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1. Allium sativum L.


http://dx.doi.org/10.52547/fsct.18.113.363
https://fsct.modares.ac.ir/article-7-48904-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-15 ]

[ DOI: 10.52547/fsct.18.113.363 ]

Veoo }:J‘\/\ 0,9 ARAE aqu.fu

Ol 2he mlo 5 psle alons

M Lo 'Cl.s slea b s 5 s Y-V
oder (S a Ll gl ey Jo1s 5o ad sad e
G O3 S Al s 3 US el SO s sl s
) gles a4 (S s gl gl O sl
g5 93 0 laaised O S LA iy, Sl oSaus
2 N0 Glss e L (memmeTD) Fls sl pa (S S
Sl L (memmert ) e (SSs 5 il
U5 s 3 000V e slales sy L Ve
A el (Sl s b ) 7Y Casb) (e 4 O
SHl) Jlmas (55315 olams Gl eslizal b Lad sl 035
@laads Ve Gles olss 53,8 /) B L( 55 ke
sl Olas B ol St (sladisad s b &S e\l
Csby ay 3pi BB Al L eSS oLl

RIS

035 Sl psd Ol e Olge dslas (V) dslae ulil
Sleslanal L culg 5o 5 Al Lds Cusb) Ol 4 el 5ol
oy Olay 2 53 sdal oy gl shoy (V) alslas
DY) ws 5 Lo b

MR=M/M, (¥

Olaj jladesd o 3 cgb, O M dslas ol p3 &S
adsl Cusby Ol Mo 05 5 S

sl cogby 4 0 Sl bl s s susb cs
LYE] 5505 Koy b sl Zusby 5 Jslas cush,
bﬂ-_,—sﬂ_gs é‘ﬁ Jaw uijw\-.o u\:ﬁﬂ —-¢-Y
0545 ol sl SHL AN 05 5 Sl o sladie
slresls giledde Cgmr (Culod i osls 0L (V) Jsa=

Lzb S 515 ealizl 3540 03,8 Sl ol s MR Gl s

Sdome o ((SAS 5 2 gildld (55 waghy e 3k

D e 140 gad ‘.j

s d’tj) 9 .>|‘9.A -Y

s &5 05 (550w o3lol 6 g5 —\ ¥

3 ) e 3T s w3l (slae e 51 5L 350 s
Olos 5 43S g (3,3 Ol b3l Ol (slalli ¢
odd (IS Jansy 53 o gradas 4253 T gl 3 elinl
Lo Oy 5 slate a4y Ayl 3 bl 51 3 el YUY 550
Laad s L b Jlmsy Sl baadsad clazme Glos 4 g 50
(Sowe SHl) 55 sl o8as dhovs 0 (6 S v gy 31
5 S5 i S Sl sl Ldesls B Jb e
18 s ol o lin S lomn 53 Laa god (0 (slo 54
o3l3)l 5 aids SO e 4 lames glos 3 5 (N@20582)
A3 4870 (VU o gl b s ol sl [TV] LS
R IR SRR ]

s 45 505 sl sy Y-

Sl bl 5 lad sad Cosby lis (5,86l
plosil 31 5 8 d e 55 cpl 032 e il AOAC
osls 55 VYN Gl L sl s o SSit bl s
Se (b ey Laas 503 035 Oy 31 g 5 A3
sl s S alne (1) sl Sl aslizal b LT by
TAAS IRERTCINRETIICE NN

W.b.%=A-B/A x100 q

35 A G35 i ki ged sy do s WD %

4 Oy 5 QUSSR Sl oy €503 055 B ki gl )

Ot o g fls glaa b 00 S Sl 05

1. Allium Sativum L
2. Sodum metabisulfite
3. Merk

Yo


http://dx.doi.org/10.52547/fsct.18.113.363
https://fsct.modares.ac.ir/article-7-48904-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-15 ]

[ DOI: 10.52547/fsct.18.113.363 ]

e S5 Y oL g5l Je

UL 5 ol e L 2

Table 1 Descriptive models used in food thin layer drying

model Mathematical model source
Newton MR= exp(-kt) [25]
page MR=exp(-ktn) [26]
Henderson and pabis MR= axexp(-kt) [26]
logarithmic MR= axexp(-kt)+c [27]
Diffusion approach MR= axexp(-kt)+(1-a) xexp(kbt) [25]
Midiliy MR= axexp(-ktn)+bt [28]
vibel MR= exp(-(t/b) "a) [29]
verna MR=ax exp(-kt)+(1-a) x exp (-qt) [27]
Two- term model MR=ax x ex(pk(z-f)l E)Hbxexp [30]

MR "= Moisture ratio, t= time(minutes) ,D - Effective moisture diffusion coefficient (mz/s),a &c =
Coefficients, n,k,ko,ki- constant in drying models, L= Thickness (m)
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1. Levenberg- morgurat

