Iranian Food Science and Technology @ .
Research Journal kS
%,

Vol. 13, No. 5, Dec- Jan 2018, p. 704-719 .

Gl @l @boo g pole Slatidgly 4 i
704-719 . 1396 55 - 131 5 o o 13 il

AL

2 st SBesSe (el 5K Ml b 5L s3ledde 5 S Sttow ) 2
Sai 5 S I o i glad gl

PRI SRR P STt
1395/03/04 134 55
1395/08/0L : 3 s 7o

2>

15 (SG) sals slge i slamsls (43,5 1 13 L zmsn (slacuse (s pom 0yl w0l pys Jlis) St ooy B b dalllao oy

30350 540 30) colale pa s dw y3 915 oyl JSite (g jeml slaJgle 1 objyl cpl 28,5 plonl (WL) cogby ool cans
a sy 240 e 4 5 (50°C 540 30) (¢ 50l Jsloxe (slod gaw duw 5 ( 559/ 559 2oy 15 510 D) clale g a5 K 5 (Ij9/ 559
a5 il Page 5 Peleg Magee (cla Jao Jols caliseo o yodaas gla oo b laislejl plosl 5l odal csd a4y ()55 slaodly a5 plo]
58 o3lisal 3590 Jao (o picaslio (s yslaie & (RMSE) s Slarye (:Sile st 5 (1) 15" @2po {R?) o cpd (slel (sl el
Jae 5 (RMSE =0/027 4 %2 =0/006 (R2=0/81) SG «; Lbgsye (ciislejl (sbosls g5 & Peleg Juo bl 55l slaJie olo 5o 33,5
Lgye sla e (RMSE =0/005 4 %2 =0/003 R2=0/97) w3905 cianorgs |y WL &y bigsyo tslojl (claosls  oisucals, JSs 4 Page
&S 15 oanlie 05 vy Page 5 Peleg Magee cla Jio buwgi ond (i i (sloodls & basye (sla i puismad o olojl claodls 4
9SG p3lie g (giomml (63l a0l 3 clactiw w50 6 e cubli Magee Jus 4 cuws Page 5 Peleg Ly oas <)) cla Ja

sl ol WL

et il sl il dde ey JEl St s jod 1Kl 1 SIS (W09

xSl gy 6365580 Ly o1 1)y (IMF) Lo b, L
Zloy IS Gy o p3 fanld il Jlasl s 4 (s joud
SN NECH RS INCC TR S DO PP SV O L P
bl g goli ST ad glosgd jl culan Judd & (olas (g00)0l)3
o Al o B ylsl S 98 el g 5 Lasb @luS
A, .(Janior et al., 2013) 53,5 o (¢;y9LiS &Y game
5 01 il (65l Gpae 39 duip oS (s )3 Giend 5]
Sloge s (pimen il o Sl IS ULo g sladssa siajl
2 g 3o Madjyl g pdialad (ol Gl jew adse Sl
wald |y g e Joad > cimen 9 Wy (2l 190 bl
Syl 6 b (Singh, Kumar, & Gupta, 2007) >jLu .
ol luo (gjeml jlid OS] s & guuod e pys> el

3 Intermediate Moisture Food
4 Minimal processing

5 Pretreatment

6 Structure collapse

EPREN
9 0510 (55 (ogele ABAIT Jolao 2L N guamo Slaz 55
Chavan & ) el ond 355l JUo )3 (im0 o5 oygabe 90 Uleo
Oiali3l comge ¥ game g9 ol g4 .(Amarowicz, 2012
2 05 sk 18512 4 08, ol el oas (2L Sl e
33,5 o el Wg 5l o (Bly (ills Lol sl oy 2010 JLos
g 0gse Cadld 5l L il aS3Lel j1.(Yadav & Singh, 2014)
eVl (g5 J2B ol dangs Jl 55 slaygdS ) (5w
B 4 Olm g Slrogre (5)lS pslate 4 (g3uxte SSUSS
b il 5 005 S 4l e el 3 D5 00y
Sl ool Pl b 08 9 5Ll g audien ) (2524850
lié lge 3l sla Lo > .(Chavan & Amarowicz, 2012)

(i mlio g pole 095wl wlid ) somtils 5 ol i =2 5l
el alprs Jledipl g 3oy oMl 5T oKl ¢ oby> 1938 9 pole 2a8utihy
(Email: mina_kargozari@ut.ac.ir Jgtane 0digs = ¥)

DOI: 10.22067/ifstrj.v1395i0.56206



705 guss sl ol 6 Sl witlyh 8 5 53l 5 o2 JU St (oo

codl 5 (SG) basels slyo Cis slajasls oy L) aily
Sloj 03 53 yeite slas 5 5, clale il cos (WL) Teugh,
cladio b islojl (claodls .ol 413 )y 3590 aaid> 240
Jie 45390 o 1 (Sl @i .8l Bl (o ded Sy
1y 19155 (g jowl (6ol St iy Culis ygboay Peleg 20
Ganjloo, Rahman, Bakar, Osman, & ) dg—ed G iogd
O )Sa g SOUraKi Lawgs o5 plosil aslllas 5> .(Bimakr, 2012
sMlgl (slosby (S5l 6 Sl b oy Jlaml sl (2012)
Joore > Seo chalé (b plaiedy Sas Joloe 53 fow Lol
by sl 93 (3L Jde S b (o) 22l8 slod 5 (S jend
JUisl oy jdate 4 (1992) (), Kon g AZUAI Ly asdly
Souraki, ) a3 63y S WL 4 SG Jsbs polie pwess g py>
.(Ghaffari, & Bayat, 2012

ugd (ol (630l die 1 oy slaodly had s 4
JriS s by (o005 wledbl 4 lowws b Gua
ol Lol Gue el 03y (i ol (Sioml 5Kl )8
Oly=e 4 WL 5 SG S 4y p o Jliisl St (o aalllae
o b 6 y5bost oloj 3 o> s smud csla Jglona e | a5
SYolae (66500 Gl (bl ripen il oo @sp S0l
a5 sleodly gjlw e yslaie 4y Page 4 Peleg Magee
st 58] g3l ST 518 s Ll o] s
ol gyl Slaal e JS] St 0dilS Cipogs e

s

SH¥

Sl oyl jalaiody iy Slalllas j> a5 Magee doles
Hathan, ) coul ass, ;LS4 ol Sl s1)3 55 apn sl
55 cl yle (2015

MC(t)=AxkVt (2)

2 Cusby cal b dels dlge Gla e MC(E) dbleo oyl jo
olej oaadList g Magee Jao slayol)l K gA & Lsj
.(Moreira & Sereno, 2003) (1 &slse) 3L .

