Food Eng. Prog.

Vol. 19, No. 4. pp. 306~312 (2015.11)

DOI http://dx.doi.org/10.13050/foodengprog.2015.19.4.306
ISSN 1226-4768 (print), ISSN 2288-1247 (online)

PRy

Food Engineering Progress

!'.

S al 3 He 23 =2 = nl &
Ciefel dE A SSUUE olSet o] =2l 54 &4&
A - w87 - He! - Ale)? - 2R - AR QP
Ak vlol A F e, A Sk AP AL A FF T
CEENETH FRTPAAY FAFALE, AFNGL HFAF TS

Effect of Various Freezing and Thawing Methods on
Physicochemical Characterization of Carrot

Jae-Hyeong Kim, Sang-Gi Min, Mi-Jung Choi', Seon-Mi Yoo?, Yeon-Ji Jo, and Ji-Yeon Chun®*

Department of Bioindustrial Technologies, Konkuk University, Seoul 143-701, Korea
!Department of Bioresources and Food Science, Konkuk University
Department of Agro-food Resources, Naional Academy of Agricultural Science, Rural Development Administration
*Department of Food Bioengineering, Jeju National University, Jeju 690-756, Korea

Abstract

This study investigated the combination effects of various freezing and thawing methods on the quality attributes of
frozen carrot. Carrot samples were frozen by either individual air blast freezing (ABF, -45°C), liquid nitrogen freez-
ing (LNF, -80°C) or natural freezing (NF, -24°C). Frozen carrots were thawed until the center temperature reached
4°C using natural air convection thawing (NT), flowing thawing (FT), sonification thawing (ST), or microwave
thawing (MT). Changes in the quality of freezing and thawing combination were determined. In LNF, MT showed
the most rapid thawing time (9.4 min) followed by ST (73 min), FT (87 min), and NT (84 min). LNF showed min-
imal thawing loss compared to those of ABF and NF (p<0.05). Hardness and water-holding capacity were decreased
after all the tested combinations of freezing and thawing methods as compared to the control (blanched carrot). The
highest thawing loss was observed at all the thawing combinations with NF. In the textural qualities, LNF-FT com-
bination showed the best retention of hardness. In our study, LNF resulted in better quality attributes when it was
combined with each thawing method compared to those of ABF and NF.
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Fig. 1. Freezing curves according to different freezing methods
(LNF: Liquid nitrogen freezing, ABF: Air blast freezing, NF:
Nature freezing).
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Fig. 3. Effect of different freezing and thawmg methods on
thawing loss of carrot. "“Means with different superscript letters
within all sample are significantly different (»p<0.05) by Duncan’s
multiple range test. ***Means with different superscript letters
within same thawing system are significantly different (p<0.05) by
Duncan’s multiple range test. ’NT: Natural air convection thawing,
FT: Flowing water thawing ST: Sonification thawing, MT:
Microwave thawing, LNF: Liquid nitrogen freezing, ABF: Air blast
freezing, NF: Nature freezing.
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Fig. 2. Thawing curves of carrot according to different thawing methods. (A) Natural air convection thawing, (B) Flowing water
thawing, (C) Sonification thawing, (D) Microwave thawing; LNF (Liquid nitrogen freezing), ABF (Air blast freezing), NF (Nature freezing).
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F2 vd £ Y2 BFAAL. F IR FEYES o nAe IS Uehdch 2o EANEoR Aen
3 AF BegS fAsked o, sl e HEYE FT 32 ST AL ul CIE L' #Zaste 43S 1w
JEPHO] L Bol WE A0 A7HTh ofb The AelTeh AR £2122)(p>0.05) el
Table 1. Effect of different freezing and thawing methods on color of carrot
Freezing system"” Thawing system” Lightness Redness Yellowness Total color difference
Control® 53.7120.25"59 28.3941.47485¢ 47.33£1.34* -
NT? 54.661.144P 29.98+0.64" 46.96+0.25" 2.16+0.37°
LNFY FT 53.28+0.73" 28.8942.634P 44.63+1.82* 3.55+1.87°
ST 52.46+0.78" 23.38+3.64° 43.24+0.65" 6.85+3.01"7
MT 55.32+1.26*° 26.6642.854BCP 46.92+2.86" 3.67+2.528
NT 54.36+0.6748 26.91+0.6748 44 .85+2.34* 3.25+1.948
FT 55.32+0.4848 29.0842.98"5CP 46.92+0.48" 2.98+0.928
ABF AB ABCD A B
ST 55.15+0.91 27.32+3.13 44.82+1.53 4.11+1.40
MT 56.44+2.1048 25.50£1.065° 46.51x1.36" 4.57+0.938
NT 52.34+2.3448 26.0241.754BP 43.07+2.86" 5.22+3.78"
FT 53.66+2.20° 24.0142.38P 37.31+7.38" 11.26+7.37%
NF
ST 53.38+2.06" 27.1842.284BCP 45.34+2.71* 3.29+2.988
MT 53.05+2.68* 26.6941.9445CP 45.1743.58" 4.32+2.79°

DFreezing was done to -12°C for all freezing condition.

IThawing was to 4°C for all sample.

?Control represents for blanching samples.

“Values with different superscripts in the same row are significantly difference (p<0.05) by Duncan’s multiple range test.

YLNF: Liquid nitrogen freezing, ABF: Air blast freezing, NF: Nature freezing, NT: Natural air convection thawing, FT: Flowing thawing, ST: sonification
thawing, MT: Microwave thawing.
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