Journal Pre-proofs

Journal Pre-proofs Enne

INNOVATIVE FOOD TECHNOLOGIES

Simultaneous use of combined hot air-infrared methods by various cycles of
intermittent infrared during the drying process of carrot slices

Habibeh Nalbandi, Sadegh Seyedlou, Maryam Ranjouri
DOI: https://doi.org/ 10.22104/ift.2026.8217.2292

To appear in: Innovative Food Technologies (IFT)

Received Date: 29 April 2026
Revised Date: 15 June 2026
Accepted Date: 21 June 2026

Wtpsi/djift.irsetic

Please cite this article as: Habibeh Nalbandi, Sadegh Seyedlou, Maryam Ranjouri, Simultaneous use of combined
hot air-infrared methods by various cycles of intermittent infrared during the drying process of carrot slices,
Innovative Food Technologies (2026), doi: https://doi.org/ 10.22104/ift.2026.8217.2292

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition of
a cover page and metadata, and formatting for readability, but it is not yet the definitive version of record.
This version will undergo additional copyediting, typesetting and review before it is published in its final
form, but we are providing this version to give early visibility of the article. Please note that, during the
production process, errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

© 2026 The Author(s). Published by irost.org.

N\




Journal Pre-proofs

b, Alio

o gL 30,890k —p )5 (slgd (S 3 S W9y Lo o 8
9 srdd g ()0, Sis Wil 48 50 jo 8 ygle Lol

Y . Y . #) . N
97y i 30 ¢ P G0l ¢ Guiade A

h.nalbandi@tabrizu.ac.ir; : Jyiws oo s) 3,0 oy ol «(5,5LaS oSS ypiummoge (swiiges 09,5 ¢leils **'

(habibehnalbandi@yahoo.com

25 S oS (55,51 0ASES gy (gkiten 09,5 colinl |

5 525 oSS (65,908 2SS gy sigs 09,5 0] gulit 5T
oS
SYgame 5518 055 Ban (npipte b CoS by @5 Bras Bl Lg oloy nelisS o ¥same (13,5 Sis
WAl gy glite by, 5l esliinl 5 S 5 laeS Kis aile ilie gl s, o] Jsa> sly 45 sl (535S
5P oS Sas Sl ol b use sloadys (0 S Sis anl B (Bekod cnl 1o ibe) 50 M Sute SISl aiee e sl
Ohgals 5 sy ley e Sl 5l e 8 e0le ks alidee slagSIl 3L adllae L oljen oglite 5o 8050k —pslae 0 5 slsa
“polhe 05 Glgr b oSS s wald s b ol bt i8S 18 aallhs 590 508 gole laybol) o
8090k 5 0,800 0,5 Slen 0 )5 Wle ol by, 4 bedigad 0 S SUS uzes (S8 18 aulie 5 50 palie 30,8090k
5 SS9z o Bly andls iCugh) g S0 ps il lej 55y phe (3,5 SaS slagts, Rl g W el 5500
L glie 708009k —pslie p)5 sl jloss ols (LaS gl 285 )15 o)l 9y9e o8 SAS Jpame (IS ) Sl
oo a1 o 355 e Jyama 9 1y (S Al oVl el sl aRES Ve iy, aids Ve sl 0ye0
O3 S P 095 SES ey, plo by v 5o Sis esle 05 ST S Y @ VID Gl cash, (ralS sl anl B
b i e ol po Jgamme (IS K5 Sl 5 (SoSg,2 «(28ly atonils 090 05000 (800 9 05000 ja 3 0g0le 5 ol
3525 ol b utls aalllas 0,50 gl )less opmr |y i s y2aS VIFY 5 aoys AVAY aSiayto il 1 o8 V- FY e
Jlie )0 05 i polie 5o 8590l —pglae 0,5 (glsn L 4 Cud aop3 WA lad ol jo (4B Yo V) anl ) oo
009y S35 Ole Olgiee nlnla 0 S polde (hg) 4 S 03 Ggole (SBgals ey woyd B0 s 4 555 SBran
" SiS Jgazme ;0 CodsS (nyide Bai> coge e gdle (hgals 4B Ve —(pdg; alds Ve gl 000 b oglite (oS
D oo 03D
(25 BT R «ogle (10,5 SUS 0,5 Slgh 3081390k (oS FF (S SS 1 gunls slaoly


