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5. Correlation coefficient

6. Chi-square

7. Root mean square error

8. Mean relative percentage deviation modulus
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10. Net isosteric heat of sorption

\al

SHgm 854 e -V-F
osls 3l O (g3l sl p3Y (6550 Sldde (g 855
Lo ) a3 ol s sl o3Y 350 Ol 2 53k (SIS
Lam2 31 ol Jole ol 3 s pn 5 (S s Ol
o by SWsles | 50 5 e ol S5l Sl
o=l 2 ls 90l LS e S (S5 5 b 4l s
S35 il Sl 08 = e s S galaly g
e 3LS S e glacsl b Ol lad 5S40

DY ]cwl 5 Oy soa dolas ol 5l

d(lna, ] _ 4=
d(1/T) R
:QT BRE)
(K) slae slos=T
ol el = Ay

9. Clausius-Clapeyron


https://fsct.modares.ac.ir/article-7-2982-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-28 |

w35y G SO 5 e les b s (S

O 5 sl 6,8

L oals U':J"J'.’ -Y-Y

sl Jis QU g Joles Sl 6l sl &S11 5 skate
= sl eols sl 5o (F) i = b (5L
5 GLS e ol L S 15 e oy 5e ol osb
o303 U 1y Bl o 28 45 Jde 5 ol deloe (e o
s (0 ) 355 e il (Al anils o sla
Sl 220 G ppe Oliis plu ban s ool s =k
S5 2SS il Oliasiladl eled s Jibe aclie
ol Al o bl & Dl e 6 e o Jol
G LS e e s il s s aslie s
sl adalive (gla o3l ol 355 ekias OLES AL S S
534S Aoas e 0L ol gl [IV] ol L5l 55
ool 3 Oyl (o sl (oS (sl Jde 5)15e 2l
Rl 310l e s axdls (el slaeals b S LB 5510
sla by s by o ol cogby s gl s Je
VU s o Sols L Je 5 S eslina] Ciliiee s
e (< 0.263) ol s B R?>0.97)
e e e o 5L ghls OS5 Je Oles a5l
(/NA=AYY) LS & oMEe G S (+/44Y-+/4449)
ok Soomen 3L e bl sy g0 sles 4w a3
oSSke Jse 5 (RMSE) Uax Slay o (Sl sy ol
Lo ools Sl e o e e S 6 (P) (oo Sl
ol gl P sRMSE jluis oS a0y, 0 LIS
Laobne ol rlsl s (oo o3linud (5L e (s 2
5 (/0¥ =/ Y0V ) RMSE jliis - 2eS ghyls &5 Jote
S50 sles aw 53 WVA-Y/TY) P jliis o 28 50
s Jde La Joee sy 55 pomas Sl o aalllae
e slales 53 25l on pend LI e ol S
sl 03551 S Jue L baesls (31, (7)) K 55 Ll es s

.\:/—VJ‘

V¥

[ =%y
—_— - ] —
e = g evp|

ik A

AV qs
UT DL aS

(abr asle o S/ 0 8) Jslas by = Xune

JrS50 oedsl sl Rl Sty e sl S = Qo
(kJ/mol) e s i

(J.Al} osbe (ﬁj§/ui rﬁ) (51"“’ osle BE C,\.Ul;)=X0

i@j@w—r

Cusb, il f;}ﬁ| Sl g Y-
05 Slws = ) YYAE /YO o300 U1 gla wils ad sl o b,
J_g)'/\':t'/'\ QM&Q&DM‘QQ%)}(&J’}
s o lesas sla s AL o (Ko 055 sles
L oS s o 0L Loyl gad gy o el ol Y IS5 55 0
)k_)‘ SRR LFS:L’J C,\_J)la) g\:,\_;b JT C,\.Jw DL Les U;J-lfe'
0358 eals 5l by e sl Y (S5 Sl 50 s
adls og 5l i Cusby Cde Celiodily ol S 5
b 150 S s QTJ;L’G Casby fals e js 5 LU

i

!

