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Table 1 Actual and the coded values of variables in fractional factorial design

Variable Low level Code High value Code
Temperature (°C) 50 -1 70 +1
Residence time (h) 4 -1 6 +1
Solvent volume (mL) 200 -1 300 +1
Mass of sample (gr) 20 -1 30 +1
Particle size (mm) 1.0 -1 1.5 +)
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Table 2 Actual and the coded values of variables in central composite design

Particle size Solvent volume Extraction time
Coded value Real value Coded value Real value Coded value  Real value
1.68 0.83 1.68 164.91 1.68 3.32
1 1.0 1 200 1 4
0 1.25 0 250 0 5
-1 1.5 -1 300 -1 6
-1.68 1.67 -1.68 334.09 -1.68 6.68
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Table 3 The yield of oil extraction from wild safflower seeds in fractional factorial design

Run Temperature Residence time  Solvent volume Mass of Particle size  Oil extraction
1 50 6 200 20 1.5 29.94
2 50 6 300 30 1.5 33.02
3 70 6 200 30 1.5 30.94
4 50 6 200 20 1.5 30.45
5 70 6 200 20 1.0 29.82
6 70 4 200 30 1.0 28.12
7 50 6 200 30 1.0 29.37
8 50 6 300 20 1.0 29.09
9 50 4 200 30 1.5 29.06
10 50 4 300 30 1.0 29.06
11 70 6 200 20 1.0 30.65
12 50 4 200 20 1.0 28.18
13 70 4 200 20 1.5 31.36
14 70 6 300 20 1.5 31.81
15 70 6 300 20 1.5 31.45
16 70 6 200 30 1.5 31.56
17 70 4 300 20 1.0 27.72
18 50 4 300 30 1.0 28.44
19 70 4 200 30 1.0 27.81

20 70 6 300 30 1.0 29.06
21 50 4 200 20 1.0 28.08
22 50 6 300 20 1.0 28.63
23 70 6 300 30 1.0 28.43
24 50 6 300 30 1.5 32.50
25 50 4 300 20 1.5 30.90
26 70 4 300 30 1.5 30.31
27 50 4 300 20 1.5 30.44
28 70 4 300 30 1.5 30.62
29 50 6 200 30 1.0 28.75
30 70 4 200 20 1.5 31.20
31 70 4 300 20 1.0 28.18
32 50 4 200 30 1.5 29.68
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Table 4 ANOVA for fractional factorial design

source df SS MS F-value p-value
Main effect 5 49.58 9.92 76.53 0.000%**
Temperature 1 0.37 0.37 2.87 0.110"
Residence time 1 8.31 8.31 64.16 0.000%**
Solvent volume 1 0.69 0.69 5.31 0.035*
Mass of sample 1 0.04 0.04 0.33 0.576™
Particle size 1 40.16 40.16 309.98 0.000%**
Interaction effect 10 13.10 1.31 10.11 0.000%**
Temperaturextime 1 0.01 0.01 0.06 0.813™
Temperaturexsolvent 1 4.84 4.84 37.39 0.000%**
Temperaturexmass 1 2.82 2.82 21.81 0.000%**
Temperaturexsize 1 0.29 0.29 2.27 0.151™
Timexvolume 1 0.00 0.00 0.03 0.873™
Timexmass 1 0.70 0.70 5.44 0.033*
Timexsize 1 0.00 0.00 0.00 0.958™
Volumexmass 1 1.81 1.81 13.97 0.002%**
Volumexsize 1 2.55 2.55 19.67 0.000%**
Massxsize 1 0.06 0.06 0.51 0.487"
Error 16 2.07 0.13 - -
Total 31 64.76 - - -
“Significant effect at 5% level; ~ Significant effect at 1% level; ™ No significant effect
= 300 ? 305 4 3 301
% 299 :E 30 1 % 307
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Fig 1 Main effect plots for oil extraction yield in fractional factorial design
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Fig 2 The effect of interactions on the oil extraction yield in fractional factorial design
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Fig 3 The effects of main factors on the oil extraction
yield by central composite design
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Table 5 The oil extraction yield for the experiments in central composite design

Run number  Residence time

Solvent volume

Particle size Oil extraction yield

O (ml) (mm) Experiment Model
1 4.0 200 1.00 32.7 32.2
2 6.0 200 1.00 31.7 324
3 4.0 300 1.00 30.8 31.0
4 6.0 300 1.00 34.9 343
5 4.0 200 1.50 27.4 28.1
6 6.0 200 1.50 26.4 26.3
7 4.0 300 1.50 26.6 26.0
8 6.0 300 1.50 30.7 31.2
9 33 250 1.25 29.7 29.9
10 6.7 250 1.25 32.3 32.1
11 5.0 166 1.25 30.6 30.2
12 5.0 334 1.25 32.6 33.0
13 5.0 250 0.80 32.3 32.5
14 5.0 250 1.70 24.36 24.0
15 5.0 250 1.25 32,5 32.6
16 5.0 250 1.25 32,5 32.5
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Table 6 ANOVA table in central composite design

Source DF SS MS F-value P-value
Temperature 1 8.22 8.22 17.87 0.006%*
Volume 1 4.93 4.93 10.72 0.017*
Particle size 1 77.80 77.80 168.95 0.000%*
Timextime 1 2.68 2.68 5.83 0.052™
Volumexvolume 1 0.98 0.98 2.14 0.194™
Sizexsize 1 21.14 21.14 4591 0.001%**
Timexvolume 1 12.75 12.75 27.69 0.002%**
Timexsize 1 0.00 0.00 0.00 0.960™
Volumexsize 1 0.55 0.55 1.20 0.316™
Error 6 2.76 0.55 - -
Total 15 129.24 — — —

"Significant effect at 5% level; ~ Significant effect at 1% level; ™ No significant effect
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Wild safflower is a plant resistant to dry climate and the seeds are used for producing edible or industrial
oils. The objective of this research was to investigate the factors affecting solvent oil extraction from wild
safflower seeds. The effect of 5 factors including solvent temperature (50 and 70°C), time of extraction (4
and 6 h), volume of solvent (200 and 300 ml), mass of the seeds (20 and 30 g) and size of the ground
seeds (1.0 and 1.5 mm) on extracting oil by Soxhlet extractor was investigated using fractional factorial
experiments based on completely randomized design (0=0.01 and a=0.05). After determining the
significant factors, the value of the factors were optimized using response surface methodology based on
the central composite design method. The experiments performed by fractional factorial experiments
showed that extraction time (0=0.01), size of seed particles (¢=0.01) and solvent volume (0=0.05) had
meaningful effects on the oil extraction yield. The experiment performed based on central composite
design indicated that particle size (a=0.01), extraction time (¢=0.01), volume of solvent (0¢=0.05), and the
interaction of time and solvent volume (0=0.01) had significant impact on the oil extraction yield. From
the 5 investigated factors, time of extraction and the size of ground seeds (¢=0.01) and the volume of
solvent (0=0.05) had significant effects on the oil extraction yield. The optimized values for extraction
time, volume of solvent and the size of the ground seeds were 6:40 h, 335 ml and 1.1 mm, respectively.
The maximum oil extraction yield at the optimum conditions was 36.6%.

Keywords: Wild safflower seed, Solvent extraction, Fractional factorial design, Optimization.
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