mailto:h.nalbandi@tabrizu.ac.ir
mailto:habibehnalbandi@yahoo.com

Journal Pre-proofs

doddo -

S 85 el @l Sl 5 (65)0laS DY game 55K g L ;0 0 5 Sse Sl oy, Sl (o g S S
w23 )18 3l Co |y Sas ¥ game ol Cead b onl jo 65l GV B pan 05d e Cgmime 55 p 655wl
odd cge Jelge ()l Ao il o Bl (G350 U ojl OV game 4y Cond 0db Sl Jaaze ol 53] ialS oo ee
dily dxg (ol Jpame kS L (e 5o 5 anl oloy (el (il Bpan siluat sl Al lassg, o ol
w5l ooz esliiul (DD anie 5 yeid) s ol S abie 5l eslinul bl iy glsil 5l eslinul ol a5
Les (g5 9,8 b g wslite (3,5 S wile) Jgame (230> 65501 )3 ;i b g (o5 55 (05 Sa3) (iale S e
DSl oo (e

O 00509l gm (Sizdl Sliles aiile (Sopd g (ol Glajle i S8 5l At slajlesd iy 5 eslital
slmpl G, @I, Gk 5l oSS anld gy 5l (same ©9) s95,5ele b el sl gl e
e by (LI Cglie ol g Cug; JU! la e S5 (Y3 Sl (Jpaze 8L 5o ot sl (Jgaze
ezt Ngdi e 55 Bpas g anlp gl pals Gl @5 4y GasSas Sial (Wil coge ol 295 pln 50 Jpame
(V) hlSen 5 zo)b ooty [V O] Wi oo 55 00tsKis Jpame CoisS Lais Crga s lge il )3 ba)less iy 00
S 2 Ole S Sal b o999, 05,15 5 akBo Ve S @ 20l S YA ol b Wgwl 2ol 5l olaiul bas” wisls las
39 5 stelive el [Y] cal rals aso, 0 5 YOI cuip 4 gugs sladd,y GadcSies Gloy @ids V0 Soe 4 Jyame
L9001 casloas 318 cpiizms plo bawgs Jlasi i 3,05 Logas

lpiedr sl Fgo e Jpame oS 5 (ab S Sial g5 55 00,5 Kb an 1 0 ookl 5)50 (1> aie €55
po fSIa a5 (6 5 bl oo (olite (56l oS culpe I e Bigsle Elael B L g p Slsn b o S Sas Sl
OIS weys P jeBigsle SlapSSas )0 g aope Yo Sl (e glagS S )8 (Sl pleal) 54l o
o9l Ablige e 8,5 Sud anlp )3 (63l Bran e 58 Leries (5351 o copo 0 Dl V] el oas
5o el oloy (2alS ol e 4y s Sas Siel (Ll g 5o Bogele wiile waz Sl b o 5l R e
09dle U b e sladd g (aB S oy a8 isls (LaS (V2 V0) ol e 5 goidss ol Jgo 58 2l Jpazeo CoieS
L pS Glop S Sis 0 lbaiged obSis slo) 5l 2eS aoyo Vo aS 59 480 VWYY (uguads a0 00 sles ;o 30,8
G, Ve ualS Cge 10,8000k 5l oolaiwl ¢ yogaudis a0 Ve sleo b ladiged (10,5 iz (o el Caws 4 LSS slos
IAl 05,5 5,5 Slon b ladigas (40,5 Sis au G as| 3 o

