VYA 3T 6,5 Qtosled S sl 5 el

O35 S 1 (58 Jlaw S 4 pil (4 ¥ S Ak )T (w5
S G

dgdon o33 p ol il ¢ pard wlige (6 S3-)
At w3 b SLSls AJ:LJATUL": (oo embige LSl Wl IS =Y

QA ANS 2y Gasb AV /YA 22dl 5 3oy 50)

oA~

Gl s 5 e 08 5 Wpd oa olAE 230 (ralS ol 5 i I ol §ls slpm Lo 5 (galeandl (ledins e 1A 5lpe 03 5 2
sl 3l b Gl Cgr o S ST (6 Gl Gsb Jle b 05 S St (Gl 55 3,8 e sl 8 eslinad 5558 5L 55,0 b plds sl
L ol b g e Bie s S o8 e SV eame Sl e B8 b b O3S S Jhgs 52 03 S 13 s s
e 68 o3l gl 0oy 5 bos slid oyl aw 86 (ol » wibols 5JUT Jsd- 5 Design Expert 5l o5 SaS 4 JelS Loy s,
38 i wng Ll 0 ap 038 S i gl bl SR & 53l 5 Jls e ekt anales L) sSE e A el sk, S
Aa 0L bt o ak32 VY Ol e sl Ll a5 Ve glos (JIKLLK Yo lis 55 0 84Y oy gllas Ol b (Ao ,aVALN 14) 05 5 it
S5 sh olge opl 0AE St 53 &S el Ol sdialilis ol opl 45 5,8 s s I al e 53 03,5 St ey IS 3 el 055 Sis
G385 o2 bead bl slos 5 5L 03k 3 5 S e 056 Jo b Gulowd 53 A3l e o JUES 5 035 St 5 e diS TS b
S et el s &y a5l e e VAT 5 800X b 3 g s e O (1 SIS ke S 4 el 05

S o QS Ui Co o il el SLEs 5 Lo Jal8l s aalee 30 el 05 S Ui

3585 oo o SOLS dslas (Sl B Jlw (03 5 St ol 108515 LS

sargolzaei@um.ac.ir: s J i



eSS il 03 5 Six A&l e

A e Yo Ol s JSLLG Ve Y L ol Sl
Oladas e [A] i i S| 65 oS aids
Vool s Gl 85 e L L mes ol alsd
L5 S ol Kol am s W B g glos 5 JKLLKS
o2 5 Gl C% Jhw Lol a5 ol iy s [4]
Sde e adaly s St sl Sl a3 T i gles s
L Gl G5 Jbw L 055 S5 s Ol 5 sk
Ol Sl ol s St sy QLIS oS 5y s
Sl [V e ] s aids V00 Gl 358 b L 05 5 S
el 0k s Sl G S AeSl 6 50
Yo Ll b Slew g ol g Slele o>
Wl 3 Rl a3 V00 B Y s e3sdee 5 JKLLKS
R IBT R CIN PR P P - A F P WA W
Ll DY N T 553 o Sl G365 mle (2S4S
DLEs o 53 0 S ST (53 Sl G55 e L (K55 Julls
Gsh b b DYT ol ol sl glize sla Oles
Yool Slad sl Knle ax s A B gl s Sl
DE] o sl o o e S o5, JSULK
S bl Sl G S A (53 Sl sl b e
G5 Jhw b5 sty o] b #laal sad Bl
5 S Al B e S S ST s Sl
L sl Gl sl S8 Ol s sl e all
Gsb Jlw b sim sl &5 3115 S 5 bzl D]
s > LIV 035l Al (S At g Gl
OS5 LSt Sl O b b s 58 S o)
S Sl G5t b LIS o) (DAL LS 2l el
e b g Sl SlE A gl S AS]
IG5] PV IR Y IR VGt | S U S SR AV I W B S VA 9}
LSt (65 Sl G Il b g S S 511 A5 555006
Lo sbe als 5 ey Y] Wil o3 S gl oS
sk gl S eS| (65 Slem G5 Jbw 5l eslinl

