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1. Ficus carica
2. moraceae
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3. Superecritical Fluid Extraction (SFE)
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Table 1 The range of inputs variation in the complete factorial method

variable code unit Bottom level ~ Up level Range of variations
temperature A °C 60 20
pressure B MPa 20 12
time C min 120 60
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Table 2 Experiment data Design Expert Software

Y (amount moisture of removal) time Temperature Pressure
(%) (min) °C) (MPa)
78.7 120 60 200
27.15 60 60 200
70.93 120 40 200
21.67 60 40 200
25 120 60 80
8.4 60 60 80
14.5 120 40 80
5.8 60 40 80
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4. Analysis Of Variance (ANOVA)
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Fig 1 High pressure apparatus for supercritical fluid
extraction
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Table 3 Dry fig weight in pressures and at different times

Weight ~ Weight Weight Weight

D'ry after 120 after 90  after 60  after 30  Diameter Initial temperature  pressure
W(elf)ht minutes  minutes minutes  minutes (mm) (gr) weight (°C) (MPa) test
£ (g) (g1) (gr) (gr)

1.55 1.65 1.74 1.83 1.92 1522 2.02 60 20 1
1.66 1.80 1.88 1.95 2.05 14.98 2.14 40 20 2
1.93 2.14 222 2.30 238 15.02 247 60 15 3
1.93 2.25 232 2.39 245 17.10 2.53 40 15 4
222 2.60 2.67 2.74 2.81 15.08 2.89 60 12 5
2.03 245 2.49 2.55 2.61 15.96 2.66 40 12 6
2.16 2.64 2.68 2.71 2.76 15.10 2.8 60 8 7
1.98 246 248 2.49 2.52 18.90 2.54 40 8 8
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Table 4 Weight (initial, secondary and dry) and moisture content (initial, secondary and lost) data

Secondary Initial (gr)Dry  (gr)Secondary  (gr)Initial

Y . . . . . (min) (°0) (MPa)
(%) mm;:ure mo;zt)ure W%giht W%I\iht W\e;iht time temperature pressure
78.7 0.064 0.303 1.55 0.1 0.47 120 60 20

27.15 0212 0.291 1.51 032 0.44 60 60 20
70.93 0.084 0.289 1.66 0.14 0.48 120 40 20
21.57 0.235 0.300 1.70 0.40 0.51 60 40 20

25 0.222 0.296 2.16 048 0.64 120 60 8
84 0.284 0310 3.03 0.86 0.94 60 60 8
14.5 0.242 0.283 1.98 048 0.56 120 40 8
5.8 0.293 0311 2.70 0.79 0.84 60 40 8
61.1 0.109 0.280 1.93 021 0.54 120 60 15
46.6 0.166 0311 1.91 032 0.60 120 40 15
434 0.171 0302 222 038 0.67 120 60 12
332 0.207 0310 2.03 042 0.63 120 40 12
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Table 5 Results of ANOVA table in experimental design

2 2 2 Adeq.
p-value F-value R? R4 Rpred Precis(ilon
Y 0.0004 239.70 0.9969 0.9927 0.9778 39.580
Cogb,y Gl doys g5 5 Ayl ol p-value 5 YU value odd D> u b, Ao s ‘5;‘-"1 }:‘UT_\'_\"

ol o))‘g]-\ J)v\} BE QY & g.,‘\j?\ s ANOVA J)b
F- olie 5o los 5 0l plid oS das o ioled col
Table 6 ANOVA table for important effects of removed moisture

Sum of p-value

Source Df Mean square F-value Comment
squares Prob>F
Model 5406.55 4 1351.64 239.70 0.0004 important
A-temperature 86.79 1 86.79 15.39 0.0295
B-pressure 2619.07 1 2619.07 464.47 0.0002
C-time 1987.97 1 1987.97 352.55 0.0003
BC 712.72 1 712.72 126.40 0.0015
Residual 16.92 3 5.64
Cor total 5423 .46 7
Std. Dev. 237
Lack of fit 160.57
Mean 31.52
C.V.% 7.53
Press 120.29
1
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Model=0.093+0.011A+0.053B+0.047C+5.875%10°
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Table 7 Optimum conditions and desirability percentage

temperature (°C)

pressure (MPa)

time (min)

% removal moisture desirability

Optimum 60 20

120 78.109 0.992
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el s dal
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Fig 2 Diagram for drying figs at different pressures in 60 ° C
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Fig 3 Diagram for drying figs at different pressures in 40 °C
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Table 8 Comparison the results of this study with others

P (MPa) T(°C) Time (hr) % moisture
0.1 55-85 72 223 [28]
29 447 1.42 25.95 [29]
0.1 60 33 50 [7]
0.1 64 24 30 [30]
0.1 65 216 40 [31]
20 60 2 78.109 In this study
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Table 9 Diffusion coefficient in variable temperatures and pressures for n=10000

Temperature  Pressure

) 3
Dogs (™ /) x 10%°  R(m)x 10

(°C) (MPa)
60 20 451 7.61
40 20 3.55 7.49
60 15 247 751
40 15 1.82 8.55
60 12 1.15 7.54
40 12 0.76 7.98
60 0.35 7.55
40 0.18 9.45
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Fig4 Variations chart of velocity in terms of
temperature and pressure
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Drying foods, such as freezing methods and hot air, are not ideal and reduces the nutritional value and
is also expensive and is used only for high value food. In this research, drying with supercritical fluid
of carbon dioxide was investigated to remove moisture from the figs. In the drying process with
supercritical fluid, the structure of food products is maintained during drying. The design of the
experiment was carried out in a factorial arrangement using Design Expert software and analysis
variance table to determine the effect of three pressure parameters, temperature, and time to measure
the removal rate of moisture. The calculated factorial model was meaningful and able to select the best
drying parameters. In optimum conditions, the highest yield (78.109%) with the desirability of 0.992
at 20 MPa, 60 °C and 120 minutes duration. The results showed that the drying of figs during the
whole drying period is carried out at the downstream stage, which indicates that the drying of these
materials, the internal moisture control, controls the rate of drying and mass transfer. In this study, by
solving the second Fick's law and in the range of pressure and temperature tested, with the assumption
of the spherical of the fig using the Crank equation, the amount of moisture diffusion coefficient
between 4.51x 10™% and 0.18 x 10 ' m?*s were obtained. The fig's drying rate was also calculated.
Increasing temperature and pressure caused to increase the drying rate.
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