a5 Cel el S sl 5l s (S i plejer ©json Bl lo)F gt vz Sl ookl b (S 5 (0,5 St
5 obospe eolial Lo 4y i Tb oy (1l pé ) e Ll ojls anyT8 oy (rals 5 e Sas Saal (l3dl o ol 53U
S gy opl o ]y Jpaze kS (I3 radine (S ABLoes (6551 Bpan Al Sl & Ll (oiule S ate 90
R0k —palie )5 (Slop (oS 5 S SES S (Ve TY) ol es g pliasllgna 0o 87 515 05000 (0 S SaS (g &
@lod )0 Jpame (abSas loj a5 Wa)S (515 5 eaged anlllae asgzo ) kS L g anl b Loy ShalS (s, 1) polae
YOINY o5 ar ey 30805900 5 05000 )5 slso b 90,5t b anglie )0 (oS 5 (09,5 S 53 (wgemds a0 V-
5 5 osliiul L1 o iS5l gyl olS 0,5 Sas ol (Y2VY) o Ken 5 505 L] 5y j5eS 0o )3 YFIAA 5 0o o
B los o (o5 5 (oSSl oslinul o ol (i s oS aslllas 05 (Sloa L 5o B0y93le (oS 5 he) 9 70 80090k
CotnS cp e ol el des Hlen 10 0,800 je,8 090k 4 Cand 0o, YOIY I, Jaame i Sis lo)  wommdaw az 0

! Anoectochilus



Journal Pre-proofs

g 0d Jolo ogmadas a0 71 slod ;o pglae 5080590k —polae )5 (Glga (oS 5 By 4 00 SES sladiged y0 Jpazme
Dol s bis g g, oo 50 Jgeama % SlaS 5

5 By 5 aT3 ooy S e e Bgole aile ole)S ol 5 o8 Sl Cupal Sl 4S5 ol 53 Lo
s g, WL 030500 zlgal 45 sl laisS a5 Lo,S JEDl manilSo Lyy5 wigd oo ¥ gaarmo 3 p1 50 CopeS <l Crgo
ol 93,5 2 Sy 51 5, 3 s e Jpeame s (sles > 51 iy I3 5 00 ik 35 e Jpana
slod Gl b e Bogele (S Sid alewy 4 ) GLS IS (0SS o a5 W B (VoY) ohles
5 ) )0 b gre Ol Lol (il pals asds VA badiges ol Sis o) o ugmmds a0 Ve 4 00 5l o S Sis
DNV sgr 5 ladiges 5, yoais 5V slales ) 45 (s, 5bas 4y0 5 osalice Jpamo o0l sla s ls

lod wad Al wed oo oolitul plojes Djge a4 Gale)S @ie g9 5l &S Slej (S P S SES o e
Al (VoY) o) Ken g ol aiS oo 0 lg LS 4 wlis SlS 5 pgasd Jeamme CoaS 4 ol Slhas Jgame
3 obespe ooliiul a5 ols lis mbs .wis S aslllas |) mmgp sloadyg pglae 5030550k —pglie 0,5 Sl (oS 5 (0,5 2
G Lol el s, Fe (JIVO 050 (00 (03,5 SiS 4 S | Jpaze paliSiS Gl e Sigele 5 05 lse
@ e &5 S8l Gl Gegeedes 423 VO Sl s 4 Jpame gl sles 08 (ggole B Dad 5VL ek )0 (>
Jleel b 500 ©)le a0 5 (adisloged (ol (il s Jpamme bty Ghall aile Jpamme S5, i Jlogine Gulj8l
LaalaS;y o 28 Jgame o 9>l Gty (i S Lol ad 5olisS anl)d oloj iz ye b wad b (iale) e 50 Olojes
9 5 ol 5 plojem oolal Jds a4y (65,1 Bras Coul par 005 Jpaze ol CodS S8l g g ooged wats |,
DT og salss VL Colye 4y e 5 e

S 6rSslr 5 oS5 slashs, 50 oy 4 50,5 Sl anld )3 Jpame sles a5l Gl Gl 5l 6,55l jshite 4
Syse oo sle Sy 3l S ole 4 ol Gl e w5l Srae G s g Jyaze o Sl Sleas S
edsn plol Cglite b g puiie Lo (03,5 Sl (B9 95 4 a5 Cewl 4385 15 osliu

