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Abstract

This study was carried out to observe the effects of various combinations of air blast freezing and microwave thaw-
ing on the physicochemical and nutritional properties of carrots. Carrots were cut into 0.5x0.5x5 cm cubes and then
frozen at -40°C at various freezing rates (0.2, 0.4 or 1.6°C/min) until a -12°C central temperature in the carrot was
reached by using an air blast freezer. Then, the frozen carrots were thawed by using natural air convection and
microwaves at 200, 400, and 800 watts. After the thawing treatment, physicochemical properties of the carrots such
as pH, thawing loss, hardness, color, morphological images and changes in nutritional compositions were also ana-
lyzed. In physicochemical characterization, thawing loss and hardness decreased with increasing the freezing rate.
In morphological observation, ice crystal pore sizes in frozen carrots were 0.7, 0.3 and 0.1 mm at 0.2, 0.4 and
1.6°C/min, respectively. They significantly decreased as the freezing rate increased. For the nutritional characteriza-
tions, the vitamin C and organic acid contents did not differ depending on the freezing rate. The sucrose content
was the highest at the 0.2°C/min freezing rate. Therefore, we suggest that a faster freezing rate is effective to main-
tain frozen food quality by minimizing tissue damage and changes in physical properties.
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5 um, Kanto Chemical, Tokyo, Japan)S AME-3F 3L, Fr&2
0.6 mL/min ©]RSo™ o] 54L& 0.1% trifluoroacetic acidE
AREEIAT Al FYPHFL 20 ul ©]$ 2™, UV detector
£ AH&-3Fe] 254 nmoll A HIER CE 4 3H3ith.

oft oo
ol

K

el e =y
FEF dEFe AxHE AlF 1.00£0.05 goll FFF 50 mL

< 7Fsked 200 rpm, 3A17F XE F#£3 & Whatman No. 2
oAHfA R ZHSE A Fete] S0mLE FEstArh FEES
0.2 um nylon syringe filter2 ¢ 3}3}o3 Agilent Technologies
1200 series HPLC system(Palo Alto, CA, USA)Z #2314
. HPLC #4272 column®ZE Shodex Asahipak
NH2P-5-4E(5 um, 4.6x250 mm, Tokyo, Japan)E A}-8-3}5
3, HAE7]= ELSDE ARESIion, ol&d2 70%
acetonitrileE 1.2 mL/min =2 SHFYIL 10 uLS
st EASIA tHHwang et al, 2011). REFEIEE

fructose, glucose & sucroseS AH&-3F31Th.

=
F714F dHEEe Kim 5(2012)9] W
Atk Ax"E AlE 1.00+0.05 g0l FHFF 50 mLS 715}k
200 rppm, 3A17F & F&3F & Whatman No. 2 o 2}X]
(Whatman, Maidstone, UK)Z ¢]3}3te] 50 mLE 48313
. FEEL2 02um nylon syringe filter2 3}3}¢
Agilent Technologies 1200 series HPLC system(Palo Alto,
CA, USAZ 43ttt ZE-2 aminex HPX-87H ion
exclusion column(7.8x300 mm; Bio-Rad, Hercules, CA, USA)
& AMESIS AL, HE7]= UV detector(Agilent Technologies,
Palo Alto, CA, USA)Z 215 nmolA] &3t om, o542
0.008 N sulphuric acid €92 0.6 mL/min §&22 S8

)3k Aol siE 27

o mE wasl olsiey 54 0 gl wsh 295

3L 20 uLe FYsk AT BFEEE oxalic acid,
malic acid, succinic acid ¥ fumaric acidES A3} T}

SAEA
FAIEA] S SPSS 57| = 19l (Statistical Package for
the Social Science, Ver. 12.0 SPSS Inc., Chicago, USA) <
olg&ate] 7t SAFE] W BFUAE S A7k
9] zo] §-5F-& one-way ANOVA(Analysis of variation)Z.
A%t ¥ Duncan's multiple range testE ©|-8-3+4 p<0.05 4~
oM frelds AT
Zd3p o
454 K20 W olsfes B Su

EL]Lg.EE.\:ﬂ

0.2°C/min, 0.4°C/min % 1.6"C/m1r194 Y

on, 2AAYE(0.2°C/min)e] $-ol= oF T Y=

Azrol 2g.s|lom, ofsh dhel 3. 6°C/mm)»g%4 %
3
[e]

