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Introduction: Drying is a common technology that provides a long post-harvest storage period for products
such as cantaloupe. Hot air drying is a method that, if the conditions are optimized, gives the product better
appearance and improved textural properties. In this study, drying time, specific energy consumption, energy
efficiency, shrinkage, rehydration ratio, changes in total color, phenol and antioxidant content were modeled to
optimize drying factors (air temperature and air velocity) using the response surface method.

Materials and methods: The drying processes of the samples were investigated at three temperature levels of
50, 60 and 70 °C and three velocity levels 0.5, 1 and 1.5 m/s. For optimization of the drying conditions (drying
time, SEC, energy efficiency, shrinkage, RR, color changes, TPC and AC), the influences of two levels of
independent variables including air temperature and air velocity were assessed by response surface method
through a face-centered central composite design.

Results and discussion: The results showed that in the drying of cantaloupe using the hot air method by
increasing the inlet air temperature and decreasing the air velocity, energy efficiency, rehydration ratio, total
phenol content and antioxidant were increased, while drying time, specific energy consumption, shrinkage and
color changes were reduced. The optimum point for drying cantaloupe samples was obtained at an air
temperature of 70 °C and air velocity of 0.5 m/s. The results showed that drying at higher temperatures
increases the desirability index of the model obtained from the response surface method.

Conclusions: The authors believe the outcomes of the present study can be used as a framework for choosing
efficient drying parameters for drying cantaloupe or similar fruits in HAD systems
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Table 1. Equations needed to calculate specific energy consumption and energy efficiency in hot air dryer

Number of equation Equation Reference
1) EUg, =A-v-p,-C, AT -t [27]
O] EU mec — AP-M air -t [28]
(3) EU Con — EU ter + EU mec [29]
@ SEC- [EUJ [30]
MW
-9
(5) n, = E =x100 [31]
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Table 2. Coded levels of independent variables and actual values corresponding to the codes

Dependable symbol Coded levels of variables
Variable 0 +1
Drying A 60 70
temperature (°C)
Air Velocity B 1 15
(m/s)
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Table 3. Experiment design and value of dependent variables at different levels of independent variables

iabejT temperature Ve'IAol(r:i ty Dtmgg SEC N, shrinkage  color RR TPC AC
1 70 1.5 170 103.802 2.74 43.25 32.11 6.16 32.24 75.85
2 50 15 350 163.07 0.78 55.57 42.11 4.49 20.22 54.11
3 60 1 225 138.239 218 4559 3214 599 3321 75.65
4 70 0.5 140 85.4842 4.11 37.59 25.65 7.89 38.2 87.89
5 70 1 155 94.6432 3.37 40.12 28.69 7.05 34.2 84.59
6 60 1 220 132.25 2.05 4225 30.30 6.05  32.29 70.57
7 60 1 215 141.25 1.89 44,54 31.35 6.25 34.14 73.35
8 50 1 325 151.423 1.25  50.15 35.05 523 2535 69.21
9 60 15 245 150.527 1.35 48.59 35.56 5.09 27.24 67.51
10 50 0.5 310 139.775 1.94 4459 31.25 569 3224  81.89
11 60 1 230 145.45 222 46.96 29.95 555  29.98 77.78
12 60 1 235 135.65 2.36 47.11 28.29 5.79 31.66 79.25
13 60 0.5 200 122.879 2.48  40.29 27.22 6.55 35.35 84.58
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Table 4. Analysis of variance for drying time in cantaloupe drying under different conditions of temperature and air velocity

Mean F p-value
Source Sum of Squares  df Square Value Prob > E
Model 48246.84 3 16082.28 433.45 < 0.0001 significant
A-Temperature 45066.67 1 45066.6 1214.63 <0.0001
B-Velocity 2204.17 1 2204.17 59.41 < 0.0001
AZ 976.01 1 976.01 26.31 0.0006
Residual 333.93 9 37.10
Lack of Fit 83.93 5 16.79 0.2686 0.9091 not significant
Pure Error 250 4 62.50
Cor Total 48580.77 12
CV.% 2.62
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Table 5. Proposed models by RSM along with Pre-R?, Adj R? and R? values for cantaloupe drying under different conditions of temperature
and drying air velocity

Equation R? AdjR?>  PredR* Model Suggested

Drying time 1331.66-29.52A+38.33B+0.17A? 0.9931 0.9908 0.9877 Quadratic

SEC -254.77+15.16 A+23.09B-0.15A% 0.9800 0.9733 0.9666 Quadratic

EE +7.46-0.24A-1.22B+0.002A2 0.9755 0.9673 0.9569 Quadratic
Shrinkage 66.15-0.48A+8.31B 0.9107 0.8928 0.8483 Linear

