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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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23. ANHYH EAM
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HPLC (Prominence HPLC, Shimadzu Co, Ltd. Kyoto, Japan)=
243k eI,

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

Detector




A
Fotu|ieibe] #A42 mpouleoﬂ St A= 0.5 g 6 N
e 5 Z1E pumpE ©]&3t F
0 Coll A 24A17F 7k 3fistar 45 ToflA
4 A5 FEAT &, FANUEE S5
o (pH 22)S AHg310] 25 mLE 3|43 The, 045 um me-
mbrane filter=2 o]1}slo] EAAARZ AN} T Fofu]| At
FHAL ofu| At AEEA 7] (Shimadzu Co, Ltd. Kyoto, Japan)
& AEste] g1 E7|E ©]8-3l= OPA (O-phthalaldehyde)
Hog =43}t Columna Shim-pack AMINO-Na (6.0x100
mm), buffer flow ratex= 0.6 mL/min, OPA reagent flow rate:=
03 mLZ A3l BEASIHow &34 A=7]9] excitation
A2 350 nm&} emission TS 450 nmE AR5 THI]

2.5 X|gLtxd —Er@.

thAute] 2W &2 Folch et al[7]2] Wl whek Al 50
22 homogenizer (Tissue grinder, IKA, Germany)= t}43t &
chloroform-methanol (2:1, v/v) 882 A& 9] oF 10u=F 715}
I Egstar Yekaol A shEERE WA & AFsdS AlA sk
315 chloroform F-E-2 4= Na,SO,2 g ATA|7 &35}
Atk 33 = F FF7IE 555k dojl AE2 15% BFs-
methanol 8282 A}2-3}= AOAC[6] Hol we} methylationS
ST A HFAF A2 gas chromatography (Shimadzu GC-2010,
Shimadzu Co, Ltd. Kyoto, Japan)& A3}l 2™ columne
SP-2560 (100 m x 0.25 mm id x 0.2 pum film thickness, Supelco
Inc., Bellefonte, USA)Z} oven?] &%= 150 TojjA] 587+ U‘]E
i3 C/min2 A5AA 250 Coll A 557 5-2|5FATHI]. &
W71 4= heliume AR5l 18 cm/s= %’—T = A% OPﬁQ‘Jﬁ
split rater= 1:502. 2 35} th FID (flame ionization detector)®
APAE AE8HRAL olu injection port?} FIDO] £=+= Zf
7+ 270 T2} 250 C= 39t #&2E2L 37 A4 S35

oA ThAlmke] St $9l0] wh Bfet R B4 397

(Supelco 37 Component FAME Mix, Sigma-Aldrich Co., Belle-
fonte, PA, USA).
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o g

7A%-S SPSS (SPSS Inc., Chicago, IL, USA) software package
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o148 AEsATH0].

| <] Duncan’s multiple range test

v}

M
. o
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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" 63.30+£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 046"  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.

olefg ATt chAlul A A3} A717H THE ol ROl AE  mamnose 59| SAE GR5E AT Table 4, 5). 7
cleith a7l e 5 QA A A HE ARE R AREEATER AZGE AR Adtas
AESA b ARES ATORA UERE 4 £ Q&S = BR 4 i), OIS 2 M HOR JlRaetel o

& 2
2 Aol Boigeh AR Aclo] B VEHLS BF o4 SR gL ARTRFELe S e pg
Aol 918 Apolof H) fIH Aolg hehiA gkabth  BE11) 714 SEO) diRE ShAlutel4 Heje) uhe

(p>0.05). 7} 339 o Aol UK (p<0.05) PR} 2ol
EAA AP o] okt Fucosed] g2 HE AR

3.2. 78Y oAl 7|7FAto] AT T =2 TS B THp<0.05). tix

chA k] LAY URFA O 2 fucose, galactose, glucose, Tt 3 m Aol A FAGE thAlup 7he] 7 A Te] ek

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 455+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°
N8 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.

Apol= FoE, A1, YHA71Eo wheh fojHow ek
Aol Lrebsteh(p<0.05). 383k 4ol AFH /1% chAloke] 7
- fucose, galactose, glucoser= A= H 97} oF= B R} &
olfow Lo oS Uehyglent $7F Bolehs fold 3
ol Ly 2] 9rokeip<0.03). Hhel, 9k Thalmhe] Bl 19

= fucose, mannose, glucose 3Fo] A= Ho| R} WO Sleko.

e ol(p<0.05) X i7ko]l THE TEFOl ol A AL
xo] F9lch

3.3. Z0t0O| At
chAlOte] Q8 ofu]| i AR glutamic acid, aspartic acid, leu-

cine, alanine, glycine, valine, phenylalanine©| 1 2 cystine2

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" 322.99+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, ATd Al4=, 20119 124

