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Abstract : To develop the technology for cultivation of high-density seaweed, sea tangle was cultured from varying depths(0.5 m,
3 m) of seawater at Gijang and Wando area. Proximate composition, component sugar, total amino acid, fatty acid composition, and
element composition of different parts of sea tangle (Saccharina japonica) have been examined. Significant differences were found
in the amount of crude protein and ash content in lower, middle, and upper parts of algal blades. The upper parts of the sea tangle
was rich in crude protein, while lower parts was rich in crude ash. Crude lipid content was higher in the middle parts than those of
the other parts. The component sugars were not significantly different from all parts of algal blades. The highest content of most of
the amino acids were found in the upper parts of the blades. The amount of saturated fatty acids concentrated mostly in lower parts
of blades, while the content of polyunsaturated fatty acids concentrated in the upper parts. The highest N element contents were found
in upper part of algal blades. However, the contents of those chemical component were not affected by the depths of seawater.

Keywords : Sea tangle, Cultivation of sea tangle, Proximate composition, Component sugar, Amino acid, Fatty acid
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Table 1. HPLC operating conditions for component sugars

Condition
Column Shim-pack ISA-07 (4.0 mm x 250 mm)
. A: potassium borate (pH 8)
Mobile phase B: potassium borate (pH 9)
Flow rate 0.6 mL/min, gradient
Reagent 1% arginine in 3% boric acid (0.5 mL)

Reaction temperature 150 C
Fluorescence detector (Ex=320, Em=430)

Oven temperature 65T
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Table 2. Proximate composition(%) in the different parts of dried sea tangle (Saccharina. japonica) cultured in 0.5 m depth of water at Gijang

and Wando area®

Arca Proximqte Mar Apr
composition Upper Middle Lower Upper Middle Lower
Moisture 10.63+0.51°  10.93+0.46"  10.46+ 0.50° 10.13+0.46" 1023 +0.44° 10.38 + 0.49°
Crude protein 1022+ 049"  8.62+0.37" 6.79 + 0.30° 8.67+0.39"  8.02+0.39° 6.13 £0.26°

Gijang Crude fat 1.54+0.07 1.58+0.07° 1.18+0.05° 1.04£0.05°  1.81+0.07 1.20 £ 0.05°
Ash 16.05+0.78°  16.92+0.68°  20.68 +0.85" 16.85+0.78"  17.90 +0.75 20.43 +0.92°
Carbohydrate  61.56+2.94"  61.95+2.61°  60.90+2.55" 6330 +£2.91°  62.05+2.63" 61.86+2.87
Moisture 1033 +£0.48  1026+0.43*  10.94 + 0.46" 1031+ 047" 10.82 +0.48" 10.23 £ 0.45°
Crude protein ~ 10.72+0.45"  8.71+0.38" 5.18+0.25° 848+037°  7.29+032° 6.77 +0.30°

Wando Crude fat 2.09+0.10°  2.75+0.11° 221+0.09° 1.43£0.06"  1.88+0.09° 1.35+0.06°
Ash 1520+0.70°  18.16+0.78"  18.69 £ 0.76" 1626 +0.66°  17.47 +0.85" 19.87 + 0.88°
Carbohydrate  61.67+2.83"  60.12+£2.89"  62.99 +2.55" 63.52+£2.73"  62.54+2.94" 61.78 +2.49°

"Mean (n=3) values followed by the same letter within a row were not significantly different at p<0.05 according to Duncan’s multiple range test.
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Table 3. Proximate composition(%) in the different parts of dried sea tangle (Saccharina. japonica) cultured in 3 m depth of water at Gijang

and Wando area®

Area Proximate Mar Apr
composition Upper Middle Lower Upper Middle Lower
Moisture 10.25 +0.43° 10.69£0.51°  10.48 +0.44" 1051045  10.69+0.51° 10.73 £ 0.46°
Crude protein ~ 9.18 = 0.39° 7.85+0.35 7.32+0.30° 8.49 +0.42° 7.10 + 0.30° 6.52 +0.30
Gijang Crude fat 0.77+0.03° 0.87 + 0.04" 0.57 +0.03° 1.46 £ 0.06° 1.80 +0.08° 1.59 +0.08°
Ash 16.28 + 0.66 17.52+£0.72°  19.83 +0.92° 16.62+0.70°  18.02+0.81° 20.35+0.93°
Carbohydrate 63.53 + 2.68° 63.07+2.64°  61.79+293" 62.92+2.67°  62.39+290° 60.81 £2.93°
Moisture 10.53 +0.45° 10.69 +0.45°  10.73 +0.53" 1034 +0.46°  10.35+0.46" 10.69 +0.51°
Crude protein ~ 9.84 + 0.42° 8.18 + 0.40° 6.91 +0.34° 8.43+037 7.83 £0.35° 6.81+031°
Wando Crude fat 1.72+0.07° 1.97 +£0.08" 1.65+0.08° 1.47+0.07° 1.80 + 0.08" 1.29 + 0.06°
Ash 15.02 + 0.64° 1625+0.66°  18.62+0.79" 17.56 + 0.86° 18.33+0.81° 20.95 £ 0.90°
Carbohydrate 62.90 + 3.03° 62.91+2.55"  62.09+2.52°" 6220+2.92"  61.69+2.48" 60.27 £2.79°

