1399 = 2gus,l A7 oy 99 ol DOI 10.29252/fsct.17.02.10 LM b e

3 G Sl g W T 3 (55 91 By g3 90 ) S slod il

PO e it g M3 0L adas 0a

Ol Sl Sl o8l s g SIS pniige 05,5 (555 il =1
Ol e o (2 o oSS (s s SIS ki 09,8 skl =2
Ol 018 st o ol g SOl i 03,5 (5,555 § mils -3
(98/12/19: 5 s &b 9B f09/11 sy, &= ,5b)

A

S5 5 C el e ool il b b ol 5l AS Gla Shs s b 6551 an 038 S glos il ol aalllae
G5B sl sedas 4253 TO G40 glalos 53 p S (lpn S SCir 53 a ks 3 s LSy sl sl ) J5 oL
59/33-35/83 (slaes stome 1> 5 4 5 4Bl ssg (4053 B e 13) Ll e s les B L (6551 O me Sy 5 0y B e
O pae sl et (Ao s B Jlazs mlavr 33) Ll pme 35 Sel [ slos Il el s & Ao 6/52-4/01 5 0 SAS U3
bz 1) A3 BI52 b (L somdos 4253 40 slsm slos 512) Ao s A0L 1 ens i Sy slaaisad s T sl b b s (35
05100 55 o8 e 21/38 1 14/92 51 it slawisas o3 5 B0/19 o3 slacises 53 C slis s5mme 2 ite (s 4253 T0 (515
SU Ol 52 DS S pal e 8 adsdalie 5 Sl s B s Sl eslial L S LS 5 el (e o pite S esle
0,5 100 55 ol SIS 5 1n 295/8-21213) 3l sl okt o 0d st Sl (S sl ¢S 100 s sl SIS (5L 389/6)

A3 0T b Sl 5 5 C el s (sme i 58w e VL glales 3 5le 038 it el s 4 il il (S35 a3l

h.aziminejadian@shirazu.ac.ir ;i Je”

125



sl et ls 5 aul B (65 G me 035 St gl b

OLKen 5 OLsls ake (g3la

oz s lrle Sslw s o dagn o ol
Y Cdsie 5l 8 sl sla S (oS Sl
Sl 5l e, S sl gla S S 6] daes Sl
e sl 5 b 3 s i s eslinad (sl o slbae
A slapiam e L anslie 53 5 a0l 5 il
L lapS i ol ol edle dils o 5V0 b b
Wl S el ey diile il gla S0 4 015 0
ok (ol 0ld el Ll (pla 2 S we nE s sy
oo Ok Ol ¢ 5 s Slag St s 2l
T L R T R 1"
LS 13 eslinal 550 e @L;.,:

SIS 5 sl 3 DU g slay e b e
Sl i, 3l el « glis slye 5 (5,5l Yy
Olaj S o o de o llasls Lyl 3 Jlesl 5 sl
O 3l SetS halS el WIS e ol 5 5 e
A 0 S5 &3l 03 ash ol Jsame B350 8,
(S Do b kS b d e W5 055 S Lo
Sl ag bl il 4 plaes ke 6 pl b ol 4 pe
Upas CdeS 5l (B pae 5550 Jpame 2 035
[7] 558 13 bisl 5 o 2530 Al el s & ol
Sz dnl e 5551 s Ll 5 by,
035 OLRE R g3y a5 255 b Al SN s 038
Sis il 65 51 G 0Ll (2016) Koo
[13] 5,8 s 15 p S lpn (St S 5 035
SO s ) Sl laasls (2016) ollslen 5 il
St Tgn e glace w5 Los o Jlw i (S
SUSSU[LA] 55 andllan 1 (6531 G pame gla el
(Lo sl 455 65 5 55 B) Los 35 (2018) o1,Kas
(sl e e 00 28 524 20) 1pn s e
5 b L Sly sladdys 055 St a3 (5551 b e
J15] sl 515 aadlas 5550 15 e Lo

385 86 L bl s Oliie Laws g3daze sla iash
3 SIS DY pame alg ChS 055 S Ll
o (2019) Koot es 5158 il 10 sl s
o) bt 5 Sosd la S b b s
S - (L5508 5 Jbs IS o Sos ool sl b b
s ] esby p 8 s (SSs $s plins

126

dodie -1

Sy 6ol SR S 5me U Sl s 5 Lo g S
as e[S Ol LT a3 80 51 i i 5 wines
Glacdlo gl deles Lyl 5 ol el ol an
ol g S e s 0l T (S5 s S
03 s S (1] i m edln g 5l e 0053 53 DY s
S Gla sy n i S 5 A 5l S
3 eslial 550 45 ol I Slge 5 (55,5058 Y pamme
Dy 53 3 5mpn O15l pma Sl 0T (b 53 558 e
5ot = U U k) el s e S
g g N e cpl (SIS Sl sl g
Slasls Jtals (et foged Sol Jos ol (rimen
e g g5 g edd JE g Jem Glaaypa a5 gl
[2] 555 0 T o338 L2500 5

