DOI: http://dx.doi.org/10.22104/IFT.2025.7616.2215
lFT wglis g Glasani ogle )l
u kI‘L&L}Am‘(;JJQIﬂJlAE

VE-F liasls FFA-TOY amio F o)leid VT 0,98 dié Canio 10 wae (slas yglid aslikad MRSl
O

g5 Wlio
(pwBg>) (o9 ol ey Jhy (&S (plo3 p (10 T SUS o igy 1 (o) y

" 603 Lo T b )8 Lo yanes S (o oyl S

ol olood Lo e g olAG10 ¢ 1dé ayloo cusliils  1dé auluo g pale 09,5 () Ludils )
Ol olaed Lo e gy oliils « 1a 2lus 0uSCiild ((ldé 29luo g pole 09,5 « wlu )l soamiils .Y
alp) glaes Lo (e gr oliils (188 2luo 0uSLiild ((lde 29luo g pole 09,5 )l (bl )l sl .Y

OF R FIYY : by Gyl AR F /I g 550 o y5T gyl AP F1oT/YD 1 lw ) f,l)

oS

) melor 03,523 ln Ems B a5 moSele Elsel £l Slae Jold oS S by, aw Sl e cnl o
sles b o0, S Sis a1 5 lax o5 mulsx lo Coawgy Tl .ol ooliiwl (Crocus haussknechtii) ( oi>g olyac;
w288 el Emg 2 6l YOO Wl 5 92995000 (sl ¥Fe g TV YV W glagles gl sloa sl V-°C
A ad il 2ol aliBee glaJaw b o S Slis Soain slaosls g awlone Cogb,y e 3588 (g po oy0,S SiS>
Cud,b (S S i L 5l g Olew] sabSlis sladiges .aus,5 Gl Jow op Sowlie olgred T Je Coly
(e a5 O LA bl and)S 8 L)l as5e (99,5 5 38 alids, Joli S5, glagasli 5 (ST ]
oy, plo b sylel i 5l g 004 Ty b 0,5 Sis 4 bgy e (5,5 50 el SLIE VVAFAY pg) J5 L8 ok
A c9395,50 Lo b oais St aiges j0 SlanST 5T cudils o i 500 g 5l (P<H/00) cusls (g lobae glis
S s (VAR A mPs™) Cusb) S5 Seb o o o i b Lwlyan a5 ((/35) as saslin FF+ W les 51 ool
P berye 63,55 608 Glagadld i i g plidy; (alh ke (p S (Jloope o 0g g3 S S o)
(P14 0) cosls agas plo b g bline B3] o)Ll L 5 4 35y ¢ ygd S KiS awgi oniSis wuliy>
Ol L 299,50k g,y eJgaze wollas S5 g (g Jlad DleS 5 Lk Y Cughy 395 o (58,5 S o b onlple
Dglse drogi By (10 S SiS 6l ceslie g4 S (lyear YW

LSt (S5l e i Joe «agby e 98 o po (ST Slaazli iguads’ (slaojly

F.Salehi@basu.ac.ir : Jstas oniwggs *


mailto:F.Salehi@basu.ac.ir

VEF Ll F o,leds VY 0,90 didé Canto 10 dyaz sl 5,9l anlilad : Yf-.

@ lem OleS 5 ell S5, pade s wiile Jyame
B30 U5 (Jeo (e 4 090 L abili 5 O >
A V] 3,4l (6ol 5 el gy ol yo Loy g Leo

Sl P Olsea mggSile S
S #2 P BB SLlre «55)5liS DY game (9,5 i
gloel Sl eoliial b Sy, cnl o)l sow slaghs,
P S ety Jgaze (959 5l 1) Cugh ) canloliseg 1Sl
SrSeda jeba 3 S Sas pley @m;e g S (o
(23, bod Oloj 9920058 Jdoa (rizren il oo 05
Bl S Oyl a4y el DS 5 o 50 g CodsS S
oz 3l 0l 55 (amlae By crl (Jb onl b ol
G50 e 4 5l g Sl 4 ln Vb adsl e
oM S b (KB Sl 6xSslr @l ol s Ol
o ol 3l Fhe sxSe e (nlple biwnd (S JlS
DAl ol sllee slo el b b J S anejls