*Mean (n=3) values followed by the same letter within a row were not significantly different at p<0.05 according to Duncan’s multiple range test.
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Table 4. The Variation of component sugar in the different parts of dried sea tangle (Saccharina. japonica) cultured in 0.5 m depth of water

at Gijang area® g/100 g
Mar Apr
Area Sugar - - P
Upper Middle Lower Upper Middle Lower
Rhamnose 0.07 £ 0.00° 0.07 + 0.00° 0.09 + 0.00° 0.07 £ 0.00° 0.07 £ 0.00° 0.09 £ 0.00°
Ribose 0.11 £ 0.00° 0.12 £ 0.00° 0.09 + 0.00° 0.12 £ 0.00° 0.09 £ 0.00° 0.08 £ 0.00°
Mannose 0.60 = 0.01° 0.54+0.01° 0.51+0.01° 0.72 £ 0.02° 0.56 +0.01° 0.67 +0.02°
Gi Fucose 4.55+0.11° 439 +0.14° 3.56 +0.09° 5.15+0.13" 4.56 + 0.09° 4.80+0.12°
1jan
M8 Galactose 2.29 £ 0.06° 2.08 + 0.04° 1.41 +0.04° 2.29 £ 0.05° 1.84 +0.05 1.76 + 0.04°
Xylose 0.26 +0.01° 0.29 +0.01° 0.17 £ 0.00° 0.18 + 0.00° 0.15 +0.00° 0.15 + 0.00°
Glucose 0.69 +0.02° 0.60 £ 0.02° 0.62+0.01° 0.70 +0.02° 0.61 £0.02° 0.73 +0.02°
Total 8.57+0.19° 8.08+0.18° 6.44+0.16° 9.22 +0.25° 7.90+0.17° 828 +0.26°
Rhamnose 0.09 £ 0.00° 0.10 = 0.00° 0.20 + 0.00° 0.07 £ 0.00° 0.04 £ 0.00° 0.09 £ 0.00°
Ribose 0.14 + 0.00° 0.11 £ 0.00° 0.05 + 0.00° 0.09 =+ 0.00° 0.08 £ 0.00° 0.11 £ 0.00°
Mannose 0.64+0.01° 0.63 £ 0.02° 0.75 + 0.02° 0.79 + 0.02° 0.75 £ 0.02° 0.68 £ 0.02°
Wand Fucose 2.84+0.07° 2,65+ 0.06° 3.46 + 0.08 2.88+0.07° 2.88+0.07° 2.99 +0.07°
ando
Galactose 2.02 +0.05° 1.62 +0.02° 1.30 +0.03° 2.00 + 0.06" 1.80 +0.04° 1.63 +0.04°
Xylose 0.32+0.01° 0.29 +0.01° 0.24 +0.01° 0.25+0.01° 0.30+0.01° 0.35+0.01°
Glucose 0.55+0.01° 0.58+0.01" 0.87 = 0.02° 0.77 £ 0.02° 0.69 + 0.02° 0.71 £ 0.02°
Total 6.60 +0.13° 5.97+0.13° 6.87+0.11° 6.85+0.16" 6.55+0.21° 6.56+0.15°

*Mean (n=3) values followed by the same letter within arow were not significantly different at p<0.05 according to Duncan’s multiple range test.
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Table 5. The Variation of component sugar in the different parts of dried sea tangle (Saccharina. japonica) cultured in 3 m depth of water at

Gijang area” g/100 g
Mar Apr
Area Sugar Upper Middle Lower Upper Middle Lower

Rhamnose 0.07 = 0.00° 0.07 £ 0.00° 0.10 + 0.00° 0.04 + 0.00° 0.09 £ 0.00° 0.11 £ 0.00"

Ribose 0.11 £ 0.00° 0.08 + 0.00° 0.09 + 0.00° 0.12 + 0.00° 0.11 £ 0.00° 0.10 + 0.00°
Mannose 0.62 = 0.01° 0.46 £ 0.01° 0.50 £ 0.01° 0.65 £ 0.02° 0.65 = 0.02° 0.63 +0.01°

Giane  FuCOSE 442+0.11° 3.85+0.09 378 +£0.10° 5.22+0.13" 491+0.11° 4.68 £0.09°
YN8 Galactose 1.86 + 0.05" 136+ 0.03° 143 +0.03° 228+ 0.05° 2.04 +0.05° 176+ 0.02°
Xylose 0.20 +0.01° 0.15 +0.00° 0.19 £ 0.00° 021+0.01° 0.21+0.01° 0.26 + 0.00°