5l osliwl b Peleg o )8 e (5520l )bgd dlslae (sla el )by
slagizie 381 cinog 4,26 Juo cpl bl o Cundey j dlae
215b o Ay oo O oo )BT jgbods 45 oel Cowd 4

— t
MC(t) = MC, + P (2)
2 Cusby cal b dels dlge Gla e MC(E) dbleo oyl jo

b Ky cadsl cugly cdl by dols dlge da 50 MGy ot )

6 Solid gain
7 Water loss

Sloig i o dleo 35 a (6,55 5 (430wl Jobro 4y olie o3l
D9 loly e Jdd 4 puised L olde 03lo 4 (g jewl Jolee
Wl o8 (J3Sdge 039 b dlge 4 bgrye (coge by o Jobo (slis
e osle 5l Saxe slacSes g ol dasy Lo o JT (slasul
Ol (o8 Ll Sl gl cnlamd e (59) SS9l Jole &
Ahmed, Qazi, & Jamal, 2016; Sutar & ) e absMe Li15
sandy 5 T ixse by il 3 Bas cusby Gis (Gupta, 2007
ol Jsloes 3 0l > dlge s 4l )3 355 e plosl 236
Yol elad amd o g9y 290 il 0 s olie oolo lawgs
2 N5 SSgimle Jobre g (2lis ole (s 00 ploxl (o2
Ahmed et ) w3l 138,51 onic wSoT 0398 035L 5 S cuiS
.(al., 2016
WSl SYolso e oy odlw )0 ( lie dlas (540iSS )
S5l oo pasedn |y ysie in Uy 90 le alaly o« sius
sl olse (5l g wuld slaasly )5 Jae e (gjlodnd
ol oy, S il ng s ay p Sl aad las o) gl ag
A e g AS gl Cgld i o (0 WileS o [F% Silw e
Copie o (Datta, 2008) 53,5 (¢ yglogw (yiulidl g laais jo yzals
095 ooy 53 Ll @yl e 0 1y (608 (6 S mnensi
o Ol wid plodl gl g puSo il Cuxlad pac 4 il
5l 4OL;,,¢IoI pas g 03,5 dgd e |y b gilwdnnd o bd oo 39593
=5l Yol (Ivester, 2008) amd o (i3l 1y by o oSig
odlo cuS 5 yiag S0 ool 6ol by S 0disS Capogs
Wy cyma 53 53l o0 s |y (Slae (slajiably g o0 (6]
4 Slad ()35 @l ) (6ol (225 5 )5 s se
Srin Copgne I yScsly 0l L 4 (028 sl
slacsludas 5| 5y s (Pavelkié et al., 2015) 15,45
g 0l e comay (695 SOl Lapsie oy by )50
g9 oyl il o cowsdn Laiolel plul b s slayzal)b
(Datta & Halder, 2008) a_il o ° — 56d o <5l b
ohlSer s Magee Jue aiiler (odisie (o pTdes oo
5 (1994) 4l,Ken o Palou (1992) ., Sen 4 Azuara (1983)
Syl b pyr JS) Canogs jglateas (2011) (), Sen ¢ Ferrari
.(Junior et al., 2013) wlboas 55 olie sloodyglys ¢ joul
SlolsS (550l 6)_.§)T S (2012) ol)LSea 4 Ganjloo

1 Capillary flow

2 Diffusion

3 Sophistication

4 Uncertainty

5 Semi-empirical modeling



1396 (g3 - 315 o5les 43 alor iyl ol i @il g pole leeddois &yt 106

2 a0 4y Jalore Cand il ol Caenl oy 4 80 2,6
aw ool Gl iy (ol loj e lp b isles] oled
5 3 gy a0y o 5 555 555 (155) g e
-abais 6 sl g (g jeml (6wl Jitue slayiol)b (gl oni i35
SlacaSe 39 30 480 gugn xS sla i p S e ¢ Sloj s
s 0355 sl O b (Sigiymle Joloxe 5l g5 5l e sn
48,5 l_e‘j ‘_s_ebol ;.a—l ‘ufgiwo dld‘jP 8 5l ealaal b 9 0b

[(Kargozari, Moini, & Emam-Djomeh, 2010) .

@22 JU! S (ymend
sbaple) CoddS I oy 012 joul 5 05l gugn slacusee
Heraeus Vacutherm) O;f P ol et e (594 loed
Sde 4) cob 39 4 oydwwy B 105°C (slod s (Ll VT6025.
9 Carghoy (sl (S0l i iy iS5 (el 24
(Horwutz, 2000) 931/04 o,Les AOAC e :llae sal> 3lge
By Ly Ladsges (ooload ¢ 359 Oyt cpasd jskaiody 05 plog]
AND) Jkowd s9jl5 o bwg sles jlan 5 )5 5 0/0001
A wlbro jolaiedy 55 balyy Wad 597 cdd 4 (!5 HR200

160 03y HIS" 4 WL 4 SG polis

= (Mo=mo)~(M¢=my)

WL, = v 4)
_ (Mg—my)

Gy == (5)

Ol s g adgl polibe Slo sy 4t 50wl .cuwl (0)
(29 1 alaly) ol ()15 peiges

@2 JUH! S (2015 (55l
2 S g Jae (2lie glaun]d Sl gunail )
sl puilgny aSSyse 3 Sl S 1S (gl slaie e
dolie sl (Sjd) ol (ole Glim o (oo St
Al e (59) (Sly (e Blge 3 & Slpnis S g (aeSdny
Lol g daled oy Soo s oy iy Cundg cpl (oS odlatul
SlaJis muiil e 25,8 &S sl (ga> a4y Slie dlge  Saon
o Gl l o)l il oo (See it 1) (2138 ot 53 o3
Ao ) Wgd dalllas ably liE blge > Lostitus b Stiuw
=78 dew cdls pye D L oy codo] Cawdey s
il e ) (695 sl Hl3l S Glgis 4 St g2 dinles
ol g Col 4Bl g Qliedlge a5 b Shy
St g5lwJioe Jobos Lo jis (lié oS 350 (3l Jue

by samyyLis t s2Peleg b b il Ko gtPeleg cas pu
» " cleMe Peleg ol 4> .(JUnior et al., 2013) il o

)9‘\:"—;“ Il+ll Ml? 519‘0 ‘T)i? ))9‘ ).} 9 Il_ll
.(Pavelki¢ et al., 2015) (2 dslxe)
il o Page dolee (o 26 do slaJde o pidiao (S

MC(t)-MC,
Wyors = Wmmq =exp(—Kt") 3

0940 Hlie Ws tcogby il aay oy jlie Wa dllee ol 5o

Cogby cdl gamle

Sy o Ll g Cughy cdl ol polie MCeq fals 3lge Cila dx
olej oamLis t 5 Page slaylbn g K .aiisl o dols
.(Park, Bin, Brod, & Park, 2002) (3 &slxe) sl e

