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Figure 1- Hot air dryer used in this study: 1- Fan, 2- Heater element, 3- Thermostat, 4- Digital camera, 5- Air velocity
sensor, 6-Flourscent lamp, 7- Image processing chamber, 9- Temperature sensor, 10- Tray and product (to determine
weight changes), 11- Load cell, 12- Product (to determine color changes).
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1. Equilibrium moisture content
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Table 1- Experimental models applied to descibe drying kinetics

o s il el Jde
Reference Experimental equation Name Model

2 (-a.t) MR =exp (Lewis) i 1
14 (-a.t) MR = a.exp (Henderson and Pabis) .ol 5 O s ydin 2
28 (-a.t%) MR = exp (Page) = 3
41,42 (-a.t)> MR = exp (Modified Page) e.s-sl oy 4
23 (-b.t+d.t MR = a.exp (Midilli) e 5
19 (<c.t)-d.t MR = a+b.exp (Khazaei) |3 Jae 6
13 (-b.t) MR = a.exp (Diffusion) 3,4 7
21 (-a.t) MR =exp (Exponential) L 8
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2. Coefficient of determination
3. Adjusted R-Squared
3. The root mean square error (RMSE)
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1. Moisture Ratio
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Table 2- Equilibrium moisture contents of date paste under different drying condition, half time of response and total

time of drying
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Time of Drying Half time of Equilibrium moisture Thickness Temperature
(min) Response (min) (d.b.%) (mm) (°C)
930+8.02° 270+£5.29%® 2.52+0.07% 5 70
875+5.57° 225+7.21° 2.5140.09 3
530+ 10.78°¢ 9546.56" 2.47+ 0.05° 5 20
395+ 6.43¢ 70+7.21¢ 2.454+0.05° 3
195+7.21¢ 65+ 4.24° 2.2740.04° 5 %
150+4.73 45+ 6.8" 2.25+0.05" 3
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Figure 2- Effect of temperature on moisture ratio (MR) of date paste until moisture content reached
10% (1 m/s velocity), a- 3mm and b- Smm thickness
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Figure 3- Effect of temperature on drying rate of date paste until moisture content reached 10% (1 m/s velocity), a-
3mm and b- Smm thickness
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Figure 4- The ratio of experimental to predicted logarithm moisture in different drying temperature

with 3mm thickness
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Table 3- Efficient diffusion of date paste during drying process
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Figure 5- Arrhenius relationship between efficient diffusion and temperature in 3mm thickness

BIFRUEETIRE NV u—z‘}})@—;diﬂﬁiﬂr&
0 Jads) Wisls OLES 5 g 31 as S s
55 Aoy Vel S Sl s O il ke
sladis ¢L~"J(W) Sl i Jde ol
Ao bd ol s (a5l Cger eslaals ) ge
el dle e s o Sle ed Gl Jie olis
,;w\ﬁgeaﬁﬂﬁsuduﬁugw@,
=l glmosls 5l 6 e 058 i e lisl ke
Gla Sy s sl bdie b 4 oo
Cho Lot et s S 00 Ko
g el (V) Slsa s e (P JS0) A0S
Sl Jly e g gl dde o i Ol |y
(YT OLan 5 Gl L3503 b yme Lot O
Joe a5 s S Ol Mt 5 Loyt e 03 S L
Jae 33555l Lesls gls |y o u’;’J’\f.@i.
L 5 Lass s edimdhol gl 5 Ogmsin
;ﬁ‘?i@d"\")" V) UV R LSS - VR
5 (B dsdz) aulee Ous S Jled 2 gl
Si lacolb 035 ages pske sin LT
&_:éja{b_.:j\d,{u;;\j;mcﬁdmd\ﬁgm
Gadmze OV¥olae i el (Culs 5 L) Ol
0505 IN 5K aoand 5l pBwplS 05 S5 5053
Aol Sl @L:.} e VWV VP OVslae Ul

= dle s b gead o8 i cusby

£

oS SES sb S e

Table 4- Activation energy for dried date paste with 3
and 5 mm thickness

e e O b S ¥ s Silwdls 655
5 mm 3 mm Activation
Thickness Thickness energy
Jse 2 LS
5.2455 5.5093 (Kcal/mol)
Jse 2 dasss
1.2534 1.3166 (KJ/mol)
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Table 5- Statistical analysis and fitness of experimental models on drying data
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Exponential  Diffusion Modified Midilli ~ Page Henderson  Lewis  Khazei Sample
page and Pabis

0.0176 0.0729 0.0478 0.1116  0.0222 0.0210 0.0176  0.0710  SSE

0.9974 0.9892 0.9929 0.9843  0.9967 0.9969 0.9974  0.9894 R’ 70 °C

0.9974 0.9891 0.9928 0.9831 0.9967 0.9969 0.9974 0.9893  Adj-R* and

0.0097 0.0198 0.0160 0.0246  0.0109 0.0106 0.0097 0.0197 RMSE Smm

5.8341 2.7711 5.8341 1.3671  1.2943 2.6361 5.8341 1.3568 P (%)

0.8450 0.005 0.8450 0.0313  0.0320 0.005 0.7841 0.0273  SSE

0.8655 0.9992 0.8655 0.9950  0.9949 0.9992 0.8752  0.9957 R’ 70°C

0.8655 0.9992 0.8647 0.9950  0.9949 0.9952 0.8752  0.9956 Adj-R* and

0.0695 0.0053 0.0697 0.0153 0.0136 0.0053 0.0669 0.0126 RMSE 3mm

5.5006 2.1518 5.5006 1.9914  1.021 2.1518 5.7193 09328 P (%)

