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Dynamic two-dimensional characterization technique and influencing
factors analysis of the hygroscopicity of Chinese medicine extracts

NING Ru-xi*, XIONG Zhi-wei*, ZHAO Ying-xia, HU Xiao-xin, FENG Liang", JIA Xiao-hin

(School of Traditional Chinese Pharmacy, China Pharmaceutical University, Nanjing 211198, China)

Abstract: This study aims to construct a dynamic two-dimensional characterization technique for the
hygroscopicity of traditional Chinese medicine extracts and investigate the effect of material properties of powders
on hygroscopicity. The dynamic hygroscopicity-time curves of the powders were measured at 25 °C and 75%
humidity, and the semi-equilibrium hygroscopicity time (t,,,) and equilibrium hygroscopicity (F”) were derived as
two-dimensional evaluation indicators. Finally, the correlation between the material properties and the hygroscopic
behavior was analyzed by principal component analysis (PCA) and partial least squares analysis (PLS). The results
showed that the dynamic two-dimensional characterization system of hygroscopicity constructed with 1/t,, = 0.1 h*
and F~ = 15% as the center can classify the hygroscopic behavior of traditional Chinese medicine extracts into four
categories: fast hygroscopicity with strong hygroscopicity, slow hygroscopicity with strong hygroscopicity, fast
hygroscopicity with weak hygroscopicity and slow hygroscopicity with weak hygroscopicity. The moisture
absorption was negatively correlated with D, Dy, p, and p,; the moisture absorption rate was negatively correlated
with D,,, Dy, Dy, p, p. and positively correlated with moisture content. The hygroscopicity dynamic two-
dimensional characterization indicators of Chinese medicine extracts (CMEs) constructed in this study matched
with the physical properties. The method of dynamic multi-dimensional characterization technology is feasible and
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scientific, and the idea has strong promotional value.

Key words: Chinese medicine extract; hygroscopicity; dynamic two-dimensional characterization; correlation;

physical property parameter
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Figure 1 Dynamic two-dimensional characterization technique for the hygroscopicity of Chinese medicine extracts (CMEs). A: Dynamic

moisture absorption rate with time; B: Two dimensional characterization of hygroscopicity. F*: Equilibrium hygroscopicity; t

equilibrium hygroscopicity time

Table 1
CMEs and excipients (3 x 3 x 3). DS: Salvia miltiorrhiza extract;

Factorial design for the prescription of mixed powder

ZQ: Citrus aurantium extract; FL: Poria cocos extract; SS: Soluble
starch; AL: Anhydrous lactose; MCC: Microcrystalline cellulose
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Figure 2 Hygroscopicity-time curves of DS (A), FL (B), ZQ (C) and their mixing powders with different excipients
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excipients

Two-dimensional characterization of the hygroscopicity of DS (A), FL (B), ZQ (C) and their mixing powders with different
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Figure 4 Representative scanning electron photomicrographs of CMEs, excipients and their 50% medicinal auxiliary mixtures. A: DS and
its 50% medicinal auxiliary mixtures; B: ZQ and its 50% medicinal auxiliary mixtures; C: FL and its 50% medicinal auxiliary mixtures; D:
Pure auxiliaries

Table 2 Physical properties of different powders (n = 3). a: Angle of repose; p,: Bulk density; p,: Tapped density; IH: Hausner ratio; IC:
Carr index; le: Volume of inter-particle voids; HR: Moisture content; Span: Particle size distribution width; Un: Uniformity
Material F 1% t