W yig) 9 3190

soatedsy g 039 (e 18 o odliul g cadlllas (pl >
) ligy ot g By (S S 3l adiges (0 (Sen
0B s g eyl (3L LS g Sl s Sl pslaie
4-5°C (cLos > odlitul plSin U (5 pao gugn 0 dngd (b,
@ e U lp e SISl )l e
Al LncaSe . odlitnl yio SlulxIx]l JSo oo lakad
O g g 398 Bl Lol o & ol gn slood 5 b 0
On s gl sy lyme b 4 S (S SaS Jlatod b Ll
D51 e (sbye o)jg) o> 90 1 86

Jowol 2],
Jolore & s S 2 slaJslone yuin b 4 g L
DE=40/9) 55315 cups g Sod a5 95 Jglxo ( S S sl
238 Sl el Jolomo plsisas (0938 oI55S brix=82
5 (559 1 5339) 905 40 30 (g0ul Jolmo 1> 3515 b olie
a5 Lagtalesl g (339 /539 15 5 105 plab S e
27 goaona 5 cplylis 33 ol 50°C 540 30 _les o
ges 4 Jslone Cans Cole, b ladiges 5 plosil ool jlas
it 933 LSl (o Jolxe g5l iy 41 410 Jolas
b iy (Staodly gy o by il Ol sl 655l
Windaus-) ;Lo olKiwd bwg (¢ ol 6 puS] 3 clod
3 i Symae o] Jes s S (oWl 299 Jse Lauda
Caold by cand jlade 4 Jos opl s s plool jeud a0l )3
5 9 03,5 2l M) jeud 013 ) sk gLt (gl ae
b 3l ey Ladiiges 33,5 0 ugn gy LSy (alS g

1 Peleg’s rate constant
2 Peleg’s capacity constant



107 gp oo ol 6 Sl witlyh 8 5 53l 5 o2 JU St (oo

b 1y Cogb, cdl g dols dlge e Slpss 19,2 91 IS
g Lales 3 (130) 35515 oy ol cale ) (gioul slojloss
SelS Coyi glachale e o Gioled Sod calises glacilale
el wSLs WL §SG 3,90 55 (ol <l pss 159, %50 4 %40
Olli8l 4 S 3 o dlan Mo (oais 03b yiuled baspe (slaybges)
& gy pdisel blE jidu )0 1) dels dlae Lla e «Sas clale
oldsime 5l Lol (L USs) ool 2 381 (p<O/05) (g ino IS
ORI 2 JS2) cutly gugn slacaSe el S plie 5
e (daw s sl 4 e wels dlge s 5 4o
Sjoul Jolxe g diged oy clale LS (LalS o )3 g 0
P WL &5 palidlpae g oy JUAS) oly 5 Coglio g
Kargozari, ) 153,5 3l,3 laej ,d S YU slaccbale
Lkl 4 4568 Len (Emam-Djomeh, & Moini, 2011
ol gygdbee loj I8l L WL § SG sl s ls «d) 0
04 Jowsl Ol juw g Cilnoges dyg0 0 (ol (gla bovie LBl
Ganjloo et al., 2012; Garcia-) couwl sad , e Gilisce
9SG yimpw gy 29l JS5 4 aeg L (Toledo et al., 2016
Jads a4 S cunl sgputio (g jeml ail3  Slinl elaylej > WL
Lo g el bl Jolpe 3 pdin (ol jLid slap)bal)S 92
JEsl 5 01 558, (sjeml Jslome 21,3 ST 51 42> 120 cusis
Bahmani, Jafari, Shahidi, & ) sow, — Jols el @ pp>
9SG ol S amd o lis ey Oliios clnaisl, (2015
Park et al., ) cuol o3 5L ylagde (ooml (sl Joloxe ,5 WL
slachle o o Jsl iy olie )50 3 gps50 ol (2002
i 2 51 S5 )3 515yt ol el 5 S YL
23y 5 oo py JUBI BT 4 e i anld YL gled o
SYL lod o Jolw slie (o 50 oS canl 00l (Lis i
slesd (b (LS slajlisle ) ael> dlge Gl 8l 4 e
Ciurzyfiska, Kowalska, Czajkowska, & ) 595 o (¢ ol
Jodoxe 3l asls sy Ol jl (6 pSol> jolaieas (Lenart, 2016
Sl 18 ol ) G (Sss slatidyy 5l oozl (g5eul
O 3 45 DB duogi Slm e 9 Slrogee 3)90 53 (o
(Saini, 2015) 5)lu cugb, Bis e p Sk b J

S tiw )y yslaieds Page 4 Peleg Magee < ¥oleo
Sy S 03,18 & g slacaSe Siaml K 3 29250
3l o8l Ll b Sl o ol s Jp BB 5, oo
el 1y 515 390 it Joed B e b g 03l anily gpkes
A8

o=l .(Van Boekel, 2008) 45l o o13€ 350 55 la 18T
lacaSe (ol Sl anlp (b gy Jlis] St Jingh
5 Slon dlge (slp (Slod S joboty o (2L Jae dw b e
Sbyiehl Cui e g 4 Ghlp B9y 4 (2l Dlge sl
slaJie b ool laodly (o5l 13,8y b Jio
Microsoft ) Excel célug,Sole 163 1S asio buwg o poodas
Hii, ) 15 plosl SOLVER add-in ;| eslizl L (Office, 2010
a3l o die3,38 )5 G SOLVER .(Law, & Cloke, 2009
S b g 039 (ol 53 03 S Sloxiio )3 (gmmg yob 4 &S
ks @i b oS slaodh (ajln Sl sl Joall) g
J3e o oo sl jolaie 4 .(Harris, 1998) 3jLu o wal,d
s lacasSe ol Sl St 002 05
ey 9 () G e (R?) O s el )Ll byl
g Lo jaslis oyl b ealizwl (RMSE) s &la e (:Sils

D dpslore 5 Ll

TN (MR sp i—MRpre i)?
2 — =1 exp,i pre,i.
x = [Fetten Q

RMSE = (%Z?=1(MRpre,i - MRexp,i)Z) (7)

