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FIG 1: Solar dryer used in experiments

PRSI Y
ZC;.{)J#) L;_/,;o)‘.)u‘

M~ivQ)Tﬁéjs)tjsjtij,;m;y,;;\f;m
‘44.(_5]:') J;M&:;—&;JUQJJMQ%»A)UmW a5

M,—M.
= sk e b pusb) do s ‘M. X )

05 S 51 3 dsed 5 B b 055 = M)

05 St 3l das 4 ged 5 G LB 055 =MY

€303 055 =M+

il 6T

e B AS Sl s (S Olgsa o8 ol 3L

4.3Lawwwgqup@l{.;)boid&&ﬂjﬂ):

TA-XT) il b3l o&as Lo ss 358 a3l (5,:8,8

(Plus, Stable Micro Systems Ltd., Surrey, UK

w33 Y0) GbI glos ;5 L ymlesl (o3 5 J1 5 wyp 3,50

S ST 1l 5 a5 Weasls (Texture Expert \..0)

Cb 1y Olem g s gowwe L5550 gt oSaws ol A


http://dx.doi.org/10.22034/FSCT.21.154.107
https://fsct.modares.ac.ir/article-7-74347-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-18 ]

[ DOI: 10.22034/FSCT.21.154.107 ]

Lf d@)}& 05&&5}‘ e:@‘gwb:;w

bb&“"-ﬁu‘a"‘}i 4.3.5\..5

Als WS al (ol pme Dose 4 S LSl e Cola
S Ole 3lr 05 edies s J 5S4 5ed 53 (e
Yoo /00 L ply 5 ens aS bajled e 4 S Cusb,
33 53 U8 ek sed amslie Lol ol el s O 05
Casby Ol Oy dtee 5 Zusby O3 b dtes )
4 Sasbs Ol s bdiged S e &S Aad e 0L
St god avalie 53 ol esdle ool g Sl sne S
reie 5 Susby O3 b e By 53 G 5oBLe Ll
3L Gty slad ged & Aas o LS Cusby 3l O
Al Sl S S oy Sl gLl B, o
A 5 (n e 315 QLS it 28 55 03 S (e
D Oals s b Sy 555 S KES 3 el s
Cemols o 0 /0 5 5L D ged 5 S Cu b
Sy (S S 53 5 e ols O 5 3L Ao T
3508k Ok 450l 3 5 & Csby O3l b it 8
308 do 3 e Glols & pad 53 5 0 f G Gepls A Y
oéwchﬂj;ﬁcﬁoﬂdjusm)lswﬁwoj
) obsi (s B35 53 pomed 3pd e edalie Ao
s s (Sol3 gme oy g 4 () 55 S L alis o
L0 S s cnl ool kel (s 0SS
o o sle iy chale Oy S Gle 055 SYb 4
b 03 SSEE G 2alS el S 5 el Al
Vool bedd Slad wpes 53 i 25 Jbe sba ol
S Jss il el 53 ST SVOT L Ll 5 Ao
L3 410 sl b st e g Sl 5 Sl Jlekie o)
S S o Ol g el Sl 5> Ol e SNAT L il
S ol 5 eap Vb S 5 00 S gl 5s &S
Case) =hu Sai Comw sy sbl Esl s YL
o3l |y o jziw g oslrl 4> e (hardening
@ Sy S e 5l A8 Sadis &S D) s ipds Ll
ol o s Sl @S Sso N b el es e
waﬂ&b‘dQYOuC}wd&pc&-ﬂ)éQlﬁsJJ
et s a ols Gl sladisas 3 ramen el 0l
edhe 3 pd e edalin (i el Do L 3
Olgee s S o Joe Casby O3l Ol sy 5580 5 5 O
RS S s Aas e IS sl L)
[YAD 5 [YV] laal L b ingsy mlss o 08 o Ly

