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Drying characteristics, drying kinetics and product quality of
Flos lonicerae during infrared—forced air drying
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Abstract . Objective: To study the infrared-forced air drying characteristics and drying kinetics mathematical model
of Flos lonicerae.Methods: The experiment was carried out at different infrared radiation drying temperatures (35,
45,55 °C).The drying characteristics were detected and the drying kinetics mathematical model was established.
Meanwhile, the value of colour and effective constituents were detected.Results; The drying time decreased with
the increase of the drying temperature.According to statistical parameters,the Page model predicts and describes
the drying process more accurately than others. There was a good agreement between the experimental and
predicted values.Since the drying process occurred in falling rate periods,the Fick’ s second law of diffusion was
employed to calculate the value of moisture effective diffusivity( D, ) , which ranged from 5.06606 x 10 ~*~7.59909 x
10~ m’/s,and increased with the increasing of drying temperature. The value of AE was least and the effective
constituent was maximum at 35 °C of Flos lonicerae.The activation energy determined from Arrhenius equation was
113.569 kd/mol. Conclusion: The drying process of Flos lonicerae only contained deceleration stage.The Page
model was the best suitable for predicting moisture ratio.The infrared drying at 35 °C compared with drying in the
shade was more efficient.
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Table 1 ~Mathematical models for drying kinetics
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1 Lewis MR = exp(-kt)

2 Page MR = exp(-kt")

3 Henderson and Pabis MR = aexp(—kt)

MR = aexp( -kt
4 Approximation of diffusion +( 1_;;:2)(( —th)
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o)}
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Fig.1  Drying curves of Flos lonicerae

at different infrared temperatures
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Fig.2 Drying rate curves of Flos lonicerae

at different infrared temperatures
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Table 2 Statistical results obtained from different thin—layer drying models
BURFS T(C) TR % e RMSE
35 k =0.00135 0.97232 0.00234 0.00234
1 45 k =0.00659 0.97517 0.00191 0.03124
55 k =0.01119 0.98992 0.00107 0.02131
35 k =0.00559 n =0.77899 0.99836 1.38265 x 10 ™* 0.00567
2 45 k =0.01847 n =0.79659 0.99202 6.12727 x10°* 0.01532
55 k =0.00373 n =1.23781 0.99927 7.72196 x 10~ 0.00147
35 k =0.00115 a=0.91688 0.98792 0.00102 0.0418
3 45 k =0.00613 a =0.94575 0.97821 0.00167 0.04183
55 k =0.01185 a=1.0585 0.99282 7.58716 x 10~* 0.01442
35 k =0.00578 a=0.17926 0.99562 3.69813 x10~* 0.01516
4 45 k =0.00467 a =0.99825 0.87568 0.00954 0.23861
55 k =0.01574 a=1.79739 0.9993 73599 x 10 ~° 0.0014
35 a=-0.00089 b=3.82119x10"’ 0.87622 0.01045 0.42825
5 45 a=-0.00284 b =1.50798 x10~° 0.5015 0.03827 0.95676
55 a=-0.00688 b =1.09667 x10° 0.95499 0.00476 0.00904
35 a=0.9168 ¢ =0.01933 L =4.0995 0.98762 0.00104 0.0418
6 45 a =0.94556 ¢ =0.04955 L =2.84465 0.9773 0.00174 0.04182
55 a =1.05863 ¢ =0.05944 L =2.23969 0.99242 8.00865 x 10 0.01442
35 ¢ =0.0479 n =0.77906 L =3.96986 0.99832 141719 x10~* 0.00567
7 45 ¢ =0.18236 n =0.79478 L =4.19765 0.99169 6.37919 x 10~* 0.01531
55 ¢ =0.09787 n =1.23775 L =3.74251 0.99339 6.54301 x 10~* 0.01178
K3 ORFETHRE T SRR RUK Y R
Table 3 Values of effective diffusivities obtained for Flos lonicerae at different temperatures
SR WET(C) LEHERLA 7 M RHR AKIT RED o (s )
1 35 InM,; =-2 x 10 ~°t-0.0978 0.9855 5.06606 x 10 ~°
2 45 InM,, =-5 x 10 °t-0.5106 0.9606 1.51982 x 10 ~°
3 55 InM = -1 x 10 "t +0.0599 0.963 7.59909 x 10~
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Fig.3 Comparison of the predicted values by the Page model
and experimental values of moisture ratio
with varying time at different drying conditions
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Table 5  Effect of different drying condition on the effective constituent of Flos lonicerae
TR A BERIEIR 2R IR T AR 3, 4-Z0mmERE 4,5 ZomefkE
(mg/g) (mg/g) (mg/g) (mg/g) ETMR(mg/g)  ETM(mg/g)
35 C 0.58710 26.16826 1.32505 1.80322 16.40511 1.76081
45 C 0.43142 21.38336 0.82322 1.32285 16.06713 1.53277
55 C 0.15953 4.09662 0.21493 0.1872 4.34619 0.13608
B+ 0.34210 24.60401 0.69689 1.34217 17.10563 0.38309
2l e R4 ZHREIRREINAT B R
174 Table 4  Standard curve equations
. -174+ and R? of different standard samples
g > I bl £k )y 7 I3
T kel LRIER y =1304.7x +41.736  0.9998
-19 4 e y =839.17x +4.33 0.9999
2194 AR E y =538.48x +1.2176 0.9998
0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 BT y=5573x+0.8548  0.9998
I/T(K") 34— —UMERE S TR y =1090.8x +0.0935 0.9998
B4 IR BRI TR IR R A O AR i 22 4,5- ZmEMEZE TR y=1471.7x+7.4534  0.9999

Fig4 The relation curves of moisture effective
diffusion coefficients and drying temperatures
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Fig.5 Effect of different drying condition
on the color of Flos lonicerae
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