Glucose 0.55+0.01° 0.46+0.01° 0.67 + 0.02° 0.64 £ 0.02° 0.72£0.01° 0.73 £0.02°

Total 7.83 £ 0.20° 6.44+0.16° 6.76 £ 0.16° 9.17 £ 0.29° 8.73 + 0.26™ 8.25+0.19°
Rhamnose 0.08 = 0.00° 0.10 £ 0.00° 0.16 = 0.00° 0.10 £ 0.00° 0.10 £ 0.00° 0.13 +0.00°

Ribose 0.09 + 0.00° 0.12 +0.00° 0.13 + 0.00* 0.12 % 0.00° 0.10 + 0.00° 0.11 £ 0.00°
Mannose 0.72 £ 0.02° 0.84 + 0.02° 0.74 + 0.02° 0.84 + 0.02° 0.79 £ 0.02° 0.79 £ 0.02°

Wande  FucOSE 2.80+0.07° 3.53+0.07° 4.45+0.12° 450+0.10° 480+0.13° 5.00+0.14°
Galactose 1.97 +0.04° 2.10 = 0.06" 1.97 +£0.05° 2.84 £ 0.07° 2.33+0.03 2.25+0.03

Xylose 0.27+0.01° 0.43+0.01° 0.47+0.01° 0.48+0.01° 0.52 £0.02° 0.62 £0.01°

Glucose 0.58+0.01° 0.80+0.01° 0.92 + 0.03° 0.66+0.01° 0.64+0.01° 0.81£0.01°

Total 6.61 £0.11° 7.92+0.17° 8.84 £0.16° 9.54 +0.22° 9.29 +0.22° 9.72 +0.19"

*Mean (n=3) values followed by the same letter within a row were not significantly different at p<0.05 according to Duncan’s multiple range test.
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Table 6. The Variation of total amino acid contents in the different parts of dried sea tangle (Saccharina. japonica) cultured in 0.5 m depth of

water at Gijang and Wando area” mg/100 g
. . Mar Apr
Area  Amino acid - -
Upper Middle Lower Upper Middle Lower
Aspartic acid  1639.67 £48.30" 152091 + 36.38° 1108.37 +21.34° 159831 +36.68" 1498.29 + 41.54° 1149.49 + 24.46°

Threonine 790.79 + 17.55" 73230+ 14.60° 640.14 + 13.62° 770.84 + 17.86°  721.41 +16.43°  663.89 + 15.23°
Serine 761.51+£17.23"  701.65+15.04" 569.91 +7.23° 74230+ 17.86" 691.22+825"  591.05+ 11.79°
Glutamic acid 1862.09 £46.70"  1737.45 + 54.87° 1272.03 +30.37° 1815.11 £45.48" 1711.61 +33.34° 1319.22 +34.64°
Proline 654.50 = 18.17°  600.91 + 12.09° 440.15 + 12.56° 637.99 + 15.00" 591.97+15.03" 456.48 + 9.26°
Glycine 928.82+19.35"  858.62+21.23" 677.57 +17.98° 905.39+ 17.23*  845.85+ 17.86° 702.70 + 11.67°
Alanine 1127.74+29.93*  1046.34£29.00° 812.16 + 17.94° 1099.29 +12.11* 1030.78 £20.81°  842.29 + 16.93°
Valine 88223 +18.51°  81830+19.51° 620.15+19.54° 859.97+1833" 806.13+17.52° 643.15+15.25°
Gijang Methionine 39027 +12.40°  344.16+7.96" 230.94+5.29° 380.42+8.72°  339.04+7.73°  239.51+527°
Isoleucine 723.97+1520"  659.57+15.76" 488.08 + 14.74° 705.70 £ 19.60°  649.76 +13.61°  506.19 + 12.80°
Leucine 1362.59 +33.50°  1243.28 +24.40° 917.05 + 23.57° 132822 +38.64" 1224.79+23.01° 951.07 +27.86°
Tyrosine 371.06 + 8.46" 32299+ 8.62°  204.94 +4.23° 361.70+ 737" 318.19+7.43" 21254 +4.74°
Phenylalanine 813.00 + 16.00°  744.44 + 16.99" 536.00 + 14.99° 792.49 + 18.43* 73336 +22.97° 555.89 + 12.74°
Histidine 398.11+9.10° 360.38 +10.25° 424.99 +10.37" 388.07+11.09° 355.02+8.10°  440.76 + 10.83"
Lysine 787.63 £20.95"  744.15+ 16.42° 568.31+17.99° 767.76 +24.19°  733.08 + 14.43"  589.39 + 13.00°
Arginine 71624 £15.61°  669.53+15.70° 594.26 + 12.73° 698.17 + 15.92*  659.58 +15.08° 616.31 = 12.16°
Total 1421026 £261.02° 13104.99 + 308.65°10105.63 £ 176.01°  13851.74 £ 244.70" 12910.06 + 266.05° 10479.93 + 171.19°




400

771, ATE Al4%, 20119 124

Aspartic acid  1807.39 £47.98" 1488.44 + 39.10°
Threonine 871.68 £30.71°  716.67 £20.45°
Serine 839.40 £20.14"  686.67 = 18.99"