2wl glagts, Sl S Gt oSS
il 31 00l Uy 45 el (63,5l Y game 53,5 St
S o Jitie Jams gy Logitins |, (5551 (5>
bl Cn et
5 SO, e b (Gl Gras a5 o SSes
b s oled a2 55 pae 9 Ol 4 el LS 5
ol ded Jedoas iimizen 55 o)Ll €l mhaw L 192
OIS SES 3 (ed SRS @ Olgiee (SWB b
sl Shey ol el b2l ces SHL sl
K83 (6708 SIS el Sean 8Ly Calies b Y g
el Sgame Jyame Gos 4 Lo S5i a5 > sl
slp b alble @i S s 2lb ries
Sl (53908 (KiFgm b p%enl (abSES ) el
IRRAARY

SigS SYgame (10 S Sis St e

YL Cepwas Glce by, ()

GiloSias anTb L8, o 5 S0 )0 (sage B
£5 Olys St sladete 5l soliial b S o L
il shasily 258 5 o JUl 8 s alS
D)5 s 389 b ) (S S g5 5 ooy dbes wibe
b oS oo S8 ol Raag5 5 olosige 4 oo ()
L @ipl Spae w3 Gilwange 1) poSSis wlB

doudo .
=y obaes Sk e pb el
Gble Sp ,0 &5 ol (Crocus haussknechtii)
Ol J 0lisle S o laen sloy bl 055 gau o))l SliwnsS
@38 G0yl hls ol cnldug) o0 9,095 & jgehs @Dl 5
5 o olaS s oAl Jdsar g el (YL a5
A 2l mlio s (LSiagy axg o0 (eS| 1]
S g oo oyp B b amgp [¥V] el s s
Gle) 4 55 2 (29,5000 S5 ugigdld (b bS5
Oliwl jo ddlais 4w oA&d)sTéa.? plBg> oliac oLS
G sl ol ojlas ol ol mls ws abel Gl
ol g Sonl aSP 5 (S SLaS 5 e o i
J 9,265 sl Sezmty o sl Sizrg 1S sl S5 oS0
Aot Jeibe ojlas rizen aibos el s
009555 sldlinl o (ASLdy 0l GlagsySL o |y (9,0

DT ol oles gt

3o sy, 5l (S 65)0laS DY game 9SS
@bt slogiaSly g lapacilB)ly e 0d) (Jpame
e 335 0 Jyaze 5K e GRS
g weoee a5 ) Jame px> g )y 05 SaS
ssbar | ileo > 5 JEg e sloan e )
3 eolaiwl Sl MT)S oel .Q)ST‘SA ombl 6 Sei
°5)'L° Q)Lw‘so w_&:‘)ﬁ ).u ‘) w‘d)))».c Js.\a_‘? 5 u‘){ya.?u
LP-%] 095 o Jgame 63, 5hae CuiS iulidl 5 die

ol 5l G (€ Gler L) (e (g3 S Sis
4 a5 el (65,08 DY gaze Cosb; alS sln ety
oyl J 7S ol g ol boas st ip o Sole s
@ Ol GPe) (ol sbilpe abox 5l a)ls (glos S 5 )18
b gl oolaiul Sl g 0 S Sis jo oed S8
&5 YL Gpan 5 ol SYeb Lans loy alax
CotS Sl 4y i el e Sjlge (B y0 (izren