w3l Olse o3 28 o w0 Sl s b g0k
Golas o 54,8 o 3 ealind 5550 olde o3l
ol plad 53 Lo Gl o azils i (S
alid GME e 55 agn sl S S Ol 4 5Ly oo
S Bl ssie G e Sax 5036 S5 53 8 s 50
Syt Sl ol 3 5 B Sl 5l S
ok 5z (48,5) b o ) cile sla S 4 5 o
Olpte Sas Sly apd e oalitad 5 g5 035 5 0l 25
S0 sV 50 3 5l glos 1S il 53 eins el s3]
el s o e ot (513 ot S aile olde
S S 5l [A] 58 e 013 eslinal 550 08 5 s s
Lol s S 05 Lls s 4 5 ool Alliaceae ol sl
sYL el sl sl ca s gla el s Lot o
Slaglon ot ol 53 osill 55 w5l ol Jla
C bl ol e e ol S g S 5 I
ool o3 5l eS8l OS5 s Sy (SaS
3 ot Sl e Sl e e SSS5 L 5 C
SLS 5 s b w5 ooy ol ) slads s
(S sl glacdo wsle S5 sm Sl lls s
5] el s T

o oSS il 590 51 e ans e b
a8 Liledd w318 4 alee 53 5 Pore ol D) se

Ols 5o ki s (63,8 s coles 5 acs e LIy K



1399 C,-.i.g..\g.:)‘ gl? 093 ‘99 e)w

DOI 10.29252/fsct.17.02.10

g b s £l

S I L LT ] R R A IR
a5 oMo DbL Sl s Al el 5 Ol e
il Cosbyd Jame e a5 4 gles L gl
OF xSilie Sl 5 Ol sluilied 3, 5l eslizad U Lads gas
Al s 4 (o wb ) 9/59

S olSas K a0 5 S slapilesl il gl
A sl [y sles 5 e J 28 B L e S e
anlllas 3) 50 0t 53 (SKES dlaios (:12“ Clﬁ-w slal
A Ladgad e (63050 158 QL 5 e Sla 25%25
O pan sla sl 038 St sles b oy ) slane
ls Sl glaa sy CdS aman 5 (55
Sl slos oo g 3 i ged 03,8 S sla 2ol
U5 lyn <l oy 5 gk 455 70 560 50 40
ol a5y

S Lasly 5l e S kS 5 s pd bl a bl 5 3
e Ly ples Dol 4 Oy sl 5 o s
(e A il 18 ool ey Ly el 2 S
53 bl eosladl 5 ad wb S by sl Y a5 Sy
Jube oL pladi,y cyoa sl K KaS o
5y sladiys 5 8 600 ssum o el 55 e e
520 50 ) posare Sl 655 2 Y S s
Sl osls 13 St dladen 0353 (L2 50 30 J b
b 03 sy slaasys i) ok (g gime (5 S5
o Jpase Sole sla s 5l S0k Syl
Vibra, AJH-4200E) » $ 001 =55 L Jierss (535 5
Sl Jol 3wy S s et (00l ol
10 5500 olg Cosby 4 Odeurs B badisad i 05 5 i
53 00 Sl e bl (et ol ) Ao
el sl s slsans SLL glaan s o 5K
A eslizal gde sl iabes

S5 S an sla ol s -2-2

osbinad b (By) (K a0 56 8 5 odies (b oms 015 ¢ saes
<=L Zigler Delta Power) Jiss mow 015 S 3
g 4z (SEC) s35 b pae 350 5 5, el (0T
7] s el 25

SEC =~ 1)

m,, = M; — M, 2)

N

127

03 S St Gl sla i, L5l (2017) ol Lses
Cd b oS = (S Gl 5 sl (sslan)
2038 S s adlas | Sl Jb olS 5 s slust o
5 Ko el (K Sk 05 5 Six gles J31.[12]
OUSon 5 08l sy s fEpd o 035 s ]
OLLSn 5 3hed otasn s [13] a5 (1395)
sl hugly slas 5 64s gl o3, 55 (1390)
503,85 St (g 453 806 50 slabes J3) 01
s | Lo gas SISt ol cllad 5 Jsd LS 5 e
25l S Gl S 53 ek sl Sl [14] s s
2o O S E 5 5 P b 08 S T8 b
slads,5(2010) ol 5 oMt a3 8 515 anlllas
(15700 5210) 555,Sle Ol el 3l estizad U 1, 5lo
Slaiss U 5 Kast (osemdor 4255 70 550) 041 5
S OLS 5 e 5 e slse (g gmee oS0 |y itz
rrns 33l 5 Ol [A] ds S s | Ladi g
L 03,5 a5l b il bl i 25U (1397)
Ol 35 ) 2 1 M5 5Ly so5y CakS 0 S (sln
(Sl ygd GLadliS, (A 5N DS 5 o hagn s
& e [18] isls 1 3 aadlae 3,50 15 andnl 5 C slus
S 2le el dl 3 0 53 (1890) oliSes
it 5y (S 58 kS 5 sdome 6,500 2 b)

[16] 5 s s p 5 slpn Lo
ot At S B sl S 0 0L b (e
Upmaomn CohS 5 038 St Al 3 (5551 G e Olajon
53 Sis Sy Coeal w5 Lcplple il ol
3030 Sy Slals 2alS 5 G w5 g0 sl
23S aypn s Vb ClS L Jsams A5 Dy 50 riamen
05 Gl SSEr s sl SSU lad s rasn ]
S5 o 03,8 Sast (slya glos L et el
allas 5550 ol dpmms CodS ummen 5 AnT S as

