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Effects of Heat and pH Treatments on Antioxidant Properties
of Ishige okamurai Extract
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Abstract This study was carried out to determine the optimum extraction conditions for Ishige okamurai by comparing
the yields, total phenolic compound content (TPC), and antioxidant properties of its 95%, 70%, 50% fermented ethyl
alcohol and water extracts. Additionally, the effects of heat and pH treatments on the antioxidant properties of the extracts
were evaluated by their TPC and 1,1-diphenyl-2-picrylhydrazyl(DPPH) radical scavenging capabilities. The yields of the
extracts were greatest in the order of water > 50% >70% >95% fermented ethyl alcohol, and the TPC of the 70%
(26.18%) and 50% fermented ethyl alcohol (27.56%) extracts were higher than those of the others. However, in terms of
DPPH radical scavenging and ferrous-reducing power, the 70% fermented ethyl alcohol extract of Ishige okamurai showed
the highest antioxidant effects. Additionally, in the results for the heat and pH treatments, the antioxidant properties of the
70% fermented ethyl alcohol extract were not influenced by the treatment conditions except at pH 10.
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Table 1. Yields of Ishige okamurai extracted using various solvents

Table 2. Total phenolic compound content of Ishige okamurai

(Unit : %) extracted using various solvents (unit : mg/g of dry sample)
Yields Total phenolic compounds content
95% 9.03+2.68"" 95% 15.75+0.12*
70% 16.92+0.23 70% 26.18+0.12°
50% 18.414£0.67° 50% 27.56£0.22°
Water 19.96+0.11° Water 12.29+0.11¢

"Means in the same column bearing different superscripts are significantly
different (p<0.05).
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Table 3. DPPH radical scavenging effect of Ishige okamurai extracted using various solvents (Unit : %)
mg/mL 95% 70% 50% water BHT

5 93.69+0.50<"*2 96.50+0.26"* 94.80+0.485¢ 84.27+0.89°" 95.431+0.2448

1 94.40+0.28% 94.61+0.17% 93.14+0.37<° 90.70+0.37> 95.60+0.344

0.5 94.46+0.17% 94.41+0.44% 93.18+0.12<° 91.83+0.10™ 95.3240.124

0.1 55.07+0.30<° 73.3940.15% 69.80+0.34% 55.9140.21¢ 74.00+1.38%

0.05 33.67+0.68% 46.79+0.38% 41.8140.70% 36.50+0.66™ 54.1940.15%

0.01 8.22+0.54™ 13.0940.17¢ 5.4140.34% 14.92+1.67% 18.19+0.21"

"Means in the same raw bearing different superscripts are significantly different (p<0.05).
IMeans in the same column bearing different superscripts are significantly different (p<0.05).
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Table 4. Chelating ability on ferrous metal inos of Ishige okamurai extracted using various solvents (Unit : %)
mg/mL 95% 70% 50% water EDTA
5 41.54+1.226D22 39.214+0.37™ 39.99+0.23™ 47.1940.33% 100.00+0.10*
1 8.08+0.74™ 10.23+0.23 12.64+0.16° 26.71+0.57% 100.00+0.21%
0.5 3.404+0.22"% 5.8240.23" 6.49+0.23% 12.8240.27% 99.68+0.074°
0.1 1.00£0.28™ 2.25+0.51¢¢ 3.28+0.28% 3.04+0.25% 99.48+0.18°
0.05 0.97+0.70% 1.7740.14% 1.03+0.19% 1.41+0.43% 97.05+0.30*
0.01 1.00+0.28" 0.874+0.58" 0.04+0.22¢ 0.38+0.29"5F 14.96+0.93"
YMeans in the same row bearing different superscripts are significantly different (p<0.05).
Means in the same column bearing different superscripts are significantly different (p<0.05).
Table 5. Ferrous-reducing power of Ishige okamurai extracted using various solvents (Unit : %)
mg/mL 95% 70% 50% water Ascorbic acid
5 1.823+0.050°V22 1.894+0.019" 1.833+0.020° 0.769+0.029“ 2.26440.014*
1 0.43740.024° 0.489+0.004%° 0.460+0.014° 0.243+0.005" 2.090+0.020%"
0.5 0.255+0.009° 0.276+0.002"¢ 0.261+0.002° 0.136+0.005" 0.981+0.001%
0.1 0.07440.004% 0.082+0.001% 0.078+0.001% 0.051+0.006™ 0.225+0.0017¢
0.05 0.047+0.001" 0.053+0.001% 0.053£0.006" 0.040+0.008% 0.089+0.001%
0.01 0.029+0.001" 0.032+0.000°" 0.033+0.001"" 0.030+0.004"¢ 0.056+0.001*"
YMeans in the same row bearing different superscripts are significantly different (p<0.05).
IMeans in the same column bearing different superscripts are significantly different (p<0.05).
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Table 6. Physicochemical properties of Ishige okamurai extract-
ed using 70% fermented ethyl alcohol

Ishige okamurai

Optical density (427 nm) 0.414 £ 0.008
pH 5.90 +0.02
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Table 7. Effects of heat treatment on antioxidant properties of Ishige okamurai extracted using 70% fermented ethyl alcohol

Temperature (°C) Time (min) Total phenolic compound content (mg/g of dry sample) DPPH radical scavenging effect (%)

10 25.81+0.03>" 94.40£0.10®

60 30 25.4840.03%¢ 94.43+0.28®

60 25.31+0.03% 94.40£0.17®

%0 10 25.98+0.03%® 94.49+0.10®

20 25.60£0.12%¢ 94.46+0.06®

100 10 25.93+0.00® 94.49+0.19®

20 25.02+0.12¢ 94.24+0.15"

121 15 24.2140.08° 94.03+0.12°
control 26.48+0.19* 94.65+0.24*

YMeans in the same column bearing different superscripts are significantly different (p<0.05).
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Table 8. Effects of pH treatment on antioxidant properties of
Ishige okamurai extracted using 70% fermented ethyl alcohol

Total phenolic compound DPPH radical scavenging

content (mg/g of dry sample) effect(%o)
2 25.73+0.38*" 94.3610.06*
4 26.1410.03° 94.57+0.16*
6 25.89+0.09 94.40+0.10*
8 23.1440.09 94.06+0.16"
10 20.15+0.50° 89.234+0.16°
control 26.18+0.12° 94.531+0.21*

YMeans in the same column bearing different superscripts are signifi-
cantly different (p<0.05).
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