YL (MRexp—MRpye)?
2 — _ 14 14
RE=1 17U MRexp—TR)? u

JRR- R oanliie FaIY &_3919) Cunsd MRexp,i ]"b) U)I 5
bsgs gy 035 st sy Cosmd MRires e 6 503151 (ol
N 5Slee (0225 gl i MR (s S0l cymall )3 Jsa
Lesl 3 .09 4 3laslgy) ol Jso colps dlaw Z 5 bnosnlice sl
%’ 9 RMSE Jahio 9 R? (s oy piShas bl (310 Jie
s Syoul 6] St Uinogi lp J3o s s @
(Bashari, 2015) ws sl

o3y (g kol Jdowi g 4y 320
S5 b ygesl s 5 Ikl Blysul E Sl @ )jgods aodls
i 3 (65l WUT s 0oy iolas )y S5 a8, S
Statistical Graphics )17.1.12 as.; Statgraphics 5.0 Plus'
5eSole BB .6 plodl (USA VA 93 0 Lorporation
205 S3ls a5l s o)Ly slmygojl Lawss WL 5 SG (sl jasls
s asb)S b sy e P<O/05 Jlsl so g w50 dunlis
14 a5 .5 Microsoft Office Excel jljble, 5 oS L s loges

WA aw

1 Spreadsheet
2 Duncan's multiple range tests



1396 (g3 - 315 o5les 43 alor iyl sl i @il g pole leeddgiy &yt 108

@ (20,00) Ko B (20,0)0) Sai A (00)010) Sai

A A
. | 9 4

Q

0.16 -
0.14 ; A

® 01 LL
~
Z008 - g |
9006 | §
0.04 -
0.02 -
0 T T T T T T T
0 30 60 90 120 150 180 210 240 270
(ai33) (s 53 abgs (yloj
b @ (10,00) Kai B (20,0)+) Sai A (00y010) Sai
0.16
0.14 - é A
0.12
~ 01 n ‘
50.08 - A [ ¢ * 4
g0  Je @
% 0.04
0.02 -
0 T T T
0 30 60 90 120 150 180 210 240 270
(a839)5 59 4bgé yloj
c ®(10)30) Sai M(aoyo)) Sai A (w0y01) Ka
0.16

0.14 -
012 - *
01 - i L4
5008 | L
5 0.06 ‘
% 0.04
0.02
0 T T T T T T T T
0 30 60 90 120 150 180 210 240 270

(a239)5 59 4bgé 4o

9¢(c) 30° C¢(b) 40°C «(a) 50°C : g 30m! Jolomo hlisio (slaled 3 g (SRS (§ioml (53] b winloj] SG palie -1 UG
S o] Jolome Sod iliseo slacdals



709 . guss oo ol 6 Sl witlph 8 5 g3l 5 o2 JU Skt (g

@ (20,30) Kai B (20,0)0) Sai A (00)010) S

a
1.2
1.05 |
09 - ; *
_.0.75 - i
3 06 - i & !
S045 | o L 4
2 03 -
0.15
0
0 30 60 90 120 150 180 210 240 270
(418) (559 abgs (o)
b @ (20,00) Kai B (so)0)) Kai A (00y010) Sai

00 | t ’ |

0 30 60 90 120 150 180 210 240 270
(aii85) (553 abgs (4o

¢ (o) Soi Maop)l) Swi A (woy3)8) K
1.2

1.05 -
T ¢ é
S5 g8

= 0.45
2 03
0.15

0 30 60 90 120 150 180 210 240 270
(435) 53 absé oo

9.¢(c) 30° C(b) 40°C «(a) 50°C : g 3om! Jolomo iliseo slaled yd gt (SRS (50wl (&l (b (suiwloj] WL sl -2 IS
S o] Jolome Sod iliseo slacdals

b JUisl iocie o35 ity e e 5 pgiin ol ol 5 Jae sl s 4352 0 Jpie

coyd P9 YL quen lamcaSe (el oSl ld b —iolojl basl, 5 e |, Page 4 Peleg (Magee Juo 4 by po

550 ad Oloyyo Sk dily ) g 90 SIS oo 0 g yieS g ey 9 1% R? Jolis 00 90l (o5lel (sla yiol,b timd o s caliso
J.».S)f )1)5 A>gf )))LQA X% W2 dhb_'J..\a t_s‘"l‘“) P R2 )))Lo.a RRYATY) RMSE

polde a5 W)l dgmg bl Lo cpl o g atily YU [

el islojl gl 5 36 Gl e 1y 3ylge cpl 5> R2 0l



1396 (g3 - 315 o5leis 3 alor oyl 1l i @b g pole sledsiy 4 pis 710

T SBeSe (g ol (g Sl il byl pui )3 Jio (25,1 (B slare g Magee Juao cul o -1 Jgur

WL s, Magee Jaw syl b

SG sl Magee Jao sl ol S gand {%H

o 8 ko

S5 S g

A K RORES A KR TS g @ ® (o
0/278 0/040 0/93 0/047 0/021 0/047 0/003 0/88 0/005 0/002 30 5 50 1
0/453 0/034 0/98 0/023 0/002 0/063 0/003 0/85 0/005 0/002 30 10 50 2
0/439 0/028 0/96 0/025 0/005 0/096 0/004 0/61 0/012 0/006 30 15 50 3
0/351 0/029 0/95 0/027 0/007 0/047 0/003 0/88 0/004 0/007 30 5 40 4
0/414 0/038 0/91 0/050 0/021 0/062 0/003 0/75 0/008 0/004 30 10 40 5
0/486 0/035 0/88 0/055 0/025 0/082 0/003 0/57 0/012 0/007 30 15 40 6
0317 0/032 0/97 0/025 0/007 0/052 0/004 0/95 0/004 0/002 30 5 30 7
0/376 0/037 0/94 0/038 0/012 0/053 0/003 0/65 0/008 0/005 30 10 30 8
0/384 0/041 0/90 0/056 0/027 0/064 0/004 0/80 0/008 0/005 30 15 30 9
0/352 0/034 0/91 0/045 0/018 0/066 0/005 0/92 0/006 0/002 40 5 50 10
0/457 0/038 0/95 0/036 0/011 0/098 0/002 0/58 0/007 0/003 40 10 50 11
0/572 0/028 0/79 0/061 0/025 0/104 0/002 0/33 0/010 0/005 40 15 50 12
0/394 0/042 0/97 0/030 0/008 0/075 0/001 0/39 0/007 0/003 40 5 40 13
0/440 0/037 0/85 0/066 0/033 0/097 0/002 0/52 0/009 0/005 40 10 40 14
0/470 0/043 0/96 0/035 0/008 0/080 0/002 0/54 0/006 0/003 40 15 40 15
0/328 0/041 0/96 0/033 0/009 0/054 0/003 0/93 0/003 0/001 40 5 30 16
0/436 0/035 0/89 0/052 0/022 0/082 0/001 0/25 0/010 0/006 40 10 30 17
0/409 0/041 0/96 0/036 0/010 0/068 0/004 0/99 0/001 0/000 40 15 30 18
0/500 0/038 0/95 0/034 0/009 0/072 0/002 0/42 0/008 0/005 50 5 50 19
0/469 0/053 0/92 0/064 0/026 0/065 0/002 0/65 0/007 0/004 50 10 50 20
0/621 0/037 0/74 0/092 0/054 0/093 0/002 0/74 0/006 0/002 50 15 50 21
0/402 0/052 0/95 0/047 0/016 0/061 0/002 0/54 0/007 0/004 50 5 40 22
0/424 0/051 0/92 0/062 0/029 0/054 0/005 0/94 0/005 0/002 50 10 40 23
0/513 0/048 0/88 0/072 0/032 0/088 0/001 0/46 0/007 0/003 50 15 40 24
0/404 0/043 0/94 0/046 0/017 0/049 0/002 0/89 0/003 0/001 50 5 30 25
0/437 0/044 0/92 0/053 0/024 0/063 0/003 0/74 0/007 0/024 50 10 30 26
0/493 0/044 0/97 0/033 0/007 0/067 0/003 0/65 0/010 0/013 50 15 30 27