2. Matlab

3. Curve fitting Tool

4. Coefficient of Detemination
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Fig 1 Absolute moisture content curves of garlic
samples at different air temperatures in two types
of dryers

v

;stjﬁ ==Y

5 08 ekl b o il ( SAS 5 o asles ol
ol SO S LSS L e Se = jla s
Gk s slaiad e Sy SO Sl ealanl L (5 5) I
(YT s g S eIl (4) dsles

V=M;+M,+M; /P @
Mz (81) S ses o2 My dC1M) 4505 g ol (e 1V
ol oSy o Mg @) Pl J sy e r
o3l il 3550 I wieSls 1P (@) I 5 4 gal
(gr/cm’)

Ol YUy adaily 5l Laas sad (5 alh o 03550 s U
() adsles o b 3l el S glaas b SUSy >
L dslons

Sh=(Vy-V1 / Vo) 0O
Ole3 L3 el Sis wigad oo 1 Vi ( SUS5 % Ao :Sh
(03 5SS 5l 13) @503 Olan ad gl oz TV i 5550
R R O
Oy b bases o Of ke Ol Sl
A S el il glacusby se s 0 SSEs
B Sl el Sose 4 e badse sk, sl
Yo 53 s S 35 0 8 Vg A 05l O (SIS
e 00 S 53 g 453 00 ke O s o
oo (OLSS a0 8 s b el Y e o
Of Gl 5l e oD 5 s 63,51 G50 O 5l ek e
olea 5l eslil b 5 3 55 (el s b e
DT s b | O s i 2 L (V)
RA=M,/ M, M
Sl iz Sl g S o M T s Cde RA

uj'ﬁJ K o.bu.'f_w‘ AJH 6}»] CJ.E—V
2 Ul

6LAA}‘} L.SJL‘IMJA‘—’)’JJWJJJ‘Q;—?E’J L.ﬂl);
MalS b B s bSO ey Slilel 51 ol
A el design expert il e 5 5l eslinal b sl

1 . Rehydration Ability (RA)


http://dx.doi.org/10.52547/fsct.18.113.363
https://fsct.modares.ac.ir/article-7-48904-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-15 ]

[ DOI: 10.52547/fsct.18.113.363 ]

UL 5 ol e L 2

e 03,5 b aslie b 4 ek sl oy s
ALy (R s Sole 4 il e S bl s
Olej il o gladd s QUSSUE Ol (golo e

sl Ses) Y D ok alS sl ek G e
S ol ol Kb B el o 03l 0L (Y) Jpr
Si) VB Casb, el gl s e Ol o eS

Sl GS KL g a3V Glos 0 by e (w0l
Lol jlas &G s aS ol ol ol ol s il o o
Sloome SO 4 Oy sl 05 SSUS Ol clos ol 5
534S o bl Al e S B sk @ e ok
Sl ol s e JED sl S e 550 WL slabes
T Lmsb) S e S Las (L1530 5 b e
PR S Sou3 53 bl DAL 5 A

L 03 Si Olejy Laals Y0 Y] 5,5 o &y

Gl ok 1S 50 Kos cpdizes Lo 55 198 (glos il
AaWARIRRY

Hot air drver

Moisture ratio

600

Drying time

—e—50 ®&—60 —8—70

Vaccum dryver

1.2
e 1
£ 08
@
§ 0.6
é 04 -
2 02 M

» .
0 100 200 300 400
Drying time
—8—50 —8—60 —8—70

Fig 2 Moisture ratio curves of garlic samples at
different air temperatures and in two types of
dryers

Table 2 Final drying time at different air temperatures in two types of dryer

Drying time (minutes)

(e]
Temperature°C Hot air dryer Vacuum dryer
50 480 360
60 360 210
70 180 150
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Table 3 Statistical results of the evaluation of the application of 9 models for the drying kinetics of
the thin layer of garlic