[

L

3o

",

LN

b oY

=

-

LN

3

2

. .

i

1

. .'fu,ﬁ_;.JLaé 4 <A \

=0l § sz o oles Lol FUNPST IRPESKS ZRPIPRY el sz o 10 les

calses glabes 53 U1 als s Cusb, Cds eAsnl Y Jss


https://fsct.modares.ac.ir/article-7-2982-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-28 |

\Y’QYQL\..MJ AK 09> Adl OJLA..::J

Lo osls 330 (ol oslinal 5550 ool sla Joe ol jislis ¥ gu

slae ool slis ( :b.f Sl a5 ) Los Jw rl}
B A K C Xm
0¥V AN /YO YO
L /OYY /5 V/YVE ¥ u§
C/AYO [NAR) JARMY I
A/AD o/ ¥V Yo
\O/YE Py \ <
\TARZ A §o
/YO0 +/YVA Yo
/EYY DAVY D g
/0NO +/\Y4 I
/NS \Vidd Yo
«/OYY V/of ¥ RWIRIN
C/OF AR I
ARRN AV Yo
ARN /e X8 A& S
VY /ey s
AN /AN YO
fN /vy . iy eS|
¥ etE 5.
me%guﬁlélﬁwméudﬁuﬁuﬁ AIPRES
R2 %2 RMSE /P 0C) L Jde
+/44V /A 2/2Y0) Y08 Yo
+/A4A /rAq /00N AIVA \C s
+/444 AYY /O \VARN s
/A¥4 Y 1088 YY/¥ Yo
CIAA 0 % /f08 Y/ ¥ o
IAVY /Y0 NAtes YY/58 z
+/440 e OAVE IRALY Y0
</AAL A JVAD WAL ' o
</AAA /ey «/*AVA f/0v g
+/44% /YEY AN \7% YO
+/4V¥ +/AY0 ALY A/ ¥ ¥ o]
AND o/ OV VAR AR VIAS P
+/44A ey Y a% 4/44 Yo
+/AA0 s +/+AV) UAY ¥ RPPRTA
«/AAY 008 +/+OAY O/0) s
A¥e ey AL fY/av YO )
AZA /10 YV Y¥/54 ¥ _J‘.L-‘”'Ls‘
CIASY o/ ¥ YAV YY/FF s TR

7


https://fsct.modares.ac.ir/article-7-2982-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-28 |

In{aw )

0.003

w35y G SO 5l s o s onS

UL 5 sl S

i (F JS8) il e QR s ol sl o
eSS ) il sl cgb Llie 53 s 555
0 oy O jlad e 53 (S sl oSS 5 cusb,
Losls gL g 551 2 St 30 Ssb) Olse o
5315 G 541 Sl Ol5 n pled O S5 Sl ealiz
Ot B iR 5 35ed e e e sl b
R) 55 o stalin cusb Olse 5 e sl S o o
53 ol 50l s als (Y Jslee) (= 0.993
I Sl a8 oo oSSl 355 o 3 VL sla by
b s g s sl ol ol gl 03le a3
I35 SN O gls JsS0se 5 ipd o okilig
Ly Jad a3 sl o3 S cpl a8 Sl dns o L0251,
Ll b 53 ol il o Jidl OF (sla IS5
S S (55 amT 53 5050 e plal Jleb zaS sls
oo el sk 5 Ol 5 e [VA] T e s
doal Lo olde esbe 3 of Gl 5550 3 a8 Kl
(S A el ol Ol Ol o ek 0T 5188
AARN [PPSR N i S| O PNV IP R IO
(AAF ) 0L an 5 o sSTahle Loy ol i alie

[N ]eat snsl vt Glake fiazS L bL Sl s

\Y)
Qis= 643.4 ¢ 11X R =0.993
1T(K-)
0.0031 0.0032 0.0033 0.0034

¢ 0 Cugh
| EERIEEETTY
A 70 e cugh)
L SRR
b SERCIRETRP S

0 ¥ alugh,

[ ]

b b, 5o by oSe Bl s ol b 2 8 F s

11. Saravacos

\%4

2 (T A) DLLSen 5 SL oS ol ol alie s ()
Sl oS Je b slie. Wl el s il L bLS )
3l e ol ol enls OLE ¥ i s il glabes
Casb i S e Sl eslinal LU gla 6ls Dl s
SO Cusb) Ol (F i) Ll o pesein | Y S
el 0 ST S AL Y e S Je s (Kim) Y
3,8 Sl am YO0 sles angdoms 5o (it 055
o ol by RIBIL Y SO b, Ol LS o i
51 o oz Rl L aS ol 0T sy ol e 5 L
o SRSl Sl a5 el Bl ol gls IS
sle L f (sl S0 Lgm 5 0 oS LT (g5lL 5 o