112

PN KW R P IY . S PIE A PYC
Vo e 535) T S hadlie 1l See Yoo L
Sl e PR=£Y (A0 L 036 ol 3l 5 S
0r 4 V50 0/) S el 2 Jua TV/0 4+ Y 0 0N
SAS N5 Cme s See T 5 Clade O 2 L
Pl b oSSy (e _(G35) v T sl J s
OVs zsedsb o3 (Sob aids Yo SIS 5l ey b e
Eopcib s 5l el L et
(Spectrophotometer unico, UV-y\.., USA)

IYY] s 6)5»)'\.).;\
:d_<.}) LgLasj:al)li 6J3§a)"_b.\

edaSisr gbdiel K, ol 6, Selll cg
i St 5 o3l sladyes (elw-an-b) K, sla mliL
~o31 0L 5528 e TES VY0 Juts i ol
£ oalaly Sl eslitad L bkl Ky JS Ol uns Al 5,8

IYE] L aslons

8 = (b~ La) + (b~ ba) + (g — )

a.L&L.QL};a)Umwﬁ)éuﬁl)li;;@véﬁud}f

]
RESPEN IS PRGOS GO o P IR S RN PR SO

) 05 (L (A ) b OIS ey 53 Dllel 5 ey
S a8 s (Gt

Cou g s Y

TS OOV | IR

Sl Luld > e Sbtisel i Csge Ol
2 4 el Ll s esls OLE Y IS5 s 0 S Kt
23 Sagby Gl 25 sk OBl Dl i B 0
T Ol @ pe ysba el g il 55810 Ok (Sladd o
ol Lopn V5 5Ll by i il dised o e
gl 3 S Jl s il o ol s ST p SYTINVAL il

B ;_j Df YOr /YY sl ko Vo5 8L Aoy Y


http://dx.doi.org/10.22034/FSCT.21.154.107
https://fsct.modares.ac.ir/article-7-74347-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-18 |

[ DOI: 10.22034/FSCT.21.154.107 ]

VERY 3T YN ay05 N0E o led

Ol gl 214 mblo 5 pgle e

R R | U PR e Pt g PPISRLIUR JUgPE
3 s Ol Wsy sl Il o sl s

)_}Jvﬁ o.ugiwl;-wdl.hm”

g

a

S S Lk Oy eiee ) S 35 geas
booimmed Ll o Susby fly Ol con gl 5
OB e Sl sk ma s Al S e [VA] laaiily
5ol 1] b by e s olas ol

UE s S ok 4 ol by 3,100 o seen (VE0 ) UL

450 b

n
&

Directly with moisture absorbent 2

Indirect with moisture absorbent

8

Evaporation rate (g water/hour)
-8 BEEBEE LB

Control [30%s, [30%, [30%5, [30%s, [0%s, [o%s, [0%s,
0%C] 05%C] 1%C] 2%C] 05%C] 1%c] 2%

a Different treatment levels

g

Indirect without moisture absor’

r/hour)
B & g g

8

a

Control [30% S [30%S, [30%S, [30%S, [0%S, [0%S, [0%S,
,0%C] 05%C] 1%C] 2%C] 05%C] 19%C 2%

Different treatment levels

250
20
aro
-
©
-
Se
=
©
T
[= ]
o
©
>
ay,

Evaporation rate (g wate|

direct sun

f d e
| I I
o

Evaporation rate (g water/hour)

Evaporation rate (g water/hour)

Control [30% S , [30%S, [30%S, [30%S, [0%S, [0%S, [0%S,
0%C] 05%C] 1%C 2%C] 05%C] 1%q 2%d

Different treatment levels

:: Direct without moisture absorbent
300
250
200
150
100

so

o

Control [30%S, [30%, , [30%s, [0%s, [0%sS,

0%c] 0.5%c mc; 2%c] os%c] 1%c] 2%
Different treatment levels

a
b
c
| I l

Control  [30%S, [303%s, [30%s, [30%s,

0%Q 05%C) 1%0] 29%d]
Different treatment levels

[0%S, [0%S, 1%C][0% S, 2%C]
05%C]

