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Tablel. Mathematical models for prediction of drying process

Refrencess Equation Model
[21] MR=exp (-kt) Newton
[22] MR=a.exp (-kt)+c Logarithmic
[23] MR = | +a.t+bt’ Wang and Singh
[24] MR=a.exp (-kt) Henderson and Pabis
[25] MR = exp(_c(t/L*)n) Modified Page —II
[26] MR = a.exp(_kt")+b.t Midilli
[27] MR = a-exp(-k-t)+(1-a)-exp(-n-t) Verma
[28] MR = a.exp(-k* t)+b.exp(-n. t) Two term
[29] MR = a-exp(-k-t)+(1-a)-exp(-k-a‘t) Two terms exponential
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Fig 3 Drying time versus hot air temperature for
parboiled paddy at air velocity of 1m/s and various
conditions of drying
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Fig 2 Moisture content versus drying time for

parboiled paddy under various conditions of drying

s Gl Gl a5l Jels b () Jsas
o Sahi 035 Si Ol 1 L p S slen les 5 s
Sl los 5 Ll s sla, pSB S das e OLES b s
aslie Lol sas (P<O.01) s pme 055 S 0L

S lgn sles alul  ladiad 035 Sl Oley S0k
A el STl (glaals i gl Ay & oS

Table 2 Variance analysis (ANOVA) table for independent variables

P value Square mean Square sum Free degree Treatment
0.000" 367.065 367.06 1 Radiation intensity (RI)
0.000™ 62.807 125.613 2 Temperature (T)
0.581"* 1.434 2.869 2 RIx T
2.528 30.333 12 Error
525.879 17 Total

™. Significant (p<0.01),

53 bl bl a3t SValan o 3, L 3 5l Al

Drying time= 334.57-15.75xT+0.3065xT*-
0.0020xT3-53.12xRI R*=0.9942
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*: Not significant.
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Fig 4 Drying time of parboiled paddy under various
conditions of drying
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Table 3 Statistical results obtained for logarithmic models at different temperatures and radiation

intensities
2 Y Radiation  Temperature
k b a RMSE R X (w/em?) “0)
0.01315 -0.6992 1.709 0.0035 0.9998 0.0003 0.32 40
0.0102 -1.374 2.385 0.003798 0.9998 0.0002885 0.49 40
0.01666 -0.4998 1.507 0.00249 0.9999 0.0001364 0.32 50
-0.9084 1.914 0.002728 0.9999 0.00013 0.01514 0.49 50
-0.5158 1.525 0.003045 0.9999 0.0001947 0.01773 0.32 60
-1.139 2.147 0.003148 0.9999 0.00019 0.0139 0.49 60
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Fig 5 Effective diffusion coefficient of parboiled
paddy under various conditions of drying
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Table 4 Moisture diffusion coefficient at dryer
different temperatures and radiation intensities

D= 1070 Temperature  Radiation intensity
(m?*/s) (°C) (w/em?)
7.367 40 0.32
7.712 50 0.32
8.507 60 0.32
8.573 40 0.49
9.912 50 0.49
10.587 60 0.49

1. Arrhenius equation



Head rice yield (%6)

W'Q\/ L‘f»"‘)jj—é c\o 092 cvi QJLQ-\;

G ge 4D 53 AS e 3wl O3 s Jb glalas
sles 53 Ol Lials [A] ;;dea & by S5 tals
St W 55 e Wl e 6 e 13 L 10C
SYL S Com e (O S VWL S il 05 S
o3l cazs 53 35 e OF 53 S5 Rl 5 Lls ps ol
Ll b s by el Lyl a5 S5 SSEs

s gl Wl o Ol

D032 W/em2  B049Wiem2  BCotolrice  DRefrencerice
70

65 ¢ Vdfr <1 df ¢

60

55

50

4

50

Drying temperature (°C)

Fig 7 The HRY of parboiled paddy under different
conditions of drying as compared to unparboiled
paddy (The mean values having the same letter do
not have significant difference at the 5% probability
level)
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Fig 6 Determination of activation energy (E;) based
on the changes of Ln(Dg) versus inverse temperature
for drying of parboiled paddy
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1. Reference rice: Reference rice is raw rice which was not
parboiled rice

2. Control rice: Control rice is parboiled rice which was dried in
ambient air

3. Parboiled rice: It is parboiled rice which was dried using dryer
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Drying is used as a suitable method for increasing shelf life of agricultural different products. In this
research, kinetics modeling of parboiled rice drying in a combined infrared-hot air dryer was investigated.
The effect of hot air temperature at 3 levels of 40, 50 and 60°C, infrared radiation intensity at 2 levels of
0.32 and 0.49 w/cm’ and air velocity 1 m/s were evaluated during drying of parboiled rice on head rice
yield in a completely randomized design. The results showed that the effect of hot air temperature and
infrared radiation intensity on the drying time of parboiled rice was significant (P<0.01). Increase in
drying temperature from 40 to 60°C was caused a decrease in drying time of samples 13.82% and 16.71%
for radiation intensities 0.32 and 0.49 w/cm’, respectively. Also, increase in the radiation intensity from
0.32 to 0.49 w/cm® reduced the drying time of the samples 21.7, 21.6 and 16.4% for temperature 60, 50
and 40°C, respectively. Also, the logarithmic model revealed the best model fit for modeling of the drying
process, because this model had the highest and lowest R2 (0.99) and RMSE (0.003) values, respectively.
Head rice yield increased significantly (P<0.05) from 50.10% (un-parboiled rice) to 65.92% (parboiled
rice). In drying temperature 50°C and radiation intensities 0.49 w/cm” found the highest values of head
rice yield.

Key words: Head rice yield, Drying kinetics, Parboiled paddy, Modeling
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