W88 8 bl

Lhuﬁjj K] :‘y —2
03 8 S gl bl -1-2



sl et ls 5 aul B (65 G me 035 St gl b

OLKen 5 OLsls ake (g3la

05100 5 C ualns p S o s 4 il 5 oslinud
JL7] s acilns it o5be

R DS 5 ol g g (6 S5l =52
I 55 b sas 5l p S 25 350 coslas ol mand skt o
Loaslw 72 6,50 SO b )3 5 el sl Ao 96
L (M AT slas 53 S sladssen
solo glo 8 leslizal U ST 5 65las b s ¢ s
(U B b Lol P> Gl L wcaly 2
el s 4 a6yl

Lol el St 5 055 lawised Lo ol IS (6 52
S s 90 s (6 Sl IS g g b ma ) el
L sl s o8 S8l 5l sl o 1y S O
5 51 o dd by dsee oyl 4 5 035580 o slas 51 2 Lo
Bl 0f 4 (2 5 5 T5) s Dl S 1) Jen 10 i
Ao T0 zsn I 5o bjle dr i3> 90 51 ey o2
Perkin-Elmer Lambda) x5 5 oSl oSas bow s
e ey (Sl sl SO e 5 (IS
= B S ol Olsee 5 eslinad Al SUIE 51510l
St asla 08100 5 sl SIS o 8 e slas ol
J18] e a1

6)‘.01‘}:1?&-5-2
53 ol LSS e Lo b ptlesl oles (Jrassy cnl s
sl gas 58 Sile O s sl s 4 il
Sheadlas 3y gla el o lss 6u;);t g
5 Jlexs! o 53 S0l O3l 5 SPSS (V.19) 158l 5

c eslaiul sy

&793@&3‘3

5'Y) ‘;éfa.o (53}‘" -1-3
Sle ladiys 038 i aul bk b as (o5 Jaw s
a>,570 ;60 50 40 clales s V; Sl (SSEs s
(1) oty 5 AR losT slaesls 31 eslinul L o ke
Js55%a 35/83 5 42/45 51718 59/33 s 5 4 5 aviloes
L;:z,._:w\)“mw;gﬁsuﬂ.xmw;«ﬁﬁ%ﬁ
5l 3 50 aasn s b sl S mls L
S S K s Sl glails gl (2016) o Sen

hy,

128

bS5l s s My 5 SEC B (2) 5 (1) Lilss o
(p 558 2 J53K0) o35 e 5551 (U53K8) (3 s
s (p 5 5S) Jpaome 5l edd S by e
tror 3 L Jpame o i 4 Me s Mi e
Lzen (p55hS) ol okd i J puanms

7] s e 25 50 0 5 (51 b e Ol

e = Z5252 X 100 ®)

Jpame Sl Zasb) s &5“)'.’ sk e 655 Bevgp oS
7] el s 0 (4) el 31 o3l L 5l (J5350)
Eepap = hyg-my, (4)

(¢SS = Js35hS) s Ol sl S Ny (4) a5 s
(S 455 Tans) s slos 51 b &g 4 5
7] 552 ammlons &

©)
h,, =2503x10° ~2.386(T,,, ~27316)  27316<T,,(K) <33872
= (7.33x10° —16T,, 2)* 33872<T, (K) <53316

siome (0T b B (5 50511 -3-2

A S dad (RC) e (K0 b (6 Sosll 51
Sl plo s e O 20 e 50 (55l (s 2 e 100
Sl el 5l gk 203 40 les 55 8
5 o ek Ki sl glad gl ¢J§10 s el
A 0as ol el 5 S ) an s a0
i kgl e b [B] s ol e 5 s
5 oria o el sl SIS Jlazs bas sl
8] s e 25 s LT e (5T
c=3 6

i sa o My csams S0 3 b RC (6) ), o
s S sa M 5 (p5) 6T 51

C i3 (5 o511 ~4-2

3 03b slaasse 53 Sy sSul el L C el 5 ltde
oS 2as 5,803l Opml 25 s 4 Sl 0dd S
20 golm 5 Je 25 S8 B L I S 0 J g
sell 033pa ai3s 10 5 e s o e O 1) e
8) Jbsal Juds JS (53 28 Jsdoms L i sl il 550
Y RO PR EVIRCH PSR S G Wy S g
e s g (e 2 e 8 ke O1) S Sl )



1399 Ca.ni.@.ﬁ)\)‘ g17 )92 499 e‘)w

DOI 10.29252/fsct.17.02.10

g b s £l

Ll 5 [23] sl S = (61 (2017) DS 5 e
el 0l a1 [24] 55 S, sl - (2007)

S5 D s Lkl -2-3

R o T S B U IOV PR PR W)
(1) ISt s acallae 55 pn slabes s Sy slochs 055
Oledly codal s 4y Els ol o sl 03,3
o 3 40 sles sl ) s 401 51 (5l G e
(s a3 70 (sles (¢l ) Ao 53 6/52 6 (e gl
53 551 s OLily gl el s 4 olie 3 ke
£S5 Glsn 03,5 Sas gl eds 1S S b ey o)
S5l 8] (2016 . X.) (awys WLL-2/87) o ok
33/93-5/57) sl claasls [23] (s s 6/76-1/91)
{6] (4> 5/34-3/55) Jils glws 5o S, [7] (4w
sl aeslis LG [25] (as 55 22/93-9/92) (548 slads s
Jpame 5l asby Sl Js5 Ce w5 SVsb Ol e
05,5 et aul b by Sl 0Ll Lol 5 age Jale 5o
el o 5 slsn sl SSist s

