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The compositions and seasonal variations of free sugars and non-volatile organic acids of brown
algae, such as Ecklonia cava, Sargassum ringgoldianum and Myagropsis myagroides were investigated
by gas chromatography.

Four kinds of free sugars, such as xylose, glucose, galactose and floridoside were identified. The
most abundant one was floridoside marking 118.7 mg/100 g, 90.9 mg/100 g and 70.0mg/100 g in Ecklonie
cava, Sargassum ringgoldianum and Myagropsis myagroides, respectively. There were not distinguishable
seasonal variations in the contents of free sugars in all the samples.

In the case of organic acids, nine kinds were identified in Ecklonia cava and major ones were
succinic, citric, malic, fumaric, oxalic and lactic acid, of which succinic acid was the most abundant
one marking 30.6% of total organic acids. In Sargessum ringgoldianum and Myagropsis myagroides,
eight kinds were identified, which major ones were succinic, citric and malic acid in both samples,
and they marked 68.4% and 61.1% of total organic acids in Sargasssum ringgoldianum and Myagropsis
myagroides, respectively. There were not distinct changes in the content of total organic acids accord-
ing to seasons in all the samples examined. The contents of total organic acics in Ecklonia cava was

a little more than Sargassum ringgoldianum and Myagropsis myagroides.
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Table 1. Chemical composition of sea weeds

( dry basis )

Total ash Crude protein Crude lipid
Species Max. Min.  Ave. Max. Min. Ave. Max. Min. Ave
Ecklonia cava 25.7 17.5 21.7 14.5 10.8 12.8 1.9 1.6 1.7
Sargassum ringgoldianum 23.6 22.5 23.6 10.5 6.8 8.6 1.6 1.2 1.3
Myagropsis myagroides 28.5 18.2 24.1 15.6 8.7 13.5 1.3 0.8 1.0

Table 2. Operating condions of GLC for free sugar and non-volatile organic acid

Non-volatile organic acid

Free sugar
Instrument Shimadzu GC-7A
Column 2mx3mm 1i.d., stainless steel

Support material

Shimalite W, 100~200 mesh

Pye Unicam series 304
1.5x4 mm i.d., stainless steel
Chromosorb W, 60~80 mesh

Packing material SE-30, 5% DEGS 15%

Column temp. 170°C~215°C(2°C/min) 130°C~200°C (2°C/min)
Injection temp. ° o

Detector temp. 210°C 260°C

Detector FID FID

Carrier gas

N, flow rate, 25m!/min

N, flow rate, 25m!/min
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Fig. 1. Gas chromatograms of TMS derivatives
of standard sugars mixture.

1,2 : xylose ; 3,4, 6 : galactose

5,8 : glucose ; 7 : mannitol 9 : stearyl

alcohol ; 10 : floridoside

Fig. 2. Gas chromatograms of TMS derivatives of
sugars in Ecklonia cava.
1: xylose ; 2,4 : galactose ; 3.5 : glucose ;
6 : stearyl alcohol (internal standard) ;
7 : floridoside
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Table 4. Seasonl variations in the contents of free sugars from Ecklonia cava

( mg/100 g, dry basis )

Sugar Jan. Feb., Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
Xylose 15.5 18.6 15.3 16.4 20.5 18.3 16.2 18.2 18.3 22.3 20.4 22.5 18.3
Glucose 40.4 40.5 45.4 38.3 35.6 48.3 30.4 40.2 41.5 35.5 40.3 38.6 39.5
Galactose 50.5 50.4 45.4 45.6 40.4 40.3 44.3 38.6 45.2 50.3 45.3 48.2 45.3
Floridoside 110.4 110.5 120.3 120.6 115.4 125.6 130.3 120.6 125.5 120.4 115.6 120.3 118.7

Total 216.8 220

226.4 220.9 211.9 232.5 221.2 217.6 230.5 228.5 221.6 229.6 221.8

Table 5. Seasnal variations in the contents of free sugars from Sargassum ringgoldianum

( mg/100 g, dry basis )

Sugar Jan. Feb. Mar. Apr. May. Jan. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
Xylose 15.1 13.3 15.2 10.3 15.6 10.2 11.2 — —_ — 15.2 10.3 12.9
Glucose 28.4 25.2 20.3 25.2 30.3 25.4 28.2 - — — 20.4 25.2 25.4
Galactose 38.2 42.3 45.5 40.3 35.5 45.2 45.3 - — — 48.2 45.2 42.8
Floridoside 90.3 85.2 85.5 80.3 80.4 100.4 110.4 — — — 85.4 100.4 90.9
Total 172 166 166.5 156.1 161.8 181.2 195.1 - — — 169.2 181.1 172

