model analysis load dispersion diagram
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Fig. 4 PCA model analysis score chart
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