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Figl Mass transfer in planttissue during osmotic
dehydration

sy 5ol OF 53 a8l T3 (S5eml (Sl a2 S
e sy ol L oosie ot gl B il
Sl T el BB 21 slse 6K ekl L
Sowl i K ole oas Glle el S @l
WCoen 0385 it Wil ol Ols eSS gla s,
Slidos 1Y) 3558 0 sty 08 5 3lasdl 035 S
S L OV Sdes 035 Sl ool
clew (=l b blosls 53 anllas 3,50 (g jamel (5 ST
5 S Dl S (s ) e DS S s g S
S 5 b ST (Jids) (b Sl 5 G
Bl e 5 Wesee oland 5 (SO Slss 5 W] (b
e i b edd (6, S0l Gl g (el ST b
OLES b jan 058 SCis b b 53 slizesl; (5 e
e dpoms oo ol o izman [10 18] s
20 Jedlty il SOl b 53 dpame Las

Cel dale oLy Cds Ll sl (S 5en 6ﬁ§uT

AR

dods —\

e, y3 Menthapipertia L. s b L il sl
3, s Lamialse .|, Lamiaceae .5 ; _alS
4 S Sl gsls LS dhex 5l plas L - Rosidae
x5 bps 5l ghe eliad 5 ol Dl dauls
5wl Olgea 05U 3 e Sla 5o 5l 5 025 Ol
5 e oS ol b il 4 V] ssd e esliad
S AsS l dle dsb s OBaS G pas o s
03,5 S g eslital 035 S Jd Sl Gl
lesdsn Sl s S Ad) Sl Sl Ol
LS 5 i Rl Cgr ghie Dl Bg) 5 335
Ll b o 0llS ojlae st o e b 5 S
Sl Sl (ilsp Sl s 5 brogee 038 Sisiass
Ol ol opl ol Sl i i slid] OF a5 (Bl o
by T il oUls 0T Jbis w4 5 03,5 Sl
S Jsb s 7 Y] a8 e axlpe K b Jpae
Cogby Ol e b Jske Al 3 sl fls lsa b 05 S
Los)l 655 2hop ool IVl clze T3 Jsb s
L R N UICT R TRCR
QRS ae by Jpame Sipdy Sbee 5l 7260 U
sl S SN puame S5 opl ol il e S5
ok arld CudS b erli e 51 S Olsea
CutS 4 prals S S Vb ol A V] el
@ S STy Ol a8 Cloay SN pams ins
Aol O galdenSt 5 BB, B T la STy
5035 S b Lyl s Obl s e S sSak-d
Qs S ool S5 038 Bl g Jled
L8 AT L3 o 0 50 3l 50 i

Sl Sl e il el (S
A Vs il paab g G b Sl aLS slasl
S e sl LS o 2ol S clenl sl s
Sl s S oS olie 02558 05 L L S Il
S on D] sy el S sk Boes Lagg s
Lid ol Jioee Sy (S50 2l Jold or

oSOl il e slye Jshe Lie Ypems 15l Saas

1. Cellular collapse
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2. Osmotic agent
3. Absorbent paper
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1. Cashew apple


https://fsct.modares.ac.ir/article-7-13131-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-30 ]

W"\\/ ))T c\ 0 092 c/\Ya)LQ.:r

&‘-.L.G GL&)(}R

)
M-M, 8%& 1 (2n+1)’ 2Dyt
MR="""e "
TR Y re i T

(86 sl cusb, syeMi tiny o cusby s MR s
gr water/gr ) Jsbs <osb s e M. 5 Water/grd.s.)
el (d.s.

Sre dhox ool (GYsb 0o 5 Six gl e
55 e o3l Y dsles anl i 28

_ D .t
") In u :11112_ ”_gf
M,-M, T 4H
Ln MR= A- Bt

aole 5 Olog e s In MRQ_U;J slrosls S L
ol CensaDer 0l oo 5 (B) Lot i
2
_7T Dy
4H®
b o s syl aslee WDegr 5 by o dla

©)

s b= sl Aslee s ) (g3ledlad 550 (nl b
sty = (1T ge) slae gles e bl 53Detr ol
I\agf¥l

E
© pemnen| g

abs
3 Ba s’ sl i ke Ll e Dy S
J mol’ K) 58 Sl ot R mol™) eedbes
(KD lslm slos Taps 5 <AV

V) DRzMHAz_Mz
At
SRb, G Miiag 5 € 0bej s sy (S M;

Ky Sl s (g 803100 —0-Y
Sl ealizal b g8 a3ll b plind oS RSP W
w525 3,40 (ausl » Montpellier Jus CIRAD) _J sla

aj.:ﬂs.x:ﬂ.g(:?f ‘;.LISL;GK..M-: U‘i' C.J;)]JBJ:LMJ
S Jood aaios 53 plind S 5l Sladed b A

