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Table 1 Results of the experimental design used in drying of persimmon fruit

b a L EA  Processing time (min)  Shrinkage Slice thickness Microwave power  No.
35.76 14.10 49.01 1881 3.67 76.14 3 500 1
30.01 15.04 47.69 20.31 3.95 74.03 5 500 2
2757 1571 47.91 21.42 3.53 75.21 5 700 3
26.28 14.02 44.44 18.08 7.16 71.62 7 300 4
3811 1315 52.23 15.04 6.17 72.13 3 300 5
25.88 16.01 43.01 20.92 4.52 72.11 7 500 6
28.28 15.81 48.54 19.82 371 74.05 5 500 7
30.26 16.02 49.02 20.28 3.95 74.96 5 500 8
29.58 13.73 49.83 16.21 6.37 71.81 5 300 9
29.00 15.22 47.02 19.91 3.88 74.51 5 500 10
25.63 16.52 37.01 21.81 4.34 72.49 7 700 11
28.71 1511 47.13 20.75 3.86 74.14 5 500 12
32.66 14.08 48.57 20.11 3.33 77.21 3 700 13
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Table 2 Analysis of variance and coefficients of predictive model of shrinkage percentage

P-value Mean square df Sum of squares  Coefficients Source
<0.001 7.27 5 36.35 74.3 Model
<0.001 14.6 1 14.6 1.56 A
<0.001 8.12 1 8.12 -1.54 B
0.001 4.41 1 4.41 -1.05 AB
0.007 2.41 1 2.41 -0.86 A?
0.11 7 0.79 Residual
0.4 0.05 3 0.15 Lack of fit
0.16 4 0.63 Error
0.96 R?
0.94 Adj-R?
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Table 3 Analysis of variance and coefficients of predictive model of persimmon processing time

P-value Mean square df Sum of squares  Coefficients Source
<0.001 4.6 4 18.42 3.86 Model
<0.001 12.1 1 121 -1.42 A
<0.001 1.35 1 1.35 0.47 B
<0.001 3.44 1 3.44 1.12 A’
0.001 0.19 1 0.19 0.26 B’
0.006 8 0.05 Residual
0.9 0.003 4 0.01 Lack of fit
0.01 4 0.04 Error
0.99 R
0.99 Adj-R?
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Table 4 Analysis of variance and coefficients of the predictive model of total color change (AE)

P-value Mean square df Sum of squares  Coefficients Source
<0.001 15.42 3 46.26 20.11 Model
<0.001 32.71 1 32.71 2.33 A
<0.001 7.8 1 7.8 1.14 B
0.002 5.75 1 5.75 -1.33 A?
0.16 9 1.42 Residual
0.4 0.17 5 0.87 Lack of fit
0.14 4 0.55 Error
0.97 R?
0.96 Adj-R?

Table 5 Analysis of variance and coefficients of predictive model of L color factor

P-value  Mean square df Sum of squares  Coefficients Source
<0.001 51.6 3 154.9 48.15 Model
0.004 28.3 1 28.3 -2.17 A
<0.001 107.3 1 107.3 -4.23 B
0.01 19.3 1 19.3 -2.45 B’
1.91 9 17.17 Residual
0.1 2.8 5 14.1 Lack of fit
0.76 4 3.1 Error
0.91 R
0.87 Adj-R?
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Table 6 Analysis of variance and coefficients of predictive model of a color factor

P-value Mean square df Sum of squares  Coefficients Source
0.003 3.8 3 11.4 15.32 Model
0.007 4.9 1 4.9 0.9 A
0.001 4.5 1 4.5 0.87 B
0.01 2.02 1 2.02 -0.79 A’

0.19 9 1.75 Residual
0.5 0.2 5 0.98 Lack of fit
0.19 4 0.77 Error
0.87 R
0.82 Adj-R?

Table 7 Analysis of variance and coefficients of predictive model of b color factor

P-value Mean square df Sum of squares  Coefficients Source
<0.001 40.83 4 163.3 29.06 Model
<0.001 10.96 1 10.96 -1.35 A
<0.001 137.7 1 137.7 -4.79 B
0.004 5. 1 5. 1.2 AB
0.002 8.9 1 8.9 1.66 B?
0.5 3.99 Residual
0.8 0.28 1.11 Lack of fit
0.72 2.89 Error
0.97 R?
0.96 Adj-R?
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Fig 2 Response surface of effect of microwave
power and thickness of slice on shrinkage of
persimmon
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Table 8 Indicators and optimization objectives for persimmon drying

Importance Upper Lower Goal Variable
3 700 300 In range Microwave power
3 7 3 In range Slice thickness (mm)
3 77.21 71.62 Minimize Shrinkage (%)
3 7.17 3.33 Minimize Processing time (min)
3 21.81 15.04 Minimize AE
3 52.23 37.01 Maximize L
3 16.52 13.15 Minimize a
3 38.11 25.63 Maximize b

Table 9 Results of optimization of persimmon drying

Value Response Value Independent variable
72.5 Shrinkage (%)

5.97 Processing time (min) 312 Microwave power (W)
15.2 AE

51.16 L

13.15 a 3 Slice thickness (mm)
37.82 b

Table 10 Predicted and actual values of responses in optimal conditions of persimmon drying

Real value (experiment)  Predicted value (model) Response
68.82+1.28 72.5 Shrinkage (%)
5.65+0.44 5.97 Processing time (min)
14.66+1.84 15.2 AE
46.1642.12 51.16 L
11.16+1.09 13.13 a
35.06+2.51 37.82 b
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Drying of food products using microwave can be a good replacement to hot air dryers. In this study,
Response Surface Methodology (RSM) was used for optimization of the conditions for microwave
drying of persimmon slices. The effects of microwave power (300, 500 and 700 W) and slice thickness
(3, 5 and 7mm) as independent variables on shrinkage percentage, processing time and total color
change of persimmon as dependent variables (responses) were evaluated. All process variables were
statistically significant as quadratic regression models for all responses. As microwave power
increased, the shrinkage percentage and total color change of persimmon slice increased but
processing time decreased. As the thickness of persimmon slice increased, the processing time and
total color change of persimmon slice increased but shrinkage percentage decreased. The optimum
conditions obtained for minimum shrinkage percentage, processing time and total color change were 3
mm as slice thickness and the microwave power of 312 W. In optimized condition, the shrinkage
percentage, processing time and total color change of dried persimmon slices were 72.5 %, 5.97 min
and 15.2, respectively.

Keywords: Persimmon, Microwave, Quality, Response Surface Methodology
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