Glutamic acid 2052.56 + 60.39"

1700.36 + 47.46°

817.11 £28.79°
471.92 £ 19.37°
420.15+£16.21°
937.76 +33.23¢

1554.75 + 26.80°
749.83 + 15.83°
722.07 +20.15°
1765.64 £ 37.16"
620.60 + 16.17*
880.71 + 24.30°
1069.33 + 14.05
836.54 + 17.36
370.05 + 8.87"

686.47 + 17.69°
1292.02 + 27.85°
351.84 +9.38"

770.90 + 26.72°
377.49+7.721°
746.84 + 16.67°
679.15 +20.72°

1409.10 + 38.72°
678.47 +12.29°
650.07 + 13.97°

1609.72 + 29.49°
556.74 + 13.54°
795.50 + 22.30°
969.42 + 12.77°
758.15 £ 8.42°
318.86 + 6.38°
611.08 + 13.88°

1151.89 + 28.80°
299.25+7.37°
689.71 + 12.07°
333.89 + 5.99°
689.45 + 18.03°
620.32 + 20.07°

1088.14 = 19.96°
628.45 £ 14.94°
559.51 + 14.98°
1248.81 + 26.70°
43212+ 11.22°
665.20 % 12.20°
797.33 +£9.23°
608.83 + 15.62°
22673 £4.71°
479.17 £ 9.71°
900.31 + 30.35°
201.20 + 5.92°
526.22 + 12.50°
41723 £ 8.67°
557.93 + 12.55°
583.41 £ 15.02°

Proline 721.45+19.33*  588.08+ 17.05° 324.49 + 14.91°
Glycine 1023.83 £26.06°  840.29 £2537° 499.51 & 12.04°
Alanine 1243.10 £ 34.74"  1024.00 = 29.00° 598.73 + 17.86°
Valine 972.47+£26.99"  800.83 +10.63° 457.18 + 13.12°
Wando Methionine  430.19+13.32°  336.81 +4.18° 17026 + 7.77°
Isoleucine 798.02 + 12.26" 645.49 + 16.57° 359.82 +9.74°
Leucine 1501.97 £52.87" 1216.74 £33.63° 676.06 + 24.77°
Tyrosine 409.02 +10.78"  316.10 = 10.58° 151.08 £ 5.68°
Phenylalanine 896.17 +23.00°  728.54 + 25.54° 395.15+9.91°
Histidine 438.84 +15.35° 352.69 £ 8.66° 313.31+£9.22°
Lysine 868.20 £20.10"  728.27 +£23.00° 418.96 + 6.24°
Arginine 789.51£25.19"° 65524 +£19.19° 438.10 = 17.01°
Total 15663.77 £ 294.39"* 1282522 + 168.95"7449.57 + 201.39°

1044758 + 283.93" 9403.97 + 229.49" 7644.48 + 190.18°

*Mean (n=3) values followed by the same letter within a row were not significantly different at p<0.05 according to Duncan’s multiple range test.
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Table 7. The Variation of total amino acid contents in the different parts of dried sea tangle (Saccharina. japonica) cultured in 3 m depth of

water at Gijang and Wando area® mg/100 g
. . Mar Apr
Area  Amino acid : B
Upper Middle Lower Upper Middle Lower

Aspartic acid  1502.16 +36.93" 1295.03 +30.98° 1136.52+21.88°  1468.24 +43.23" 1265.79 +35.09° 1039.65 + 22.12°
Threonine 72447+ 1598  623.54+12.43° 656.40+13.97°  708.11 +5.48"  609.46 + 13.88" 600.45 + 13.77°
Serine 697.65+ 13.77"  597.45+12.81° 584.38+7.41° 681.89+17.15" 583.96+6.97°  534.57+10.66°
Glutamic acid 170593 +36.16" 1479.41 +46.72° 1304.33 +31.14°  1667.41 +26.54" 1446.01 +28.16" 1193.16 + 31.33°
Proline 599.61 £9.39°  511.67+10.29° 451.33+12.88°  586.07+10.75° 500.11 +12.69° 412.86+8.37°
Glycine 850.92+£2230° 731.11 £ 18.08° 694.77 +18.44°  831.71+19.78" 714.60+15.09" 635.56 = 10.56°
Alanine 1033.17+£25.12°  890.95+24.69" 83278 +18.40°  1009.84 +27.04" 870.83 +17.58" 761.80+15.31°
Valine 808.24+2221° 696.78+16.61° 635.89+20.03°  789.99 +20.52" 681.04+14.80° 581.69 + 13.79°