ol Ken 5 (Flo padl 58

T 0 (pBs2) (cimg Glyhe 5y (S olsz 3 (0,5 s gla g, 31 oy

>

Sy el ol ol o S ileSas anl
Grdy o 8 e sty e S
L Lads caceoLis wilgh co g Sgud oo o gunite 0005 B pae
il x5l B b Jadcnsj 5 sdie DL 5 58, o
St @ Olyee o5, Olts @8 6pSejlul b
by (G &9 5 Olej ded wiile) (3 5 Sas Lo
2 @il g i oS Ll ol Jeame U
L8] 5,5 )13 osllae cung
ey oeSt
(ls2) (o229 Olrie sle (&S5 Pl> n oS Sas
5 oy codsh ol pll 5l Gue 1 el sais el
Zlosl £l slaa Jolss (0,5 S alies (o) aw auslis

sloghy, Sl owyp A

el 53,5 Sa anlp n Frugd $n g pgSbe
2 boss, ool b b)) s (s olaes 5k
ol el @l Jyame alendsSind sl s
b, e 358 cupo wile glayill s b,
GrSoilul 5 poSSas anlp (S giledae
Sy 5 GheSll cedil J5 S Gz plagasls
Lia b 0 S Sis gy on el )5 B ad G505« Jgame
Sy plold pulisx Jld s OloSH g CodS

=

200 8

o o9y g olgo ¥
wilBg> dngd )Y

o3 (g Glites jla) eelisr (ogly nl 5o
Ol gl 350 ST pare Sop) oligs (gliws,
sz () Covgy D A (b)) bl 055!
005 St Sz (Shes i) o S50k sy g o
(O U)o ool

wnles i |y Jame Gl kS 5w ialS
Sfles anlie GGl (St siledoe (izen
L by e Sl g o S Sis Gl gl s,
5 ol o 5l eslasl sy ojle s o2l
2 P S (0SS Gl dnwg 9 (b
Dy Al calaas jo 2alS 5 (550,00 il
NVgass ;o Jd olS s gpSesll 5l Gua
laphaSl il ol b3y 5 plelid (sy5las
2P e B &S Sl DY gaze (pl 8 s9rge anb
bl glanST slacaw! plp o o Jglo 5l cladloes
@b Shas 5 Glbyuns (oldlas cools b olS 5
@93 0 5 Sldis (ol <)) o ol il w0ss
Sl 5 ke (FLudls (opizmen i)l (65,5LaS Y gase
oS U oS o S8 ol mlio g lasos 4y L8
cnlin 6510055 5 5908 Iulpd w005 b1, Jgae
o Ses 5 pllo 288 slaos gl 8 anngs 3 5 Ll
cd b s Solwl 5l Gaa VO NF] ws e T )
P lagl QUlg bl s;,slas DY game Slis]
Sl 5l xSl 5 ST G s, gileis
Olyear b bl cnl Gar gladsle o selns]
9 2ol Jemwily (Glaudas o3l pund 0 ppe (pall
T 0,5 o )5 ar 55 550 SN pame 50 Shae CuiS
It o) bl 4y SlansT T cdled ol )
5 SIS 5 918 laghs; il wake Ol g
ol S e SIS jgmeiiade olde Y gaxe drwgs
5 @l Gl b b oldlhe o pizen 03
Ban [VF] ol cage (i crope slags low 51 (6 S
Som $igksS Vgane O, slagasls ¢ pSoslul
A gy 5 Jyarme ol Sk b)) (oS Ss



VE-F Sl oF o,leds VY 0,50 dis Canio j0 By sl g ,5L8 anlilad : Yy

Joghasem

Peeled
Joghasem

Hotair

l Microwave
dryer (MW)

Infrared

dryer (IR)

Drying method

s 5308 (ALl g JS J e 2 w8 g mgg,Sole £l (sl b o S Sas 10 S5
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Table 1. Mathematical equations used to model drying kinetics

Model name Equation
Approximation _ i i :
of diffusion MR= aexp(-kt)+(1-a)exp(-kbt)
Henderson and _ .

