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3. Coefficient of Determination
4. Root Mean Square Error
5. Sum Square Error
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Table 1 Utilized models for modeling of boundary moving velocity

\4

Model Mathematical equation Reference
1 L=k x+tk, Vagenas and Marinos-Kouris (1991)
2 L=k;exp(k;x) Mayor and Sereno (2004)
3 L=k exp(-kyx)tk; Kaminski et al. (1996)
L: Thickness of the cornelian cherry (m)
x: Moisture content (kg/kg db)
ki, kp: Model parameters
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Fig 1 (a-d) Thickness changes during different
drying treatments and fitted them with model 2. In
this figure, Exp., shows the data obtained from
experimental and Pre. show the data obtained from
fitted.
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Table 2 Analysis of variance for the effect of ultrasound time, temperature and air velocity on final

thickness
F value Mean Sum of Degree of Source of variation
squares squares freedom

0.437 0.009 0.019 2 Replication
18.689"  0.185 0.371 2 Ultrasound
375.07 8.005 16.011 2 Air temperature
32,6717 0.697 1.395 2 Air velocity

0.132 0.003 0.011 4 Temperature x Ultrasound

0.11 0.002 0.009 4 Velocity x Ultrasound

2.492 0.053 0.213 4 Velocity x Temperature

0.152 0.003 0.026 8 Velocityx Temperature x Ultrasound

0.021 1.11 52 Error

** significant difference (p < 0.05)
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Table 3 Average comparison of ultrasound, temperature and air velocity interaction for final
thickness of different treatment

Treatment Final thickness (m)
T40-V1 7.89% x 107 £ 5.51x10°
T50-V1 8.27Mm x 107 £ 1.37x10™
T60-V1 8.95%4% 10° £ 2.41x10™

T40-V1.5 7.99" x 107 £ 1.14x10™
T50-V1.5 8.498 x 10 & 7.09x107
T60-V1.5 9.12%°x 107 % 3.04x10™
T40-V2 8.11™™ x 10° £ 1.01x10™*
T50-V2 8.68°€x 107 £ 6.06x10°
T60-V2 9.25%x 10 £ 1.68x10™*

T40-V1-U10 7.85% x 10° £ 1.07x10™*

T50-V1-U10 8.18Xm" x 103 +£1.89x 10"

T60-V1-U10 8.867 x 10 £2.12x10™

T40-V1.5-U10 7.96"" x 107 +5.86x10°
T50-V1.5-U10 8.39"kx 1073+ 1.99x10™*
T60-V1.5-U10 9.05%°x 107 £3.51x107

T40-V2-U10 8.05™P x 107 +1.86x10™*

T50-V2-U10 8.63° x 107 £8.74x107

T60-V2-U10 9.14% x 107 +£4.16x107

T40-V1-U30 779 x 107 £2.11x10™

T50-V1-U30 7.98™P x 107+ 1.63x107™

T60-V1-U30 8.75% % 107 +1.80x10™*

T40-V1.5-U30 7.88% x 10°4+2.36%10*
T50-V1.5-U30 8.320M % 10746.66x10°
T60-V1.5-U30 8.98"4x 107+8.52x107

T40-V2-U30 7.92°P x 107+1.46x10™

T50-V2-U30 8.56" x 107+£1.29x10™

T60-V2-U30 9.08° x 107 + 1.76x10™

Different letters in the same column indicate a significant difference (p < 0.05)
U: Ultrasound time at 40 kHz (min)
T: Air temperature (°C)
V: Air velocity (m/s)

T
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Table 4 Statistical parameters of models 1, 2, 3 according to Table 2 for different treatments

