Iranian Food Science and Technology

Research Journal \ @x
o 4

Vol. 11, No. 4, Oct- Nov 2015, p. 382-391 s e !

Olpl @1ad gluo g pole Ghedrgsy & pid

i FAY-FA) . 0 OTAF LT - o0 oF o ko o)) il

M Cow S St S s 648 0hd SiS Anl p ob; e ke

i&\i)‘)-\f Lub)éw —réjé )".; JdL:.F MJW _-:E:-\’“>|). ‘;-.-:L SN —\d)‘g.;.w J.Ab-
ARV ARVA SRR

WWAYIEN S dy b

LRVCES

092 Jgmaze Cogby (ne3S (slaby) @) 2929 M b (SlapSSUiS 3 Jpae oy dogy (55 ojlul (Sl &S pl @ g b

lead g .ol oad odlaiwl sMS Loyl yid )3 (2055 om0 Cugby ezt (sl (Bl (gilw e | i cpl 50 S oo Iy 2 )8 M dladsre
A Ve glod o S wlbahs Ve jliis asupe byl b p0 9 05000,8 SLid (g)lel gk &Gl oalatul b calises (glaylid o laled 3 (59.S 0guo
5 Led L S 3 Jsmasme (it sl slayloged 5 o bida Ve Jolsd b Jpuamme (ialojl plrdl e 3 plrdl (gl Jae ogpendes
oM Sits w18 sl as i (gl @l g oS @l S a2 3 e @ cglaberaiz @l S ) (loj s el Colbus
Sy90 o gls Sl aye g (Siuwwed Copd pdlie 0diS o i @lo ot awslis (gl .000,5 edlaiwl i 38l p 45 5l ealazwl b
420 L S @l g 0035 a5 lite 331 p 5 o2lisul b o s Jguazme (qand s ylg00 SIS zeie (i 185115 dulie
Slee gape e 5 +[RWY 5 +ARR) (i g R (Sisad oy (i LY 420 (6l o iz @ g 5 S0 250 5 90
Corgby )Ll o s 13,5 cpas MBS > b St AT o G sl LYY g o/ WYEY Cs 5 4 RMSE s slas
30 o pd oplHlade cuolbus il L oS wb eols LS 4 Jol Gy Olej s LN(MR) lage5 (555 51 (6555 0900 cilisee (slacalsus (gl

E3snaSee Slaclld (ol (Y game gl slaclld Jials
b 2 lberd g (b Sl () 5eS Carge g SV e
2o Sl by (ny (p9es il (S D9 6y A3
5,5 odlitwl g5 o (6955 oo dla | 1A dlge (g 45 dgupe
oS S g3l Jae sl alise laass (WYY o jal)
A (Yoo V) ohlSen s Wang .cowl odds plodl olie &Y g
£S5 Gl gl (S SS b o 05 St L) gile e
(Ve r) sl asslyyy gjluw b 5550 5 Fge S8 cupd 3 9
OS5 St ly 3e,8 edle (S SiS (g5lw Jde 4, Togrul
GilwJis (YY) ohlSen o Wang .cowl aidlyy caw &Y
O3 9 b s99ySale oF KB b o (05 Sid el |y 3Ly
952'InZ a0l odysl sy Eb dlga L b S Sid i
Sid |y a5 o gladd g 9,8 S (V- -F) K
Menges and ) oS5l 5 uorie 4525 (o sasselo o5
SiU sbaY jus Sas by il Jse 4 (Y- - #Ertekin,
Sl Ay g caw
claddyy 5,5 i gy 390y (63b; Slallas lodl