Energy sfliciency (%)

8
5 be b §
i §
2 N X\\\
AL A _
40 50 70
Drving temperature (°C)

Fig 1 Average values for energy efficiency of
onion drying process.

siome Ol Dl b b -3-3
A oS 4 el s letiy O il (S b
e g el Ll 2 S, L Sl b Jelse
Jds @S il S5 Yl g ST sla S5
ol 3 00,8 Sas anlp b s aS Sl
) s Ve pland 5 S0 sl S
S Sl b S Ve b g O ol o e

olie J21] el el Sl (e SY pams)

129

5 Loli o [9] (p 55k J53Ka T4173-29/98) L
=S5 SSEE G s Lse slaals 512 (2015) 01iSes
(p5 LS » U535 338/76-50/94) .55 Solomp S (sl
e de s 612 (2012) Oea 5 i sss (19]
o 55K 1056-4122) 455 Sole S St Sy
S k31 S 61 (2017) (K 5 [20] (o S5k
(o5 LS 1 J53Ke 115/52-63/50) ¢ 5 (slym o5 St
el aslis LG [21]

AU o D8 S T3 e 33 IS sk
E32 03,8 S Ll 5 g e g 55 b ) el e
ol 18 Jpame ol s sl ok iamen 5 U peaes
deslie 53 05 (Slsn GLagS S o yorma 3 b Dlss
S e e 5 S5 A Rl sla S L
Leil gline &l JUil ealSa 6 Lo ol cl Jubo
sl Sl o 8 lon slapS S 5o &8 sk 4
Jpams o a0, S (6158) Jbws 3l s 2 b«
ol S a3 0T 0933 0 (e el b s 5 Jiis
5B 0as Vb sl s es s 0l b oy
S 53 S o 3 6] 54 sLs (5551 e
o bl S e SOl 5 s Sl
o S5 i Jpame b S edd Jite J s
o U gazmn | Zagboy w3 5 (b S AT 5 el ol
Ol KaS 4y 05,5 Sz gl 3 0les  Jids eon & il o0
Slsa banslie 53 58 Sl S35 5 035 oS s Sl
5 0Ltz asdie (Lt Olse an [6] S o G me p S
5 35 glaculis b s jms o, (2019) ol Kes
5600 400 200 .55 Lo cladlss b1y o ln 8,7
o3 gdoms 3 |y oy b (5551 5 Lo S Six ol 800
[22] 55,5 28 adts , U535 2/59-0/68
e 3 odal S i AT s el
Ssl pa e il s S e T (sl o
LT3 ess b ran 650 (A3 D s 53) s ms 2alS
Slalos 3 a3 Olos LialS s 5Ly slaadys 038 it
Los Rl bl 3 a5 41 2alS ol s 5L
Cileses 0 Kiasn Jaw g 4l opl b alie Slialis .ol
7] S gz caails 1, (2017) O Kan 5 i 55 ASbe



sl et ls 5 aul B (65 G me 035 St gl b

OLKen 5 OLsls ake (g3la

C ywlus-4-3

won 2 oS sl (b s oS Sl oIl s«
6 C by (e SV pame (5551 5 glaanl 3 L5l
e 3yt e S s AS wee atls S 0l
036 ek C el s s somn (1 n odal s & 0o
o3> 0L (2) JSTa s Jrmsiy ol U3 Sl edd S
bt 505 C opeliys $ s ool gl bl y o 0t
e S wale o, 100 5 S e 50/19 G 14/92
2 C s g somn o8 31 DL (bl (sla ks s s s
5 Jle s 23) Sl e sy 4 630 (slad sl
s 4 gl (en g i S sl sl 5l (Ao
e 03,8 e gles bl &S sl OlE el
o= Gmn 4S (o il 5L C sl (g g
70 560 50 clales 55 ot (Kist glasisoi 55 Suolivs
Sloss 53 odd S Sladisad b anglin 53 o sodes a5
o3 30122 5 19/88 10/90 5 5 4y ey 455 40
OgreldenSt 5 sl 0 € ol s 5l 5 ol 55 a8
Wl ol b S el ol Lelse T g desr
Sl O K a gy o a5 gl ) b e laasily
e (2018) DS 5 i il ods 518 5L
50 slsn slabes 3 ods Kzt 5036 53 5k C el
S1/A2 AI51 AI86 55 sy gk s TO 4 60
B s e 5 osle ¢, 5100 0 5 L 1/14
036 5l o3, 4w C sl s (s sme (2018) Os 5 e
e3sdoms 53 i B |y il o B 4 edd S
55 p_fv_p 45/07-12/39 , 29/22-6/22 38/11-3/26
53 e [1T] s 5 5158 S sl 5100
Ol as aimsls oMol (2015) OlyKen 5 sl o tas
5y € sl s (g a8 sl 038 S gles
126]

2 03,8 St b o e 0 0S5 S
Al Calises Y pame C il 5 (6 g

oslial L 1) 550 S3U slaad 5 (1388) Ly IS5 5 Sbr s
530S Gl S S s e AT a
GlsS s ea S Sax sk 45380 570 60 (slales
Homlb gles bawslin 55 V6 slos 5l aslinal &5 L5 8