Fole 9 &ntl]l F73] WEo] o] FoiF ek Ea A<
5(0.2°C/min)y &£o] 508 Wah= o] 7k of
408 AE 2edROR, A%, 18 YEAFE ol
T3] #43) ashe AL BATHFig. 1A).
Fig. 1B 39| sleatd& Uehd e zojnt. £ <1
A e 0.2T/min = = 04T/min = 1.6T /min
0
[ pelj) 30 40 S0 60
2 T L,
; ‘\ -\"A
£ ' 5,
:E' 8 "‘ '\__
= 10 1 -’x_.
12 ! A
14
Freezing time (min)
B e 200W = = J00W em— 800 W

8 10 12 { 14 16

Temperature ("C)

Thawing time (min)

Fig. 1. Freezing (A) and thawing (B) curve according to freezing
rates. Freezing was done to -12°C for all freezing condition
Thawing was done to 4°C for all thawing condition.
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Fig. 2. Effect of air blast speed and microwave power on (A)
pH and (B) total color difference (AE) of carrot. All samples
were frozen until -12°C and thawed until 4°C.

) Each data was expressed as the meantSD of three separate
experiments.
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Fig. 3. Effect of air blast speed and microwave power on
hardness of carrot. All samples were frozen until -12°C and
thawed until 4°C.

YEach data was expressed as the meantSD of three separate
experiments. Values with different superscripts in a column
indicate significant difference (p<0.05) by Duncan’s multiple
range test. “C Means difference with freezing rates. ™ Mean
difference with microwave power.
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Fig. 4. Effect of air blast speed (A) 0.2°C/min, (B) 0.4°C/min and
Images were imagnified by a factor of 50. All samples were frozen

400 W.
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Z70ol uke J2e] ojsiekd 54 gl ] wst 297

(O) 1.6°C/min on size of ice-crystal of frozen carrot by SEM.
until -12°C and thawed until 4°C and samples were thawed at
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© 2 o]&% 3 AUtKKim et al,, 2012). G| HIEI
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6.6~8.7mg% (fresh weigh) H$l U AS0=Z HIFHo]
ATHKim et al., 2012; Jin et al., 2006). YE5&Eol] w2
2o g C S 243 A= Fig SAT 2th
=71 F o] viE C 2 3.09 mg%o] AL, Wl
S AE ¥ 2.98-335mg¥% HIARE WEEET}t WEFE Y|
B C RE wron} 1A AolS wol Uk
(p>0.05). Hwang 5(2012) & S35 -20~-70°C H < olA]
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A A% A MER C S AG7100] Dold4E
Aol 2 0T et YEAFEY veh C 3 s
EYESERG A% F Wit 2 o= waE.
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(Sahari et al., 2003; Kwon et al, 2006; Sung et al.,
2010; Holzwarth et al., 2012).
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Table 1. Quantitative changes in general compositions according to freezing rates.”

Samples Thawing loss (%)? Moisture (%) Crude protein (%) Crude fat (%) Crude ash (%)
Blanching - 93.97+0.05* 0.71£0.01¢ 0.11£0.01° 0.28+0.00°
0.2°C/min 17.40£1.414Y 90.46+0.01° 1.04+£0.01* 0.14+£0.018 0.36+0.00"
0.4°C/min 17.0243.574" 91.03+0.01° 0.930.05" 0.13£0.01¢ 0.33+0.01¢
1.6°C/min 11.9143.428 90.80+0.00° 0.97+0.02" 0.16+0.01* 0.35+0.00"

YAll samples were frozen until -12°C and thawed until 4°C.
2 Thawing loss of thawed at 400 W carrot.

3 Values with different superscripts in a column indicate significant difference (p < 0.05) by Duncan's multiple range test.
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Fig. 5. Changes in the vitamin C, free sugar, and organic acid
contents according to freezing rates. All samples were frozen
until -12°C and thawed until 4°C.

YEach data was expressed as the meantSD of three separate
experiments. Values with different superscripts on the bar indicate
significant difference (P<0.05) by Duncan’s multiple range test.

Fig. 5B¢} Zoh HX]7] & <9 fructose, glucose 2
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