Temperature of Dryer °C

model Dryer type 50 60 70
R? RMSE SSE R? RMSE SSE R? RMSE SSE
Newton Hot air 075 043 152 0.86 037 0.18 0.74 0.15 0.18
Vacume 059 020 024 0.62 022 0.20 075 023 0.18
Hot air 0.99 0.007 0.032 0.99 0.027 0.003 1 0.0010 0.0006
page vacume 0.99  0.020 0.0020 0.99 0.013 0.005  0.99 0.0130 0.00033
Henderson  Hot air 0.75 0.46 1.52 0.86 0.41 0.18 0.86 0.19 0.07
and pabis  Vacume 059 021 024 0.62 026 020  0.62 026 0.18
ogarithmic MO 0.99 0.002 0.0006 0.97 0.007 0.004  0.98 0.006 0.002
Vacume 0.98 0.05 0.011 092 0.14 0044  0.99 0.071 0.005
Diffusion Hot air 0.75 0.007 1.009 0.78 0.009 0.007  0.75 0.04 0.025
approach  Vacume 0.59 0.020 0.005 0.82 0.072 0.001  0.78 0.51 0.0001
vibel Hot air 0.95 0.07 0.005 0.86 0018 041 098 031 0.009
vaccume 0.99 0.013 0.0005 0.99 0.020 0.0002  0.99 0.013 0.0003
Diffusion Hot air 0.78 031 1.39 0.98 0.04 0.008 0.78 0.31 0.09
approach  Vacume 05 024 024 092 0.14 0044  0.99 0.071 0.0050
Hot air 0.75 0.109 0.007 098 0.04 0008 078 031 0.009
verna Vacume 0.82 0.009 0.0001 0.78 0.005 0.0001  0.76 0.03 0.008
Two- term  Hot air 0.78 0.101 0.009 0.57 0.002 0009 0.8 052 0.001
model Vaccume 0.82 0.23 0.002 0.67 0.022 0.008  0.73 0.42 0.0002
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Fig 3 Experimental predicted moisture ratio values
with the selected model at 50 ° C, 60° C,70° C
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Table 4 constant coefficients related to the
selected kinetic model of garlic drying

Temperature °C k n R*
50 0.00137 1.221 0.9914
60 0.002643 1.187 0.9947
70 0.004797 1.186 1

n,k= constant of page model

013 drw g o 5 s ASL —£-8

(@ J.\.o) ol
sl e Baw g ol St Susky Cond pslie alie
e glales s a.,\JC.M«Ju. s Casby Cand alie

o3ls OLES () slasls sad o gl slsn Ko 55 5l

ol

=
=N

Moisture ratio

o oo o
N B O 0

o
(=]

200 400 600
Drying time

Expriment @— predicted—@—

1.2

0.8
0.6
0.4
0.2

Moisture ratio

0 200 400
Drying time

Exprementat@®@— - predicte


http://dx.doi.org/10.52547/fsct.18.113.363
https://fsct.modares.ac.ir/article-7-48904-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-15 ]

[ DOI: 10.52547/fsct.18.113.363 ]

Veoo }:3‘\/\ 0,9 ARAE aqu.fu

Olnl 2l mbes 5 p ke o

Table 5 Comparison of the means of effective moisture penetration coefficients at different air
temperatures in two types of dryers

temperature (°C)

Dryer type

Effective moisture penetration

Coefficient(m’/s)
50 Vacuum dryer 4.67%10°
Hot air dryer 1.5% 107
60 Vacuum dryer 5.64*107
Hot air dryer 2.76%10”
70 Vacuum dryer 6.61*10-9
Hot air dryer 4.56%10”
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Table 6 Results of analysis of variance (ANOVA) The effect of air temperature and dryer type on

final shrinkage
Source sum of squares Degrees of freedom average of squares f p
Model 0.077 5 0.015™ 1.03 0.4455
Dryer 4.050E-003 1 4.050E-003™ 0.27 0.6119
Temperature 0.048 2 0.024™ 1.62 0.2392
Dryer* Temperature 0.024 2 0.012™ 0.81 0.4671
error 0.18 12 0.015™
Total correlation 0.26 17
ns = nosignificant
e -0 Oy b O sdmme Sl s AL
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Garlic( Allium Satirum L) is one of the most important agricultural products in Iran and
one of the major sources of foreign exchange for the country. Due to the high waste in
this product to maintain, increase shelf life, and keep its quality, it is necessary to use
appropriate storage methods such as drying. In this study, a thin layer of garlic slices was
dried at 50, 60, 70 ° C, and in two types of dryers (vacuum and hot air). The most suitable
model was developed to describe the drying kinetics of garlic flakes as a thin layer in the
temperature range and type of dryer used. Effective moisture penetration coefficient,
amount of activation energy, shrinkage, water reabsorption of garlic samples were
measured during the drying process. in the present study, by examining 9 different
experimental models and calculating the statistical criteria of R2, RMSE, x2 between the
experimental data and the results predicted by each model, the most appropriate model
describing the drying kinetics of garlic thin slices was the Page model. The results
showed that the effective diffusion coefficient of garlic leaf moisture for different
temperatures and in two types of dryers was in the range of 1.5% 10” to 6.6 * 10 * m2/s.
Changes in the moisture diffusion coefficient were described as a function of drying air
temperature with Arrhenius and the amount of activation energy was calculated between
14.673 and 53.175 kJ / mol. the results also showed that the shrinkage of the product was
not dependent on air temperature and the type of dryer and the water re-absorption
capacity of garlic samples increased slightly by decreasing their moisture content.
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