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This research aimed to investigate the drying kinetics of Zingiber Cassumunar Roxb. (ZQ), the
optimal drying models, and quality assessment of 5 mm thick ZC samples by using far-infrared (FIR)
radiation at different intensities of 4,929, 6,550, 8,541 and 10,955 W/m? under a vacuum condition of 5
kPa (an absolute pressure). The initial moisture content of ZC was 3.58+0.04 ¢ water/g dry matter, and
was expected to reach a final moisture content of 0.10+0.02 g water/g dry matter after drying process.
The drying times obtained were 145, 85, 55, and 35 min for the respective radiation intensities. The
drying process exhibited a decreasing drying rate under all conditions. The model accuracy was assessed
using experimental data from five drying models, employing the coefficient of determination (R?) and
the root mean squared error (RMSE). The drying model proposed by Midilli et al. (2002) yielded the
most accurate drying predictions, with the highest R? value and the lowest RMSE value. The effective
moisture diffusion coefficient ranged from 0.59x1 0 '=2.75x1 0" m?/s, and the activation energy of ZC
was 17.97 kJ/mol. Regarding the quality of the dried ZC, it was observed that the yellowness (b*)
decreased with increasing drying intensity. The bulk density values ranged from 0.19 to 0.31 g/cm?, and
shrinkage values ranged from 77.57-93.47 percentages. An increase in radiation intensity led to an
increase in both bulk density and %shrinkage values. However, no significant difference was observed

between the drying conditions using radiation intensities of 4,929 and 6,550 W/m?.
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Table 1 Thin layer drying models for drying of ZC
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No. Model Name Model Reference
1 Lewis MR = exp(-kt) (Bruce, 1985)
2 Page MR = exp(-kt") (Page, 1949)
3 Henderson and Pabis MR = a.exp(-kt) (Henderson and Pabis, 1961)
q Wang and Singh MR = 1+at+bt? (Wang and Singh, 1978)
5 Midilli et al. MR = a.exp(-kt")+bt (Midilli et al., 2002)
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Figure 1 Relationship between moisture ratio and the drying time of ZC drying

at different Infrared intensities
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Table 2 Mathematical models applied to ZC drying curves and their statistical results

No. Intensity Constants and coefficients R? RMSE
(W/m?)

1 4,929 k = 0.0049 0.9992 0.0085

6,550 k =0.0131 0.9857 0.0328

8,541 k =0.0220 0.9916 0.0419

10,955  k =0.0339 09712 0.0074

2 4,929 k=0.0063 n=0.9543 0.9996 0.0056

6,550 k=0.0039 n=1.2650 0.9982 0.0127

8,541 k=0.0077 n=12710 0.9992 0.0137

10,955  k=0.0105 n=1.3290 0.9989 0.0105

3 4,929 k=0.0048 a=00978 0.9996 0.0057

6,550 k=0.0139 a=1.063 0.9903 0.0286

8,541 k=0.0234¢ a=1.059 0.9940 0.0360

10,955  k=0.0363 a=1076 0.9828 0.0396

4 4,929 a =-0.0020 b =0.0000008 0.8075 0.1719

6,550 a =-0.0101 b =0.0000261 0.9968 0.0173

8,541 a =-0.0166 b =0.0000705 0.9998 0.0067

10,955 a =-0.0247 b =0.0001555 0.9993 0.0083

5 4,929 k =0.0056 n=0.9709 a=0.9878 b =-0.00039 0.9997 0.0051

6,550 k =-0.0014 n=1.2070 a=0.9539 b=-00112 0.9939 0.0233

8,541 k=0.0080 n=1.2440 a=09836 b =-0.0002 0.9998 0.0075

10,955  k=0.0121 n=1.2740 a=09949 b =-0.0003 0.9997 0.0052

AndudszanansuniauduUsTanina
(Effective diffusivity coefficient, Dgg)

970 Table 3 nan53AsIzRAGUUSEENS
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Tnefi Anduusyans nsunsanudulssansnadian

duduiionnudugiddunsusalnaildluniseuud
flanuniu uenandanduussavanisunsauty
UsyAnSnavesniseunislnaniesed@sunsisalna
elaanzayiniala1aaniIniseulieian
Frnmsiedsnnnudeu dearnnanuieiiniun
WUIANEUUSEANS NsunsALTuUsYANSNaves

TanFinmidAegluyie 10" - 107 ms1auns/Aud

(Sripinyowanich and Noomhorm, 2011)
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Table 3 Effective diffusivity coefficient of ZC drying at different infrared intensities

Infrared intensity Effective diffusivity coefficient R?
(W/m?) (m%/s)

4,929 0.59%10” 0.98

6,550 1.14X107 0.97

8,541 1.86X107 0.98

10,955 2.75%107 0.91
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temperature of drying of ZC
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