A C by s S oy A5 s

130

0 edd S 5l e o Clril o b o Sils
BIAT i 5 iy ogodn 45,370 560 50 40 slales
T sime Sl b B ] s 4 6/33 5 6/09 5/74
33 ola 55 Glesms Comal el KA Y seams
s et o O puame pl AS sla e ls 5l S
B e o T
L CUTS [P R PP R P W2 u:)\ﬁ&ctﬁ);}
S plans sl by O Gl oo b (2019)
5 s o gredes 425360 550 A0 (slsa (slos s oa
SLSas 5 ol [11] 5,5 5,1, € 5/64 ,5/42 5/25
Sl sles 3 el i slajly o 5L e b (2015)
ATLAT6 s 5 a1, ogde 4,3 65 560 55 50
(2005) ollSan 5 Lyl [26] w5 a158 4109 ;5 4/62
S5 S SO Sleslad L sl SSL ek
S 5 S i Ll s 5 53 Ol S slse
55335 slas b o 53) sdoms (68T sla bl plsd
2 el e b (Cole b e 4 ek

[3] 63557 S 4 513415 o5 s0iman
ol cdrsl e b el e o mls el
ol i T YL slales 5s sl i 5Ly slad s
s Sl il el Jlslag ) b s e L5 e aily
53 0dd Sas F 5 Gl e wadls 0Ly (2006) el
Cle 3 s adsad 53 Jebee jltla b)Y lales
] R O L N
03,8 S glas b L Lol s el Slaalie
Sl S laksal oo O s Dl 3 B
OLlSan 5 slay 21] cpdanesl sLa S (<l (2017)
S5 sl (2016) w5 U1 5 28] « ol . (2012)
S S el S5 el o sl 5155 [29]
g eiles S IS 4l ol b Al S O K2a 5
Cod b as S 208 (2019) N s Jnl Jle sk
Sl sles SRl L s slasised o o Sl
Sl eslial 48 e ils ol olislcosl ials Sis
5 S0L el cu S e 6l YU slales
ol s s edd b sl s 8 BB e Sl
Clr s b tals 5 ol (S lSe ) o Sl e e



1399 CML@?.‘{:J‘ <17 093 499 e)w

DOI 10.29252/fsct.17.02.10

g b s £l

e -5 100 s al SIS ¢ S s 207/5) (207/5) (2003)
Gome il Jolge il anslie LG [35] (Kot osle
5l ‘,_'é)..)_;.a;)l)_;j;i_?g,;ab)'kﬁ‘_;;éru
Slais (2011) O LSe35 sl Jslgs ol o age
269 5w et s 8 05 e Sl Gl DS S
Sl3S St asle 8100 s o 5 Lo 142 5428 164
Lot 53 5y s o ols 5 s [18] w5
3 Sy (a3 el Sglite e OF il
s 3 iy S S 5 0 5 e (2007) 0
sy 5o SLS 5 opl Hldds a5 L5 S elel 5 adlllae 1) 5Ly
Shds gliolcul 2eS Jss gl jo 5 min Sy
Aok G s Gl (G slaY L ols s
e S a5 Al SIS 5 e 516 5 15/9 T i
g Pl 5 oy ommen [36] Ls 5 5515 5 sle
sl gl 4 e Ll ge kS LS 5 el 53 eslizad
o 03 (2008) OLLSan 5 alile Jbe Olse 4352
Sreslial Ly plibul 5l o35 53 b DS 5 (g 5o
S sl 5 Ol U 0 p) i -
S 5 dlae Ly (Jb SLS 5l i oS s S

LB7] s Llets ol bl

cd

Total phenclic content (mg GAET00 & ary matier)

Dried, 40°C Dried, S0°C Dried. 60°C Dried, 70°C
Sunples

Fig 3 Average values for total phenolic content in
fresh and dried onion samples.

sls 0l (oLl sla s 5 b ilasT Sl edel s & oL
OFa & 0SS Sl ey Sy 8 LS 5 el (e oS
(o35 ezl mlaas 53) (5ol e sk w0 S (sl
s h a3 (2012) OLes 5 Wbyl il rals

131

Vitamin © (mg/ 100 € sy weier)

30\
\ ; be cd
2{3§ a

Fig 2 Average values for vitamin C content in fresh
and dried onion samples.

slabes 5 a3 50l S Oy 1) sdalie ol s 0L
(1396) oLlses 5 pl e Lt [32] s s potel WL
odd St antl Jes 53 €l s (s g 45 3 S p3ed
sk i (s 425380 (slos s 05T 55 5 BT L)
U slassas 3l (oss & dlasml mlaw J3) (5515 e
sla sy 1 (1395) Sl 5 eslslet [33] 55 zeS
60 550 40 slales L gl slom 05l) 055 S il
450 5360 180 clalss L pss ol ¢ wsmbw 43
L asia e ol C by Jlde s (81 355 5 s
Sbtisai 03 C bty (g stme :S0le 0L 03 S aalllas
53 p S e B136-2/46 o350 s 55 15 sds S 5630
SMie cp S 5 o i oS indls pdlel 5 55155 ¢ S 100
a3 00 (slos 53 o Sax slawisad )5 i 5 % el
[34] s sualie S15360 015 s 55,0 5 e gedes
S5 S 5 5 5 573

