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Fig 1 Schematic of convective dryer: 1) Air inlet; 2)
Fan; 3) Heaters; 4) Temperature and airflow
velocity controller; 5) Perforated tray; 6) Digital
balance; 7) Relative humidity sensor and
thermocouple; 8) Digital anemometer; 9) Air outlet
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Table 1 Abbreviations used for different treatments

Pretreatment

Number  Ultrasound (min)

1 0

2 10
3 20
4 30
5 10
6 10
7 10
8 20
9 20
10 20
11 30
12 30
13 30

CMC (%) Abbreviation

0 Control

0 uU10

0 u20

0 u30

0.1 uU10, CMC 0.1
0.2 U10, CMC 0.2
0.3 U10, CMC 0.3
0.1 U20, CMC 0.1
0.2 U20, CMC 0.2
0.3 U20, CMC 0.3
0.1 U30, CMC 0.1
0.2 U30, CMC 0.2
0.3 U30, CMC 0.3
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Table 2 Empirical modeling of shrinkage during drying ohges

M odel number M athematical M odel References
1 Dg =k, X +Kk, (1]
2 Dp =k +K, X +k X +k, X3 [1]
2

X X

3 DR = kl + k2 [x—oj + kg(x—oj [1]
X

4 DR = kl eX[{kz (X—OJJ (1]

X X )’
5 Dy =k, +Kk,| — [+0.26k,| 1-— [1]

>(0 >(O
6 Dy, =k, exp(—k,X)+k,X Proposed model in this study
7 D, = exp(klx + k2) Proposed model in this study
8 D, = k1(1+ X kz) Proposed model in this study
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Fig 2 (a, b, ¢ and d): Dimensionless volume ratio charagea function of dimensionless moisture
content for various treatments based on Table tlaidfittings with the proposed model (Model 8,
Table 2)

Table 3 Simultaneous effect of ultrasound and CMC on medare ratio and mean shrinkage

coefficient
Treatment Volumeratio (Dg) Shrinkage Coefficient ()
Control 0.386 0.613
u10 0.328 0.67F
u20 0.30C 0.699
u30 0.247 0.75F
U10, CMC 0.1% 0.295 0.704
Ul10, CMC 0.2% 0.274 0.725
Ul10, CMC 0.3% 0.31C 0.689
U20, CMC 0.1% 0.252 0.746
U20, CMC 0.2% 0.27F 0.728
U20, CMC 0.3% 0.275 0.742
U30, CMC 0.1% 0.269 0.73C
U30, CMC 0.2% 0.29G 0.709
U30, CMC 0.3% 0.306 0.693

The same letters in the same column does not iredacaignificant difference (p > 0.05)
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Table 4 (a) Statistical parameters for various models basetadre 2 for control treatment (CMC
concentration: 0; Ultrasound frequency: 0)

Model no. R SSE RMSE

1 0.97 0.005 0.042

2 0.99 0.0009 0.030

3 0.99 0.001 0.029

4 0.99 0.001 0.025

5 0.99 0.001 0.031

6 0.96 0.006 0.047

7 0.93 0.015 0.070

8 0.98 0.003 0.024

Table 4 (b) Statistical parameters for various models basetiatnte 2 for different treatments
CMC
Concentration
0.2
Model " Uitrasound 0 0.1 0.3