50/003 0/005 sLS g0 50 polie (nSilue 4 0/006 4 0/005
D 0dd Glosie i hjlm ol 4 asg b .wad s 0/002
ooy 5Silee palio (8,5 i 0 L9352 Johe
laJae &5 05 (55 wx oz RMSE 57 (R e (L)
Jis g (29> an slales 1in) oLhLSa 4 Peleg (oolpiin
ol Jde 4 Cons (oo ) ) oS 5 Page s3leiiuy
Gy 6yt CudilB (99 anyd (glalos win) o) Ken 5 Magee

)13 g (sjel Sl il 3 p o JiS St o

2 Second order polynomial
3 Logarithmic

ol s WL iolej] slmodly oS sl )Lis zuls

Magee Joo aw ol o5 bily usr scueSo g joml
0192 5580 s culpd ke polis L Page 4 Peleg
40/027 4 0/031 .0/046 RMSE ,;5li0 ,S5leg 0/97 45 0/96
ol sl 0/006 5 0/008 0/006 (cLS mpe polie opSilie
Olysdn e ca b el (B85 e b oS o (Jb
o3 & cows SG inlejl (glmosls ‘1JAA 09 cusbio sl
00l LS oud Bl sl Jao b (g 3iaST ol Cogby il gla
Siomsl 55l w13 (b SG sl e culpd (ke olie
0/007 RMSE p,5Lae Siliog 0/79 4 0/81 0/68 55 o

1 Model goodness



711

g GBS gyl 5 Sl Witld Sl 5 3l o 9 pye JUK) i (o) 2

9 RS (g omwl (5 pSl Bliske byl 45 Jio (b5, (B lre g Peleg Juo culps -2 Jgaa

WL 1, Peleg Jao gt el SG (g1 Peleg Joa s yiol o>
Sy 0 Lo
Uk wke  R2ORMS ek ke R RMS e g egs o ‘J(’g’ diges
0038 00921  0/98 0024 0006  0/008  0/0%  0/9% 0003 00000 30 5 50 1
0074 00961 091 004 0015 0014 0405  O/67 0008 0004 30 10 50 2
0088 00904 01 0035 0009 0018 0451  0/83 0008 0003 30 15 50 3
0053 05800  O/97 0021 0005 0008 0088  0/82 0005 0006 30 5 40 4
005 0001 099 0020 0004 0010 014 093 0004 0001 30 0 4 5
0074 1032 099 0016 0002 0016 0432  O%66 0010 0006 30 15 40 6
0046 0513 096 0027 0008 0008 0A21 095 0004 0001 30 5 30 7
0054 00958  O/97 0027 0008 0009 0093  0/83 0005 0002 30 0 30 8
005 1032 100 0010 0001 0010 0425 093 0005 0002 30 15 30 9
0051 0875 095 0034 0010 0010 0441 093 0006 0002 40 5 50 10
0069 1043  0/9 0031 0008 0026 0429 0093 0003 00000 40 0 s 1
0101 00995 091 0039 0010 0034 0429 051 0008 0003 40 15 50 1
0057 U040 095 0039 0012 0022 009  0/66 0005 0002 40 5 4 13
0063 1024 098 0027 0005 0024 0433 O/84 0005 00002 40 0 x0 @ u
0070 Y123 091 0054 0024 0021 0405  0/88 0003 0001 40 15 0 15
0045 0979 09 0037 0015 0010 009  0/88 0004 0001 40 5 30 16
0064 00981 098 0020 0003 0024 0404 045 0009 00004 40 0 N 1
005 1054  0/9 0034 0010 0012 0434  0/89 0006 0002 40 15 30 18
0078 1073  0/95 0036 0009 0016 0099 078 0005 0002 50 5 50 19
0065 1301 098 0033 0007 0014 0400  O/69 0007 0005 50 0 50 2
0095 1205 0/ 0037 0000 0028 0430 0093 0003 0001 50 15 50 2
005 1229  0/9 0031 0008 0014 0088  O/58 0007 0004 50 5 0 2
005 1242 099 0018 0002 0008 0428 0093 0006 0002 50 0 ©0 @ 23
0073 1261 095 0046 0015 0027 0411 078 0004 0001 50 15 &0
0057 U084 099 0021 0004 0012 0073  O76 0004 0001 50 5 30 %
0063 V121 098 0028 0005 0011 0408 0093 0004 0001 50 0 30 %
0074 1170 092 0053 0020 0012 0416  0/89 0005 0007 50 5 0 u

2 S cobld Azuara Jae 4 s Magee Jio &5
E90xa) SSE (R? 3uioss ol )3 )b pya i) St Co
Bahmani) w3g Jao b5, b yielyb RMSE 5 Plas &l po
sl g aals o3le is palis 5-3 (¢l JSs (et al., 2015
claJie bwg oad i g oiolojl odel Coumda cogb,
slod %30 915 oy o bile ,> Page 4 Peleg <Magee
Aad o i ) 1wy 5 10 15 Ko slacbile 4 50°C
£5 & 258 b ond iy slaodl (ol oaims iy, Lghs
oanliie 0 g4 JS i )d 48 454Slon .Camlods Ll & Yoleo

5 Square sum of errors
6 Trendline

oS 5 GaNjlo0 Luwg osel coamda gls alie b gls

Gl St (awyp y> 45 2Bl i oS 34 (2012)
Page 4 Peleg Azuara la Jae ybo p b o (sloleS (6 50ml
Sl St (i Colis) jobay Peleg o podes Jue
R? bl (clayiollb adllas ol )3 3905 Cinogs 1) gl (¢ ool
sl jglite &) RMSE g ({ ouss (S8 (Sike (25L3) E
(Ganjloo et al., 2012) 13,5 )3 a5 3,90 Jdo o yicawlio
JUas] St uyp 5 (1394) ]S 5 Bahmani cpuiseen
138 oo iz olmedl (sladils (gjaml (S0l 018 o oy