S edd S5 5 036 sladised Jub DS 5 Pl (g e
ol 5 (S S b ) a3
Sl o 0551 (B) US55 LS 5 ) il
389/6 o35 e 3 Sl slaiised b OS5 ol (g pims
sbie Ly oS sl s 4 S o3le 5100 5 6 5 e
OSen 5 I a5 5y 51 o35 ol sl 0 21
(Kot osle o, $100 s ol SIS S Lo 428) (2011)
ol 3 el s 4 e e ol S 3l [18]
OLLSes 5 M55 s old 2155 nolis b s



sl et ls 5 aul B (65 G me 035 St gl b

OLKen 5 OLsls ake (g3la

Sel 055 S lea gles (Rl ad 3 s g it
el s (s some (L0535 Jlex| g 23) Gl e RS
S dem Sy et Jib SLS 5 ol (g pmme 2 5L C
gl 53) olsime sb e S sl iy w0 SiS
ol el g e 3.3l SRl (U3 5 Jless]
AL slabes 5l aslinal dix o (Ghags nl )3 el s
G Gl 2l s ol b pad QUIKES (ol

Sl Gl S 4y olg Jyame CodS bl A (550

@le =3

[1] Torki-Harchegani M, Ghasemi-
Varnamkhasti M, Ghanbarian D, Sadeghi M,
Tohidi M. Dehydration characteristics and
mathematical modeling of lemon slices
drying undergoing oven treatment. Heat and
Mass Transfer. 2016; 52(2): 281-289.

[2] Motevali A, Abbaszadeh A, Minaei S,
Khoshtaghaza MH, Ghobadian B. Effective
moisture diffusivity, activation energy and
energy consumption in thin-layer drying of
Jujube (Zizyphus jujube Mill). Journal of
Agricultural Science and Technology. 2012;
14(3): 523-532.

[3] Sharma GP, Verma RC, Pathare PB. Thin-
layer infrared radiation drying of onion
slices. Journal of Food Engineering. 2005;
67(3): 361-366.

[4] Arsalan D, Ozcan MM. Study the effect of
sun, oven and microwave drying on quality
of onion slices. LWT-Food Science and
Technology. 2010; 43(7): 1121-1127.

[5] Begherloo M, Heidari R, Ghaderpour S,
Jamei R. Antioxidant activities of the
methanolic extracts of several varieties of
Iranian onion and theirs scavenging effect on
free radicals. Journal of Food Research.
2011; 21(4): 455-465. [full text in Persian]

[6] Torki-Harchegani M, Ghanbarian D,
Ghasemi  Pirbalouti A, Sadeghi M.
Dehydration behavior, mathematical

modelling, energy efficiency and essential oil
yield of peppermint leaves undergoing
microwave and hot air treatments.
Renewable and Sustainable Energy Reviews.
2016; 58: 407-418.

[7] Tohidi M, Sadeghi M, Torki-Harchegani
M. Energy and quality aspects for fixed deep
bed drying of paddy. Renewable and

132

sl pa 303, B OS5 s, 2 038 S il
Glaaised 53 A5 LS 5 o6 g &5 Lo S 1S
3 S (43 5 ez clﬁ-w 3 Sl e b 4 SUS
by aml ool U alie 2wl J17] 54 03l glad gas
5SS Gle 035 53 1= (1390) OKes 5 sslags
[38] o 51 (2004) 01in 5 sptlusT [14] siLan
S [39] sl S 1 51, (2008) 0\Ses 5 505 5
Sl S 03,5 S Jsd OLS S SRl s
Al s bass, kol s bS5 L ol W 5l 506
Al [A0] asl LS 5l pled Sl
SalS ol s il e el d b L glasls
A1) ol e S glaasgas 5o Jsd oLS 5
L3 o5 BS1s ol 4 sl 05,5 53 Jpd oS 5
5 b il A sl 05,8 S b
Dl 2t e LT Sl 55 2S5 s 5 ST
wrlye 53 5 edd el (S 2 Jlde s Jpd OS5

L42] w550 o 3 s
It al 53 edel s 4 gl el e e
a3 10 40 o3 gt 3 03,5 Sis glsa glas
~ (eess 5 ez o 23) Sl e b o s
Les Rl sogboay il 503 5ly (8 DS 5 g e
LS c\j\).a\_.w LSS ol Jlie el 4 e
L AL glales 53 Jsb DL 5 Olse 3 Jhals (2007)
L) sl o 6 LS5 Sl il 4 s
JB il i 4zt Col VL slales o5 dls Ol

-[43] 34 o sdaodes

S S 4 =4
05 ler SSax s Sl ey (R ool s
Slaarls 05,8 Sios gl 35U 5 ol slilslis
FEIRE PSRRI PO PP REST RS P
@A AT Lo p0les s el s 4 s el
53 S5 A B e Okl A bk 5ol DU G50 3L
Il B ] s 5 A3 6152 4101 o5 510ms
St L VL glales s edd S 5L slaaises s ol
S a3 slaaiped 53 C il s (s moe 3
St glaassed 31 (4e3 5 Jlex| g 53) s e



1399 C““:'G‘.".’.:)‘ g17 )92 ggg e)LA..:J

DOI 10.29252/fsct.17.02.10

g b s £l

physicochemical ~ composition of three
varieties of onion (Allium cepa L). Journal of
Food Science and Nutrition. 2018; 1(2):
17-24.

