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Introduction: Due to the perishable nature of food, especially vegetables, and the need for long-term storage,
freezing is one of the best methods to preserve food, and thawing is often required to use frozen products. The
purpose of this study was to use the combined method of defrosting using hot air-infrared radiation and the
interaction effect of temperature, air velocity and infrared radiation source power on the quality characteristics
of defrosted cooked carrot samples.

Materials and Methods: At first, after cutting, the carrot samples were cooked at 75 °C for 30 minutes, and
after placing the thermocouple inside the samples, they were frozen at -18°C for 48 hours. Then, the effect of
defrosting parameters including air temperature (30 and 40 °C), air velocity (0.5 and 5 ms™) and infrared power
(100 and 300 W) on the quality characteristics of defrosted cooked carrots was investigated and the sample
thawed at 25 °C was considered as a control sample. Increasing temperature, power of radiation and air velocity
had a significant effect on thawing time, ascorbic acid, beta-carotene and thawing lost and pH (P<0.05).

Results and Discussion: Using this method, the thawing time for the control sample was reduced from 47 min to
6.11 min in the optimal conditions. The minimum pH was 5.49 for treatment 1 and the maximum for treatment 6
was 6.28. The minimum amount of ascorbic acid was 2.63 mg100 g* for treatment 1 and the maximum for
treatment 6 was 5.78 mg100 g. The amount of beta-carotene in the control sample was 29.21 mg100 g* in the
minimum condition and 49.33 mg100 g* in the optimal condition. The highest amount of loss due to defrosting
belonged to treatment 8 by 18.32% and the lowest amount belonged to the control sample by 44.7%.

Conclusion: The use of combined infrared-hot air method is very suitable for defrosting cooked carrots. In
addition to reducing the duration of defrosting, it maintains the quality of the product to a great extent. This
method is very cost-effective and its investment and setup costs are small and can be used for various products.

Keywords: Thawing, Cooked carrots, Infrared, Hot air, Sample quality

How to cite this article:

Shahsavar, R., Kashaninejad, M., Ziaifar, A., & Maghsoudlou, Y., (2024). The Effect of Combined Infrared-
Hot Air Thawing Process on the Quality Properties of Cooked Carrot Samples. Innov. Food Technol., 11(2),
140-154. DOI: https://doi.org/10.22104/ift.2024.6580.2162

* Corresponding author: kashani@gau.ac.ir


https://doi.org/10.22104/ift.2023.6059.2134
https://doi.org/10.22104/ift.2023.6059.2134

oglc Gjljg

@ DOI: https://doi.org/10.22104/ift.2024.6580.2162

. ) . mlia‘uxta‘qp glojlw
VE-Y Gl N VOF asmans ¥ o)leds V) 0,50 die Cario ;o az slag,glid dalilad Jlpltnisipgnale

S

Pl 3 55 Sl = 3058 593l axdil (oS (1050lzil a3 53
S0z Sl dity gu gb (sddiged (S
TPoguatio oz T B 0 ld dazoylol (IIB GLEL (Gten < ylgmated (il
OB orb 2l 9 (6539LiS pole oKD ((Iid &y luo 0uSlils ( ldé galuo g pole (5353 Gais gol (Al )
5T orb alio 9 (65,9l polke olRiis « iIid @slus sSLAINS ¢ o1lid g3luo 5 pole 09,5 Sl ¥

OB 55 (b 2l 9 (55,9l pale oLl ( 10 &yl 0uSLiils (213 2yluo g pole 09,5 jLuiils ¥

OB X1V N 155 s ey AFFNe /1) 206,553 23T g yb IFY o AITA sl s ,6)