G Al NG Sy phe Glgy bawgie 5 el
Jt SARTORIUS) Juows sl slis Ko
035 Ui sl ) i LW exl GE1502
oAl b s 805 Sl dol il eliad b 4sel
35 Vv A ey ola 53 (gl adBa 0 pa B cela
.JJQHUAJJQJQ}}&\UM(Q?J&?B;V' A e

el LSS A s e lel aes

Defr) cusb; F50 LSl o o fmni—t-Y
go oas ool ol gl Demros s Ko i
053 056 5Defraslous gl 558 o oalinal sle 51 b,
JESLLLL Ll i S8 5o 050 05 oo ealinal KL
Chos o038 it wuld Jop o de e 53 by
ole & 235 0 (24 K300 02 JBa Glp S s
5 el S ESG Js cob Ghls el i S 1S
Cosby JE s 5o edes Cuglie Cusby S0 OS>
Sydemall a3, 5 SOl 1y S Ll dsles [TY] (ST S L]

S chog p5 o peaTH calbis
o W2, o)
o o\ 7 ox

Z «8) obey t ((gr water/gr d.s.) b, slgme M &S
e Der 5 4oy Cubis g s Slase
(’s™) oo 50 L
et anlp b DereSa 358 55 046 > sl
sl 55 G50 s adsl kol sy as am S B 5 cbios S
LA
X(2,0) = Xo 1 55 a5l ush s (5lsme )
oM (1) (1) =0 sk, Glyee O Y

oz |,
M (H,t) =M, g 5> Sl Cosb s glyoms ¥
Jasl

M(t)z%LHM(z,t)dz

Hgr o) s W Cugb, sy Jaw;:»M(f) <
& pos b il anie Job H 5 water/gr d.s.)
Ll (M)

o J LSS5l b (Sass 4 Sl 24 L
Cosby JUE gl 1y 5 b (6w S L] dolas

:AJJICA.M'}Q


https://fsct.modares.ac.ir/article-7-13131-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-30 ]

W’Q\/ ):I c\ 0 092 J\Yn)l.q.:r

61\.1.'9 Glﬂp}(}l&

Slyome Gl Clew 035 S oj e 5 S
Casb) Slyoe Sl geS e MB sk 4 Dol ook,
Llos S 55 oly Jols cusb, glse w4yl
038 K dolp sl s i 4 opl bl [YA-YO]
Cashy lgome pd e it ped S plKn 1l Sns
28 psbllen duy e Dol Cusb)y slse 4 4se
LB by Kl e e b el s ool LS ) SS
ATl as S ot D3 B 5 b e s
sk Glgme 5 ol gl lgme V dsdr IS
Olis 058 i ciloe Ll ol 1y plaS 4yl
b os s Kas Ll g a8 sl ol (gLbl E e

A Jaled sk sl 55 Sl e

[l
0.1 °

" Me=0.102 .
e Me=0 ® =

MR
n

0.01 T T T T T T T 1
0 1000 2000 3000 4000 5000 6000 7000 8000

Time (s)

Fig 2 The effect of equilibrium moisture content on
the normalize plot of moisture content
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Table 2 Equilibrium moisture content of peppermint

Drying temperature (°C)

80 70 60 50

Dryi th
M, (gr water/gr d.s.) M,(gr water/gr d.s.) rying method
0.119 0.079 0.101 0.102 5.545 Convective
0.052 0.051 0.092 0.098 4.187 Osmo-convective
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Table 3 Total time of peppermint leaves during convective drying

Drying temperature (°C)

20 70 %0 50 Drying method
408 50 70% 120% Convective
60°" 70% 140 240° Osmo-convective
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Fig 2 The effect of drying method andtemperature on the drying behavior of peppermint leaves
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Fig 3 Effect of dryingmethod and temperature on drying rate
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Table 3 Statistical results of drying rate during convective and osmo-convective drying of peppermint