Color +44.91-0.36A+8.55B 0.8757 0.8508 0.7619 Quadratic

RR +1.75+0.94A-0.73B 0.9451 0.9341 0.9114 Linear

TPC +13.12+0.44A-8.69B 0.8863 0.8635 0.7894 Linear

AntiOx +98.61-0.06A+66.18B+0.78 AB 0.9407 0.9210 0.9058 2FI
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Fig 1. Effect of air speed and air temperature on drying time of cantaloupe in hot air dryer
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Table 6. Analysis of variance for energy using RSM.
Sum of Mean F p-value
SEULEE Squares o Square Value Prob > F
Model 6362.74 3 2120.91 146.95 < 0.0001 significant
A-Temperature 4835.95 1 4835.95 335.06 <0.0001
B-Velocity 799.72 1 799.72 55.41 < 0.0001
A? 727.06 1 727.06 50.37 <0.0001
Residual 129.90 9 14.43
Lack of Fit 26.80 5 5.36 0.2079 0.9423 not significant
Pure Error 103.10 4 25.78
Cor Total 6492.63 12
C.V. 2.90

SEC (MJ/kg)
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Fig 2. Effect of air temperature and air velocity on specific energy consumption
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Table 7. Analysis of variance for energy efficiency using RSM.

Mean p-value
Source Sum of Squares df Square F-Value Prob > E
Model 9.0100 3 3.00 119.38 <0.0001 significant
A-Temperature 6.5100 1 6.51 258.69 <0.0001
B-Velocity 2.2300 1 2.23 88.71 < 0.0001
A2 0.2704 1 0.2704 10.74 0.0096
Residual 0.2265 9 0.2265
Lack of Fit 0.0995 5 0.0199 0.6268 0.6928 not significant
Pure Error 0.1270 4 0.0318
Cor Total 9.2400 12
C.V. 7.18
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Fig 3. Effect of air temperature and air velocity on energy efficiency
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Table 8. Analysis of variance for shrinkage using RSM.
Mean F p-value
Source Sum of Squares df Square value Prob > F
Model 247.24 2 123.62 50.97 <0.0001 significant
A-Temperature 143.57 1 143.57 59.19 < 0.0001
B-Velocity 103.67 1 103.67 42,74 <0.0001
Residual 24.25 10 243
Lack of Fit 8.26 6 1.38 0.34 0.8824 not significant
Pure Error 16 4 4
Cor Total 271.49 12
C.V. 3.45
One Factor One Factor
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Fig 4. Two-dimensional diagram of the effect of air temperature and air velocity on shrinkage
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Table 9. Analysis of variance for rehydration ratio using RSM

Source Sum of df Mean F p-value
Squares Square Value Prob > F
Model 8.61 2 4.30 86.11 <0.0001 significant
A-Temperature 5.40 1 5.40 107.95 <0.0001
B-Velocity 321 1 321 64.26 <0.0001
Residual 0.4998 10 0.050
Lack of Fit 0.2155 6 0.0359 0.5054 0.7830 not significant
Pure Error 0.2843 4 0.0711
Cor Total 9.11 12
C.V. 3.74
One Factor One Factor
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Fig 5. Two-dimensional diagram of the effect of air temperature and air velocity on rehydration ratio
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Table 10. Analysis of variance for color change using RSM.

Sum of Mean F p-value
Salled Squares @ Square Value Prob > F
Model 190.11 2 95.06 35.21 < 0.0001 significant
A-Temperature 80.37 1 80.37 29.78 <0.0001
B-Velocity 109.74 1 109.74 40.65 < 0.0001
Residual 26.99 10 2.69
Lack of Fit 18.40 6 3.07 1.43 0.3809 not significant
Pure Error 8.59 4 2.15
Cor Total 217.11 12
C.V. 5.21
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Fig 6. Two-dimensional diagram of the effect of air temperature and air velocity on color change
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Table 11. Analysis of variance for total phenol response using RSM.

Sum of Mean F p-value
Source Squares el Square Value Prob > F
Model 233.42 2 116.71 38.96 <0.0001 significant
A-Temperature 119.97 1 119.97 40.05 < 0.0001
B-Velocity 113.45 1 113.45 37.87 <0.0001
Residual 29.96 10 3
Lack of Fit 19.96 6 3.33 1.33 0.4080 not significant
Pure Error 10 4 2.50
Cor Total 263.38 12
C.V. 5.54
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Table 12. Analysis of variance for antioxidant response using RSM.
Source Sum of df Mean F p-value
Squares Square Value Prob > F
Model 911.24 3 303.75 47.62 < 0.0001 significant
A-Temperature 309.89 1 309.89 48.58 < 0.0001
B-Velocity 539.41 1 539.41 84.56 <0.0001
AB 61.94 1 61.94 9.71 0.0124
Residual 57.41 9 6.38
Lack of Fit 9.36 5 1.87 0.155 0.9668 not significant
Pure Error 48.05 4 12.01
Cor Total 968.65 12
C.V. 3.34
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Fig 7. Two-dimensional diagram of the effect of air temperature and air velocity on total phenol content
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Table 13. Results of optimization by desirable function of RSM.

Number Temperature Velocity Time SEC EE  Shrinkage Color RR TPC Antioxidant Desirability
1 70.0 0.5 135.83 83.09 4.01 36.07 2357 7.66 40.07 88.28 0.987
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