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Abstract

This study investigated the physiological activities of garlic extracts frozen at -20, -80, and -196°C. To determine
the optimum freezing temperature for maintaining garlic’s physiological activity, antioxidant and antibacterial activities
were investigated. The antioxidant activities were determined by DPPH radical scavenging ability, SOD-like activity,
nitrite-scavenging ability, and reducing power. Total phenolic compounds and flavonoids of garlic extract frozen
at 4C (control) were measured as 6.91+0.69 g GAE/g and 0.315+0.017 ug QE/g, respectively. Although the
content of total phenolic compounds was not affected by the different freezing temperatures, the flavonoids contents
of garlic extract frozen at -20°C were slightly decreased. The DPPH radical scavenging ability of garlic extracts
(2 mg/mL) frozen at -80°C was 61%, whereas those frozen at -20C and -196C were 51%. SOD-like activity
was slightly increased by freezing. However, the nitrite scavenging ability (18% at pH 3.0) and reducing power
(OD700~1.6) were not affected by freezing temperatures. Antimicrobial activities did not show significant differences
depending on freezing temperatures. Taken together, the physiological activities of the frozen garlic extracts were
not significantly changed by the freezing temperatures; however, the antioxidant and antibacterial effects of the
phenolic compounds and flavonoids were maintained at -80C. These results suggest that -80°C frozen garlic could
maintain a higher quality than the conventional freezing method (-20°C) without loss of physiological activities

during the storage.
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Fig. 1. Freezing curve of peeled garlics under various temperature
conditions.
Data from three mdependent garlics were expressed as mean values. O, 20 C container,

@, 20T garlic; A, -80°C container; W, -80°C garlic; [, -196 T container;
-196C garlic.
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Table 1. The content of total phenolic and flavonoid compounds
in each garlic extracts

Total phenolic content  Total flavonoid content

Freezing condition (ug G AEI)/g) (ug QEZ)/g)
Control (4C) 6.91:0.69"” 0327+0.025°
20T 6.70%0.76" 0.263+0.015"
80C 7.73£1.07" 0.327+0.058"
-196°C 725+0.82" 0.260£0.036"

"Total phenolic content was expressed as pigfg gallic acid equivalent.

Total flavonoid content was expressed [1g/g quercetin equivalent.

IThe values represent mean+SD 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. 2. DPPH radical scavenging activity of garlic extracts
according to freezing temperatures.

The values represent the mean+SD of triplicate experiments. Means with same letters
above a bar are not significantly different at p<0.05 by Duncan’s multiple range test.



524 k=2 A /- 583

peroxidase©l] 2|3l A| AL = UEF she LR Fats)
98] 30 A% A5, vhe FES SO 42
22X A3le= Fig. 33} 2o} kA Z+el HIE Cgr

O
7} 4929 SOD FAHRY L FE FHE5E BE
2491 37} PP eI, HER € 0023 mg/mLol

YeRl & SOD FAFEA L 41% <1 Ao vlef ks 525
o] 73-%- 49 mg/mLo A 40% 7FFe] SOD A= e}
WAtk vls 552 SOD A2 4T thz7el ]3|
Weszdo ] drbd oz Z7) S Jeflen 80T
AM 7 & F7F ERlEAS. ol = dEsteE &
(Table 1)} A8 GO 2 Lee 5(29)2] Aol uf=w
7+ Al o8l slEsigtEe]l S/l wet SOD AL
g/do] STt Aot dAlske o= vhEe] Wl
w2 SOD FrAFEAd 9] W3l B3t ¥ E3lgHEo] Wl 7]
gttty Azt

100 F =
& 80f =
=
=
=
= 60
©
Q
é a az a
A 40
2 b
a a
20 fi 5
O \I_\I\I\l ’l‘
S LELE QC)QQ QO O O O O O O O
$35 % TESE TPSE
A z z
R 122mg/mL  2.45mg/mL 4.9 mg/mL

Ascorbic acid Garlic extract

Fig. 3. SOD-like activity of garlic extracts according to freezing
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The values represent the meantSD of triplicate experiments. Ascorbic acid was used
as a positive control. 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. Nitrite-scavenging activity of garlic extracts according to
freezing temperatures.

In this assay, 80 ug/mL ascorbic acid was used as a positive control, and 8.3 mg/mL
garlic extracts were submitted to analysis. The values represent the meantSD 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. 5. Reducing power of garlic extracts according to freezing
temperatures.

In this assay, 8 pg/mL gallic acid was used as a positive control, and 8.3 mg/mL
garlic extracts were submitted to analysis. The values represent the meantSD 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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Table 2. Comparison of antimicrobial activity of the garlic extract with freezing temperatures

(mm)
Gram (-) Gram (+)
Freezing condition
Escherichia coli Salmonella typhimurium Vibrio wulnificus Staplylococcus aureus Bacillus cereus
Control (4C) 12.230.79" 14.0120.49" 23.1240.13" 15.8320.11° 13.10£0.01°
20T 12.45+0.81° 12.4540.19° 2347049 15.2240.20° 12.10+0.11*
-80C 11.48+0.01° 13.54+0.42° 23.61+0.75" 15.86+0.23" 12.720.20°
-196C 12.09+047" 13.48+0.72° 2334%0.35" 16.12+0.85" 12.79033"

"The values represent meantSD 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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