35 0L > ) Ol Glid ey (655,5 sl e .ol

aodas —\

S sy KL S e (UL S el
Oler il 53 e Jpame S Tlge el Sl g,
j‘&ﬁ.bﬁ&&_;fmu%‘jo)bt}j}ﬁ)ééw]
B ooyls 35 Olgr Lo sl ot ys ol anstlis 4,8 Vere
G e 30T oy K S o A2 20 Ve BV plis)
o 5ads5 (Sl o ol [T 5 Y O] Gl Doslite o5 iy
o Ol ks alS Wil ool ol Gl 5 ssde
Ghls el age [E] ol BB gl Ok 5 O
S il g ly de gy Je olS s
S el ol Gidne slge 5 e gl il g3
oy b V] el w5555, 5 el g el b 5l s
woal Gladel G5l 5 Slda s S pge wie ool S nl w
e 5 & Yo Vo d sl s 5L 5 6o
L e ads 5 ool ole Coeal lils cl Jaee
izt b oS el e Dl sl o 31 (S sl [0]
Olaabl Ol (on 5 &S o Wy (RI31 iksde sae 01055
U s gl Oy o ) Ko el 558 Clable &5 ils
N pame O35 i s Lol Gaa 5 S 6,3 ol i
ol &S el jatiie s S a4 Cusb, alS g5sliS
3ph el 0T Do GV5b 5 el (3l 053 B das
5 &3 e Sl e St @50 055 ]
0Ll Olsl 3 15 wols o )l (551 mle plo & o
5 Ol pd Ldew emer ool oV 8 5 0L
el b gl g (gl Lol [O0] ol s 5 Jas Hls g
Lib o e 13k Dis gl Sop slas 4 5L
S 3y sy Gl e el 350 5 SIS ]
Losb e b [V] Gl oS 53T ot s & Ges

a s b gl s Gl B8 AlST (g S Sl eslana

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
(%0) (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
145 120 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

oS Lol sla s 3 eslial b 1y ol 555 (sla il I
33 393, gl el b syls i w8 s Sl ol
Ods St Slkes b 53 LS al 6l 5 4 1 O
3 o Al el a5 b sy Juols Oleabl SUS
)u"—éubsr-:ﬁ-ﬁéub L g2505 cnS LSt o3 58 L2s

6>L5Jlfq)hiéjl;‘9h§)w@Glfv_:.ﬂlh},ﬂ)zjléib}»

e org) U_US _\.:.....5\
Table 3 Dry fig weight in pressures and at different times
Dry Weight  Weight Weight Weight
. after 120  after 90  after 60  after 30  Diameter Initial temperature  pressure
weight minutes ~ minutes  minutes  minutes (mm) (gr) weight (°O) (MPa) test
(gr)
(gr) (gr) (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 1498 2.14 40 20 2
1.93 2.14 222 230 238 15.02 247 60 15 3
1.93 225 232 2.39 2.45 17.10 253 40 15 4
222 2.60 2.67 2.74 2.81 15.08 2.89 60 12 5
2.03 2.45 2.49 2.55 2.61 1596 2.66 40 12 6
2.16 2.64 2.68 271 2.76 15.10 2.8 60 8 7
1.98 246 248 249 252 18.90 254 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

(‘?/i) moisture moisture  weight weight weight (trinr:lne) tem;()e(rja)l fure p(rt/gs)l?ze
X¢ X, W, We W,

78.7 0.064 0303 1.55 0.1 047 120 60 20
27.15 0.212 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 1.70 040 0.51 60 40 20
25 0.222 0.296 2.16 048 0.64 120 60 8
8.4 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 191 032 0.60 120 40 15
434 0.171 0.302 2.22 038 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?on
Y 0.0004 239.70 0.9969 0.9927 0.9778 39.580
Cosb,y Gl Aoy 3 5 yls ol p-value 5 YL value sl Sl sb )y Aoy LSJLJ }:JLZT—Y—\"

ol oé)jihk J)J} BE QT V.é,a Q\JJ\ 4SANOVA J‘j_\;-
F- slie 5w bos 5 0l lid a5 s o ioled ol
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
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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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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 (mz__«ﬂ «10?® R(m)x 103

(O (MPa)

60 20 451 7.61
40 20 3.55 7.49
60 15 2.47 7.51
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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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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#Corresponding Author E-Mail Address: Sargolzaei@um.ac.ir

\'Y



