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1. Mettler

2. Garlzeiss Jena

3. Metrohm

4. Hot wire anemometer

\FAY

L sbemsil Jass 51 5V sdhy S 5y s bedd S
L asmole oyg (V0 ¥) OLes 5 506 [V] 55 ol s
b ot QA sl sl Cusb) Sl sy S s b
Ly S S ag 3y £/0 Do 53 (b e O3y bl ) Lo s
Vo abies b asl sl (YY) 0L Kas 5 5l 551 [Y]
AY sl 5o sy iS85 Gl Sl eslatal Ll e e Y
-l Y gles U glands (S 5ol 8 sl a s
OLis bt s S Sat 36 e +/0Y (slpn sy 50l S
Sl ) dpd slus S By Ghg) 03 O S Ol sl
S Je s ey cele s Gl S s
sy S b 53 ek St pame ol CJld 5 b,
(NY) e 5 oS olSen [A] 55 batsy ale 51 S
S o8 S L ek S (S eSS ol
LoosS Kootk lem o3 ol s 058 o (it
el sl 13 ey 30 1y il a0l L s S
o 335,50l b (K e S 05 5 Kot oS sl 0l gl
35t s Sty S 51T (glea s 0 S )
L Kb ar S glaby (11) 0L 5 dls [4]
VO (sles 55 sy oS 55 5 Els lsn 055 S 5l eslinal
Slsgat & 5 Lo 5 S ol S sle a4
O @l sl U3 Gl ssse b dgame pland 5 S5
S s e el O0E S Al oS sl 0L ke
Lods St al o LB 5005 Jo5 e D0 4 5o
St delis G cpl 31 i [V o] Wil e ool Kl
Sy glapaxls 5 SASyx (A4S el ol Six
s gla iy Sl eslital Loedd ag S xS &S,

S (sl s gl lsr s ke sl S 5))

U}u’éj)‘gb‘y—\'

Ql}ﬁ;’rﬁ K] :‘_9./: -\-Y
o gy Ol g Ol 3 o gme LL 3H(ULS 3) (Kb ax S
5 k8 oSSle Al 3l o3l S5 a8 sl Shs Al ag
ey opl 3 S e PH 5 anisl (oS ccusb s s
s kS Ol ialar ) glay uf;fe ax S sde Ve osluw



Pl 5 0 St Sz g shoy S 55 sy 0

$2 05 (s

plondl Ol b 5 odd sy w55 A 5 Y Nz o seie )]
LAE IS sy 3 Siles
Jhd Sid Siw (=YY

Lodged Cusby Slakd ot (St glagois 51 (S
gasia Sl Jeolsh 5o ekl (555 LAl e Al B Ol
Sl aslous b Cushy sl 5 A S 00 b o
Ok 5o sk, Sludd L, Ol oo (Sl o3k 53 05
S G b ool Oas Sisr Saw el Sl 5500 e
€315 L (S YYEY/O 5y 8 055 ke L) (Kb ax 8
P 23S I L SSEE SIS e s s uis s
L Jhoms o305 dwy 4 badd sad 05y Ol O S
Rle 03 s 4RE 0 a5 Sl G 53 8 ) ds
Al A eS8 el s S el ool Coa e by,
b ad esls CiS3l oSeiist a Ly o Lt gl (0 al e
Al Sl e Bl 4 cosby ol Sl Jol gl

Y]
S o2l ol 5y 058 S S )lpe 5150
Sl s ol iy 53 el 0l 5518 MR) b,
Ll b s s (S axr S ety Cusby Cond arlome
Cosb,y s MR &S a oslinad ) el 3 05 5 Sa
0l 5 S O35 gl p Gsei Cusby My (an 050
Sl cusb, i Me 5 S slee sl casb, M

MM, [\¥] 55 Sl

Moy-M,

MR = e,

EASIRPC P o

S p S 0 e edd S 5o S e SPH o sl
WS Blo 5l g s i G35 T 2 e 00 Lol Sas

A S PH 528 15 o 55 Sl 5

pfo)\_uia el S b K ax S andesl und Gl 5
L Gy e O 2 e Ver b (S5 S 5o 5es
S MY PH @ Oy B Jle s o) s bocadds Yo 5l
Al S bl e el Aoy e S

D]

VEA

-l s Ve (sles 3 el sk e mle Ve x£0 kel &
St il e VY spdee 53 slsr 0Lz s Ll S
walsl L gl O35 Lm0 O ol b odd St s S
ROH

23,550 Gl B onl 00 s Rl b 0o S ST
Cotle AvEY Jhe) gesle 00 XTaxie sl o St
53 035 Sis dd eslital (g oS 5558 LG oS s
S g A plnsl YO0 Ol 5 58K YEO LIS 5
o S 3 p SO Sl 4 (55 S b 008
W3S R 555 Sole abbizes 53 e e Yo k3 4 gladnd
by sl g gad O35 w8 O ol Oy U oas S
]