Sly YL Gl 5l ib oo YU Jgame o3 Cugh, Jlade a5 0l )8 glosl jo e Lo b o0 S Sas g, 40
yae o e S | Sl sliie & Jpmme b Cush, sgine 18IS L g 19,8 el 55 on 0,5 K
Sydse Jyame CodsS g L Sl o)lge el )5 o635l Bran 28l ed 4 05b e 03l alS ole)S ae sled
Sladdyy 3,5 S anlyd g9, |y e slos 0 )l (hy; & (yen (53,5 I (VYD) oo 5 L e [1Y]
@z 8o Vo 5l g 00l £y ugmadw a0 Ve sleo b o S S ail,é as Sy ol lis il .wo,S addlhas yw
loo 4y s 4z 3o B ui S by wed oo Laa> o 1,8 L b g o ools zals wgamde a0 0+ 4 anld cleo
O ol gloo jo 0ald S sladises aliv 5 Jpamme CudS 5 SO a1 ped 8L S ugredis 4z y0 00 SOl
Vo alS coge e sladd g e 580550k 0,5 Sis 40 23l 6oSl ol 5l eolatwl [VF] wle Bl egaades a0
[A] Q0,5 wgmadan a0 00 ol sloo w4 s rdiged i S o) (adBs YY) (gows 0

Ly el oo Sloj sloosl )0 5 oglite Sjgoty (iole S e (ple)S @e S L) oglite (0 S S o
(sogol> 0,50 10 (oole ;0 0ad 0,33 (slo)S) ool 395 (Il il 5l (6T o e iy pl 4 0l oo allS ] sles
Jyams oS (Jy ol pslie (0,5 St I 5 Y5k anl ) lej wizye (s, nl 5o wilioe adbsl Jpame Cush; yxs
als I (0 T) ohlSs 5 o spdise B fge 3)lye it 53 wlyame 2 5l i ieleS Sl Sl e
Vooosiie o8 Glon b 0 S Sid 4 Cund ) Slie 0 5SS (e pole 3o gole —pglae 05 (Sloa (oS 5 (o S SaS
ol coge as cd )8 18 Lol S a0 5l Jeols (oYL sles L0U Cod Jgame coaS Ll ol palS as o Y I
Lol 03,5 5080900k 5 0,5 (slsn (gol,dl (10 S St @y Cond Lo )T @y ol DleaS 5 9 8l LSl 5 Jgame S5 Ol s



Journal Pre-proofs

Ghey b alie 53 1) (3ie Slge g Jpaze U) Sl oslite 3o 80s0ke 5 pglae 0,5 slse 5l oslitul (oS > o
Dol col 2als 6551 S pas 5 (libl 3,525 Sl lewily by, cnl ) wized &S Lai> g polie (oS 3

Ol g0k Dlidod ol dge @l 0,90 wad e B SIU Cod Iy gliie B, 4 (59,5 SiS 5 Sles oS sl L
5 Siged Sgdca ol (S olgn )0 i b g Jpame (abSiS ploy 40 il cge gl o) 0 ki 4 il
Jesl oloy Ll eogg,ole oS Sis b Ladsl LIS slaals woglite 10,55t o 45 wiols olas (Y-Y)) ol Sen
“Ohg) a0 ¥ Ghgels aB S0 ¥ - yhg, alBo ¥ lacsls )0 aS (g by 0l bdigel alSiS log elS el 5a99,50k
e g 4B YA 9 70 AF Coi i badigas alSiS (lo) agugs,Sole (hgels k8o ¥ -0y, 430 B g hgels adds Y
DF] ey Gl Jsame paiSas oloj ws o] (gels loj 51 525 5135, 0le 052 sy Oloj o losls 58 iz
OB g 353l bawg 5 (njed Seejoe GBS Pl g oSS olej g, it o5l sleoyed b (o)
-ogole akB ¥ sl b gl (oS 5 cpghie (S5 Jolds iz (9, B L) Jgame (T sl oads (w2 523 (V219)
Pl o p)l8 T 5l am 5 s Ae e 4y 55000 50 80y90ke jleslitinl Oy 4 (o (S p S slse akB ¥ 50 8
b 5e8090ke 00,15 Ol 5ham g aids A0 Soe @y 35000 )5 lgn jlosliinl Sjgo 4 (S5 - (oS g w8 skl B
5 2oy PA ply Cglie (oS5 sy y0 dised (SaSgz woyd (nykeS ol lis gl aisgel Sl ] gl
Vo o F oS 5 Ry 0 b Jols g, (nl 5o baiged SOy (ST Olysd 0 558 g a0 jo VoIVY Jladie b polae (oS 5
Sy > sl (asSas pleg il Jols Jpame (SuSsz Giide il bl U sedogle —pSilee aids
DIV] 35y (4835 VY0) (a5 - onS 5 b, 5l yieS 4ids MY b ooglite oS 5