4 Mean relative deviation modulus (E)



1396 (g3 - 315 o5les 43 alor iyl ol (I @slio g pole leeddoiy & pis 112

sbadie gle 22285 )8 adllas )50 Sad g )L (5 joud
wis Magee 4 Azuara Penetration Jio Jolis s )y
Singh et) Wi ool isles Magee Juo bwgs (oo 4 dol> dlge
Alyd byly b cgls aoe ) Wilgs e adse ol (al., 2007
2l clile 5 LS 5 g5 oy 4 adlllas 93 )3 (Sjaml 5

Gy Magee s 4y cous Page 5 Peleg sl Jio 44 0
Jae yols addllas p3 aimd o oLt inlej] (slaodly b (¢ i
py JLanl jadls o0 gleedld b1y (ijle opyieS” Magee
bowg odel Candts gl b sl opl b L (R2=0/68) SG
St G5 ()l ) gy @l (2007) o, ¢ Singh

A8l (ol Jolomo Jslore 55 g Slakd (giod (6 S00 l8 b g Jlasl
TP LS growl gl Aliste byl i 43 o (25! (S )lere g PagE S il s -3 g
WL (gl Page Jue (sl yiol iy SG (sl Page Jute sl yiol )y 1y gy
= g
(%) diged
(%) (°C)
00082 0717  0/9%8 0025 0005 07207 0530 09 0003 000L 30 5 50 1
0235 0453 095 0032 0007 0/416 0/306 077 0007 0003 30 10 50 2
0300 0/414 095 0026 0005 0/183 0725  O/68 001l 0005 30 15 50 3
0171 0/557  0/99 0014 0002 0/49 0510  O/85 0005 0015 30 5 40 4
0135  0/6l6  0/99 0016 0002  0/144 0700 093 0004 000L 30 10 40 5
0167  0/575  0/99 0017 0002  0/69  O/617  O/45 0013 0010 30 15 40 6
0159  0/538  0/98 0019 0003  0/184 0517 07 0003 00OL 30 5 30 7
0144  0/580  0/99 0019 0003 0/155 0/682  O/8 0005 0002 30 10 30 8
0105  0/674 100 0010 0001  0/01 0542 0L 0006 0002 30 15 30 9
0131  0/636  0/9%4 0035 0009 0180  0/568 094 0005 000L 40 5 50 10
0179  0/534  0/98 0022 0004 0/184 0778 093 0003 0000 40 10 50 11
0181  0/664  0/87 0048 0015 0020 1724 007 001l 0007 4 15 50 12
0151  0/554  0/97 0028 0006  0/233  0O/665  O/64 0005 0002 40 5 40 13
0100  O/747  0/9% 0032 0007 0024 1473 094 0003 0001 40 10 40 14
0175  0/542 094 0044 0014 0182 0763 092 0003 0000 40 15 40 15
0116  0/625  0/97 0031 0009  0/310 0419 093 0003 0001 4 5 30 16
0132  0/657  0/98 0021  0/003 00003  2/405  O/3 0009 0006 40 10 30 17
0142  0/588  0/98 0026 00005  0/266 0442 095 00004 000 40 15 30 18
0197  0/530  0/97 0029 0005 0002 2/370  0/68 0006 0003 50 5 50 19
0105  0/677  0/98 0034 0007  O/44  0/328  0/69 0007 0005 50 10 50 20
0090 0/840  0/95 004 0010 0/325 0532 093 0003 000l 50 15 50 21
0108  0/635  0/99 0024 0004 0/350 0513 058 0007 0004 50 5 40 22
0107  O/644  0/99 0017 0002 0190  0/488 095 0005 000L 50 10 40 23
0115  0/683  0/95 0047 0015 0/281  O/665  O76 0004 000 50 15 40 24
0126 0610  0/9%9 0015 0002 0/520 0/30L 0/83 0003 000L 50 5 30 25
0144 05571  0/98 0026 0005 0/154 0716 090 0005 000L 50 10 30 26
0183  0/518  0/9% 0039 0010 0121 0740  0/89 0005 0002 50 15 30 27




713 guss oo ol 6 Sl witlph 85 g3l 5 o2 JU St (oo

0.16 - 5

0.14 -
012 -
011 O
0.08 -

SG (g/g

0.06 -

0,08
0 30 60 90 120 150 180 210 240 270 300

(4i80) ol

O pBlolosl ools M ous S s
A pBialojl ools A oud g
O pEislo3l 00l @ oudd S s

1.04 -

0 o o o o o o
0 30 60 90 120 150 180 210 240 270 300

(430) o
O pBioloilools M ond S
A Gbli&)_lo)i ools A ouds S
O plBiuloil ools @ ouds S

Clilé 950°C (glod 9 %30 ;595 Cu i il jd Magee Juo bawgi 00wd ot v 9 svivlojl (go0] Cowd &4 WL 9SG pdlio -3 JSui
1B o 5 Bl et yint (SLRODID (515 95 dar 45 (glalon Wi Wig, bohkd () %5 4 (A) %10 (O) %15 Ko



1396 (55 1375 ojlos 43 alor ooyl 1! 2lié @bio g pole sloiboy i (14

0.16

O
0.14

> O

0.12

01 @

0.08

NN EEEN

SG (g/g)

0.06

Liia

(007 B o e e o o o o o o o N B L e e e e

0 30 60 90 120 150 180 210 240 270 300

(ai3s) oyl

O aBiulojl ools M ol S s
A pBiolojl ools A ol Ly s
(@] Gbl.{.&.!_l.o)i ool @ ouli (S

1.04

LU

0.24 B e B B e e LA i o e o e e o
0 30 60 90 120 150 180 210 240 270 300

(ai35) 4ylo)

O pBiulozl ools M ous Sus s
A pBioloT ool A sud Jus
O pBiulol 0ol @ ous L s

Clale 9 50°C (glod 9 %30 35915 Cupud il y3 Peleg Juto bawgi suwd g vt 9 siloj] (g000] Cowd a4y WL 4 SG palie -4 JSUS
1B o 5 Bl et yint (SLRODID (515 95 dar 45 (o Wi Wig, bokd () %5 4 (A) %10 (O) %15 Ko



115 L men glomcaso gimml 6l wisl b (2ol 5 3L 5 o2 JUS Sk (g

0.16

O
0.14

0.12
0.1

SG (g/g)

0.08
0.06

0.04
0 30 60

(©)

> e

90 120 150 180 210 240 270 300

(aii30) ol

O pEiolosiools M onls S
A pBEsb3T ools A oud S s
O AEiglosi ool @ ol (S i

1.04

0 30 60

90 120 150 180 210 240 270 300

(a35) 4ylo)