S e Ly il

Casby (glgime by (gilo Joo M o Sizs 1 g5 gWojly

-

LV R

o5 5l Actinidiadeliciosa oS — ol pL_

iy BB ole LT blgl 5 (69xS ogs0 .13l o Actinidiaceae
2 bl pyS Ve 290 Glpl )3 0gee cpl bawgie ()9 5 Conl
29035 i35y rlew 4 paie (05 CulS ddate ]
5 6l 9 LS PH 5 el (slanyrgion « sblio b
4 ly o Sogame Hayward o3, .l odd o oS o S
wgme 031 (1392 S ] e ol 155 sbolio plas 13 (565
) e o YL, e Sl S 5 e o9 JSC3
slagdsy (ny (oo (S (25 S (VTM (65 s pgas
csl gy oul & bl jl g b (plie Y parme ()l

Wigey (sdikes 09,5 )il oyl (lid)lS ety G 4 Y )
Apieo u*"jb)é olKisly “5})3\.&5 ICSA

SIS 598 oSl gy pkitge 035 sl okl ¥ 4 ¥
Seede (o928

(Email: mtabasizadeh@yahoo.com 1 s ok — %)



RZ

YAY | ool x5 S S 59 5965 o S i o 3w Joo

Ao S oy e g (A8 SiS ploj (pteS 4 (e polate
b Sid ale blyd (e gl (Bpae 551 G0l JBle
oo 3 LSD (50l 5 ool L b uSile dusglio 5 03lil
Sl d¥) YU zola s .8 5 plol 4o )3 A% 5 403 A0 il

3,8 QLY Jgax gillae bayeS6 <l (V) el 5 (V)

Suid by i lojl 45 L ygSl gl il GBS Zokaw - Jgin

(MY (M) Sbe (V) oml  gohuw/ g5t
Ve 5 O (51,5 olw 4> ) Lod
\e Y. Y. (JSly oS =M
Q 4 Y (o (deo) Cuslies

3 oslizal Ly (355 o 5 LaygiSTh L Jas 3,50l ssle]
bl o (33l Ml o B )3 S Lol

S3lw Jue
o ogbye ol o Cagby Ao oS Sloj B s digel (e
Job > 95 glaadyg Cugh) juS ol oo daldl sy 710 -
05 dabre ¥ alay] 5l oalizl b 03,5 Sts
M= M, v)
M, — M,
72 5 Caashy (liee My (s () sy S MR gl o oS
olo p)SokS) gl Cush) (slgime Mo 5 (Jolas gy M calad
Sas8 Mg s My b auglio )5 My o 05l _o (o p,SskS/uals

gy dalas 3,5 Jl5 Bro o] 1 s g ol S Aalee
Do (g0 03l pj

MR =

M (v)
MR = —*
M,

OY gae il SUid Ny G Ll sl (goasio &Yolee
Ertekin ) cwl sads &)l (Y Jgdo) o s glod &y atunly
J(and Yaldiz, 2004

o3l (B3l p e e 9 S dumliio (sl (6lel jlne 9
RMSE s slas :Sko @oye 9 R Stasad oy b

?:1(MRexp,i - Mﬁpre,L’)(l\/IRexp,i — MR

pre,i) (\c)

— 2

\/2{1=1(MRexp,i - Mﬁpre,i)z 2?:1(MRexp,i - MRpre,i)

RMSE =

n

1 — 2
HZ(MRexp,i - MRpre,i) (a)

i=1

ng'_u.u. CA{}‘D} MRpre,i ;P‘ 1 Ghmln}] w.\." @9]9) MRequi
Al o i Sis Slanlie Sl o epl 1 oddd o i

d\_é)ﬁu.))gk_g.m\}' Lr.u))eA.: ’9,&9.70."” ) Og'l ).) ‘wl LR Wt ral;zdl 69:“5
Ay oS (jlid) M lid cov (S Sis leolatl b (g8

3585 oy diwbro 5 (9,5 SLid Jie oy yipy &)l (g0

il e
W g, 9 390
5’99

ool )3 595 ogmn S LB slolia ST 4] & dags b
55 =l Jl s g ogue Bpan (p i 35 g Wb 3)lnla o8,
o3litl 5o pLos! (gl b ) 5145 0 o 2 e
3 &bly 55,150 51 ol (g0 b wlgl 0 (g5uS W8, (pl g
2 g 4230 by ) Sy 53 5 A Meede (b e