Gijang Methionine  357.54+ 647"  293.05+6.78°  236.81 +5.43° 349.47+6.41°  286.43+6.53°  216.62+4.77°
Isoleucine 66325+ 14.25"  561.61 +13.42° 50048+ 15.11°  648.28+7.51"° 54893+ 11.49° 457.82 + 11.58°
Leucine 1248.32£22.87" 1058.64 £20.78° 940.34+24.17°  1220.13+37.90" 1034.73 +19.44°  860.19 + 25.20°
Tyrosine 339.94 £ 827" 275.02+7.34°  210.14 +4.34° 33227 +852°  268.81+627° 19223 £4.29°
Phenylalanine  744.82 +20.88"  633.88+ 14.46° 549.62+15.37°  728.00+15.13"  619.56+ 19.41°  502.77 + 11.52°
Histidine 364.73+4.80°  306.86+8.73° 43578 +10.63°  356.49+10.18" 299.93+6.84°  398.64 +9.80"
Lysine 721.58+15.76" 633.64+13.98" 582.74+18.44° 70528 +22.22" 61933 +12.19° 533.07 + 11.76°
Arginine 656.18 729"  570.10+13.37° 609.35+13.06°  641.36+14.62° 55723 +12.74° 557.41 +11.00°
Total 13018.52 + 260.59" 11158.73 + 339.32° 10361.68 + 234.22°  12724.55 + 289.90" 10906.75 + 290.20" 9478.49 + 200.93°
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Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Lysine
Arginine

Total

1682.91 +37.97°
801.51 = 24.00"
789.37 £16.10°

1904.12 + 47.62°
670.17 £ 15.26"
953.08 = 20.62°

1161.32 +£27.59"
878.60 =20.72"
404.91 £ 10.66"

718.03 £9.37"

1381.51 +41.33°

358.76 + 8.04"

827.08 + 18.04
41291+ 1227
816.80 = 16.07*
722.40 + 19.59°

1420.09 + 30.96°
685.26 + 16.23°
675.23 + 15.49°

1617.69 + 37.48°
569.80 + 13.71°
812.20 +20.35°
978.35 + 23.00°

752.84 + 8.29°
332.29 +3.42°

607.24 + 12.94°
1165.88 +26.74°

303.28 + 8.42°

699.85 + 20.36°

358.93+7.31°

697.11 £ 18.27°
631.01 + 15.34°
14483.47 +298.41° 12307.06 + 173.73° 10053.68 + 160.06°

1197.10 + 18.75°
609.83 + 15.98°
57232+ 13.91°

1356.00 + 19.14°
456.51 £ 12.54°
680.76 £ 12.33°
809.68 + 17.40°
618.25 £ 15.04°

247.09 £ 6.92°
458.45 £ 6.04°

880.37 +£19.23°

227.31£2.52°

527.09 + 10.55°

320.63 +9.44°
591.42 + 4.58°

500.88 £ 12.59°

1458.94 +25.15°
703.63 + 14.86"
677.57 £ 18.90°

1656.84 + 34.87"
582.36+15.18"
826.44 +£22.80"

1003.44 + 13.19*
784.99 + 16.29"

34725 £8.32°

644.17 £ 16.60°
1212.40 + 26.14

330.16 + 8.80"

723.39 +25.07"

35423 +7.24°

700.82 + 15.64"
637.30 £ 19.44°

1287.72 +35.38°
620.02 + 11.23°
594.07 + 12.76"

1471.06 + 26.95°
508.78 + 12.38°
726.98 +20.38"
885.91 +11.67°

692.84 + 7.70°
291.39 +5.83°

558.44 + 12.68°
1052.66 + 26.32°

273.47 +6.73°

630.30 + 11.03°

305.13 +5.47°

630.06 + 16.48"
566.88 + 18.34°

12643.93 + 343.62" 11095.69 + 270.78"

1047.21 £ 19.21°
604.82 + 14.38°
538.46 + 14.41°

1201.84 + 25.69°
415.87 + 10.80°
640.18 + 11.74°
767.34 + 8.89°
585.93 + 15.03°
218.20 + 4.53°
461.15 +9.34°
866.45 £29.21°
193.63 + 5.70°
506.43 + 12.03°
401.54 + 8.34°
536.95 + 12.08°
561.47 + 14.46°
9547.46 + 237.53°
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*Mean (n=3) values followed by the same letter within a row were not significantly different at p<0.05 according to Duncan’s multiple range test.
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Table 8. The Variation of fatty acid composition (percentage of weight) in the different parts of dried sea tangle (Saccharina. japonica) cultured
in 0.5 m depth of water at Gijang and Wando area®

. Mar Apr
Area Fatty acid ; .
Upper Middle Lower Upper Middle Lower

12:0 0.44 +0.01° 0.20 + 0.00° 0.18 + 0.00° 0.35+0.01° 0.22 £0.01° 0.42+0.01°

14:0 11.05 + 0.25° 8.45+0.17° 9.46 +0.20° 7.98+0.18° 7.63+0.17° 9.04+021°

16:0 17.63+£0.40°  16.82+036°  1429+0.18° 18.09 + 0.44° 17.44 +0.21° 16.14 +0.32°

