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Abstract

This study was conducted to establish the extraction conditions for the optimization of the biological activities
of black gadic using the response surface methodology (RSM). The extraction conditions were based on the central
composite design, with 15 kinds of variations in the extraction temperature (50-907C), extraction time (3-15 hrs),
and ethanol concentration (0-100%). The total phenol, flavonoids, thiosulfinate contents, and anti-oxidant activity
of black gadic extract were significantly higher at the J condition (90°C for 9 hrs with a 50% ethanol concentration).
In this condition, the biological activities such as DPPH radical scavenging (66.10%), ABTS radical scavenging
activity (75.02%), and reducing power by of FRAP (375.4 uM/mL) were excellent. Overall, the extraction conditions
for the optimized biological activities of black gadic via RSM were expected to be at 89.68°C for 9.79 hrs with
a 55.72% ethanol concentration. The actual values were 96.4-114.8% of the predicted values.
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Table 1. Central composite design for optimized extraction
condition of black garlic

Temperature (C) ~ Time (hrs) Ethanol concentration (%)
Xi Xy X3
A 60 (-1) 6 (-1) 25 (-1)
B 60 (-1) 6 (-1) 75 (+1)
C 60 (-1) 12 (+1) 25 (-1)
D 60 (-1) 12 (+1) 75 (+1)
E 80 (+1) 6 (-1) 25 (-1
F 80 (+1) 6 (-1) 75 (+1)
G 80 (+1) 12 (+1) 25 (-1)
H 80 (+1) 12 (+1) 75 (+1)
I 50 (-2) 9 (0) 50 (0)
J 90 (+2) 9 (0) 50 (0)
K 70 (0) 3 (2 50 (0)
L 70 (0) 15 (+2) 50 (0)
M 70 (0) 9 (0) 0(-2)
N 70 (0) 9 (0) 100 (+2)
0 70 (0) 9 (0) 50 (0)
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Fig. 1. Extraction yields for ethanolic extracts of black garlic.
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Table 2. Total phenol, flavonoid, thiosulfinate contents and antioxidant activities of black garlic extracts by response surface methodology
analysis

Conditions Contents Antioxidant activities
X X X Total phenol Flavonoid Thiosulfinate DPPH radical ABTS radical ~ Reducing power by
! 2 3 (ug/mL) (ug/mL) (MM/mL) scavenging (%) scavenging (%)  FRAP (uMfmL)

A 60C)  6C)  25(D 225.90+1.99° 75.84+2.65' 52.3740.20° 44.4240.63 52.8340.67° 166.35+3.20°

B 60C) 6() 75(¢D) 204544158 43.60£2.71° 7.02+0.58" 26.34+0,28" 42.18+043" 145.96+1.13°

C  60¢) 12¢) 25¢)  2677+09" 68.830.90° 46204034 31.69+0.35° 46.18+0.30" 156.12+0.70°

D  60(¢) 12¢) 75¢#) 214704332 49304227 10.800.78" 27.39+0.34° 44414021 156.50+1.45¢

E  80() 6C) 25(1)  26476+184" 99.86:+1.708 57.3540.88' 37.7540.60° 55.354046" 212.81+1.28F

F 80 ¢+) 6() 75(+)  31829+1.98" 112.48+5.24 4726+0.72' 39.1340.15" 61.65+0.34! 270274138

G 80D 12(+) 25() 275.03+2.32 104.53+1.79" 55.724045" 33.8440.62" 55.95+0.70' 218.96+4.19"

H 80¢+) 12¢D) 75¢D)  364.16£238 142.85+1.73" 50.9240.73 42754020 63.80+0.86" 297.19+3.13°

I 506 90 500 240.03+1.61° 63.69+1.53° 41.0740.13° 33.0940.27° 47.3940.39° 170.81+1.29°

I 90@#®) 90 00 56274337 266.31+1.57" 149.93+0.68" 66.1040.72" 75024036 375424479’

K 700 36 500 258.2943.608 98.93+2.23¢ 43.39+0.26" 34210.28' 48.12+0.66' 201.2743.241

L 700 156 50 203.56+2.13 123.60+1.10° 56.3620.60" 3393021 52240418 232.35¢1.95'

M 700 90 0 (-2) 245.73+1,03" 71.64+2.46° 46.87+0.13% 32,68+0.30° 46.40+0.19° 158.19+4.53°

N 700 90 100 (2 12247142 8.36+0.53" - 9.61+047" 20.59+0.30" 67.12+107°

0 700 90 500 265.57095" 108.46+1.57 46.74+0.26" 32.81£047° 48.0240.29° 199.73+0.90"

"Means with different superscript in the same column are significantly different at p <0.05
; Not determined
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Fig. 2. Response surface plot for total phenol, flavonoid and thiosulfinate contents from ethanolic extraction of black garlic.
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Table 3. Polynomial equations calculated by RSM on biological activities from extraction condition of black garlic

Polynomial equations R Significance
Total phenol Y= 266.445043 +62.235125 X, —8.607375.X, —8.580125 X, +30.849755 X7+ 0.515745 X, ol 00373
content —23.47087 X3+ 5.63875X, X, +5.6115X, X, +22.011 X, X, ) '

Y'=104.0899826 +39.211375.X, —5.19275.X, — 7.961625.X; + 12.666603Xf+ 0.768022)(722

Flavonoid content 0899  0.0853
avonole: comten —18.583397 X244.54425 X, X, + 4.80125.X, X, +12.83875 X, X,

Thiosulfinate Y= 42.841913 4-20.097688.X; —2.163313.X, — 11.274938.X; +11.617614.X/+0.210614.X; 0913 00001

content —6.399386.X;+ 1.674875.X, X, + 3.027625 X, X; +9.361875 X, X; ) '

DPPH Y'=33.578261+5.9125X, — 0.475 X, — 3.9625.X; +4.209783 X7+ 0.322283 X; — 2.902717 X;

radical scavenging
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+2.025X, X, +3.45 X, X; +2.05.X, X,
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Reducing power
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+4.1X,X, +5.175X, X, +19.45 X, X,
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Fig. 3. Response surface plot for antioxidant activities from ethanolic extraction of black garlic.
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