DA]

4
1
S
3
A
3
5 +F
&
Y
v
A
w e GAB Jos
g J
“{ oy ®F i T gl
_;' B oS itz b gl
a
':l o) A oS iz § gl
3

0 oY of oF v \
GJ Cudlad
;ﬂ.&aéubz):gfs/d.hl;‘&ﬁﬁ b osls 55 \‘JSJ

S 55 -Y-Y
Cosby By a5 Las e DL S5 et Sl Jeol
S W\ PR u,uls SN Sl & d':.i\)_é\ SUE el &ls
P R T e Y ui Sl st OUE S5 ol ede
Sl S50 e ol sl sk 5 el ST OT 4
S 5 A3l o b e Ul 5 O sl U5
é_l.la.a L;L_.AJ gf")_‘<"° > (Inaw) ;S_J ;»:jl#ﬁ J"«'J’


https://fsct.modares.ac.ir/article-7-2982-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-28 |

\Y’QYQL\.‘MJ AK 09> Adl aJLq...fJ

@\&@L&jr}b aollod

sl

ol ol = ay,
Jao ot slia= AB.CK

L3 eses cub=R
K)bs=T

s Dol 2o yb ;s = X
%db ) 23l 5l kel

) ol sk e = X ol gls e 5l el
%db WY S casb, = X

L;pl.:) LSL"
Gy Joles Cusby = X

Jde o el sl =1 s bl sl =N

(kymol) ks 3 3=G

c\:.o -0

[1] Mirdehghan, S. H., and Rahemi, M. 2007.
Seasonal changes of mineral nutrients and
phenolics in pomegranate (Punica granatum
L.) fruit. Scientia Horticulturae. 111,120-127

[2]Anonymous. 2005. Statistical book of
agricultural of Iran. Iranian statistical center,
Tehran, Iran.

[3] Ephraim, P., Lansky, a. and Newman, R.
2006. Punica granatum (pomegranate) and its
potential for prevention and treatment of
inflammation and cancer. Journal of Food
Composition and Analysis. 19,676—-680

[4] Jaiswal,V., Marderosian, A.D. and Porter ,
J. R. 2010. Anthocyanins and polyphenol
oxidase from dried arils of pomegranate
(Punica granatum L.). Food Chemistry. 118,
11-16

[5] Labuza, T., Kaanane, A. and Chen, J. Y.
1985. Effect of temperature on the moisture
sorption isotherm and water activity shift of
two dehydrated foods. Journal of Food
Science. 50, 392-396.

[6] Gabas, A.L., Menegalli, F.C. and Romero,
J. 2000. Water Sorption Enthalpy-Entropy
Compensation Based on Isotherms of Plum
Skin and Pulp. Food Engineering and Physical
Properties. 65 (4), 680-685

[7] Zhang. X.W., Lui, X., Gu, D.X., Zhou, W.,
Wan, R.L. and Liu, P. 1996. Desorption
isotherms of some vegetables. Journal Science
Food Agriculture. 70, 303-306.

[8] Romero, J.T., Kohayakawa, M.N., Silveira,
V.J., Pedro, M.A. and Gabas, A.L. 2005.
Enthalpy-Entropy compensation based on
isotherms of mango. Science. Tecnol.
Aliment. 25(2), 297-303

[9] Pacco, H.C., Vigneault, C., Menegalli,
F.C., Castro, L.R. and Cortez, L.B. 2009.

yv

o=/ Ja3sl®) S syl sleys
—

+) AL .Y -¥ +b
(daler 00l oS58 ol ,55L18) Jolai gl

Sosb) Ol SRl Pl Llie 55 g 35 s O JSKS

S sox =¥
ol ol cdle s b mll b sl cusby Ol
il ol gles L3 o cdled Sl L5 b e Shals
Sl sl el b Sl e S dde Al e
o Ol CNV=AY) ol b 5l ey edsdoee o
3> L PRMSE slie o 5eS s & o8 Jua s
s o Gl de g el e de L b alis
sl S il e bl es i gls 4l og Cde e
Lol VU Sl by o8 Jlde 5o G palynl ol
ol AL o Al S et bk Ol SR
530 (Ko Jpamme Sopb) e 4 S aulsnl gl S
aly0s8 S aglp s 5 S 3l ool i
Cusby 3,50 53 B Sledbl aas s ol s
S das o3l boa Uleds i gla ails oy Joles
23 L e ) OB Gl L Rild o e

sk


https://fsct.modares.ac.ir/article-7-2982-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-28 |

w35y G SO 5l s o s onS

UL 5 sl S

[15] Tsami, E. 1991. Net isosteric heat of
sorption in dried fruits. Journal of Food
Engineering. 14, 327-335.