Ao gD yd o8 iild (65,0LuiS (gl pile 09,5 olKiis o]
odlat ol iolejl ) ladiges dadiges ojlil bld 5l ad (g laeSs
)..\J.L_M: Ja_my ()“’)_’ Lgl)_J ML\A 9 Ia.uuy..c D)IJ.J] 6‘)‘.) FURREW
J.:.)y

Sy g (95 S g L wiged adgl gl e
9 48,5 )i B wgeadur 43 )3 Vo 0E) clod )3 gl 10 b iged kel
Cé S Sygo Sloj B gl 1 (9,8 S as Sas LSS
Ao sl ) atly i oamliio (5o 5 93 (o (Sig iS4
(Mohsenin, 1986) 1 salatwl ol o by 43 adel Cugls,

dglpr = (05 Sud i dge o>
x 100

Cugboy hoyd =
Sgod gl py>

e gy Sl S Se 4y o5 S bl o g9y 5l U3
Cobye al p Cusb) doyd b ol g Collae b 4 b S
P el ) oS &S ol 5l aw el Cand 4 TAVY 6o oy
o glaay o SOlse oas ) bwg 85 )5 bue (glod
L 9il5 by (g 4B b e (oo 1 el
SR8 L il S bwg ol (p BT diges plod 05 cpjg
ol ()0 93l il cle & b 02 by yio o YO
L 1) L diged «smgd b olSLiily 5 o5 azsls M o8 (St
dged 903y (pjo M daine Jl )l @i BT Sloj Jolgh
e (YA (o )lSen 5 (6 80) a5 0ald )8 ol o Las
Aol ey 3l Ayl Caglo) AV VD & Jguanme Caglo S ]
oo JLiomd (515 by Ladiges b (o iy (0 St

BB e 59 olell S c5ls TE214S

Wodly oo g 4y 300



WWAF T -y Folod ) ale> oyl ] (2108 @obuo g pole leidg}y 4 pis  YAY

O SWiS aiglyd bt (i (S 03] 2590 GBS0 Y Jgua

Je dldlee Je ob Joo ol
Model Model Name Number
MR=exp (-kt) Newton :yg. Westerman et al., 1973
MR = exp(-kt") Page z Page, 1949

MR = exp(-(kt)")
MR = | +a.t+bt?
MR=a.exp (-kt)

MR=a.exp (-kt)+c

Modified Page gz osi Mol
Wang and Singh i 5 Ky
Henderson and Pabis ol 5 yowysin
Logarithmic _.ex,5

(Yaldiz and Ertekin, 2001)
Ozdemir and Devres, 1999
Yagcioglu et al., 1999
(Yaldiz and Ertekin, 2001)

MR=q exp(-kf)+(1-a)exp(-kbt) ~ Approximation of diffusion ,lisl ..,&  Yaldiz and Ertekin, 2001

MR = a.exp(-kt")+b.t

Midilli b

Midilli et al., 2002

NS dy id Sis oloj N &4 digel Cwlbus a ol o &S
W Py m’s” 4 wshoby Uil coyps Depp g Slanlio slass
2 Cygmo dn i Sis Y b sla lo; e 0 8 dla)
Do o Ao
8 T[ZDefft
MR = — —_— \4
—eXp [~ (v)

s LI(MR) 905 sy 5V oy b b 51 i 59 58,5 |

..))9] Cawds 1) Deff U‘?’ «° )].)945 W) )l L)L°) >

s = - Dery ")
o905 1

Wodly oo g 4y 300
LSD (ygal bl 2 b (360 duanlio g el lg o8 @l

sloaY b Suis Cluogas g e o 0)ln oot
SR Soien oy oy by Jio &S Gipogi | (c0uS
A3b RMSE s sl 5:S5ke qpe jlie o S