1.1370 0.0132 1.066 0.0244  0.0509 0.0132 1.137  0.0015  SSE

0.6381 0.9958 0.6608 0.9922  0.9838 0.9958 0.6381  0.9995 R’ 80°C

0.6381 0.9958 0.6576 0.9921 0.9836 0.9958 0.6381  0.9995 Adj-R’ and

0.1038 0.0112 0.1008 0.0153  0.0220 0.0112 0.1036  0.0038 RMSE Smm

8.7707 3.9500 8.9131 1.2613  1.7689 3.95 8.7707 0.8268 P (%)

0.8008 0.0129 0.8008 0.0321  0.0021 0.0129 0.8008 0.0222  SSE

0.6723 0.9947 0.6723 0.9867 0.9992 0.9947 0.6723  0.9909 R’ 80°C

0.6723 0.9946 0.6681 0.9864 0.9991 0.9946 0.6723  0.9906  Adj-R’ and

0.1007 0.0129 0.1013 0.0206  0.0052 0.0129 0.1007  0.0171 RMSE 3mm

8.0519 0.6048 8.0519 1.4912  1.6510 3.6048 8.0519 13254 P (%)

0.0272 0.0271 0.0272 0.0165 0.0236 0.0271 0.0272  0.0140 SSE

0.9881 0.9881 0.9881 0.9928 0.9897 0.9881 0.9881  0.9939 R’ 90°C

0.9881 0.9878 0.9878 0.9926  0.9894 0.9878 0.9881  0.9935 Adj-R’ and

0.0264 0.0267 0.0267 0.0208  0.0249 0.0267 0.0264 0.0194 RMSE Smm

1.9921 1.9952 1.9921 1.6546  1.9556 1.9952 1.9921  1.4823 P (%)

0.0535 0.0031 0.0535 0.0034  0.0054 0.0031 0.0535  0.0047 SSE

0.9629 0.9979 0.9629 0.9977  0.9963 0.9979 0.9629  0.9967 R’ 90°C

0.9629 0.9978 0.9617 0.9975  0.9961 0.9978 0.9629  0.9964  Adj-R’ and

0.0423 0.0104 0.0430 0.0110  0.0137 0.0104 0.0423  0.0132 RMSE 3mm

3.2594 2.1447 2.2594 0.9699  1.0535 2.1447 3.2594 09865 P (%)
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Figure 6- Comparison of experimental and predicted moisture ratios of drying in 70 °C and 3mm thickness a- Page
model, b- Khazaei model with Mathlab software 2011
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Table 6- Page and Khazaei coefficients in different drying conditions

g JHe sl d Jbe sla el Ses
Page model Khazaei model Coefficients Treatment

0.0222 0.5004 a
0.6217 0.472 b 70°C
0.0075 c and
0.0003 d Smm

0.0198 0.5476 a
0.65 0.425 b 70 °C
0.0096 c and
0.0004 d 3mm

0.0603 0.4067 a
0.5276 0.5446 b 80 °C
0.0156 C and
0.0003 d Smm

0.0821 0.4459 a
0.4984 0.5479 b 80 °C
0.0264 C and
0.006 d 3mm

0.0116 0.1118 a o

0.9534 0.9115 b 9£ndc
0.0123 C Smm

0 d

0.0313 0.3544 a o

0.7927 0.6182 b 9£ndc
0.0236 C 3mm

0.0011 d
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Abstract

Background and objectives: According to FAO statistics, Iran with production more than one
million tons date in 2010, is the third largest producer in the world after Egypt and Saudi
Arabia. However, 30 percent of produced date is discarded. Processing and production of date
paste as a by-product can reduce waste amount. Reducing the moisture content and water
activity (ay) of date and date paste can improve the production efficiency. This research deals
with experimental investigation of thin layer drying of date paste under different drying
conditions and evaluates the effects of temperature and thickness on drying time and rate to find
the best experimental model.

Materials and methods: Date of Mozafati variety was peeled, de-stoned and then converted to
paste. The prepared date paste was kept in freezer (-18 °C) until the experiments. Thin layer
drying characteristics of date paste were investigated in a hot air dryer. Air temperature was
controlled with sensors connected to thermocouple. Weight changes with +0.1 accuracy was
recorded within 10 seconds intervals. Drying was performed in factorial design experiments
using three air temperature levels (70, 80 and 90°C) and two levels of thickness (3 and 5 mm)
with constant hot air velocity (1.5 m/s) in three replications. Eight mathematical models (Lewis,
Henderson and Pabis, Page, Modified Page, midilli, Khazaei, Diffusion and Exponential) were
evaluatedfor describing the hot air-drying behavior of date paste.

Results: According to the results, dryer space temperature was the main and determining factor
for drying rate. By increasing the temperature in each thickness, moisture ratio (MR) would
decrease instantly, so the drying rate increases and subsequently, drying time decreases. Page
and Khazaei models were found to be the most suitable models for describing the drying
behavior of the date paste. The dryer air temperature and thickness had the greatest and smallest
effects on drying kinetics of date paste, respectively. Effective diffusion of water varied from
1.5517 x 10 * to 2.1806 x 10 ' m*/ s. The activation energy during the studied temperature
range was calculated as 13.166 KJ/mol. The temperature dependence of diffusivity coefficient
was described satisfactorily by a simple Arrhenius-type relationship.

Conclusion: Temperature and thickness are two important factors in date paste drying. The effect of
temperature is more significant than that of thickness. Dryeer temperature increment showed great
impact on the equilibrium moisture content (Me) and drying time in the tested range.

Keywords: Date paste, Thin layer drying, Activation energy, Effective diffusivity
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