(2l Jyame CoinS 5 anTd loj (59, sl 0y90 Jleel 555 (oS 5 (S SS9 )8 e Sl @ az g b ol
00l (g2 st Sy (0,5 SAS )0 3k e 8ys0le g 3k (8500 b 29l Slals) plejee amnlie Gids cpl o
loadyg abSlas anlb 69, H550e 3)lge g lagby) aed 23U Lul) cpl )0 abl oyl Gz (5 )y5lg alex 5l aS ol
2855 8 addlhs )50 o] (4S5 (suites Pl 5 st

gy 9 dlge -

anlllao 590 gl Lo —¥—)

“polde 0,5 Slop (oS S 0yhie jeBiigele wyhie 05 loa b 0 S SES bl 0 SSaS g, Foaallhs cnl o
Yooy adiBa Ve Jold dglite gl 090 s b gl 508 (yg0le —pglae 0,5 (Slo (S 5 ) 5 5 polie 3o 80550k
a5 8,5 )18 anlllae 550 5o 8090le (gels adds Ve by, 4lBS B g (geld adS B (b, alBS Ve (hgels aiSs
el 00 &8l 1o Lo 4odlS ) Jgaz o

Laadl Lylyi g asdlas 0,50 o les () Jgus
Table 1. Studied treatment and their condition

aiges g jweslel —Y-¥

Vodad eSS e 4250 T glos o laalesl plovl (lej U g ans lae, 5o 0 dilaie o 5l e ladiged
L jgoe glaadys a5 oad (gpSCemgy bumme sloo & G 3l 5 B Jlas 5l eiged Glaleil ye ) S el
LA oaly by e e ¥ lwls

Gde s g Gegendw 4550 1+ Y slos o el 5l eolaiwl L AOAC o lusliw] wlul s (sladiges adgl cush ) (sgime
DAL s 6505l celes YE

(308090 —p 5 $lg8) (o5 ¥ (F S Olaslo -V-Y



Journal Pre-proofs

JS2) wd oolial (alaslojl 508050k —p 5 lsp (S 5 (S SS lsr slaadyy (9,5 Sas wn T el ol
g2 (599)5 Cromd ol 0ud LSS Iga (29,5 9 (S SiS aladoe dga (50955 Jold Lol (3w 4wl (S Ses cnl ()
Sl 5 S5 FO 555 L aaies K, T (st 13 45 ool oIS ol it | el Vee Jobo 4y JUIS S, 51 s
o2 9ly Sy abisg 4 oSS plei sl oad ools 1 Ten by 50,50 gl (Ko Sp,S S sl ¢IY (e
ol s 8

il (glis ) x o ye xJsb) yio il FoxVFxOB slal 4y 5 yio ee 10 Cuslies L MDF (glaad,s 5l o5 Sts alaioms
Y Y S St aliioms 50 cpo,dcsole Zlsel Ll sl ol oo rle agaimos] slaadyg b o] 5N el g o
ci oY e s g Job wad ceal bagiew b 9 Vb ) 90 )0 5 plaS 58 (6l Dy B0 Bl b e Sgsle 58
B asls 8 o e sla ks g5, booesY ilonds o ;K308 51 e dhon 0 il alols Ly a5 il oo oo oo 10 5 YO
eSS Sl a8 Cunl oalds plais (5 5k (s050e Aol pl ol i | Jeame dow mhaw e (gog0s alold et
o Bogole slacuel 5y yeis Gojbo 3l 0SSt slos walas V] 0,5 050 Jpame Lo o090l (il i o
Oy Sln gl 090 Slml sl 098 o0 plol Jyame (s 5l lacwY (sog90s Alold oS 5 (Jaio jed a2y SG alwga
iley ol vy et (SSis 4 Micro Max, DT-104) Jliows miwpbey G e ,8098ke slacwY ol yhgels o
5 550 gl 0590 )T 15 oolil 50 55T Sy b ol o 45 gy kiS85 Sl g Jlail o o3l Cls g0 (ol
O L8 Gl wgeion Sisels 5 B, | 3800k laceY Gl 5 y5e slagley jo jeSLUS 5 w0 S wlal el (s,
Soly S Jol g loads ools S8 0SS jalre (S S abadxe Sl 0 i 90 (S B o Jaase
b sl o e ], 4 R232 Jlasl aloasg 45 505 03] 45 Consl i p,8 /0 ) s by (0l GF 3000 Jow AND) iz
aldize J21s il & y900 55 p9d (s iled S 5 S0l g (slaaiged oz Dt (9 S SAS T8 Jsb
B Ol sy oad Sias anlp Job o (&S sladasiie Slds (5 pSelail sl 5l 950 sladises b agd e 03ls 1,8
gl ools