Pabis MR=aexp(-kt)
Logarithmic MR=aexp(-kt)+c
Midilli MR=aexp(-kt")+bt
Newton MR=exp(-kt)
Page MR=exp(-kt")
Wang and _ 2
Singh MR=1+at+bt

MR: moisture ratio, t is time (min), and n, k, b, 1, g, cand a are the equation
coefficients.
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Fig 2.Effect ofdrying method (hot air (HA), microwave (MW), and infrared (IR)) on effective moisture diffusivity coefficient of Jo ghasem
Different letters above the columns show significant difference (p<0.05)
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Table 2. Coefficients and errors of the Page model for fitting experimental data

Sum of

Coefficient of Root means square

Drying method k n squal(;ii (;J'I’ue to determination error
Hot air 0.0004 1.6050 0.0028 0.9991 0.0120
Microwave-220W 0.0686 1.4077 0.0020 0.9930 0.0158
Microwave-330W 0.1268 1.0797 0.0008 0.9978 0.0100
Microwave-440W 0.1367 1.3017 0.0013 0.9979 0.0134
Infrared 0.0107 1.1923 0.0205 0.9974 0.0163

Ol s S e &ly T Joe dA o solive steliw
Yy A dy ol SiS el euler Cogb, o
5l adlbioe cslie Zrug 8 g s99,0le £l Slse
Sl b gossas b slagy o (VA i
Gl Sy (g 005 Sl Sl p 95,0k g 05

1. Sum of squares due to error (SSE)
2. Root means square error (RMSE)
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Different letters above the columns show significant difference (p<0.05)
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Different letters above the columns show significant difference (p<0.05)
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Fig 7. Effect of drying method (hot air (HA), microwave (MW), and infrared (IR)) on browning index of Joghasem
Different letters above the columns show significant difference (p<0.05)
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Introduction: Joghasem is the local name for the wild saffron corm (Crocus haussknechtii), which grows
naturally in some mountainous regions of Iran, particularly in Lorestan Province. This plant is known for its
high nutritional and medicinal value and has attracted the attention of researchers and the food industry due to
its rich phenolic and antioxidant compounds. The purpose of drying agricultural products is to reduce their
moisture content in order to prevent microbial growth and spoilage. This process also increases shelf life and
facilitates easier storage and transportation. Microwave dryers significantly reduce drying time, enhance
production efficiency, and better preserve nutrients, color, and the natural quality of the product compared to
traditional methods. Infrared dryers provide rapid and uniform heat transfer, leading to reduced energy
consumption and better preservation of product quality. So, in this study, three drying methods, including hot
air, microwave, and infrared radiation, were used to dry Joghasem (wild saffron corm) (Crocus haussknechtii).
Materials and methods: Initially, the outer skin of fresh Joghasem corm was removed, and the drying process
was conducted at 70°C for hot air, at power levels of 220, 330, and 440 watts for microwave drying, and at 250
watts for infrared drying. Weight changes during drying were recorded using a precise digital scale. Kinetic
drying models were analyzed using experimental data and MATLAB software. After drying, the effective
moisture diffusivity coefficient was calculated, and the drying kinetics data were fitted using various
mathematical models. Ultimately, the Page model was selected as the most appropriate model. Finally, total
phenolic content, antioxidant capacity, and color parameters of the dried samples were measured.

Results and discussion: The dried samples were ground and evaluated for total phenolic content, antioxidant
capacity, and color indexes including lightness, redness, and yellowness. The results showed that the highest
total phenolic content (1184.92 ng gallic acid per gram) was observed in the sample dried with infrared
radiation, which was significantly different from other methods (p<0.05). On the other hand, the highest
antioxidant capacity (96%) was recorded in the sample dried using microwave at 440 watts, which also
corresponded with the highest effective moisture diffusivity coefficient (1.99 x 1078 m2/s) and the shortest
drying time. Meanwhile, the lowest lightness index and the highest redness and yellowness indexes were found
in the infrared-dried Joghasem powder, showing significant differences compared to other samples (p<0.05).
Conclusion: Therefore, considering the high moisture diffusivity, better preservation of bioactive compounds,
and desirable product color, microwave drying at 440 watts is recommended as the appropriate method for
drying Joghasem.

Keywords: Color indexes, effective moisture diffusivity coefficient, kinetic modeling, Page model.
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