(Cagb,) @2 Uil cu oo

4o bgoye s adal) 5l cosb, Jlisl cops o34l Cands sy
Aghbashlo ef al., ) S o edlatwl ais Sid S5 (olaaid )y
(V Sl 5 Kb pgd 55 5 alizal L 1, 5 ala]y S35 (2008
o S p 2 JWSH(Y ol 008 95 iged oy JS 53 Cugby
by oo L dbges (e w sy (gl (Y ol )lie 3850
3 o 5y JLES] s )5 Caglia (§ sl iy 0l
(0 conl 32l dbges (A3 Lo 3 py> sl cuoglis ply
5l il ey (5 48] o il il b olyan oy Jli
(Taheri et al., 2011) 5,4l covss cwasl job (SaSg>

)
B (55 031l dhantly (512 )3 Caolbud  bod ¢ LS 51 (ANOVA) il ly & o5 gl -Y Jgua
S92 37 obj GAlila )y i e

YEE ALY/ R SAS/\\) ns Y s
SNAEEOAFRY/VESEE SNy v lo>
SYETEE\QYSAYYDEE R yyysYa/. vy v
R R R S\FA/PEFE ¥
of o NFE VENYYS** ns AY/\¥A ¥

R S VYAV NV 7 ¥
of o NFE YY/AAY ns INYAIAS A

ofes¥ \Y/YA¥ YYNAD oy s
---------------- A Js

Mo pE NS o yd S gdaw )0 Hld srot (o yd gy gdaw 0 5 sxo



YAD o3 cand o Sl S 50 oS (yo Selnd a8 ool g 5lw Jue

Al (o (BB 58 (5l Bpan plaj Cde g b (0 SRR

b A

obes by Jlas an by die jl Ban (iagh ol
g 0dd Sdd ogae (SS9 (lise B olyen 4 (ol S2S
Sid 595 gloadg |nj Ml (Bpae Syl 5l Ol
SS9 Gl adbiee W ) ek e bl g3 0l
Sacie —dolesl slamodls Il yigp Ail 5 Koo ik d pn
slod Ll 1 iolesl 4 bgsye oM s o8 S (> V-/VF
L a8 ol ool s JSwb olS Ve jLid g 31,5 ol as > Ve
(VR JLaS) 3yl g sean JLaS Lo 01 (yuasd Ll
Jaie sl (clmols 1 o3liial U (65 Cbyume jlaie oy yiaS
13 oMo o S St > S ool pSelS g kS BAAY
ol ool Condy JSwl olS Ve M5 g 515 ko a0 Ve glod
B9 Slp 025 S Sl (Ko loj nieS dailyd pl 5 &S
ol Gy yio (oo ¥ Colbus 4 ol

0P SWS Seswnr (o 2

JLid )3 9,8 Sits gl plo il > Cugh) s s
AVE N slhcwbus » ogmds ds Ve glod 5 JSwbalS Y-
ol 45 ja b lon Db o odnliin ) S ;0 o e
S-S ey s 10 (pieS Cuwlbus b (505 (sladdyg o o
1553 ol oS Gl s e o S igd o Sts
i) A8l Jgarme Cugb) i Coopu Gl 4S5 e
Sild e g Db (0 ot lidio ayldges 4y dn i b pizmen (IVAY
(35 Sib b > oy b5 L Caghy ool Cons 315 0
L5 igmd ] Casoy s K5 L) £y 13 Mo 0lS
CedlS U oyl as cal o5 cuglsy ol cuwd 31 Kial 5 009
o Gy (EalS 5 03,8 I ials Jame Cush) (i o)
Ml (Rl b o

ol

2 o S lo ey cuolus —lod —Lid &8 aw 45U
728 e (5 Lo —)Liid asl8gd 15U s jboline 720 prdaww
WSS g el jLid de ya oS amd e L g Cuwl o Hlolixe
laadyg o o el g S o by (il 3 T Sigr slod
Cllo s o 5 g S5 (55 055 o S > 55 350
B9 8L s 9o (loj yebl 59y 2 2o @ jlis ST &S
Cuolseis —Lod dilf gy 15U (Jg Cowl oniis jboline Colous —)Lid
Sid oy wolus ials 5 oy ]38l b 1y caol o jlolize
Al o pials us

