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Effects of Various Thawing Conditions on Quality Characteristics of Frozen Garlic
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ABSTRACT

This study investigated the effects of thawing conditions on physiological activities and quality of peeled garlic. Peeled
frozen garlic was analyzed after thawing at low temperature (4°C), room temperature (20C), tap water (20C), radio frequency
of 27.12 MHz, and 2.45 GHz in a microwave. As a result, the time required to thaw garlic to 0°C by various thawing methods
was shortest at2.45 GHz in a microwave, followed by 20°C tap water, radio frequency of 27.12 MHz, 20C, and 4T.
Microwave thawing was faster than other methods, but it resulted in significant non-uniformity of heating. The hardness of
peeled garlic significantly decreased upon freeze-thawing, whereas it showed improved hardness upon radio-frequency thawing.
Total color difference in garlic increased upon freeze-thawing, and it was not improved by various thawing methods. Antioxidant
activities were determined for DPPH radical scavenging ability, SOD-like activity, and reducing power. Total phenolic
compounds and flavonoids in garlic extract were measured as 3.222+0.214 pg GAE/g and 0.149+0.03 pg QE/g, respectively.
The content of total phenolic compounds was significantly reduced by 2.45 GHz microwave thawing (1.90+0.02 pg GAE/g);
however, flavonoid contents were slightly reduced under freezing and thawing conditions. The DPPH radical scavenging ability
of garlic extracts was not affected by thawing methods; however, SOD-like activity and reducing power were slightly reduced
by freeze-thawing. These results indicate that physiological activities were not improved by radio-frequency thawing; however,
thawing time and maintain hardness were reduced compared with conventional thawing methods.
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Fig. 2. Thawing curve of frozen garlics under various thaw-
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Table 1. Changes in hunter color of peeled garlics during freezing-thawing

L, 4T A7g3 tlz27o] 1.55+0.13

Before freezing

After thawing

Thawing condition AE
L a b L a b

Control" 76.40+1.03%2  —438+028  17.23£0.60™  77.26+0.94%  —5.32+0.28" 18.09+0.53° 1.55+0.13°
4T 75.93+1.07 —4.1340.20 17.18+0.86 40.72+4.09°  —3.32+0.72° 11.87£1.50°  35.63+3.95°
20C 75.68+0.80 —4.13+0.31 17.28+0.61 44.83+2.50°  —3.110.60° 13.17+0.85°  31.1520.69°
20C tap water  76.06+1.41 —4.10£0.25 16.93+0.65 47414434° —3.13£047° 13.6241.12°  28.06+0.27°
27.12 MHz RF  75.74+0.61 —4.16£0.31 17.16+0.60 43954348  —2.86+0.45° 13.23+122°  32.06£2.61°
245 GHz MW 7641+1.09  —4.42+0.16 17.32+0.57 69.98+1.89°  —5.50+0.20° 13.31+1.09° 7.65+1.02°

" Control samples were storage on 4°C without freezing and thawing.

2 NS Not significant.

% The values represent mean+S.D. for fifteen experiments. Means with same letters within a column are not significantly different at p<0.05
by Duncan’s multiple range test.



25(5): 893 ~901 (2015) Aezdd e Wentse F4 54 897

ol Ad Wk W% % 4T, 20T, 20T 754 2 27.12 MHz
P 9E o] 83 sl FolA 712t 35.63+3.95, 31.15+0.69,
28.06+0.27 & 32.06:2.61% 2 W3}= Uepick vhH 245 GHz
nlo]| 29} g EME L, a, bgke] W37} A1, AEFe] 7.65
+1.028 W3}Fo] vlwA AA Yelg o, o= nhse] 71
zg] § AFAste} fAket Ao 2 nto] AR} g o] T
o2 AAHE Evd dlEoR Qlete] 9jlo] yehd Ao
2 Aordn) webd B AFoA 3% 27.12 MHz 2] e
3} slgo] Wavkse e Al A% 7iAdel rix|= FEe T
n|3ht, 2.45 GHz vho] AR 3t vlste] F gt 8l Fo] o] F
A= o m AlmHTh