O u.ali,‘.’..!lp)i ools M o0l )
A pBEsb3T ools A oud Juy s
O AEiglosi 0ol @ oud (S i

Clle 9 50°C (glod 9 %30 35915 Cupd clilé yd Page Juo bawgi suwd ot st 9 (suilo jf (g000] Cowd 4y WL 9SG pualile -5 S
o oawd o y 8wl syt (L2031 (5l sois ;I Wigy bglas () %5 4 (A) %10 (O) %15 Ko

s gditee (Slooged (IS g (gjludinge siludend) ol
Sle (5 dosd S de gy e sledd 4 (e ALl sl
@lis &Y game Sral 5 ST Jsb 0 2 JUS| oy
Slabad (ol (630l anld imgd cpl 5 Cal osd 5)5S
@l b adlhe ST 5L Ll cov gen S5 S
Peleg (solpiny sla o a5 oy olis (St sl Jao (5515
5 Page (ool Jie 5 (90 4y lider aiz) o)lSen

hlSan 5 Magee (ool Jio 4 Coms (o 1K) o) en

8 Second order polynomial
9 Logarithmic

(8 35 4ol

ot yo plyie d lod S o &) (Gl (5ol Slilas
€ sl b (9)5 s olessil i alaanlyd Sy eV
el 255 oo plosl o2lezsl (38 S g W o 28 S
5 SMedguld g SIS (g St SRl polaie & la iy
gdien 03,15 a1 aleg slaesygh T Ko LSy Lais
bt gloodyglyd ol Cliogad 4 (ol jslate &
sradlie b Jue eptas anld Lulyd S8 5 auld Sy sl

7 Integrity



1396 (g3 - 315 o5les 43 alor iyl ol I3 @slio g pole leeddoiy ot 116

< lls Magee e 4y s Page 4 Peleg Ly ois 43l Js] Stows o g (gl gyl CablB (50 4> (glalos win)
SG palie g (¢ ol (6ol A0l olacSiim o i ) <y S5 0 b (oS opl 1 gugn (gheml ol AlE 3 p s
Wyl Jals WL s Jols Jao byl slayehl (1 She polis o585

slaJie coip opb b plosI RMSE ¢ 3% Bl 9 5YLR?

&l

Ahmed, 1., Qazi, I. M., & Jamal, S., 2016, Developments in osmotic dehydration technique for the preservation of fruits
and vegetables. Innovative Food Science & Emerging Technologies, 34, 29-43 .

Bahmani, A. A., Jafari, S. M., & Shahidi, S. A., 2015, Kinetic modeling of mass transfer during osmotic dehydration of
eggplant (Solanum Melongena L.). Iranian Journal of Food Technology and Nutrition, 12(3), 65-76 .

Bashari, S. T., Hamid, Mokhtarian, M., 2015, Monitoring of thin layer drying kinetics of Rhubarb during ultrasound-
osmotic dehydration process. Iranian Journal of Biosystems Engineering, 46(3), 255-263 .

Chavan, U., & Amarowicz, R., 2012, Osmotic dehydration process for preservation of fruits and vegetables. Journal of
Food Research, 1(2), 202-215.

Ciurzynska, A., Kowalska, H., Czajkowska, K., & Lenart, A., 2016, Osmotic dehydration in production of sustainable
and healthy food. Trends in Food Science & Technology, 50, 186-192 .

Datta, A. K., 2008, Status of Physics-Based Models in the Design of Food Products, Processes, and Equipment.
Comprehensive Reviews in Food Science and Food Safety, 7(1), 121-129 .

Datta, A. K., & Halder, A., 2008, Status of food process modeling and where do we go from here (synthesis of the
outcome from brainstorming). Comprehensive Reviews in Food Science and Food Safety, 7(1), 117-120 .

Ganjloo, A., Rahman, R. A., Bakar, J., Osman, A., & Bimakr, M., 2012, Kinetics modeling of mass transfer using
Peleg’s equation during osmotic dehydration of seedless guava (Psidium guajava L.): effect of process parameters.
Food and Bioprocess Technology, 5(6), 2151-2159 .

Garcia-Toledo, J. A., Ruiz-Lépez, I. I., Martinez-Sanchez, C. E., Rodriguez-Miranda, J., Carmona-Garcia, R., Torruco-
Uco, J. G., Herman-Lara, E., 2016, Effect of osmotic dehydration on the physical and chemical properties of
Mexican ginger (Zingiber officinale var. Grand Cayman). CyTA-Journal of Food, 14(1), 27-34 .

Harris, D. C., 1998, Nonlinear least-squares curve fitting with Microsoft Excel Solver .Journal of chemical education,
75(1), 119-130 .

Hathan, B. S., 2015, Studies on Mass Transfer and Diffusion Coefficients in Elephant Foot Yam (Amorphophallus spp.)
during osmotic dehydration in sodium chloride solution. Journal of food processing and preservation,
DOI: 10.1111/jfpp.12631.

Hii, C., Law, C., & Cloke, M., 2009, Modeling using a new thin layer drying model and product quality of cocoa.
Journal of Food Engineering, 90(2), 191-198 .

Horwutz, W., 2000, Official methods of analysis of AOAC International. 17th edn. vol .1 .AOAC Int, Gaithersburg,
MD .

Ivester, R. W., 2008, Productivity improvement through modeling: an overview of manufacturing experience for the
food industry. Comprehensive Reviews in Food Science and Food Safety, 7(1), 182-191 .

Janior, B., Lucena, J,.Cordeiro Mancini, M., & Hubinger, M. D., 2013, Mass transfer kinetics and mathematical
modelling of the osmotic dehydration of orange-fleshed honeydew melon in corn syrup and sucrose solutions.
International Journal of Food Science & Technology, 48(12) ,2463-2473.

Kargozari, M., Emam-Djomeh, Z., & Moini, S., 2011, Optimization of osmotic dehydration of carrot cubes using
response surface methodology. Iranian Journal of Biosystems Engineering, 42(2), 215-224.

Kargozari, M., Moini, S., & Emam-Djomeh, Z., 2010, Prediction of some physical properties of osmodehydrated carrot
cubes using response surface methodology. Journal of food processing and preservation, 34(6), 1041-1063 .

Moreira, R., & Sereno, A. M., 2003, Evaluation of mass transfer coefficients and volumetric shrinkage during osmotic
dehydration of apple using sucrose solutions in static and non-static conditions. Journal of Food Engineering, 57(1),
25-31.

Park, K. J., Bin, A, Brod, F.P. R., & Park, T. H. K. B., 2002, Osmotic dehydration kinetics of pear D'anjou (Pyrus
communis L.). Journal of Food Engineering, 52(3), 293-298 .