[18] Lu X, Wang J, Al-Qadiri HM, Ross CF,
Powers JR, Tang J, Rasco BA.
Determination of total phenolic content and
antioxidant capacity of onion (Allium cepa)
and shallot (Allium oschaninii) using infrared
spectroscopy. Food Chemistry. 2011; 129(2):
637-644.

[19] Khoshtaghaza MH, Darvishi H, Minaei S.
Effects of microwave-fluidized bed drying
on quality, energy consumption and drying
kinetics of soybean kernels. Journal of Food
Science and Technology. 2015; 52(8): 4749—
60.

[20] Darvishi H. Energy consumption and
mathematical modeling of microwave drying
of potato slices. Agricultural Engineering
International: CIGR Journal. 2012; 14(1):
94-102.

[21] Beigi M. Thin layer drying of wormwood
(Artemisia absinthium L.) leaves:
dehydration  characteristics,  rehydration
capacity and energy consumption. Heat and
Mass Transfer. 2017; 53(8): 2711-2718.

[22] Azimi-Nejadian H, Hosseini SS. Study
the effect of microwave power and slices
thickness on drying characteristics of potato.
Heat and Mass Transfer. 2019; 55(10):
2921-2930.

[23] Motevali A, Minaei S, Banakar A,
Ghobadian B, Khoshtaghaza MH.
Comparison of energy parameters in various
dryers. Energy Conversion and Management.
2014; 87: 711-25.

[24] Alibas I. Energy consumption and colour
characteristics of nettle leaves during
microwave, vacuum and convective drying.
Biosystems Engineering. 2007; 96(4): 495-
502.

[25] Zhou X, Ramaswamy H, Qu Y, Xu R,
Wang S. Combined radio frequency-vacuum
and hot air drying of kiwifruits: Effect on
drying uniformity, energy efficiency and
product quality. Innovative Food Science and
Emerging  Technologies. 2019; 56:
https://doi.org/10.1016/j.ifset.2019.102182

[26] Sahoo NR, Bal LM, Pal US, Sahoo D.
Impact of pretreatment and drying methods
on quality attributes of onion shreds. Food
Technology and Biotechnology. 2015; 53(1):
57-65.

133

Sustainable Energy Reviews. 2017; 70: 519-
528.

[8] Beigi, M. Energy efficiency and moisture
diffusivity of apple slices during convective
drying. Food Science and Technology. 2016;
36(1): 145-150.

[9] Khanali M, Banisharif A, Rafice S.
Modeling of moisture diCJusivity, activation
energy and energy consumption in fluidized
bed drying of rough rice. Heat and Mass
Transfer. 2016; 52(11): 2541-2549.

[10] Takougnadi E, Tchamye Boroze T-E,
Azouma OY. Development of an intermittent
drying process of onion. Cogent Food &
Agriculture. 2018; 4(1):
https://doi.org/10.1080/23311932.2017.1422
225

[11] Beigi M. Drying of mint leaves: Influence
of the process temperature on dehydration
parameters, quality attributes, and energy
consumption. Journal of Agricultural Science
and Technology. 2019; 21(1): 77-88.

[12] 1zli N, Izli G, Taskin O. Influence of
different drying techniques on drying
parameters of mango. Food Science and
Technology. 2017; 37(4): 604-612.

[13] Rezvani Aghdam A, Aleomrani Nezhad
SMH, Khazaei J. The assessment of
temperature and sample size on color
variations, pirovic aid and allicin in local
Shushtar garlic after drying. Journal of Food
Technology and Nutrition. 2016; 13(2):
99-107. [full text in Persian]

[14] Shahdadi F, Mirzaei H, Maghsoudlou Y,
Ghorbani M, Daraei Garmakhany A. Effect
of drying process on the phenolic-
compounds content and antioxidant activity
of two varieties of date-palm fruit Kaluteh
and Mazafati. Journal of Nutrition Sciences
and Food Technology. 2011; 6(3): 67-74.
[full text in Persian]

[15] Farahian N, Azadmard-Damirchi S.
Effect of different pretreatments before hot
air drying of onion on its powder quality
during storage. Journal of Food Science and
Technology. 2018; 6(15): 103—-110. [full text
in Persian]

[16] Mozaffary M, Solaimani J, Asefi N,
Jafarian P. Effect of Osmo-air drying on
quality of dried onion. Food Hygiene

Quarterly Scientific Journal. 2011; 1(2):
49-60. [full text in Persian]
[17] Armand AB, Scher J, Aboubakar,

Augustin G, Roger P, Montet D, Moses MC.
Effect of three drying methods on the



sl et ls 5 aul B (65 G me 035 St gl b

OLKen 5 OLsls ake (g3la

antioxidant activities of onion and garlic
extracts by inhibition of lipid peroxidation
and radical scavenging activity. Food
Chemistry. 2003; 81(4): 485-493.

[36] Prakash D, Singh BN, Upadhyay G.
Antioxidant and free radical scavenging
activities of phenols from onion (Allium
cepa). Food Chemistry. 2007; 102(4):
1389-1393.

[37] Santas J, Carbé R, Gordon MH, Almajano
MP. Comparison of the antioxidant activity
of two Spanish onion varieties. Food
Chemistry. 2008; 107(3): 1210-1216.

[38] Akyildiz A, Aksay S, Benli H, Kiroglu F,
Fenercioglu H. Determination of changes in
some characters of persimmon during
dehydration at different  temperatures.
Journal of Food Engineering. 2004. 65(1):
95-99.