S92
7D e > (SaS g p Cwbus —lod —)lid 45 aw ,5b
ST g asly sl &S ey bl o G SaSs
g Led Linli 8l L ccunl o jlolize 358 (slayiolyly 51 S5 2 &S
,\_J)s slal o (SaSgs e datsre 3 jlid 5w Sials

Bran 855
w3 Byaae (650l g cuolius —lod —Lid &8 aw ,5U
olize 728 e )3 Led —)Lid &8> 13l s loline /20
yidiay (glod g yud Hlid ool (gl &S aad o Ui 9wl onds
cde 4y Lol o) Bpae wb (g (6551 b St g5 sl
o 09 e g3yl Bpan gloj (el g (pad SS loj tals
g yi0S Culbis U (008 (sladdyg (slp oS dad o L 5 Cunl
0d Hllizme /A% prdaw 53 55 Ceolius —lod wlS gy L5b ALS e
Oid S lej wolbs yialS g Led Lilidl b1y 5 cconl

1.2
a
0.8
nzc 0.6 3 mm
0.4 6 mm
0.2 9 mm
0
o 50 100 150 200

min oyle;

e ((LCwlns )3 Gloj a4 Cugb ) Cond Ol pmis —Y JSW0

g wa bz glad s b ol dlos s mle adb oolatw] Clis
9 Se @) lod @y wlite 75 g ©jg0 sladayd b (68

Oy SuiS Sl (g5

380y 5 3,8 Seis il i G g sl ol



WWAF T - 0 Folod ) ale> (] (2108 @obuo g pole leidg}y 4 pis  YAS

S, g )8

B s 590 4B Sy g (giomw @I (o3l Bl o9
asbaiilp (o Ghe lp o8 e g st g 85

e

T

08|
adll

0.6

MR

0.4 -

0.2

untitied fit 1) |
MR vs. t

180

80 100 140 160

0.8

0.6 |

MR

0.2 -

untitled fit 4
MR ws. t

ntitled it 5| |
MR vs. t

80 100

T T T
1 [
D.S-\

0.4 -

MR

0.2+

80 100 120




YAV o3 cand o Sid S 50 S oo Selad a1 y8 ool g 5lw Jue

/

0.8

0.6

MR

0.4

0.2

untitled fit 7] |
. MR ws. t

0.8

06 ge

MR

0.4 -

0.2r

untitled fit 8|
. MR ws. t

L I L L i
100 120 140 160 180

1 \ I
0.8

0.6

MR

0.4

0.2

untitled fit9] |
- MR vs. t

L L L L
0 20 40 60

L L L L I
100 120 140 160 180

Y a0 (ol doa W (O 93 43,0 (g1 dloa W (@ SG 42 yd s ddlre (o0 alall 4y dlai (W) - JSS
MR = (p*t+ p2) / (t+q1) SO Z 5w 9 S ygno a3 b (6 pnS ddlro (cMR=(pl)/(t+q1) SO Z5w a0 b S ddlae (e
MR =a,*exp(-((t-b1)/c1)?) swol§ daleo (¢ MR =a*exp(b*t) Sy a3 sboi &b (z

olod Adl e fiode ¥ (slacuslius ) iy 4 VYT
ol 38 Ll Coyo colrs Lial Bl L 2gd o odnliv 457 (g0
aw (iSe 5 J9SUge iuin sl dlius pl £98y J> bl s

& 325 Ao

ey Sl pS Jldged i ey Sl ke (ke
s 9SG g5 9 Spgeo 42 )3 b (g8 1l sl e o
IR (Siisod iy e cpyitin LY 4o o dlex > b
e Al o RMSE s (glas uSilis qupo e (e
29b 4 g9 sbadd g Cuals (ulEl b Cugb jlisl o ps
Wb o Rl s b