3 £ sisdz I st

WErkEe sl e T A& Table 20 Ve

ot WErhs sl o8l oF 2% 7 At 3

TEsh FARE 2% FEOEA 4T, 20T, 20T F54
MHz 2] o5} Sh5NM AET Aol] RelH ol

¢xgkt}. alA %k 2.45 GHz vho] Az} 3 Sol| A

&
Frhso] ShFHUA i Sio] FUG Ao Bk

off Ay o it orr o fr 3 ooy w30

o} o2 g Azt HAARJAIE o] &3 1EE dfFolA
B &2o] Wo] dodthE Jang MY 5(2014)] A2 3}
A3} 2 Ao ARgE Azt QA E 700 WHL
1 =28 Zo)7] YaiAE 100~200 W &8 S o]-8-31 3
o] FasAvh FgsteE A& A 1A 7} g7l o)

Table 2. Changes in drip loss of peeled garlics during free-
zing-thawing

Weight of peeled garlics

Thawing
condition Before After Loss rate
freezing (g)  thawing (g) (%)

Control” 4.84+0.84 4.75+0.83 1.87+0.85"
4T 5.03+0.66 4.9340.62 1.94+0.68°
20C 4.63+0.83 4.52+0.81 2.43+0.92°
20C tap water  4.74+0.37 4.60+£0.37 2.85+1.52°
27.12 MHz RF 4.56+0.47 4.46+0.44 2.13+0.75°
2.45 GHz MW 5.07+0.70 4.67+0.85 8.54+4.33%

D Control samples were storage on 4°C without freezing and
thawing.

? The values represent mean=S.D. for fifteen experiments. Means
with same letters within a column are not significantly different
at p<0.05 by Duncan’s multiple range test.
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Table 3. Changes in hardness of peeled garlics during free-
zing-thawing

Thawing Hardness of peeled garlics
condition Force (g/mm) Relative hardness (%)”
Control” 4,597.55+143.06* 100°
4C 2,029.83+480.53" 44.164+4.124°
20T 2,066.09:+£604.87° 44.936+5.396°
20C tap water 1,973.72+603.20° 42.94145.626°

27.12 MHz RF 2,455.614312.77° 53.417+1.497°

245 GHz MW 732.53+475.71¢ 15.956+6.439¢

Y Control samples were storage on 4°C without freezing and tha-
wing.

? Relative hardness was calculated by taking unfreezed control har-
dness as 100 % in each case.

? The values represent meantS.D. for fifteen experiments. Means
with different letters (a~d) within a column are significantly di-
fferent at p<0.05 by Duncan’s multiple range test.
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Table 4. The content of total phenolic and flavonoid com-
pounds in each garlic extract

Z= .
4

Thawing Total phenolic content Total flavonoid content
condition (ng GAE?/g) (ug QEY/g)
Control" 3.22+0.21* 0.15+0.03*
4T 3.28+0.04" 0.09+0.07°
20C 3.09+0.03" 0.10£0.05°
20°C water 3.0520.16" 0.11£0.01°
27.12 MHz RF 3.25+0.02° 0.12+0.03°
2.45 GHz MW 1.900.02° 0.1140.02°

D Control samples were storage on 4C without freezing and tha-
wing.

? Total phenolic content was expressed as pg/g gallic acid equi-
valent.

%) Total flavonoid content was expressed 11g/g quercetin equivalent.

9 The values represent mean+S.D. for triplicate experiments. Means
with same letters within a column are not significantly different
at p<0.05 by Duncan’s multiple range test.
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Fig. 3. DPPH radical scavenging activity of garlic extracts
according to thawing conditions.
The values represent the meantS.D. of triplicate experiments.
Means with same letters above a bar are not significantly different
at p<0.05 by Duncan's multiple range test.
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Fig. 4. SOD-like activity of garlic extracts according to
thawing conditions.
The values represent the meantS.D. of triplicate experiments.
Ascorbic acid was used as a positive control and 5.2, 10.4, and
20.8 mg/mL garlic extract were submitted to analysis.
Means with same letters above a bar are not significantly different
at p<0.05 by Duncan's multiple range test.
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Fig. 5. Reducing power of garlic extracts according to
thawing conditions.
In this assay, gallic acid was used as a positive control, and 8.3,
17.6, and 35.2 mg/mL garlic extract were submitted to analysis.
The values represent the meant+S.D. of triplicate experiments.
Means with same letters above a bar are not significantly different
at p<0.05 by Duncan's multiple range test.
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