16:1 n-7 521+0.13" 3.52+0.11° 2.62 +0.06° 5.02+0.13" 3.77+0.07° 2.69 +0.07°

18:0 0.96 +0.03° 1.02 + 0.02° 1.02 £ 0.03* 0.82 +0.02° 0.96 + 0.02° 0.80 £ 0.02°

18:1 n-9 1649+034°  18.74+046°  1528+041° 15.13£0.29° 18.44 £ 0.39° 18.33 £ 0.30°

18:2 n-6 450+0.12° 7.23 +0.20° 8.63+0.19° 474 £0.05° 5.56+0.11° 7.11+0.14°
18:3n-6 1.31 £0.03° 1.87 £ 0.04° 3.34 +0.08° 1.67 £ 0.02° 2.63 £0.08° 3.46+0.10°

Gi 18:3 n-3 9.67 +0.20° 528+0.13° 4.66+0.15° 6.78 £ 0.14° 535+0.12° 3.94 +0.09°

1jan

8 000 0.38£0.01° 0.68 + 0.02° 0.45+0.01° 0.43£0.01° 0.33£0.01° 0.56+0.01°
20:2 n-6 1.47 +£0.03° 1.84 £ 0.04° 1.96 + 0.06" 1.42 +0.04° 1.52+0.03 1.80 + 0.05

20:3 n-6 1.81 +0.04° 1.98 + 0.04° 2.07 +0.05° 1.51+0.04° 1.82 +£0.03° 1.96 + 0.06"
20:41n-6 951+022°  13.94+037° 21324044 10.81 £ 0.22¢ 14.87 +0.35° 19.81 + 0.44°

C24:0 1959+ 0.39°  1842+042°  14.71+041° 2526+ 0.59" 1947+0.61° 13.94 + 0.32°
Saturates 5005+ 1.15° 4561 +130°  40.12+0.98° 52,92+ 1.51° 46.05+1.05° 40.89 +1.02°
Monoenes ~ 21.70+0.58°  2225+0.49°  17.90 +0.57° 20.15+0.63° 2221 +0.44° 2091 +0.52°
Polyenes 2826+0.62°  32.14+0.75°  41.98 +0.90° 26.93+0.61° 31.75 +0.73° 38.08 + 0.66"

P/S 0.56 = 0.01° 0.70 + 0.02° 1.05 = 0.02° 0.51+0.01° 0.69 = 0.02° 0.93 +0.02°
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12:0 0.37+0.01° 0.15+0.00° 0.38+0.01° 0.18 £ 0.00° 0.63 +0.02° 0.15 £ 0.00°
14:0 9.03+£0.27° 9.09+022°  16.16+0.19" 9.70 £ 0.20° 9.95+0.18" 13.71 £0.23"
16:0 18.59+£038°  17.72+£041° 1679 +0.38° 19.18 £ 0.54° 18.37+£0.39° 17.31 £ 0.35°
16:1n-7 2.71+0.07° 2.51 +0.06° 3.38 £ 0.09° 3.40+0.07° 3.69+0.07° 3.30+0.02°
18:0 0.69 £ 0.02° 0.81 £ 0.02° 1.11 = 0.00° 1.29 £ 0.03° 1.08 +0.03° 1.17 +0.03
18:1 n-9 1232+027° 16.71+£042°  1437+033° 16.03 + 0.44° 19.70 £ 0.55" 16.70 £ 0.12°
18:2 -6 5.78 £0.14° 5.76 +0.14° 7.15+0.16" 535+0.07° 5.57+0.07° 7154017
18:3 n-6 1.75 + 0.04° 2.03 +0.04° 4.03 +0.07° 1.71 £ 0.05° 1.89 + 0.04° 2.58 +0.07"
Wand 18:3 n-3 9.06+£0.21° 774 + 0.09° 5.70£0.15° 8.62+0.18° 6.25+0.07° 421 +0.02°
ando
20:0 0.38+0.01° 0.46 % 0.00° 0.45 + 0.00° 0.34+0.01° 0.48 +£0.01° 0.44 £ 0.00°
20:2 n-6 1.34+0.02° 1.54+0.03" 1.91 + 0.05° 1.60 + 0.04° 1.69 + 0.05 2.09 + 0,03
20:3 n-6 1.51 £0.05° 1.57 +0.04° 2.17 £0.05° 1.57 £0.04° 1.67 +0.02° 2.09 £0.07"
20:41n-6 10.95+025 1220034  16.16 = 0.36" 10.40 £ 0.18° 12.93+0.26° 17.91 + 0.06"
C24:0 2552+£0.56°  21.70+£0.63°  10.23 £ 0.28° 20.36+0.37° 16.06 £ 0.38° 10.77 £ 0.29¢
Saturates 5458+ 1.62°  49.93+1.02°  45.13+0.97 51.00+1.17° 4648+ 1.10° 43.46+0.73¢
Monoenes  15.03+£0.30°  19.22+0.50"  17.75+0.44° 19.69 +0.23° 23.01 = 0.64° 20.48 £ 0.34°
Polyenes 3039+082°  30.84+0.75°  37.12+0.68 29.19 + 0.66° 30.07 £ 0.75° 35.89 +0.47"
P/S 0.56 +0.01° 0.62+0.01° 0.82+0.01° 0.57 +0.02° 0.62+0.01° 0.83 + 0.02°