FIG 2: Evaporation rate in grams of water per hour in apple samples dried in different concentrations
of sucrose and cinnamon by direct solar drying (with and without moisture absorber), indirect (with and without
moisture absorber) and traditional method (p<0.05)
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FIG 3: Changes in hardness in Newtons in apple samples dried in different concentrations of ucrose and
cinnamon by direct solar drying (with and without moisture absorber), indirect (with and without moisture
.absorber) and traditional method (p<*/+9)
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FIG 4: Changes in the amount of shrinkage in percentage in apple samples dried in different concentrations of
sucrose and cinnamon by direct solar drying (with and without moisture absorber), indirect (with and without
.moisture absorber) and traditional method (p<+/+9)
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FIG 5: Changes in the amount of water absorption in percentage in apple samples dried in different
concentrations of sucrose and cinnamon by direct solar drying (with and without moisture absorber), indirect
.(with and without moisture absorber) and traditional method (p<:/+¢)
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FIG 6: Changes in vitamin C degradation in dried apple samples in different concentrations of sucrose and
cinnamon by direct solar drying (with and without moisture absorbent), indirect drying (with and without
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FIG 7:Changes in the amount of color change (AE) in apple samples dried in different concentrations
of sucrose and cinnamon by direct solar drying (with and without moisture absorber), indirect (with
and without moisture absorber) and traditional method (p<0.05).
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The aim of the current research is to dry apples using a solar dryer with a desiccant cycle in two
modes: direct radiation-convection and indirect radiation-convection. Two types of drying
methods, direct and indirect with desiccant and without desiccant, moisture content, and drying
in open air were used. Pre-prepared apple slices (flavored with cinnamon) were placed on a
specific-sized mesh, the initial weight of the samples was measured, and they were placed inside
the solar dryer with a desiccant cycle in two modes: direct radiation-convection and indirect
radiation-convection. During the drying process, the evaporation rate, texture, wrinkling, water
reabsorption, vitamin C retention, color changes, and sensory characteristics at different
treatment levels (30% sucrose and without sucrose, 0.5%, 1%, and 2% cinnamon) were
examined. Additionally, several samples were dried as controls without cinnamon flavoring
using the solar dryer. Data analysis was conducted using a completely randomized factorial
design and the statistical software SPSS version 26. The results of the study showed that in both
direct and indirect methods, with and without desiccant, the moisture removal rate in samples
without sucrose was higher compared to samples with sucrose and cinnamon. Comparing
control samples in both methods with and without desiccant moisture showed that the
evaporation rate of samples with desiccant moisture was significantly higher. Furthermore, in
samples with sucrose, the evaporation rate was lower in the desiccant method, and in direct
sunlight drying, the drying rate was significantly lower compared to solar dryer drying. The
results of evaporation rates in the indirect drying method also indicated that similar to the direct
method, the evaporation rate of samples with cinnamon treatment and without sucrose was
higher than that of samples with sucrose and controls. Tissue analysis results also indicated that
the highest firmness was observed in the direct method without desiccant for samples without
sucrose, with no significant difference in means. Cinnamon also increased the firmness in
samples without desiccant moisture in the indirect drying method, and samples with sucrose had
less wrinkling, with an increase in cinnamon concentration leading to more wrinkling, with the
highest increase observed in the direct method without desiccant at 2% cinnamon and in the
direct method with desiccant at 1% cinnamon concentration. The water reabsorption rate in both
direct and indirect drying methods showed that samples with sucrose had better water
reabsorption conditions, and the vitamin C degradation rate indicated that the use of sucrose
improved vitamin C retention. Color change analysis also showed that samples with sucrose had
more favorable conditions in both methods. Therefore, the results related to sensory evaluation
characteristics indicated that samples with sucrose and different cinnamon concentrations
received the highest sensory evaluation scores. Hence, it can be stated that samples dried with
osmotic solution and sucrose generally had better acceptability in terms of physical appearance,
color, taste, and flavor.
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