h al°  pJlgem® plgiem®  IH  IC/% le/cm® HR/% D, /um D_/um D, /um Span Un

1/2°

SS 15.31 415 4240 0.36 0.54 150 3333 093 6.95 2547 6959 11440 128 1.64
AL 1.34 0.52 53.63 0.44 0.72 1.64 3889 0.88 2.99 1656 69.70 13290 1.67 1091
MCC 8.50 3.09 37.02 0.58 0.80 138 2750 047 2.81 21.48 51.10 98.97 152 194
DS 2498 15.65 39.12 0.26 0.38 146 3158 121 4.74 6.16 15.46 30.31 156 1.96
DS-SS-30 2316 10.83 42.38 0.32 0.44 138 2727 0.85 4.64 1196 31.70 55.54 137 175
DS-SS-50 21.08 9.47 4334 0.36 0.49 136 2653 0.74 4.99 1592 4253 7236 133 1.70
DS-SS-70 18.36 721 42,99 0.43 0.58 135 2586 0.60 5.60 19.72  53.35 89.17 1.3 1.67
DS-AL-30 1911 1159 37.20 0.29 0.42 145 3095 1.07 4.46 9.32 3174 61.10 1.63 193
DS-AL-50 1478 105 35.60 0.33 0.47 142 2979 0.90 4.37 11.36  42.58 81.62 1.65 1.92
DS-AL-70 9.92 8.81 36.79 0.36 0.55 153 3455 0.96 4.25 13.47 5343 102.12 166 191
DS-MCC-30 20.79 1041 43.72 0.29 0.38 131 23.68 0.82 4.69 10.76  26.15 5091 154 195
DS-MCC-50 16.53 7.92 4278 0.31 0.42 135 26.19 0.84 4.27 13.82 33.28 64.64 153 194
DS-MCC-70 13.16 6.19 42.40 0.33 0.45 136 26.67 081 4.15 16.89 4041 78.37 152 1.94
ZQ 2327 19.69 53.12 0.18 0.29 161 3793 211 9.78 7.01 16.24 3042 144 187
ZQ-SS-30 18.99 13.13 52.58 0.24 0.36 150 3333 139 9.33 1255 3224 5561 134 1.72
ZQ-SS-50 17.78 1146 47.24 0.30 0.43 143 3023 1.01 8.73 16.24 4292 7241 131 1.69
ZQ-SS-70 16.74 8.70 41.44 0.39 0.54 138 2778 071 8.02 19.93  53.59 89.21 129 166
ZQ-AL-30 1720 154 5113 0.23 0.36 157 3611 157 9.46 90.88 32.28 61.16 159 1.89
ZQ-AL-50 12.78 13.78 50.81 0.28 0.44 157 36.36 1.30 8.46 11.71 4297 81.66 1.63 1.90
ZQ-AL-70 7.03 11.89 50.22 0.35 0.55 157 3636 1.04 6.58 13.88 5366 102.17 1.65 1.90
ZQ-MCC-30 16.02 1279 47.10 0.23 0.35 152 3429 149 8.72 11.35 26.72 5099 148 191
ZQ-MCC-50 13.65 10.52 46.28 0.27 0.40 148 3250 1.20 7.38 1425 33.67 64.71 150 1.92
ZQ-MCC-70 10.90 8.06 44.17 0.31 0.44 142 2955 0.95 421 17.14 4064 78.41 151 1.93
FL 2557 15.07 36.29 0.19 0.35 184 4571 241 3.04 525 17.26 4356 222 252
FL-SS-30 20.86 10.80 37.74 0.25 0.43 172 4186  1.67 4.00 11.32  32.96 6481 1.62 197
FL-SS-50 20.13 9.23 3521 0.30 0.51 1.70 4118 137 4.48 1536  43.43 7898 146 1.82
FL-SS-70 17.41 711 32.00 0.39 0.57 146 3158 081 521 19.40 53.89 9315 137 1.73
FL-AL-30 19.47 1291 4232 0.25 0.43 172 4186 1.67 3.30 8.64 32.99 70.36 1.87 213
FL-AL-50 1399 10.10 41.85 0.29 0.50 172 42,00 145 3.78 1091 43.48 88.23 178 2.03
FL-AL-70 8.93 8.49 4151 0.35 0.59 1.69 40.68 1.16 4.23 13.17 5397 106.10 1.72 1.97
FL-MCC-30 18.70 9.65 36.23 0.23 0.39 1.70 4103 178 2.66 10.12 2741 60.18 1.83 22

FL-MCC-50 15.74 7.62 39.55 0.27 0.44 1.63 38.64 143 2.74 13.37 34.18 7127 169 2.09

FL-MCC-70 13.12 6.62 39.03 0.30 0.47 157 36.17 121 2.74 16.61 40.95 82.35 1.61 201
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and load diagram (B) based on material properties
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Table3 Coefficients of the PLS model with F*and t,,
variables and material properties as independent variables

as dependent

Material property F* t,
le 0.06 0.11
HR 0.04 0.20
Dy, -0.07 -0.17
IH -0.08 0.01
Un -0.08 -0.03
IC -0.09 0.01
Po -0.12 -0.15
Span -0.13 -0.02
a -0.17 0.08
P, -0.19 -0.17
Dy, -0.21 -0.16
D -0.28 -0.18
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