"Mean (n=3) values followed by the same letter within a row were not significantly different at p<0.05 according to Duncan’s multiple range test.
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Table 9. The Variation of fatty acid composition (percentage of weight) in the different parts of dried sea tangle (Saccharina. japonica) cultured

in 3 m depth of water at Gijang and Wando area®

. Mar Apr
Area  Fatty acid - .
Upper Middle Lower Upper Middle Lower

12:0 0.28 +0.01° 0.20 + 0.00° 0.24 % 0.00° 0.19 + 0.00° 0.25+0.01° 0.19 + 0.00°

14:0 10.41 +0.23° 10.63 £ 0.21° 14.05 + 0.30° 735+0.17* 6.32+0.14° 7.66+0.18°

16:0 21.34+0.48  20.08+0.43° 19.33 £0.25° 18.34 + 0.44° 17.61£0.21° 1571 £0.31¢

16:1 n-7 4.09 +0.10 3.89+£0.12° 3.26 + 0.08" 3.74 £ 0.09° 3.35+0.07° 3.23+0.08

18:0 0.71 £ 0.02° 1.08 +0.02° 1.22 +0.03° 0.86 + 0.02° 1.37 £ 0.03° 1.23 +0.02°
18:1n-9  14.43+0.30° 16.75 + 0.41° 1553 +0.41° 13.59 + 0.26° 17.64 +0.37° 15.78 + 0.26°

18:2 n-6 407+0.11° 5.18+0.14° 7.33+0.16° 5.81 +0.06° 6.62+0.13° 7.92+0.16°

18:3 n-6 1.48 +0.03° 2.11+0.05 3.30 £ 0.08° 1.73 £0.02° 2.38+0.07° 4.60 +0.13

Gi 18:3 n-3 7.01£0.15° 6.33+£0.15° 4.12+0.13° 9.00 + 0.19° 6.64 +0.14° 473+0.11°

1]an

8 20:0 0.46 £0.01° 0.40 +0.01° 0.39+0.01° 0.54+0.01° 0.35+0.01° 0.62 £0.01°
20:2 n-6 1.63 +£0.03 1.69 + 0.04° 2.25+0.07° 1.18 £ 0.03° 1.55+0.03" 2.05 +0.05

20:3 n-6 1.78 +0.04° 1.89 +0.04° 2.02 +0.05 1.42 +0.04° 1.78 £0.03° 2.31+0.07°

20:4 n-6 9.60 + 0.22° 12.02+0.32° 16.14 £ 0.33" 12.44 £0.25° 15.00 £ 0.35° 18.66 + 0.42°

C24:0 22.72£045"  17.74£0.40° 10.81 + 0.30° 23.82 +0.55° 19.13 = 0.60° 1531 +0.35°
Saturates 5591128  50.13+1.43" 46.05 £ 1.12° 51.09+1.46°  45.05+1.03°  40.71+1.02°
Monoenes  18.51 +£0.49°  20.65 + 0.46" 18.78 + 0.59" 17.33 +£0.55° 20.99 + 0.41° 19.01 + 0.47°
Polyenes  25.57+0.56°  29.23 +0.69" 35.17 £ 0.75° 31.58 £0.72° 33.97+£0.78°  40.28 £0.70°

P/S 0.46 £ 0.01° 0.58 = 0.02° 0.76 + 0.02° 0.62+0.01° 0.75 = 0.02° 0.99 + 0.02°
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12:0 0.40 £ 0.01° 0.43+£0.01° 0.93 +0.02° 0.10 = 0.00° 0.08 + 0.00° 0.08 + 0.00°
14:0 10.01 £ 0.30° 9.99 + 0.24° 12.94 +0.15" 9.63 £ 0.20° 778 £0.14° 8.57+0.14°
16:0 19.17£0.39"  16.69 +0.38" 14.96 + 0.34° 18.53 £0.52° 17.03 £ 0.37° 15.67+£0.32°
16:1 n-7 472+0.12° 3.13+0.07° 1.45 £ 0.04° 3.94 +0.08° 3.37+0.06° 3.04+0.02°
18:0 1.42 +0.03° 0.75 + 0.02° 1.26 + 0.00° 0.84 +0.02° 0.80 + 0.02° 0.82 + 0.02°
18:1n-9  14.95+032°  19.12+0.48" 17.14 £ 0.39° 11.84 + 0.33¢ 17.01 £ 0.48° 15.73+0.11°
18:2 n-6 4.45+0.11° 520+0.12° 6.74+0.15° 4.87 £0.06° 5.84 +0.08° 7.40 +£0.17°
18:3 n-6 1.30 £ 0.03° 2.06 £ 0.04° 3.30 = 0.05° 1.57+0.05° 2.21+0.05° 3.24 +0.08°
18:3 n-3 8.26+0.19° 5.29 +0.06° 3.54+0.10° 7.61 £0.16° 6.10£0.07° 5.07 +0.03°
Wand
ando
20:0 0.38+0.01° 0.48 + 0.00° 0.54 +0.01° 0.44 +0.01° 0.38 +0.01° 0.48 + 0.00°
20:2 n-6 1.62 +0.02° 1.69 £ 0.04° 1.82 £0.05° 1.20+0.03° 1.42 £0.04° 1.58 £0.03"
20:3 n-6 1.62 £0.05° 1.74 + 0.04° 1.93 + 0.05° 1.53 £0.04° 1.59 +0.02° 1.77 + 0.06"
20:4 n-6 9.40+021°  13.95+0.39° 16.23 £ 0.36° 13.04 £ 0.23¢ 16.97+035"  2024+0.07"
C24:0 22.29+0.49°  19.48 £0.57° 17.41 £ 0.48° 24.62 £ 0.45° 19.26 £ 0.46° 15.57 +0.42°
Saturates  53.67+£1.60°  47.82+0.98" 47.86+1.03° 54.41 + 1.24° 45.60 + 1.08° 41.35+0.69°
Monoenes  19.67 £0.39° 2224 4+ 0.58" 18.59 £ 0.46° 15.78 £0.18° 20.38 = 0.56" 19.04 £0.32°
Polyenes  26.66+0.72°  29.93+0.73 33.56 £ 0.62° 29.81 +0.67° 34.02+085°  39.61+0.52°
P/S 0.50 £0.01° 0.61 £0.01° 0.70 = 0.01° 0.55+0.01° 0.75+0.01° 0.96 + 0.02°

