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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 0C by various thawing methods

was shortest at2.45 GHz in a microwave, followed by 20C tap water, radio frequency of 27.12

MHz, 20C, and 4C.

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. 1. Schematic diagram of the 27.12 MHz radio fre-
quency thawing system.
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E3}3HE0] phosphomolybic acide} Ht
5= @3S ol &3kith TR/ 1.6 mLell 100%
ks FE9 0.1 mL, 20% Na,CO; §-9 0.2 mL, Folin-Denis
£-ll(Sigma Co., St. Louis, Mo, USA) 0.1 mLE ¥ 11 A2
A 3021 RHeAIZI & 23345 A(OPRON-3000, Hanson
Tech. Co., Ltd., Seoul, Korea)E ©]-&3t] 700 nm2] 4=
£ stk & dlE S§Ee] -2 gallic acid(Sigma
Co., St. Louis, Mo, USA)E ©]-&3F ¥+ HPFIjA oz HE
gaksle] wfsFEE9 Y 1 g & g gallic acid equiva-
lents(GAE), & ng GAE/ge.2 UERfRITh
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mLZ o] 343} 5% NaNO,(Sigma Co., St. Louis, Mo,
USA) 0.1 mLE ¥o] Ao 583 83 F 10% AlCk
(Sigma Co., St. Louis, Mo, USA) 0.1 mLE ¥ 1 653t tHA|
W23k th2 1 M NaOH(Duksan Co., Ansan, Korea) 0.67 mL
& Arlela SRTE 1.1 mLE F718te] & &3 % 510 nm
o FBEE 49t FFEZEE quercetin(Sigma Co.,
St. Louis, Mo, USA)< ©|-&3}o] =4S 243 v, &
g o= kg Fele] nhg FEEC e 1 g D g quer-
cetin equivalents(QE), & ug QE/go.2 JERJITH
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Marklund S & Marklund G(1974)2] S ©]&3lo] py-
rogallol 256 A== & AtAhzHE iteleig [dAg
A7 98-S AH8lE pyrogallol S =7 31] superoxide dis-
mutase(SOD) frAFHd © 2 Yehlt) s = 343 v}
5 F=9Y 0.4 mLell pH 8.5% X33} Tris-HCI buffer(100 mM
Tris containing 10 mM EDTA) 2.8 mL, 7.2 mM pyrogallol
(Sigma Co., St. Louis, Mo, USA) 0.2 mLE ¥ 2294 20
-7t 9k8-A]17] 31, 1 N HCl(Duksan Co., Ansan, Korea) 1 mL
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9. Reducing Power &%

ks 3559 3918 =78 Oyaizu M(1986)2] WS ©]
gote] S ks #5902 mLet SR/ 0.8 mLo
200 mM sodium phosphate(pH 6.6) 0.25 mL 2! 1% potassium
hexacyanoferrate(I1T)(Sigma Co., St. Louis, Mo, USA) 0.25 mL
& &35t 50°CollA] 4087t WE3-A1Z] ¥ 10% trichloroacetic
acid(Sigma Co., St. Louis, Mo, USA) 0.5 mLE 75t}
W848 3,000 rpmol| Al 1027t A4l welatar, %6 1 mL
£ #3l] 0.1% FeCls(Sigma Co., St. Louis, Mo, USA) 0.2

£ #rlele] £33 & 700 nme] FFEE =7 5k] ab-

sorbance unit(abs)% ERHSATE



896 MEES - R4

10. SHE4A

EA] %22 IBM SPSS Statistics program(Version 22, IBM
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Fig. 2. Thawing curve of frozen garlics under various thaw-
ing conditions. Data from three independent garlics were
expressed as mean values.
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(a). BAEb), AA A ASHAE)R JERSITE Lee 1H
(2000)2] Aol up=d Y
2 LI bk 7T A, aghS A FItka whel
A9 2 Ao WEASL 3 ] o) L, a, b%M
T Aadhe A ey, 1 F WlE JeplE L
wel 717 2 sl etk A4 Ax WsE Yehle
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offt ol l‘ﬂ offt rft

