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2. Response Surface Methodology (RSM)
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2. Central Composite Design (CCD)
3. Face center
4. ANOVA
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Table 1Independent variables and their levels

Independent variables Symbols levels

Coded Variables  Actual variables -1 0 +1
Air temperature (°C) X & 45 65 85
Microwave power (W) X &, 270 450 630
Infrared power (W) X &, 500 1000 1500

Table 2 Face-centered central composite design of hazkérael drying experiments in an infrared
dryer with microwave pretreatment using Design Expesoftware

Exp. run Actual values (Coded values) Replication
Air temperature Microwave power Infrared power
(C) (W) (W)
1 65 (0) 450 (0) 1000 (0) 6
2 85 (1) 270 (-1) 500 (-1) 1
3 85 (1) 630 (1) 500 (-1) 1
4 65 (0) 450 (0) 1500 (1) 1
5 65 (0) 630 (1) 1000 (0) 1
6 65 (0) 450 (0) 500 (-1) 1
7 45 (-1) 630 (1) 1500 (1) 1
8 45 (-1) 450 (0) 1000 (0) 1
9 85 (1) 450 (0) 1000 (0) 1
10 45 (-1) 270 (-1) 1500 (1) 1
11 65 (0) 270 (-1) 1000 (0) 1
12 45 (-1) 270 (-1) 500 (-1) 1
13 45 (-1) 630 (1) 500 (-1) 1
14 85 (1) 630 (1) 1500 (1) 1
15 85 (1) 270 (-1) 1500 (1) 1
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Table 3The second order polynomial regression coefficiémtsesponse variables

Estimated coefficients E]fg?gmg c or?snue&%){i on Shripkage . . .
diffusivity (m %/s) (kwh) (%) L a b
Bo 2.93x10° 2.27 14.67 51.18  15.06 15.54
By 1.91x10”" -1.13" 2.93" 135" 015"  -0.77"
B, 1.28x10°" -1.55" 2.09” -053 017 0.23
Bs 6.65x10"" 0.5 1.01 0.45° 0.00Z -0.54
i 5.71x10"" 0.61 1.37 0.06 -0.006 017
Bis 1.20x10"%* 0.53 0.59 -0.25 -0.00f 0.009
Bos 2.94x10'%* 0.29 0.48 020 0.009 -0.3%
B2 1x10%" 0.047 0.85 1.06° -0.03 0.70
i -1.61x10"% 1.28 -0.17 0.0 -004 0.2%
B2 -2.65x10'% 0.19 -0.17 039 0.27" 0.2¢
Lack of Fit(P-Value) 0.79 0.15 0.66 0.68 0.75 0.58
R? 0.97 0.94 0.93 098  0.92 0.83
Adj-R? 0.95 0.89 0.88 0.96 0.84 0.67
Pre-R 0.86 0.65 0.56 0.94 0.72 0.36

*** Significant at 0.1%, ** Significant at1%, * Significant at 5% and # Not significant atg9.05
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Effective moisture diffusivity (m2/s)

Effective moisture diffiusivity (m2/s)
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Fig 1 (a) Infrared effect on the effective moisture

diffusivity, (b) response surface and contour pfots
effective moisture diffusivity: interaction effect

between air temperature and microwave power
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Fig 2 Response surface and contour plots for energy
consumption: (a) interaction effect between air
temperature and microwave power, (b) interaction
effect between air temperature and infrared power
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Optimization of hazelnut kernel drying in an infrar ed dryer with
microwave pretreatment using response surface metkdology
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In this study, hazelnut kernels were dried in drened dryer with microwave pretreatment. To deiaem
the optimization conditions of the hazelnut samplesponse surface methodology and central congposit
design were used to investigate the effect of teaipee levels (45, 65 and 85 ° C), infrared powesels
(500, 1000 and 1500 W) and microwave power level&®( 450 and 630 W) on drying of hazelnut
kernels. The adequacy and accuracy of the fittedetso(Lack of Fit and £ were checked with analysis
of variance (ANOVA). Response surfaces and corptats were created to show the interaction between
the independent and the response variables. Basdldeoexperiments, the optimum conditions for the
highest values of effective moisture diffusivitydaln (color index) and the lowest values of consumption
energy, shrinkage and, & (color indices) were determined at air temperatfid5°C, microwave power
of 470.86 W and infrared power of 1316.72 W. Th&mpm values of the response variables affecting
the effective moisture diffusivity, consumption ege shrinkage, L*, a* and b* were obtained 2.35%10
m? s*, 2.65 kWh, 12.94%, 54.10, 14.97 and 16.70, resmyt

Keywords: Color indices, Effective moisture diffusivity, 8hkage, Total consumption energy.
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