53 sy eS| 5 ol i gk g ST 3 oo -4
Olye o ol il b ol s wtle bl i
o 32l 08 8 sl 4 S elind Saadly olis
bl S LS elid (O 528 cotle (e b
ko o ekd feate O ey p 5 ST 0ol s 3 S
mar S gladsys () ISE) W S el b o s
L e Saatly lie oy Y SO ke sk (S

il aslsl b gad O35 o8 Odd <ol Oley U ods e

Y]

Evaporation ( | ‘_‘—l
Ak ‘ I | L
- ! Mylar sheet
[ &= &= &= & |
W Circulating Hot Water &,

D> =) =) -

i 1
Fig 1 Schematic diagram of Refractance Window

g o o sl edd S sladisal pf\“ Sl 5
clos 55 aads e QMQQ.\J;(&')\J..;LMJ}AJVL‘J.M
4ol o sl 3w B as § 15 1S sl as s Yo S0

SbanS 5 G A Saule 0Ll Plus a4 sk



\VQV <S> No 692 LAVQJLQ..\:!

L}.:Ll_&« GL«ﬁ)r}l&

Sy O S S Sy K e bl sl
Sl 0 sl kel gl dd el (glaked 0 S gda
ol u.pL.aj;-\ u;.,Uz»La C,.:.G.:S LS‘J? \ )L::.a\ 3 \_Jj.kkﬁ C,.:.ﬂ.:s

A

bl Jolows 5 4 o8-

LS8 s sl a8 slas L lea Sheslatul b Gudses ol
(\V ase) Minitab (g bl asb s 51 eslizal L S Al
S35 P I LanSile anlis ¢l a5 oLl a s
L eslaa

Cou @L‘.’J—\"

DS Kb Kt ) ¥

asle Cusby ulul o S Kl Sl o ¥ IS
L S S gbaby (s S Sa) i al
Casby s e OLad Calis sla g, L 05 5 S Jib s
izt ol b Ao 3 AWV Kb ax 8 sla by 4l
5 Bl Gl sy 5o 008 Six b 3l Culg s S 2y
5 oSSl Ghas 03 s deps YT ssde g Bl lpe
SUasse Ole) ey Loys WYY aade a4 sy eS|
53 gy VA Ol s SKax Gl 4 bk i Odowy (81
BENPIRVN R N NS 1 SEBEIRTF Ry GO S Pe
St oy oS 0l oL @l onl ap akds 00 93,500
23 S5 e eSOl Bs ol skl Ous
sk oo om i Bl Glss s s sk ST SR
b b 5 ST bdsSpe s Sl 53 048 i
Cgad o3 0dd A5 Gl S o | S e iz 5 Sl
03 5505 SIS Gles a5 g s i gk e
o i 4 S 4 Oas S g by ple b alis
B éjl{\.,a Loy elis = DV 5 Y] e 55
LoosS Kot iy 5o (o)) olSale 5 (YY) 0l Kas
L4 5] clons 28 55 Sole

o b b o dpame ool Jous 53 RW 2y 55 0
O o3 W g e A e 3 Ossle (551 Gl Saudly

d,l_sl:j&l:ul;- ‘C,.._a'\.,\.h u,i:)) Ao A L:C))\J} Jlal sdz-ja

ARA

S sl iy Al sl s el SUSH o Gl
oslinal U Ll calbis 5 Jotls 5 ol gla o uls 3
S S o3l lads 0,5 St iyl slesl 5 sl s Sl S S
Lol SaSsx Ol Gomm @ 5 o a8 Ao
Osee « SH 0T 3 4 w3 8 aculoes ¥ oalal, 1 eslizd
Gl 5y > 55 4 Vap 5 Videos 4 (SuSs ~

[Ve] w038 S 51 ey 5 S8
Vel T el
V;

SH = XYoo

SIS sl am i VevEY 051 5 05 5 Kax b sl cogb,
A end ol 035 4 Oy U

Ren Ggad 0 SN 350 BAE losgs Dle 58 o3l s
4 e o3 00 JSU1 dploe 2 oo Ve Sl Lol
058 Blo 3l e S GO BUT glos 53 el YE e
S Sl a8 ode Ol Y sl ally Lo ST
Jsb 3 megmhs mSl o8aws 31 eslizal b (g5 aemsls Ol 5
[Ve] as o Soslil gl ttr s

3 35 a5l S 0 iaisdee O Gl (55 31l )
S i3S Blo Sl S b e aie T ) s 00
Ol Cdr G A3 S e Gds 5 4 Ol wele
of Gl ced RH &8 0 s ¥ sl Sl oslized U baw gal

e 2l e Sl s 8wl 035 o5 4 Wa s W

[Yo] wal

Vo,
ri=12
Wi

Ol b* Ll Ky sla St s L e gl K
S S0 i s glz) a® (o3 U ol K, cab edas
S eslizal b (A b ol i sdias OLE) L* 5 (e 3 6
Glatipes A el Image T 151 5 5 oSS, 2
el DCP-1510 Jue ol Sl s ol St
b5 o 03 IPBG G b5 oSl (5 5528