R SSE RMSE R SSE RMSE R SSE RMSE R SSE RMSE
1 10 0.97 0.008 0.052 0.99 0.0004 0.012 0.99 0.002 0.025 0.99 0.00003 0.003
20 0.99 0.0001 0.007 0.99 0.0001 0.007 0.99 0.0005 0.014 0.99 0.0001 0.006
30 0.99 0.0002 0.009 0.99 0.0006 0.014 0.99 0.0002 0.009 0.99 0.0002 0.008
2 10 0.99 0.0004 0.021 1.00 0.00001 0.004 0.99 0.001 0.043 0.99 0.00003 0.005
20 1.00 0.00001 0.004 0.99 0.00006 0.007 0.99 0.0005 0.022 0.99 0.00002 0.004
30 1.00 0.000006 0.002 0.99 0.0003 0.019 0.99 0.00005 0.007 0.99 0.00001 0.004
3 10 0.99 0.0014 0.026 0.99 0.00007 0.006 0.99 0.003 0.042 0.99 0.00003 0.003
20 0.99 0.0001 0.007 0.99 0.0001 0.007 0.99 0.0005 0.017 0.99 0.00002 0.003
30 0.99 0.00004 0.004 0.99 0.0005 0.017 0.99 0.0001 0.007 0.99 0.00004 0.004
4 10 0.92 0.022 0.086 0.96 0.010 0.059 0.98 0.006 0.045 0.98 0.006 0.045
20 0.98 0.007 0.049 0.98 0.006 0.045 0.97 0.006 0.045 0.97 0.009 0.055
30 0.98 0.003 0.026 0.97 0.006 0.044 0.98 0.005 0.040 0.97 0.010 0.058
5 10 0.99 0.0008 0.021 0.99 0.0001 0.007 0.99 0.003 0.041 0.99 0.0003 0.0003
20 0.99 0.00009 0.007 0.99 0.0001 0.008 0.99 0.0005 0.017 0.99 0.0002 0.003
30 0.99 0.00003 0.004 0.99 0.0005 0.017 0.99 0.00008 0.006 0.99 0.0002 0.003
6 10 0.97 0.008 0.052 0.98 0.006 0.046 0.98 0.006 0.047 0.98 0.004 0.027
20 0.99 0.002 0.031 099 0.002 0.029 0.98 0.005 0.041 0.98 0.004 0.040
30 0.99 0.001 0.021 0.97 0.005 0.043 0.99 0.002 0.026 0.98 0.006 0.047
7 10 0.92 0.022 0.086 0.96 0.010 0.059 0.97 0.010 0.058 0.98 0.006 0.045
20 0.98 0.007 0.049 098 0.006 0.045 0.97 0.006 0.045 0.97 0.009 0.055
30 0.98 0.003 0.026 097 0.005 0.044 0.98 0.005 0.040 0.97 0.010 0.058
8 10 0.97 0.007 0.051 0.99 0.001 0.024 0.98 0.002 0.035 0.99 0.0003 0.010
20 0.99 0.0006 0.014 0.99 0.0007 0.016 0.99 0.001 0.018 0.99 0.001 0.023
30 0.99 0.0001 0.007 0.99 0.001 0.022 0.99 0.0002 0.008 0.99 0.001 0.022
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Table 5 Magnitudes of Kand K coefficients obtained from regression analysigierproposed
model (Model 8; Table 2)

Ultrasound (min) K, K,
0 0.306 0.864
10 0.260 1.151
20 0.230 1.229
30 0.233 1.226
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Table 6 Experimental and predicted shrinkage coefficierdmfthe proposed model (Model 8; Table
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2)
Ultrasound (min) 0 10 20 30
Moisture content
Ex Pre EX| Pre Ex Pre EX| Pre
2 0.961 0.982 0.953 1.008 1.008 0.941 0.827 0.952
15 0.807 0.766 0.870 0.839 0.843 0.771 0.685 0.780
0.5 0.636 0.633 0.766 0.675 0.670 0.610 0.542 0.618
0.33 0.481 0.474 0.454 0.377 0.340 0.328 0.280 0.333
0.24 0.386 0.423 0.328 0.333 0.300 0.289 0.247 0.293
R? 0.98 0.96 0.99 0.99
\q
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High temperatures during drying, with loss of watethe meantime, cause tension in the food, change
the microstructure and reduce the volurshrinkage. In this study, the effect of ultrasonic

pretreatment at 10, 20 and 30 minutes and carbakyineellulose with concentrations of 0.1, 0.2 and
0.3 percent on grapes shrinkage during drying enhodeling was examined. In this study, pretreated
grapes were dried in a tunnel dryer and their velinim changes were measured. Results showed that
all the pretreatments have higher shrinkage condpaitlh control samples, but this difference was not
statistically significant. Also, by increasing @asound time, the shrinkage of the samples increased
compared with control treatment. Control and pedgd samples with ultrasound for 30 minutes had
the lowest and highest rate of shrinkage, respagtiin the various studied treatments. In the damp
pretreated with both ultrasound and CMC, it waseoled that by increasing the concentration of
CMC, shrinkage of the samples decreases compartdldover concentrations.
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