"Mean (n=3) values followed by the same letter within a row were not significantly different at p<0.05 according to Duncan’s multiple range test.
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Table 10. The Variation of element composition(%) in the different parts of dried sea tangle (Saccharina. japonica) cultured in 0.5 m depth of

water at Gijang and Wando area”

Mar Apr
Area Element - -
Upper Middle Lower Upper Middle Lower
N 3.15+0.07" 2.70 +0.03° 1.99 +0.04° 2.72 £ 0.02° 2.53+0.07° 1.90 + 0.05°
Gijang C 38.08+£0.95  37.67+0.73"  33.10+ 0.86Z 38.95+0.83"  39.05+0.84° 3497 + 0.82Z
H 6.08 +0.14" 6.06+0.15° 535+0.10 6.22+0.14" 6.30+0.14° 5.67+0.12
S 0.30 + 0.00° 0.21 +0.00° 0.14 % 0.00° 0.14 + 0.00" 0.12 +0.00° 0.10 + 0.00°
N 3.22 +0.06" 2.68 +0.06° 1.58 +£0.03° 2.77 +0.06" 2.39+0.06° 2.16+0.03°
Wando C 37.67+0.87°  36.88+1.15"  35.64+0.81° 39.28+0.88"  38.95+0.84° 37.24 + 0.84°
H 579+0.16" 570+0.13" 5.52+0.13° 6.39+0.19" 6.37+0.15° 6.15+0.07"
S 0.06 % 0.00° 0.05 + 0.00° 0.04 + 0.00° 0.07 +0.00° 0.14 % 0.00° 0.11 = 0.00"

*Mean (n=3) values followed by the same letter within a row were not significantly different at p<0.05 according to Duncan’s multiple range test.



404 HA7)1& ALTE A4S, 2011 129

Table 11. The Variation of element composition(%) in the different parts of dried sea tangle (Saccharina. japonica) cultured in 3 m depth of

water at Gijang and Wando area’

Area Element Mar épr
Upper Middle Lower Upper Middle Lower
N 3.01 +0.08" 2.57 +0.05° 234 +0.05° 2.71 £ 0.08" 2.26 £ 0.05° 2.03 £ 0.05°
Gijang C 3936+£1.24°  3895+0.76°  37.42+0.82° 37.96+£0.77°  37.67+£0.86°  36.68 +0.89"
H 6.22+0.14" 6.13 +0.14° 597+0.11° 573+0.14" 5.68+0.13" 5.63+0.07"
S 0.09 + 0.00° 0.24 £ 0.00 0.10  0.00° 0.05 £ 0.00° 0.05 + 0.00° 0.45 +0.01°
N 3.19+0.07" 2.67+0.06° 2.19 £ 0.04° 2.72 £ 0.08" 2.55+0.05° 2.17 £ 0.04°
Wando C 40.33 +£0.93° 39.56+0.75°  37.05+0.67° 38.87 +0.87" 38.40 + 1.06" 36.26 + 0.40°
H 6.28 +0.14" 6.41+0.07" 5.75+0.14° 6.09 +0.13" 6.03+0.17° 5.84+0.11°
S 0.06 + 0.00° 0.48 + 0.00° 0.04 % 0.00° 0.13 +0.00° 0.11 £ 0.00" 0.13 +0.00°

"Mean (n=3) values followed by the same letter within a row were not significantly different at p<0.05 according to Duncan’s multiple range test.
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