[ e LasLab « RGB (S slas 515806 5



Pl 5 0 St Sz g shoy S 55 sy 0

$2 05 (s

3 e K a8 s S ol oS sl 0ls 5o (Yoo
G gl Ly oS A 3y bl g, 51 maS Bl ln
OIS

o33 masSole s RW i) i eus S glagi s s Ll
a5 oo L badsad ol 53 S sdalie ol 05 5§ S
Soal ol jasein 53 Y IS8 518 b oles .cils 355
S G ol e Ll el Dl s 05 5 S
Jelge 5l pam conl sdd juS (03 § St Oldas OLL s
o=l ades Sl e Olis ceglie gﬁb)cj;-ﬂlﬂ);
23S N S ST (SASs g s w Ol Julse
L Jgdomn slse e 5 a3 3050 555 5155 (oS 03l mlawe
s (Y910) 0L 5 dwle [V] 5,8 o Ll VU e lale
53 a8 sla i 0ad Sis aylp S W S 1S
Al e A8l ey Jopads oy  RW (S
5 el @l V] sl e el Sl L ous o
V] ctons 218 (YY) OLSen 5 gl Lo s

= 08 S s il gla B, LSBT
PH 5 il

cilisee gl B, U Gelols a4 ) dsdr
SSp S bt S el e 0o Sis
oasie Jsdr 5l S g shilen Ll sl 6350 sl Si
S el 038 S il bty AU e

P> /00) Cli s pme LSE PH L Ll (p</e0) 5

5 S e JE & e S sl GBI Olises sy
Doy S w pramen 20 8 e 5 O s
5 ol sl 4 e sls dolisl LB DUl amio
L K w58 0 S s s [T] Aoy 20 5

gl sl s dgl:.'eT P b el 5 RW 9 Lo s

sl i
12
# Sun drying
14 O Hot air
A ¢ XRefractance Window
0.8 L I AMicrowave
A
A N ¢
g 060 .
: A .
.
[]
A
04 .
4 X [} .
02| A ¢ .
A () +
X 0 +
oA ¥ x x LA R S
0 60 120 180 240 300 360 420 480 540 600 660 720 780

Drying Time (min)
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Table 1 Analysis of variance of some physical properties of dried tomatoes

Source Degrees of Mean Square
Freedom pH  Acidity (%) Rehydration Shrinkage (%)
Drying methods 3 0.0198ns  0.734* 0.749** 11.474%*
Error 12 0.005 0.085 0.033 0.772
Total 15

Statistically significant, **P <0.01, *P<0.05 and ns: not significant
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Table 2 The effect of different drying methods on some physicochemical properties of dried tomatoes

Drying Methods pH Acidity (%) Rehydration Shrinkage (%)
Sun drying 4.29+0.01 3.66+0.01b 4.78+0.17a 14.47+0.86b
Hot-air 4.13+0.04 4.34+0.24ab 3.85+0.22b 18.62+1.17a
Microwave 4.14+0.05 4.65+0.48ab 4.03+0.21b 15.57+1.05b
Refractance window 4.05+0.07 5.10+0.23a 4.64+0.17a 11.97+0.13¢

Each value represent mean of four replicates + Standard deviation of the mean value
Means with the same letter in a columns are not significantly different from each other (p>0.01).
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Table 3 Analysis of Variance of different drying methods on the color indexes and sensory evaluation of
dried tomatoes

Source Degrees of Mean Square
Freedom L* a* b* Color Score
Drying methods 3 127.68* 182.62% 402 47** 3.715%*
Error 12 18.57 14.94 4.242 0.047
Total 15

Statistically significant, **P <0.01, *P<0.05
Table 4The effect of different drying methods on the color indexes and sensory evaluation of dried

tomatoes
Drying Methods L* a* b* Color score
Sun Drying 59.01+5.66b 59.21+0.44b 27.294+246¢  3.85+£0.21b
Hot-air 41.05+4.92¢ 44.0+2.46¢  13.92+1.98d 2.91+0.14c¢
Microwave 38.54+4.13¢ 54.86+£2.02a 32.23+2.61b  1.75+0.35d
Refractance window 65.73+£0.96a 63.48+7.03a  46.00+0.44a 5.0£0.01a

Each value represent mean of four replicates + Standard deviation of the mean value
Means with the same letter in a columns are not significantly different from each other
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In this study, the drying kinetics and physical properties of tomato slices dried using refractance window
were compared with microwave, hot air and sun drying methods. According to the results obtained, the
drying rate of tomato slices was the highest in the microwave and subsequently in refractance window in
comparison with hot air and sun drying methods. In the drying curves of both microwave and refractance
window methods no constant period of drying was observed. The lowest and highest rate of shrinkage
belonged to the samples dried by refractance window and hot air methods, respectively. The highest and
the lowest rehydration ratio were observed in the samples dried in refractance window and hot air method,
respectively. The indexes of L*, b* and a* were significantly higher for the samples dried by refractance
window and lower in the samples dried using hot air method. The results of sensory evaluation showed
that the samples dried using refractance window gained the highest score for color and the samples dried
by microwave method gained the lowest color score. However, the drying period of slices dried by
microwave was much shorter than that of the refractance window, but the color properties score of
samples dried by microwave was significantly lower than of the samples dried by refractance window.
Therefore, it can be concluded that the refractance window method can be used as an alternative to hot air
and microwave methods.
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