S5 ol yg (b SUis St Wi 0 o8 Jbo e

RMSE o (508 g R” Jlads oy & 4295 b 018 Cineogi |
aS 15,8 jaseio RMSE g R? Jslie duslio bed o0 ol
BU e 9 S e g Cogo 423 b g8 @l sl ot
e A R (Sian Copd oyt LY 430 (ol alos vz
RMSE s (slbas 5:S5ke qupe (oS g +/AAVY 5 +/233)

e ot Sl b 55l g <L YENY g < [AVEY L
-ml{‘f‘:)m S.‘.‘ S"..."

Caghy ;WS 5o

s 1y 5loj cams p LN(MR) &l yuais & S5 (sl g0
am3 e i ]y 038 Kt il (slacdls

s Lialisl Uy Ll cuyd X clapScSis
Gyt (S A4S gl d5sS Ay il (oo GBI 55 sl
Ve mlsT o e i 5 Y20 ¥ )T misT L)



AP (LT — se0 Foylods ) s oyl 1l (2108 @lioo g pole lelidgy 4 ol YAA

120 150 180

.238x +0.217y = -

—4—mm 3
mm 6

=fe—mm 9 2-
17x + 0.365y = -

0.668x + 0.573y =-

3.5- - ) .
min (k)

o o 5 Y Glacuolins b 555 5 g (51 oloj oo 2 LN(MR) &l ¥ S

&l o sad 50lo B30 9 (Suwod o puS 3o —€ Jgoa

U
RMSE R-Square &
Equation
o \ A & dlats )35 las
Line
YN Y < JAAYAAE bt &b

Polynomial 1
Y ol des i

<[ FEYYY -[AAYYS _
Polynomial 2
SYEWYRaVYeY Ve sl dlor iz
Polynomial 3
AR A[RFYOVY Koo b b
Rational 01
SN aaties SRETRs s @b ol
Rational 11
JoYAY-SLRaFYaY ol dor S 2l
Exponential 1
o[-YSOAN -[RASYAY e 423 eglS

Gaussian 1

e cwlins ;3 Cugh, LSl cy oY Jgaa

(e o) Colins D K
Thickness (mm) Gradient
¥ -lavy ¥/-a-%Y NAYYA
5 Y5O INAREA <[avay

a <IYIYY VY- <[AARY




YAD ool xS S 59 (5965 o S i o 3l Joo

&bo

Aghbashlo M., M. Kianmehr, and H. Samimi-Akhijahani. 2008. Influence of drying conditions on the effective
moisture diffusivity, energy of activation and energy consumption during the thin layer drying of barberries fruit
(Berberidaceae). Energy Conversion and Management 49: 2865-2871.

Ertekin C., and O. Yaldiz. 2004. Drying of eggplant and selection of a suitable thin layer drying model. Food
Engineering 63: 349-359.

Kamali, E. 2011. Construction of a laboratory scale vacuum dryer and investigate the possibility of drying kiwifruit.
M.Sc. Thesis. Faculty of Agriculture. Ferdowsi University of Mashhad. Iran. (In Farsi).

Menges H.O., and C. Ertekin. 2006. Mathematical modeling of thin layer drying of Golden apples. Food Engineering
77: 119-125.

Midilli, A., H. Kucuk, and Z. Yapar. 2002. A new model for single layer drying of some vegetables. Drying
Technology 20: 1503-1513.

Mohsenin, N. 1986. Physical properties of plant and animal materials. Gordon and Breach. Science Publishers.

Ozdemir, M., and Y.O. Devres. 1999. The thin layer drying characteristics of hazelnuts during roasting. Journal of
Food Engineering 42: 225-233.

Monfared, H., 2012. Feasibility of Turnip processing in vacuum and hot air drying. M.Sc. Thesis. Faculty of
Agriculture. Ferdowsi University of Mashhad. Iran. (In Farsi).