leaves.
¥> RMSE R? Equation Temze(‘;;'t“re Model zgl‘:)%
0.1134 03175  0.9922 1.3223M+0.5327 50
0.5339 0.6722  0.9839 1.9903M+1.2717 60
1.4103 1.0473  0.9846 2.6991M+2.493 70 Linear
6.4593 22010  0.9558 3.5308M+2.8762 80
0.3230 0.5358  0.9777 1.8233In(M)+2.5737 50
0.3071 0.5097  0.9908 2.7087In(M)+43381 60
1.1855 0.9603  0.9871 3.9155In(M)+6.7161 70 Logarithmic
1.2201  0.9566  0.9917 5.1658In(M)+8.8452 80
0.0834 0.2636  0.9946 -0.1027M+1.7839M+0.225 50
0.1366 0.3241  0.9963  -0.3927M>+3.6547M+0.3017 60
0.9648 0.8812  0.9891  -0.3334M>+4.2066M+1.5567 70 Polynomial
0.9703 0.9357  0.9882  -0.9987M>+8.0871M+0.3589 80 Convective
0.0649 02402  0.9746 1.9828M"7*# 50
0.1818 0.3933  0.9945 3.6117M%%% 60
0.7346  0.7559  0.9920 5.6910M%>%* 70 Power
3.2029 1.5499  0.9781 7.4222M°3%37 80
0.1531 03765  0.9643 1.1488M-0.1923 50
0.1339 03471  0.9777 1.2745M+0.1475 60
0.2367 0.4475  0.9906 2.2791M+0.8169 70 Linear
0.4515 0.6134  0.9853 2.533M+1.0293 80
0.4969 0.6780  0.8841 1.1896In(M)+1.4830 50
0.3928 0.5946  0.9346 1.1768In(M)+1.9859 60
0.9992 0.9195  0.9602 2.2601In(M)+4.1917 70 Logarithmic
0.4901 0.6391  0.9841 2.6152In(M)+4.8685 80
0.1230 03313 0.9723 0.1667M*+0.5543M+0.1186 50
0.1299 03323 0.9796 0.1103M%*+0.9241M+0.3117 60
0.2578 0.4453  0.9907  -0.0442M>+2.4307M+0.7452 70 Polynomial Osmo-
0.1249 03060  0.9963 -0.5223M%*+4.3108M+0.2512 80 convective
0.1303 0.3473  0.9696 0.8192M"*""7 50
0.1398 0.3547  0.9767 1.4072M"%47 60
0.2230 0.4343  0.9911 3.3076M"7°1 70 Power
0.1581 0.3630  0.9949 3.9783M"6862 80
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Table 4 The effective diffusion coefficient of peppermint leaves under convective and osmo-
convective

Average effective diffusion coefficient (10" 'm°s”)

80 70 60 50 Temperature (°C)
6.333° 5.661° 3.333% 1.873%" Convective
3.839% 3.572% 1.813% 0.882' Osmo-convective

Mean values with different letters indicate significant differences (a=0.01) at differentdrying conditions according

to the Duncan’s multiple range test
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Table 5 Analysis of variance of main and reciprocal effects of drying method and temperature on
color indexesof peppermint leaves

Sum of Dependent

F Mean square df . Source
squares variable
99.433™ 0.298 1 0.298 L/L,
9.299*; 0.030 1 0.030 ala, Treatment
77.860 0.739 1 0.739 b/bo
92.566" 1443.724 1 1443.724 N
1.666 0.005 3 0.015 L/L,
0.757 0.002 3 0.007 ala,
2.201 0.021 3 0.063 b/by Temperature
1.055 16.447 3 49.342 N
6.403" 0.019 3 0.058 L/L,
2.474 0.008 3 0.024 ala, Treatmentx
2.177 0.021 3 0.062 b/bo Temperature
2.902 45.260 3 135.781 N

**Level of significance p<0.01
*Level of significance p<0.05
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Fig 5 The effect of drying method and temperature on color indexes(different letters indicate significant
differences (¢=0.01) at different drying conditions according to the Duncan’s multiple range test)
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Fresh After convective drying
Fig 6 Photos of peppermint leaves after convective and osmo-convective drying
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The effect of convective drying and osmo-convective were investigated on drying behaviour, drying
characteristics and colour indexes of peppermint leaves. Drying experiments werecarried out at 50, 60,
70 and 80°C and the osmotic dehydration pretreatmentwith a 5% (w/w) salt solution at 40°C, 80 rpm
agitation and 60 min immersion time.The moisture diffusion coefficient and activation energy were
calculated by the second law of Fick and the Arrhenius equation, respectively. The results show that
drying behaviour, drying characteristics and peppermint colour were influenced by drying method.
Drying times of peppermint leaves by convective drying was shorter than those dried by osmo-
convective drying. The thin structure and large area of the leaf surface was caused a rapid decrease in
moisture content. Therefore, the drying wasoccurred at a falling rate. Osmotic dehydration due to the
presence of infused solids increased cell wall thickness, decreased drying rate and effective moisture
diffusion.The effective diffusion coefficient increased while increasing temperature, it is indicating
intensity of interactions at higher temperatures. Thetotal colourchangesof dried peppermint leaves by
convective drying was less than osmo-convective drying method, which indicates that the osmotic
dehydration was not efficient to prevent colourchanges of peppermint leaves.
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