L1, (0 5 955 (F dsa 29,5 (V)5 S ddaass (¥ dan (63,9 (V 50,8 (y90le =5 slgp oS 5 (S S .(V) S
Fig 1. Combined hot air- infrared dryer; 1) air inlet, 2) drying chamber, 3) air outlet, 4) digital balance and 5) PC

S yod (S Sl Slasin -Y-F
olas ¥ USs 0 ol olgz b a5 ol eolitnl alBisle;l (slawad S Sis 5l bed by, 4 guad (40,5 SiS gly
99,9 Lidu Jelis jisu ¥ shls e stle YAXYA ahaie gdaw g yie cile VA Job @ S Sis ol LY+ ] oas ool
59 Slioe I9o slos Gl Cazr SlsskS O laglyi b (S iSIl (Sp S das a5 a0 s y5e Ce s b lse 05T 50 Gl
SISy 5 s Sy 4 Iys ol o ool oad 45,5 15 13 aiSh S 5 oaias o Lo e s ol sl sue
S e e Vot 050> (sogas alold b sogaiegll i S3e 50 S SLiS alabze 10 ALS o Sy S Sis alhize 3o
Jaie o5 E ) 28 L ()5 GF 3000 Jow AND) Jlious (595l 4 poiive &g 4 by coow 51 (S6 0510 13 50080
Sz S jsb 4 g0 (o g Wleioo ud atalojl Jsb 5o 1) Weaigad oy g 005y Jate JiseslS ) 5 g3l a5 ol
5 Lo s s (S SUs alados 2o ol a8 S 18 (S Sis &Sl e e Ve alold 4y a8 eles (6T ol
5 lgp cond Cugb; wo ) (6T oslail (gl londs cual (S i aladors lgp s Cugb, g Lo (6 Soslail gl Cosh
S Sz 2 slea sleod S gl p ol 0als aad S S (59, Bl sl SO 0 S S Gldas oy a8
DS SiS slgp i Cugb )y (6 Sl il ouls colawl (AZAST — Autonics) Lo aUlS aw oS a8 axly S 5l

SrSoslail gl co ool flas Hleyd ol (59, ¢ plxil doyo Y cds L (SAMWAN ENG, TAIWAN) ziwcugb, lawgs



Journal Pre-proofs

Ogi

G g (O Jgp e s 5 oo 0aisS ;S aliase b ylo,8 ol (F e (V08 (V dgp (699,5 (V 1 o8 00 S St o oz b () U
|5Jb 9 (A ‘JL.ou& 65}‘)3 [\ uf&wd]aamdzi)é (F Sie