Page, G.E. 1949. Factors influencing the maximum rates of air drying shelled corn in thin layers. M.S. thesis.
Department of Mechanical Engineering. Prude University, Prude, USA.

Sa’inz, C.B., A. Andre’s, A. Chiralt, and P. Fito. 2006. Microwaves phenomena during drying of apple cylinders. Food
Engineering 74: 160-167.

Sigari, H., Tabasizadeh, M., Abbaspour Fard, M. H. and Golzarian, M., 2013. Optimization of Kiwi drying process in a
vacuum Dryer, 21st National Congress of Food, Science and Technology, Shiraz, Iran.

Taheri-Garavand A., S. Rafiee, A. Keyhani. 2011. Study on Effective moisture diffusivity, activation energy and
mathematical modeling of thin layer drying kinetics of bell pepper. Australian journal of Crop Science 5(2):128-
131.

Togrul, H. 2005. Simple modeling of infrared drying of fresh apple slices. Food Engineering 71: 311-323.

Wang Z, J. Sun, F. Chen, X. Liao, and X. Hu. 2007. Mathematical modeling on thin layer microwave drying of apple
pomace with and without hot air pre-drying. Food Engineering b 80:536-544.

Wang Z., J. Sun, X. Liao, F. Chen, G. Zhao, J. Wu, and X. Hu. 2007. Mathematical modeling on hot air drying of thin
layer apple pomace. Food Research International a 40: 39-46.

Westerman, P.W., G.M. White, and I.J. Ross. 1973. Relative humidity effect on the high temperature drying of shelled
corn. Transactions of the ASAE 16: 1136-1139.

Yagcioglu, A., A. Degirmencioglu, and F. Cagatay. 1999. Drying characteristic of laurel leaves under different
conditions. 7th International Congress on Agricultural Mechanization and Energy (pp. 565-569), Faculty of
Agriculture, Cukurova University, Adana, Turkey.

Yaldiz, O. and C. Ertekin. 2001. Thin layer solar drying of some different vegetables. Drying Technology 19(3): 583-
596.



Iranian Food Science and Technology ) . .. . . -
Research Journal gﬁéj H olp! 210 gbus g pole Gletingsy @y
Vol. 11, No. 4, Oct- Nov 2015, p. 382-391 Py e ,,_g:;g;},,z;, YAY-YA) . o AYAF C,bj — st o F oylels 3 0l

Mathematical modeling of Kiwifruits, vacuum drying

H. Sigari', M. Tabasizadeh?’, M. H. Abbaspour’, M. Golzarian®
Received: 2014.01.17
Accepted: 2014.07.10

Introduction: Harvesting of Kiwifruit (Actinidiadeliciosa, family: Actinidiaceae) is usually performed in
mid-October in Iran. The average weight of this fruit is about 70 g. Hayward is the most popular kiwifruit variety
in the world mainly due to its large size, oval shape and high shelf life. Drying fresh products is a long-standing
method for conservation of food products. This method reduces water-borne and microbiological activities in
fresh products while only minor physical and chemical changes occur in these products. Drying, therefore, is
regarded as a common method used for food product conversation. There have been several researches on
modeling drying of food products. Wang et al. (2007) worked on a mathematical modeling for drying apple
slices in a hot air drying process and determining the effective thermal diffusivity. These researchers stated that
Midili model was found to be the best for predicting the moisture content changes during drying. Torgul (2005)
confirmed this finding in modeling the drying of apple slices in an infrared drying system. How ever not much
research has been carned out on drying kiwifruit slices. Therefore, in this research, the drying process of kiwi
slices in a vacuum dryer was examined in order to understand their behavior during the process and to determine
a best predictive model for drying and also study the diffusivity coefficient for this product.