RV

SIS by e 3 (S dap] Do Ysh (g)lSS 4 5l g Slmies segasa « liddlse 0g pdyalud Lse
=55 hgy 5 ekl (59, alllas cpl el lojolezsl anl 55 desmie Jgame S| eslitul dej¥ 5 slexl dl
3 e oy losolezil oadaizy e gladigel (&S Dluogas a5 (glsmjed gole (WL 5 eslitul b glojolex]
O3 5l e g oo aidu Yo M Gawds YO °C led o 6,5 IB 5l om moge sladiges Tl o iegh opl 40 ol
lsa slos Jolss olazsl 28, (slo ol )y J,.;b e B0 Jozie Celoo FA oty —VATC glod 4o dadiges (9,0 JrgS 90,5
-aiSy glaguge (&S Slaogas (Ve 5 Ve W) 5o 8 ygole (il g5 5 (0 5+ 10 MS™) o > Sy (F+ 5 ¥-°C)
o ol a3 Jlai o sald diged flgicas YO °C oo ;o wads olojoloss] diges g Wd)S oy p odd oldjolesl sk
«SpgSenlienl lime (2lojolozml oy 2 lse bz S g AU @i Olgs dos Blie ST ol (lis gy ool Sl Jel>
=S 5 eloyelezl lojans (igh ol o (P10 0) sl o sme il pH g lojolessl 5 a6 <l 5 59,5k olyme
a5k wals dise glojalezmil gly 5L 9550 loj & Gl dezmis (goabaiSy usr ladigel )5 (slsnjed (yeole L
$ o as a5 (410 MSTlga iz Ve Wl e °C L) VLo &y aieeS o o pH .l falS g5 LB
W g5 £+ °C Led) £ Lo a4y auresd S 55l (i s el olaisd (0 MsT g oy 2 Voo W s oF+°C La)
4 3late ( glojolozsl I S8 ZSl (i (0 iden 05 bgyye daldh diged 4 (g, (lime (0S5 (O MS™ g2 2 )¢
O9ole (oS 5 g, 5l eolil o9 vals diges 4 Blate e cp xS g (O MSTga b ¥ e W lgs F-°C L) A Lo
Jpare CoinS ¢ glojolezsl lajinde (ol pogdle sl conlin Lo ssiiaizy slagugn (olojolezdl 1y o5 (sloaje )3

&S oo Lai> ool 0> b,

oS 0,5 (Glad (30,8 (y90lo coddiy gu gB « 210 joleil tguudS saejlg

kashani@gau.ac.ir : Jgiuws odiug g *



VE-Y liae; VFe VOF dmio ¥ o)leds V) 0,90 diE Gt [0 wax slas,glis aslilad O VEY
—~
Lolis a5l el gl Jlnsl (malidl g (Ss; Lalya oo |

ol 00 daztie oolelanus g ookl slaldé b yas gl
58y 2l Sl gilweslel § Coy (03,5 5T I
bl Gias Jlisa BasScae o [V ol
Gras g (A aes olae a5l e g coasSU
Gl Lol i3l el o Sl alie gl 4y lomy e
plesl 5l Gus [a] sl sads sz Sl w8 a0
Ol oS leyelazil anld L5b ey wign ol
510 Dbz Copm dos Sl g 08 (Gloan e)8 ye0le
men sladiges &S olss p jed edle b ol

NGV IV SRV S RUEY P W V1)

Ubu';’ag) 9 .>|9.n Y

oolaiwl 0590 Slgo ) .Y
F hie ol (Daucus carota) zuge ;| idgh ol ,
O Sllgw o Jbww S o Jdguil g l57 g5 -V

s 08l b tgloj alool gl 51 pauds s

9d Waiges g3lweslel ¥ .Y

e L 5l o3l (Daucus carota) gge (slodiges
@ lalginl B Lawgs (lgiand 5l 9 as Q55
5 GeS B VY MM culses 4 5 YY) 0 MM L3
Yo min Soeas baiges w0 oo oyl adgl o34
cd S 18 coy anld oo YO °C sles Lol o
S5 slod sy 5 Lo pSolal jglaneas [V -]
CS5) hsSses gt N°C 4 plojolexl o>
Sz S, o (TM-947SD  Juo IsLIS (g5
st o 5 e Loe £ MM alols & onis o5 B
b gladd 58 50 Sl FA Soady s 5 28,5 13
IV o] ot ez —VA °C glos