Pavelki¢, V. M., Brdarié, T. P., Petrovi¢, M. P., Sekularac, G. M., Kogevié, M. G., Pezo, L. L., & Ili¢, M .A., 2015,
Application of Peleg model on mass transfer kinetics during osmotic dehydratation of pear cubes in sucrose
solution. Chemical Industry and Chemical Engineering Quarterly, 21(4), 485-492 .

Saini, C., 2015, Mass Transfer Kinetics during Osmotic Dehydration of Pineapple Samples Coated with Pectin.
International Journal of Agriculture, Environment and Biotechnology, 8(2), 467-476 .

Singh, B., Kumar, A., & Gupta, A., 2007, Study of mass transfer kinetics and effective diffusivity during osmotic
dehydration of carrot cubes. Journal of Food Engineering, 79(2), 471-480 .



M7 men oo gimml 6T wisl b (ool 5 3L 5 o2 JUS Sk (g

Souraki, B. A., Ghaffari, A., & Bayat, Y., 2012, Mathematical modeling of moisture and solute diffusion in the
cylindrical green bean during osmotic dehydration in salt solution. Food and bioproducts processing, 90(1), 64-71 .

Sutar, P., & Gupta, D., 2007, Mathematical modeling of mass transfer in osmotic dehydration of onion slices. Journal
of Food Engineering, 78(1), 90-97 .

Van Boekel, M. A., 2008, Kinetic modeling of food quality: a critical review. Comprehensive Reviews in Food Science
and Food Safety, 7(1), 144-158 .

Yadav, A. K., & Singh, S. V., 2014, Osmotic dehydration of fruits and vegetables: a review. Journal of food science
and technology, 51(9), 1654-1673 .



Iranian Food Science and Technology @ . ) et s
Research Journal f § ot olnl 138 buo g pale sledunsy 4 i
Vol. 13, No. 5, Dec- Jan 2018, p. 704-719 A KA A 704-719 . p 1396 g5 - 1375 o jlouis 13 ul>

Mass transfer kinetics and mathematical modeling of the osmotic dehydration of
carrot cubes in glucose syrup and salt solutions

M. Kargozaril®*, M. Jamshid-Eini

Received: 2016.05.24
Accepted: 2016.10.22

Introduction: The osmotically dehydrated carrots can be added directly into soups, stews or can be used in a
broad range of food formulations including instant soups, snack seasoning and etc. Osmotic dehydration is a
suitable way to produce the shelf-stable products or partially dehydrated foods ready to place in other
complementary processes such as air-drying, freezing and others. Modeling can certainly make differences in the
food industry, leading to reduced costs and increased profitability. In food technology, at the simplest level, there
are equations that determine the relationship between two or more variable. Simulation models in operation units
and food preservation systems have attracted much attention in the past four decades. The mathematical
equations describing mass transfer during osmotic dehydration, allow a better understanding of the composition
of the material and operating parameters during dewatering. In this regard, many experimental and theoretical
models have been reported in the literature but experimental models have more popularity because of easier
applications. Regarding the classification of modeling in food processes, kinetic models are classified among
theoretical models. It was ideal if we could use kinetic models based on fundamental scientific theories for the
purposes of prediction and controlling the changes that occur in real food systems. But the complexity of the
food makes the direct application of basic models impossible. The alternative is the direct study of kinetics on
real food. As a result, the obtained models would be experimental or semi-experimental. Kinetics has developed
as a powerful tool in modeling food quality features and in other words the modeling of food quality estimation
is almost equivalent to the modeling of reaction kinetics in foods. The present study aimed to evaluate kinetics of
osmotic dehydration of carrot cubes in terms of solid gain and water loss, which was studied at three glucose
syrup concentration levels (30, 40 and 50% w/w), three salt concentration levels (5, 10 and 15% w/w) and three
temperature levels of osmotic solution (30, 40 and 50°C) for 240 min. The experimental data were fitted to
different semi-empirical kinetic models including Magee, Peleg and Page.

Materials and methods: Fresh well graded carrots were washed and peeled manually. A vegetable dicer was
used to prepare carrot cubes of dimensions 1 cmx lcmx 1 cm. The cubes were washed with fresh water to
remove the carrot fines adhered to the surface of the fruit. The initial moisture content of the fresh carrot cubes
varied from 86% to 90% (wet basis). Considering the greater effectiveness of a mixture of solutes over a single
solute, a binary solution of salt and glucose syrup was used as the osmotic solution. The samples were excluded
from the osmotic solution after 15, 30, 60, 120, 180 and 240 minutes. Carrot cubes were then washed with
deionized distilled water, and were dried using a paper towel. Evaluation of mass exchange between the solution
and sample during osmotic dehydration were made by using water loss and solid gain parameters. The
experimental data were then fitted to different semi-empirical kinetic models including Magee, Peleg and Page
which are widely used in biologic fields and the parameters of the models were determined. Data fitting was
conducted using Microsoft Excel spreadsheet (Microsoft Office, 2010) using SOLVER add-in. Coefficient of
determination (R?), chi-squared (y?) and root mean square error (RMSE) were used to determine the best suitable
model. An analysis of variance was conducted to determine the significant effects of process variables on solid
gain and water loss.

Results and Discussion: At the beginning of the osmotic dehydration process, because of the high osmotic
driving force between the concentrated solution and the fresh sample, the rate of water removal and solid gain
was relatively high. Although water loss reached nearly the equilibrium conditions towards the late processing
times, solid gain kept increasing. This increase in solid gain blocks the surface layers of the product, which
reduces the concentration gradient between the product and osmotic solution, posing an additional resistance to
mass exchange and lowering the rates of water loss at further processing times. It was also observed that while
increasing the salt concentration, the solid gain in most of the samples significantly (p<0.05) increased but salt

10 Department of Food Science, Islamic Azad University, North Tehran Branch, Tehran, Iran
(*Corresponding Author: mina_kargozari@ut.ac.ir)



719 L uss slocuSo ol 6 Sl witlh 8 5 g3l 5 o2 JUH St (g

concentration had no significant effect on the osmotic dehydration of carrot cubes.

Among the models applied, Peleg model well represented the experimental data for solid gain (R>=0.81,
¥?=0.006, RMSE= 0.027); whereas water loss was well represented by the Page model (R?=0.97, %2=0.003,
RMSE= 0.005). Curves related to experimental data as well as predicted data by Magee; Peleg and Page models
were drawn. It was observed that proposed models by Peleg and Page, compared to Magee’s model, were better
able to predict the osmotic dehydration process kinetics and equilibrium values of SG and WL.

Key words: Osmotic Dehydration, Mass Transfer Kinetics, Mathematical Modeling, Model Fit, Carrot.