Materials and Methods: In thes research Hayward variety of kiwifruit for was used Sinco this variety is
commonly grown in Iran. The fruits were purchased from local market in mid-October and transferred to a cool
storage (50 °C) in a lab at the Department of Biosystems Engineering at the Ferdowsi University of Mashhad.
The samples used in this study were of medium size and suitable for cutting in a cylinder-shape cutter.

The initial moisture content was determined by so-called oven-drying method on wet basis according to the
following equation (Mohesnin, 1986):

Initial weight—Final weight (after drying in oven
%MCyp = g ght (after drying ) %100 (1)

Initial weight
The moisture content was determined as 80.23% on a wet basis. The kiwifruits were sliced at 3 mm thickness
using a 35 mm-diameter cylinder and weighed with a digital scale. The slices were moved out of the dryer and
weighed every 30 min to monitor their moisture content. Weighing continued until the sample’s moisture content
reached to 15-20% on a wet basis. Moisture ratio of kiwifruit slices during drying process was determined
according to the follow equation:

M, — M.

MR =g ©)

where MR is moisture ratio (dimensionless), M; is moisture content at any desirable time, M, equilibrium

moisture content, percent, dry basis, and My is the initial moisture content (kg H,O/kg of dry matter). The value

of M. is very small compared with M; and M,, hence, the error involved in the simplification of above equation

by omitting Me is negligible. The experimental drying data were fitted in various drying models commonly used

for monitoring the trend of being-dried products. A few of which models are as follows:

MR=exp (-kt) : Newton model

MR = exp (-kt"): Page model

MR = I + a.t + bt*: Wang and Singh model

MR = a.exp (-kt") + b.t: Midilli model

In this research, two statistical proameters were used to evaluate the goodness of fit of the tested models to the
experimental data: the coefficient of determination (R?) and root mean square error (RMSE) between the experimental
and the predicted moisture ratio values.

Diffusivity coefficient for each slice was determined from the following equation:
_ 8 v 1 _ m?(2n+1)? Degst
MR = 2 2n=0 (2n+1)2 exp [ 4 a? ] (3)
where a is sample thickness (in meter), ¢ drying time (in seconds), n is the number of observations and Deff is
effective diffusivity coefficient (in m?.s™).
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In long drying process, the following simplified equation is used:
MR = %exp [— il Defft] 4)

4a?

The diffusivity coefficient is the slope of the straight line when experimental drying data in terms of Ln (MR) is
plotted versus drying time (t).

Results and Discussion: The results of this research revealed that the best prediction curve of moisture content
against time was drawn using of MTLAB software. In this regards the rational function with first degree in both
numerator and denominator and the third degree polynomial function with maximum coefficient of determination (R?)
0f 0.9991 and 0.9977 and minimum root mean square error (RMSE) of 0.01267 and 0.02412 were the best prediction
models, respectively (Table 2). Furthermore, the drying time becomes shorter as the thickness of kiwifruit slices
becomes thinner. This is mainly due to the higher thermal gradient within the thinner slices and hence faster moisture
removal due evaporation. The heat diffusivity coefficient was also determined from “Ln (MR) — Time” curves (Figure
3). It was observed that with increase of fruit’s thickness, the heat diffusivity coefficient increases. This phenomenon
may be related to the molecular dynamics and the surface tension of materials being dried. In other words the minimum
and maximum values of the diffusivity coefficient were observed as 2.0904E® and 7.1303E™ m*.s™" for fruit thicknesses
of 3 and 9 mm, respectively (table 3).

Conclusion: The trend of moisture content evolution against drying time during vacuum drying of kiwifruit was
investigated using MTLAB software. Different prediction models were examined for the prediction of moisture removal
during vacuum drying of kiwifruit. The rational and polynomial functions were determined as the most accurate
prediction models with the coefficient of determination (R2) of higher than 0.99 and RMSE of about 0.02. Furthermore,
the heat diffusivity coefficient of kiwifruit slices was investigated as a function of slice thickness. A general increasing
trend observed for this coefficient as the thickness of the slices increased.
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