Model

Treatment 1 2 3
R’ SSE RMSE R’ SSE RMSE R’ SSE RMSE
T40-V1 0.9175 5.91x107 3.85x10™ 0.9485 1.36x10°  5.82x10™ 0.9272  6.02x107  9.62x10"!
T40-V1-U10 0.9381 7.98x107 4.47x10* 0.9432 1.42x10°  5.96x10™ 0.9054 3.66x107  3.49x10*
T40-V1-U30 0.9849 3.52x107 2.97x10™ 0.9676 7.57x107  4.35x10* 0.9960 9.32x10%  1.76x10™
T40-V1.5 0.9932 1.56x107 1.97x10™ 0.9791 4.79x107  3.46x10* 0.9980 4.57x10%  1.23x10™
T40-V1.5-U10  0.9755 9.93x10°® 1.58x10™ 0.9852 3.25x107  2.85x10* 0.9778 4.87x107  4.03x10™
T40-V1.5-U30  0.9551 9.89x10® 1.57x10™ 0.9944 1.15x107  1.69x10™ 0.9298 1.43x10°  6.91x10™
T40-V2 0.9682 3.82x10°* 9.77x10° 0.9926 1.59x107  1.99x10™ 0.9598  8.64x107  5.37x10™
T40-V2-U10 0.9879 4.37x10® 1.05x10™ 0.9971 6.10x10°  1.24x10* 0.9576 5.02x10%  1.29x10*
T40-V2-U30 0.9868 2.52x107 2.51x10™ 0.9966 6.48x10°  1.27x10* 0.9745 4.85x107  4.02x10™
T50-V1 0.9956 8.56x10° 1.46x10* 0.9991 1.80x10%  6.72x10° 0.9642 6.99x107  4.83x10*
T50-V1-U10 0.9915 1.61x107 2.01x10™ 0.9970 5.79x10°  1.20x10* 0.9342 1.25x10°  6.46x10™
T50-V1-U30 0.9699 5.70x107 3.77x10* 0.9871 2.45x107  2.47x10* 0.9208 1.50x10°  7.07x10™
T50-V1.5 0.9760 4.53x107 3.37x10™ 0.9891 2.06x107  2.27x10™ 0.9665 6.32x107  4.59x10™
T50-V1.5-U10  0.9640 6.65%107 4.08x10™ 0.9829 3.15x107  2.81x10* 0.9570  7.92x107  5.14x10™
T50-V1.5-U30  0.9524 8.59x107 4.63x10™ 0.9735 477107 3.46x10™ 0.9417 1.05x10°  5.92x10™
T50-V2 0.9599 7.24x107 4.26x10™ 0.9795 3.71x107  3.04x10* 0.9593 735107  4.95x10™
T50-V2-U10 0.9329 1.23x10°° 5.54x10™ 0.9601 7.30x107  4.27x10* 0.9287 1.31x10°  6.60x10™
T50-V2-U30 0.9008 1.71x10°° 6.53x10™ 0.9309 1.19x10°  5.45x10™ 0.8855 1.97x10°  8.10x10™
T60-V1 0.9214 1.34x10°° 5.78x10™ 0.9533 7.94x107  4.45x10* 0.9188 1.38x10°  6.78x10™
T60-V1-U10 0.8554 2.46x10°° 7.84x10 0.8909 1.85x10°  6.81x10™ 0.8243 2.99x10°  9.98x10™
T60-V1-U30 0.7967 3.41x10°° 9.24x10™ 0.8906 5.68x10°  8.18x10* 0.7452 428x10°  1.19x107
T60-V1.5 0.7733 3.73x10°° 9.66x10™ 0.8582 2.99x10°  8.65x10* 0.7428 423x10°  1.19x107
T60-V1.5-U10  0.7805 3.13x10°° 8.84x10™ 0.8683 2.59x10°  8.05x10* 0.7744 3.22x10°  1.04x107
T60-V1.5-U30  0.8543 1.92x10°° 6.93x10™ 0.8870 1.49x10°  6.11x10™ 0.8539 1.93x10°  8.02x10™
T60-V2 0.6926 4.15%10°° 1.02x107 0.7912 3.63x10°  9.53x10* 0.6921 4.16x10°  1.18x107
T60-V2-U10 0.6794 3.99x10°° 9.98x10™ 0.7846 3.55x10°  9.42x10* 0.6784 4.01x10°  1.15x107
T60-V2-U30 0.8408 1.68x10°° 6.48x10™ 0.8936 1.28x10°  5.67x10™ 0.8493 1.70x10°  7.53x10™
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Fig. 2 Fitted of thickness data obtained from
experimental with data obtained from proposed
model (model 2)
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In this study, the effect of ultrasound pretreatment, air velocity and
temperature on cornelian cherry shrinkage during hot air drying process
were investigated. Ultrasound pretreatment at two time levels (10 and 30
minutes) was applied and then the samples were dried at 40, 50 and 60°C
and 1, 1.5 and 2 m/s air velocity. Afterwards, shrinkage data were fitted to
three experimental models. The results showed that with decreasing
moisture content during drying, the thickness of the samples reduced from
0.0138 to 0.0078 m. The application of ultrasound pretreatment led to a
significant (P<0.05) decrease in thickness. Moreover, one of the models
was selected as the best suitable model in predicting thickness changes of
cornelian cherry (R’=0.99) under the experimental conditions. Through
multiple regression analysis, the relations between the coefficients of the

models with the variables used were obtained.

¥