[16] Hossain, M. D., Bala, B. K., Hossain, M.
A., and Mondol, M. R. A. 2001. Sorption
isotherms and heat of sorption of pineapple.
Journal of Food Engineering. 48, 103-107.
[17] Kaleemullah, S. and Kailappan, R. 2004.
Moisture sorption isotherms of red chillies.
Biosystems Engineering. 88(1), 95-104

[18] Ratti, C., Crapiste, G. H., and Rotstein, E.
1989. A new water sorption equilibrium
expression for solid food based on
thermodynamic considerations. Journal of
Food Science. 54(3), 738-742.

[19] McMinn, W.A.M. and Magee, T.R.A.
2003. Thermodynamic properties of moisture
sorption of potato. Journal of Food
Engineering. 33, 227-237.

[20] Erbas, M., Ertugay, M.F. and Certel, M.
2005. Moisture adsorption behaviour of
semolina and farina. Journal of Food
Engineering. 69, 191-198.

[21] Saravacos, G.D., Tsiourvas, D.A. and
Tsami, E. 1986. Effect of temperature on the
water adsorption isotherms of Sultana raisins.
Journal of Food Science. 51(2), 381-387-

YA

Evaluation of sorption isotherm models for
figs. Canadian Biosystems Engineering. 51,
77-85

[10] Ayranci, E. and Duman, O. 2004.
Moisture sorption isotherms of cowpea
(Vigna unguiculata L. Walp) and its protein
isolate at 10, 20 and 30 °C. Journal of Food
Engineering. 61,192-209

[11] Lomauro, C.J., Bakshi, A.S. and Labuja,
T.P. 1985. Moisture transfer properties of dry
and semimoist foods. Journal of Food
Science. 50, 397-400.

[12] Siripatrawan, U. and Jantawat, P. 2006.
Determination of Moisture Sorption Isotherms
of Jasmine Rice Crackers Using BET and
GAB Models. Science and Technology
International. 12(6), 459—465

[13] Samaniego-Esguerra, C. M., Boag, 1. F.
and Roberston, G. L. 1991. Comparison of
regression methods for fitting the GAB model
to the moisture isotherms of some dried fruit
and vegetables. Journal of Food Engineering.
13, 113-115

[14] Galvez, A.V.,Mondaca , R.L.,Fito, P. and
Andres, A. 2007. Moisture Sorption Isotherms
and Isosteric Heat of Red Bell Pepper (var
.Lamuyo). Food Science and Technology
International.13 (4), 309-316


https://fsct.modares.ac.ir/article-7-2982-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-28 |

JEST No. 41, Vol. 10, Winter 2013 ABSTRACT

Evaluating adsor ption isotherm and isosteric heat of freeze-dried
pomegr anate seed powder and Fitting the data with mathematical models

Rezaee, K. ! Niakousari, M. ?%* Zare D.?3

1. Graduated MSc Student, Food Science and Technology Department, Shiraz University
2. Associate professor of Department of Food Science and Technology, Shiraz University
3. Associate professor of Department of Agriculture Engineering, Shiraz University
(Received: 89/8/7 Accepted: 90/10/28)

Experimental work was undertaken to obtain the adsorption isotherms of freeze-dried pomegranate
seed powder. Moisture equilibrium data of pomegranate seed were determined using the static
gravimetric method. Adsorption Isotherms were determined at 25, 40 and 60°C over a water activity
range of 0.11 to 0.94. Six isotherm equations including GAB, BET, Iglesias and Chirife, Henderson,
Smith, and Oswin were applied for analyzing the experimental data. The constants in the mentioned
models were determined and correlated with temperature. The criteria used to evaluate the goodness
of fit of each model were Correlation coefficient (R?), Chi-square (x°), mean relative percentage
deviation modulus (P) and root mean square error (RMSE). The results showed that the GAB equation
gave the best fit to the experimental data. The net isosteric heat of sorption was determined using the
Clausius-Clapeyron equation. The heat of sorption values of pomegranate seed powder were found to
be large at low moisture content and decreased with an increase in moisture content.
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