A3 AT fol25% o
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AUTE wEbA g eutE o] &3 dEe] Fe8AES AT AEFHE WEskA] &aL, 4TellA A7gE ti ko] 1.55+0.13
Table 1. Changes in hunter color of peeled garlics during freezing-thawing
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™  77.2640.94%  —5.32+0.28" 18.09+0.53° 1.55+0.13°
4C 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 —4.1340.31 17.28+0.61 44.83+2.50°  —3.11£0.60° 13.17+0.85°  31.1520.69°
20C tap water  76.06:1.41 —4.10£0.25 16.93+0.65 47.4144.34>  —3.13£047° 13.62£1.12°  28.06+0.27°
27.12 MHz RF  75.74+0.61 —4.16£0.31 17.16+0.60 43.95£3.48"  —2.86+0.45° 1323+122°  32.06£2.61°
245 GHz MW 76.41+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 meantS.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 2. Changes in drip loss of peeled garlics during free-
zing-thawing
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ol 4&8 vlo]laz29 dlEoE olgf2c] Utk Yt
E9] a5 el M2 =Wt Table 30 VERAATE W
A AT vlEe AEE 4,597.53 gmmollA] WE F 4T,
20T, 20C 5721, 27.12 MHz 2] 29} 2 245 GHz o] =
239} asellA ZH2} 2,029.83 g/mm, 2,066.09 g/mm, 1,973.72
g/mm, 2,455.61 g/mm 2 732.53 gmm= a3k} o3t
HW3l= 245 GHz wlo] 22} a) FollA] WA s Axe]
15.95%% 71 3A| 744k WhA, 27.12 MHz 2t 2.9 85
AN 53.42% % o] 7P AA vehsth A ge] ¥
T Al AAE AR S AE Y 2 g R Qg JF &4
3} e S FEAZ Bk opel, BA WEE 714 oA
Hth(Lee HJ et al 2013). 0|21 o|frollA] vlse] A=S X
ek Qe Ame} v Eo] Fa3 FAEIIY] HEREA o
SETh mEbA] E AFA] AR Sle T A RET
ERgE e & o YEvkee] & Al 27.12 MHz 2
QA 7 & F4 5A4E VYERE Ao ® st

il

ol

Rs |
ARFEEA Tl e Ve A EAe Adshe 54
7R 3L 9loy &akal 9 gt g atol| HolsheE Ao s IEA
nom, Aelddg Hrkele A 12 AH-EtHIm HW & Suh
BS 2009). dlFx710l w2 vlks
e 9 ZghH ot 3 Table 40 YR 414
I B B nhs FEECde F v 39E geke] 3.22

Table 3. Changes in hardness 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"
4C 5.03+0.66 4.93+0.62 1.94+0.68°
20°C 4.63+0.83 4.5240.81 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 2.1340.75
245 GHz MW 5.07+0.70 4.67+0.85 8.5444.33"

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° 42.941+5.626°

27.12 MHz RF 2,455.61+312.77° 53.417+1.497°

2.45 GHz MW 732.53+475.71¢ 15.956+6.439¢

Y 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.

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 GAEY/g) (ng QEY/g)
Control"” 3.22+0.21* 0.15+0.03°
4C 3.28+0.04° 0.09+0.07°
20°C 3.09+0.03° 0.10£0.05°
20°C water 3.0520.16° 0.11£0.01°
27.12 MHz RF 3.250.02° 0.12+0.03°
2.45 GHz MW 1.90+0.02° 0.11£0.02°

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

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

3 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.

+021 pg GAE/gom, W% 3 4T, 20C, 20T 552, 27.12
MHz 2}t] 2.3} 3l 5ollA 3 ug GAE/g2.& 7t A<t 7ol
o3 ztel 5 HolA| eb=Hl Hhel, 2.45 GHz vlo]A=239} 3 &
NME 1.9 ug GAE/gC 2 97 7HAE Yehith kA qt
ezl mE Zefi o= S 573 H N (Table 1)
oM W Bakd mis %goﬂﬂi 1.49+0.03 pg QE/g<!
Aol vlaf 4T, 20T, 20T #24, 27.12 MHz gt] g 9
2.45 GHz u}o]ﬁiﬂr s 25 W °F | g QE/ge2 9]

A<l 2T JEhSI: ol 22 % dEsetE o 2
Ae AR (Table 3)9] ¥ Hlsza, ol BllE Al T
F20l 93 &Aool dojt Ao g o e = glom wlo]=
29 F5S AN Ty 2t vssetEn SuhE o)
= 3 Hsle] wAe e nug g Addrt

5. DPPH Radical &2H=

222 AR AEtE frEste] w3l 2 4
Feitka el gl EARA, ol g Al AT A&
Ao 2 f=¥ DPPH eit|Zol thgh dxgo] 28
gl gk =28 E3)] el (Choi Y 2006), dlEZ

o W vks FE=e] A7t Mﬁb& +4¢ Z29E Fig. 3
of Jeplth &89 v wE F3x HstE B4
g 2SS ST A9, 352 mg/mLe] vhE FEEC
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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 mean+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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