Fig 2. Schematic diagram of the convectional dryer; 1) air inlet, 2) fan, 3) heater, 4) air temperature and velocity control panel, 5) trays, 6)
entrance of drying chamber, 7) digital balance, 8) air outlet
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Fig 3. Drying kinetic of carrot slices at different treatment
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Table 2. ANOVA for the parameters of drying time, D., true density, shrinkage and AEc and AEo of carrot slices at various drying methods
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Fig 4. AEc and AEo of carrot slices at various drying methods
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Introduction: Drying is an important and effective method to preserve foodstuffs and agricultural products. Energy
consumption is very high in this process, which leads to an increase in processing costs. On the other hand, most
dried products have lower quality compared to fresh ones. Convective drying is the most common drying method. In
this method, the drying time is long and the products suffer quality losses such as color changes. Combining this
method with other drying methods such as infrared drying can reduce the process time. However, the continuous use
of infrared also leads to quality loss and thermal damage to the product due to excessive increase in product
temperature. Intermittent drying techniques are new methods that have been developed recently in which the heating
source is turned off at certain cycles. Despite their positive effect on preserving product quality, these methods may
increase the total drying time. By using this method in combined hot air-infrared drying, it is possible to benefit
from the positive effects of both methods simultaneously. It is worth mentioning that selecting the optimum time for
turning off and on the heat source (optimum cycle) is an important parameter in intermittent drying techniques.
Therefore, in this research, the effect of the intermittent drying method and its cycles on the drying time, effective
moisture diffusivity, and qualitative characteristics of carrot slices was studied.

Materials and methods: The drying process of carrot slices was studied using a combined hot air—infrared dryer, in
which hot air was used continuously and infrared was applied intermittently. Three different cycles were
investigated. In the first cycle, the infrared source was turned on for 5 min and then turned off for 10 min (HA-IR
(I:5-10)). In the second cycle, the infrared source was turned on for 10 min and then turned off for 10 min (HA-IR
(1:10-10)). In the last cycle, the infrared source was turned on for 10 min and then turned off for 5 min (HA-IR
(1:10-5)). In these treatments, the hot air temperature and velocity were maintained at 65°C and 0.5 m/s,
respectively. By adjusting the infrared power, a drying temperature of 65°C was applied to the product. To compare
the results, the drying process was also studied using continuous hot air—infrared drying (HA-IR) at the same air and
infrared source temperatures. In addition, hot air drying (HA) of samples at an air temperature and velocity of 65°C
and 0.5 m/s, and infrared drying (IR) at 65°C were also conducted. In the IR drying, ambient air with a temperature
of 20-30°C and a velocity of 0.5 m/s was used.

The carrot was cut into slices with a thickness of 4 mm. Then, the slices were dried in a combined hot air—infrared
dryer to a final moisture content of 0.3 g water/g dry matter. Drying time, effective moisture diffusivity, and
qualitative characteristics such as true density, shrinkage, and total color changes of the peripheral and central parts
of the carrot samples were measured. The data were analyzed based on a completely randomized design with three
replications using MSTAT-C software, and mean comparison was conducted by Duncan’s method at the 1%
probability level.

Results and discussion: The results showed that the drying time of carrot slices using HA, IR, HA-IR, HA-IR
(I:5-10), HA-IR (I:10-5), and HA-IR (I:10-10) drying methods was 257, 242, 166, 227, 219, and 203 min,
respectively. The drying method had a significant effect on the drying time of the samples (P < 1%). The effective
moisture diffusivity of carrot slices was in the range of 6.227x107"! to 9.226x107"' m?/s. True density, shrinkage, and
total color change of the samples were also affected by the drying method (P < 1%). The lowest values of true
density and shrinkage were observed in the samples dried by the intermittent treatment HA-IR (I1:10-10), with values
of 1.043 g/cm® and 83.94%, respectively. Their highest values were obtained under the HA drying method (1.115
g/cm?® and 89.14%). The color change of the peripheral and central parts of the samples dried by HA-IR (I:10-10)
was the lowest, with values of 7.47 and 6.43, respectively. However, the drying time of the samples under this
treatment was 17.8% longer than that of the samples dried by the HA-IR treatment.
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Conclusion: Intermittent hot air—infrared drying with a cycle of 10 min on and 10 min off of the infrared source,
HA-IR (I:10-10), helped preserve the quality of the dried samples. However, the drying time of the samples was the
second longest. Therefore, the HA-IR (I:10-10) treatment could be considered the best choice for drying carrot slices
with acceptable quality.

Kerwords: Carrot, Combined Dryer, Hot air, Infrared, Intermittent Drying, Qualitative Properties