1807.39 +47.98"
871.68 £30.71"
839.40 + 20.14°

Aspartic acid
Threonine

Serine

1488.44 + 39.10°
716.67 + 20.45°
686.67 + 18.99°

817.11 £28.79°
471.92 £ 19.37°
420.15+£16.21°

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°
417.23 £ 8.67°
557.93 + 12.55°
583.41 £ 15.02°

Glutamic acid 2052.56 = 60.39"  1700.36 = 47.46° 937.76 + 33.23°
Proline 721.45+1933*  588.08+ 17.05° 324.49 + 14.91°
Glycine 1023.83 £26.06°  840.29 £2537° 499.5] & 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.

= A3 oA AEE A &dth(Table 6, 7). Glutamic acid
9} aspartic acid7} Zolu] = AF] ok 20% o] AL 22|64t
3| 2 Tl A o] JLAJotu] Ak UHEA © 2 alanine, aspartic
acid, glycine, proline™} Z+-& 24 4 AbAjoju]-Alo] Who A
oz defA eu(11] thAvt= glycined} proline®hao] T
A2 FA 851 ldc) stolu| Al cystine} cysteine-S

AET A &9F O ™, methionine2 -2 3hHG-3FS H $ItH(Table
6, 7). T3, histidine®} tyrosine-2> methionine™} -3-A}gt $H5-F
2 H$tR(Table 6). 2= AL thr]ulof A glutamic acid,
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SN Faels AL Bol & ofnlil HekE 0E AL
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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° 34947+ 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° 94034 +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

1682.91 +37.97°

1420.09 + 30.96°

1197.10 + 18.75°

1458.94 + 25.15°

1287.72 + 35.38"

1047.21 £19.21°

Threonine 801.51£24.00° 68526+1623" 609.83+1598°  703.63 +14.86" 620.02+11.23° 604.82 + 14.38"
Serine 78937+ 16.10" 67523 +1549° 57232+13.91°  677.57+18.90° 594.07+12.76° 538.46 + 14.41°
Glutamic acid  1904.12 +47.62" 1617.69 +37.48" 1356.00 + 19.14°  1656.84 + 34.87" 1471.06 + 26.95" 1201.84 + 25.69°
Proline 670.17+15.26" 569.80+13.71° 45651 +12.54°  582.36+15.18" 508.78 +12.38" 415.87 + 10.80°
Glycine 953.08+£20.62" 812.20+20.35" 680.76+12.33°  826.44+22.80" 726.98+20.38" 640.18 + 11.74°
Alanine 1161.32 +27.59"  978.35+23.00° 809.68+ 17.40°  1003.44+13.19° 885.91+11.67° 767.34 + 8.89°
Valine 878.60+20.72° 752.84+829"  618.25+15.04°  784.99+16.29" 692.84+7.70°  585.93 + 15.03°
Wando Methionine ~ 404.91+ 10.66" 33229 +3.42°  247.09 + 6.92° 347.25+832°  29139+583"°  218.20+4.53°
Isoleucine 718.03+£ 937"  607.24+12.94° 458.45+ 6.04° 644.17 + 16.60° 558.44 +12.68" 461.15 +9.34°
Leucine 1381.51 £41.33" 1165.88 +26.74° 880.37+19.23°  1212.40+26.14" 1052.66 +26.32° 866.45 +29.21°
Tyrosine 358.76+£8.04° 30328 +842°  227.31£252° 330.16+£8.80°  273.47+6.73°  193.63 £5.70°
Phenylalanine  827.08 + 18.04"  699.85+20.36° 527.09+10.55°  723.39+25.07° 63030+ 11.03° 506.43 + 12.03°
Histidine 41291+ 12.27* 35893 +7.31°  320.63 +9.44° 35423 +7.24°  305.13+£547°  401.54 + 8.34°
Lysine 816.80+ 16.07° 697.11 + 18.27° 591.42 +4.58° 700.82 £ 15.64°  630.06+ 16.48°  536.95 + 12.08°
Arginine 72240 £19.59"  631.01 +15.34" 500.88+12.59°  637.30+19.44" 566.88 +18.34° 561.47 + 14.46°
Total 14483.47 +298.41% 12307.06 + 173.73° 10053.68 + 160.06°  12643.93 + 343.62" 11095.69 + 270.78" 9547.46 + 237.53°

*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°  14.29+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+049°  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° 7.74 + 0.09° 570 £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  1220+034°  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° 1573 +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-3 826+ 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° 174 + 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+£095  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.
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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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