[39] Zanoelo EF, Cardozo-Filho L, Cardozo-
Junior EL. Superheated steam drying of mate
leaves and effect of drying conditions on the
phenol content. Journal of Food Process
Engineering. 2006; 29(3): 253-268.

[40] Qu W, Pan Z, Ma H. Extraction modeling
and activities of antioxidants  from
pomegranate marc. Journal of Food
Engineering. 2010; 99(1): 16-23.

[41] Torres CD, Diaz-Maroto MC, Hermosin-
Gutierrez 1, Perez-Coello MS. Effect of
freeze-drying and oven drying on volatiles
and phenolics composition of grape skin.
Food Chemistry. 2010: 660(1-2): 177-182

[42] Harboune N, Marete E, Jacquier JC,
O’Riordan D. Effect of drying methods on
the phenolic constituents of meadowsweet
(Filipendula ulmaria) and willow (Salix
alba). Food Chemistry. 2009; 42(9): 1468—
1473.

[43] Raki¢ S, Petrovi¢ S, Kuki¢ J, Jadranin M,
Tesevi¢ V, Povrenovié D, Siler-Marinkovié
S. Influence of thermal treatment on phenolic
compounds and antioxidant properties of oak
acorns from Serbia. Food Chemistry. 2007;
104(2): 830-834.

134

[27] Sacilik K, Elicin AK. The thin layer
drying characteristics of organic apple slices.
Journal of Food Engineering. 2006; 73(3):
281-2809.

[28] Noshad M, Mohebbi M, Shahidi F,
Mortazavi S. A. Kinetic modeling of
rehydration in air-dried quinces pretreated
with osmotic dehydration and ultrasonic.
Journal of Food Processing and preservation.
2012; 36(5): 383-392.

[29] Aral S, Bese A. Convective drying of
hawthorn fruit (Crataegus spp.): Effect of
experimental parameters in drying Kinetics,
color, shrinkage, and rehydration capacity.
Food Chemistry. 2016; 210(1): 577-584.

[30] Izli N, Polat A. Effect of convective and
microwave methods on drying
characteristics,  color, rehydration and
microstructure properties of ginger. Food
Science and Technology. 2019; 39(3):
652-659.

[31] Seifu M, Tola YB, Mohammed A,
Astatkie T. Effect of variety and drying
temperature on physicochemical quality,
functional property, and sensory
acceptability of dried onion powder. Food
Science and  Nutrition. 2018; 6(6):
1641-1649.

[32] zirjani L, Tavakolipour H. Influence of
different drying conditions on dried banana
properties by hot air. Innovation in Food
Science and Technology. 2009; 1(1): 71-86.
[full text in Persian]

[33] Pashaei Bahram R, Azadmard Damirchi
S, Hesari J, Peighambardoust SH, Bodbodak
S, Farmani B. Effecet of drying methods on
physic-chemical and bioactive compounds of
cornelian cherry. Journal of Food Science
and Technology. 2017; 67(14): 191-201.
[full text in Persian]

[34] Ostadzadeh SH, Sayyed-Alangi Z. Effect

of drying process on qualitative and
guantitative  properties  of  waterdress
(Nasturtium officinale) leaves. Innovative

Food Technologies. 2016; 4(1): 1-16.
[35] Nuutila AM, Puupponen-Pimid R, Arani
M, Oksman-Caldentey KM. Comparison of



JEST No. 99, Vol. 17, May 2020 ABSTRACT

Influence of Drying Temperature on Energy Consumption of the
Process and Quality Indices of onion

Azimi-Nejadian, H. **, Khoshnam, F. 2, Balanian, H.*

1. Biosystems Engineering Department, College of Agriculture, Shiraz University, Shiraz, Iran
2. Mechanical Engineering of Biosystems, Faculty of Agricultural, University of Jirof, Jiroft, Iran
3. Biosystems Engineering Department, College of Agriculture, Tarbiat Modares University, Tehran, Iran

(Received: 2019/12/02 Accepted:2020/03/09)

In the present study, the influence of drying temperature on energy consumption and qualitative
characteristics of onion including rehydration capacity, vitamin C content and total phenolic content
(TPC) was investigated. Onion slices with 3 mm thickness was dried in a hot air dryer at temperatures
0f 40-70 °C. Specific energy consumption and energy efficiency were significantly (P < 0.05)
improved by increasing temperature and obtained to be in the range of 35.83-59.33 MJ/kg and
4.01-6.52%, respectively. Increasing air temperature resulted in significant (p < 0.05) improvement in
energy consumption indices. Rehydration capacity in the dried onion samples varied from 4.01% (at
drying temperature of 40 °C) to 6.52 (at drying temperature of 70 °C). Vitamin C content in fresh
samples was 50.19, and in dried samples varied from 14.92 to 21.38 mg/100 g ary mater. TPC Was
measured using Foline—Ciocalteu reagent and found that the TPC in fresh onions (389.6 mg GAE/100
dry matter) Was significantly (p < 0.05) decreased in the dried samples (212.3-295.8 mg GAE/100 gy
matter)- Based on the obtained results, drying of the onions at higher temperatures led to more
deterioration in vitamin C content and the TPC.

Keywords: Onion, Drying temperature, Energy efficiency, Rehydration capacity, Vitamin C, Total
phenolics content
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