219 30lezmil w4 ailobu Y. ¥

Slar oS 5 aibels 51 Slojolessl Sllee plxil ol y
0uSisly g oligle3l 5o sEis 508 (ygolap S
S onb el 5 (55,58 olStils lié ol

IS Olsiea 5 o)l Gl bz eolpls 4 mse
okl 355 0 Glofag ol (Sl g Dlom e
OBl ez g slagls, 8L, rl sl )l e
Gras sy Lol a3l b ol s o] 6,50l
nst slagbs, 3l eolital a5 il SYpao
9 Sl Bl a5 (55,5l DY game )l
(650 Ngame g Bale gloyose ulBl oy
3 oolaiwl (gl 0gd oo slpaing slaseil gy 3l colatul
3L 950 Slazxil wiul B )lge el o s Jgaxe
Ol yad 9 plonil latunll goviay oS 50,0 5 Sl
9 Lases )5 5 C oreling (528 o 5l wile (gllacl
g o o0 Sl Slaé oole oS 5T ples zals
aboe lS sad glbjolessl  glidesls  coasS
e e 2lojolezml gy ol palple VLY
ehoioleazsl sm (olojolel Jgase slo by, .onl
5 2 Ok ok e 5o Vsame lp lse 5 O o
o sty el sl o Y] el walist
logolazsl YU jLad jo slsjoless] auile ¢ oo joles]
glyl b 2lojolazsl «Semal plojolozl ggain, by
G 2ljolel (peoly Zlael L glojolessl (gol,d
Ngd g ooliial g a1l dewsi 30,8 ole Il S
caldyoless! sly jed eole il 5l eslanal [F]
ol gljolexl (ng slagty, ple 4 S
Loy ool plojolesl lojooe ymals cel 15wl
m3 0B gl joleil Jgama 53 wollasl Dl i 5

Lol ol o) 55 ol oylaloly a3 craiomon 35

Ol cu s g i ,S ol ¢ ol solezsholessl a8
u.&lS 6‘)" ..»560 0)‘5 wj &‘MOOLA WQ.S L

b spmy! wilbe plboanl i docwul ol Glie
Oy e 5] e ollas slezl ail 3 5l L8 ey



VY O a1 g0 ko diged 5 (150 50,8 (ig0le axdl (oS 5 lojolacnil iz B oo 5yt

Y

ged by auglio 15 (0 5 /O MS™) gloo ()l ooy o2 sdigel &S Sluogas p 508 gole il
o plodl VOC @ diges 35 10 slod (youm, b amlis pll 5l L8 aa 8o Ve ol cw) o oo jolesx]

Lj dt’“ B aals 4.:3.0.’ u.u.bjj.i O"‘ L (\ Jj..\}) ul...Lo.c 9 wj) oKwo ‘G;lo)ol.a:ul uL..Lo.C

A 2y slezsl YO °C sleo 9 ¥C) lga sled 90 Julis Jlows A yo ool joless]

5 &l = a8 Dgole Gl (oS 5 (2lojolezsl ailels (1) S

Fig 1. combined hot air-infrared defrosting system
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Fig 2. Image of device used for combined hot air-infrared defrosting system
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Table 1. Treatments and variables used in the combined hot air-infrared defrosting system
Symbol Air flow (m/s) | Infrared power (W) | Air temperature (°C) | Treatments code
F0.5P100T30 05 100 30 1
F5P100T30 5 100 30 2
F0.5P300T30 0.5 300 30 3
F5P300T30 5 300 30 4
F0.5P100T40 0.5 100 40 5
F5P100T40 5 100 40 6
F0.5P300T40 05 300 40 7
F5P300T40 5 300 40 8
Control - - 25 Control

P (Lo e o) F (59 olyr 22) T (10 sled)
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Fig 3. Comparison of thawing time of different treatments of carrot samples defrosted during the combined infrared-hot air defrosting
system compared to the control sample
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Fig 6. Comparison of the weight loss percentage of carrot samples defrosted during the combined infrared-hot air defrosting system
compared to the control sample
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