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Drying model, kinetics, and stability of four rattan Chinese medicinal materials
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Abstract: Objective To establish the common model of four kinds of rattan traditional Chinese medicinal materials (TCMM)
(Paederiae Scandens Caulis, Lonicerae Japonicae Caulis, Polygoni Multiflori Caulis, and Ipomoea batatas Caulis) determinate the
drying kinetic parameters, and study the stability of active ingredients in the drying process. Methods The experimental data of
four rattan TCMM were fitted to the nine thin layer models (Page, Wang and Singh, Two-term exponential, Newton, Logarithmic,
Aghbashlo, Two-term, Midilli, Diffusion approach) at the temperature of 40, 50, 60, and 70 C. R?, XZ, and RMSE were used as the
criterion of fit. Fick diffusion law was used to calculate the drying dynamical parameters. Based on the principle of chemical kinetics,
the stability of active ingredients in the drying process was studied. Results Aghbashlo model was the best one to describe drying
process of four rattan TCMM. The effective moisture diffusion coefficients D and activation energy E, of four rattan TCMM were
between 1 x 107° and 1 x 10™° m%s and 40—50 kJ/mol respectively. The degradation reactions of ursolic acid, THSG, and
polysaccharide conformed to the first-order kinetic equation. The content of chlorogenic acid increased with the drying temperature
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and drying time increased. Conclusion The drying dynamical parameters values of TCMM with different parts have different
ranges, their drying process should be described by a common model. The quality of TCMM was affected greatly by drying process.
Key words: rattan traditional Chinese medicinal materials; Paederia scandens (Lour.) Merr.; Lonicerae japonicae Caulis.; Polygoni

multiflori Caulis.; Ipomoea batatas Lam.; drying; model; kinetics; stability
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Table 1 Nine thin-layer drying models applied to drying
curves
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Fig. 1 Drying curves of four rattan TCMM at different temperatures
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Table 2 Fitting results of nine thin-layer drying models on four rattan TCMM
o HEk PEPN 2 VL T
iﬁ["?ﬁﬁgﬂ 2 2 2 2 2 2 2 2
7 RMSE R 7 RMSE R 7 RMSE R 7 RMSE R
Page 0.006 240 0.015 711 0.997 860 0.067 694 0.015 774 0.997 436 0.012 788 0.019 548 0.995 676 0.012 014 0.015 577 0.998 456
Wang and Singh 0.506 245 0.033 120 0.992 538 0.266 901 0.176 115 0.871 506 12.468 113 0.162 479 0.887 140 0.088 738 4.051 381 0.966 176

Two-term exponential 0.006 576 0.014 620 0.998 105 0.039 689 0.020 036 0.997 755

0.004 750 0.023 131 0.996 856 0.012 555 0.028 979 0.998 813

Newton 0.025 384 0.025 244 0.996 462 0.175 773 0.037 641 0.996 079 0.203 089 0.037 387 0.995 948 0.024 999 0.112 018 0.998 178
Logarithmic 0.057 789 0.011 313 0.998 883 0.057 755 0.017 214 0.996 194 0.001 908 0.014 899 0.996 925 0.011 818 0.003 795 0.998 429
Aghbashlo 0.006 240 0.009 032 0.999 253 0.016 122 0.011 995 0.998 396 0.001 171 0.013 730 0.997 765 0.015 726 0.022 882 0.997 825
Two-term 0.000 306 0.008 964 0.999 322 0.009 956 0.009 086 0.998 999 0.000 054 0.008 561 0.999 019 0.009 661 0.035 730 0.998 945
Midilli 0.534 847 0.009 437 0.999 228 0.173 289 0.011 769 0.998 307 0.000 760 0.011 588 0.998 175 0.088 738 4.051 381 0.966 177
Diffusion approach ~ 0.012 360 0.009 758 0.999 211 0.022 513 0.010 194 0.998 836 0.016 464 0.012 265 0.998 344 0.015 469 0.015 381 0.998 769
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Table 3 Parameters of Aghbashlo model fitted with four kinds of rattan TCMM
K BH 40°C 50 C 60 C 70 C BHE THRA R?
JEPN)S a 1.72 1.60 1.89 1.45 a=0.0017"
k 7.97 8.53 16.86 19.88 k=0.440 6X10°T—10.923%x10® 0.906
BATE a 2.18 2.49 1.80 2.28 a=0.002 2"
k 0.85 1.28 1.63 2.91 k=0.653X10" T—1.924x10°® 0.902
B a 0.53 1.41 0.14 1.03 a=0.000 78"
k 5.50 8.90 9.14 1.41 k=1.797X107* T—1.146xX10® 0.906
F a -0.53 -1.03 -1.23 -1.82 a=-0.041X10"*T+1.086x10™* 0.970
k 5.50 8.90 9.14 11.4 k=0.179X10°T—1.129%x10°® 0.906
SEE
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Fig. 2 Relationship between INMR and drying time (t) of drying processes at different drying temperatures
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Table 4 D and E, of four kinds of rattan TCMM in drying
process

D/(X10 ¥ m*sh

2 E,/(kJ-mol™)
40°C 5°C 60C 70°C
S HE  1.056 1.437 3.550 5.367 51.520
HAARE 1394 1859 4733  6.846 50.860
B 1792 2176 4.424 6532 40.838
R 2501 4415 6.933 9.368 39.508
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Fig. 3 Linear relationship between InD and 1/T of four
rattan kinds of TCMM
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Fig. 4 Relationship between Inc and drying time (t) of four kinds of rattan TCMM
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Table 5 k, E,, and A of reactions of active ingredients in three kinds of rattan TCMM

B RS in* E./(kJ-mol™) A
40 °C 50 C 60 C 70 C

RESRMR (FRE 0.0413 0.0612 0.080 9 0.0845 21.84 195.58
RO (HS 0.066 1 0.065 8 0.0795 0.1058 14.12 13.86
ZHE CRERE 0.027 9 0.038 3 0.0458 0.0655 24.41 330.30
0.002 95 0.0%)/31-05 0.003 15 ﬁﬂﬁ Fﬁ] EG{E (ﬁj\?ﬂ]jﬂ 1x 1079&/1 X 10711 mZIS &
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Fig. 5 Relationship between Ink and 1/T of three kinds of
rattan TCMM
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