Table 6. Seasonal variations in the contents of free sugars from Myagropsis myagroides

( mg/100 g, dry basis )

Sugar Jan.  Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
Xylose 8.6 7.8 8.4 8.5 10.3 9.1 — - — 8.2 10.1 &.5 8.8
Glucose 18.3 18.2 15.3 20.4 25.5 22.2 — — — 20.4 23.3 20.4 20.4
Galactose 20.2  21.3 20.3 25.4 30.4 20.4 — — — 25.3 30.2 28.3 24.6
Floridoside 74.5 75.2  70.4 72.3 70.3 75.2 —_ — — 80.6 85.4 80.5 76.0
Total 121.6 122.5 114.4 126.6 136.5 126.9 - — — 134.5 149.0 137.7 129.8
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Fig. 3. Gas chromatograms of methyl esters of

standard non-volatile organic acids mixture,

1 ¢ lactic acid; 2 : oxalic acid; 3: malonic
acid 4 : fumaric acid; 5 : succinic acid;

6 : lauric acid; 7 : maleic acid; 8: malic
acid; 9 : ketoglutaric acid; 10 : citric acid

Fig. 4. Gas chromatograms of methyl esters of

non-~volatile organic acids in Ecklonie cava,

1 :lactic acid; 2 : oxalic acid; 3: malonic
acid;4 : fumaric acid; 5 : succinic acid; 6:
lauric acid (internal standard); 7 : maleic
acid; 8: malic acid; 9: ketoglutaric acid;
10 : citric acid
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Table 7. Seasonal variations in the contents of non-volatile organic acids from Ecklonia

cava ( mg/100 g, dry basis )

Organic acid Jan.  Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
Lactic acid 16.1 18.2 16.2 18.2 16.1 19.5 17.3 18.2 17.8 18.2 18.3 18.2 17.6
Oxalic acid 20.6 20.5 21.4 22.5 20.2 21.9 20.4 20.2 22.1 20.3 22.1 20.1 21.0
Malonic acid 4.8 4.3 5.6 5.8 6.2 5.1 5.8 5.2 5.8 5.4 5.7 5.4 5.4
Fumaric acid 20.8 22.4 24.6 22.4 23.6 24.6 25.2 23.2 20.5 22.5 20.8 22.4 22.7
Succinic acid 60.3 58.6 57.2 56.4 60.4 54.3 54.2 58.2 60.3 62.3 61.5 62.4 58.8
Maleic acid 5.8 5.2 5.4 4.8 5.2 5.4 5.8 6.2 56 5.4 5.4 5.2 5.4
Malic acid 20.6 22.4 24.2 20.4 26.2 25.3 28.4 27.2 20.2 22.4 26.2 20.4 23.6
Ketoglutaric acid 8.7 8.6 7.8 6.4 7.6 8.4 7.4 7.6 83 6.4 6.7 7.2 8.2
Citric acid 30.1 28.4 27.6 28.4 30.3 29.1 28.2 29.6 28.2 30.3 28.2 28.4 28.9
Total 187.8 188.6 190.0 185.3 195.8 193.6 192.7 195.6 188.3 193.2 194.9 189.7 191.6

Table 8. Seasonal variations in the contents of non-volatile organic acids from Sergassum

ringgoldianum

( mg/100g, dry basis )

Organic acid Jan. Feb. Mar., Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
Lactic acid 6.1 6.4 6.5 6.5 6.8 6.7 7.2 — - — 6.5 6.4 6.5
Oxalic acid 7.2 7.4 7.4 7.3 7.8 7.6 7.4 — — —_ 7.5 7.4 7.4
Malonic acid 6.2 6.4 6.1 5.8 6.2 6.4 5.8 - — — 6.6 6.5 6.2
Fumaric acid 8.1 8.4 7.8 8.2 7.9 7.8 8.4 — —_ — 8.6 8.1 8.1
Succinic acid 32.1 32.4 30.4 30.2 32.4 30.6 33.6 — — — 32.4 32.1 31.8
Malic acid 20.1 22.1 20.4 18.5 20.2 19.4 18.6 — — — 20.2 22.1 20.1
Ketgolutaric acid 4.4 5.6 6.3 3.6 4.2 4.4 5.2 — — — 4.2 3.6 4.6
Citric acid 20.1 18.4 18.3 16.4 18.6 18.2 18.6 — — — 18.1 20.2 18.8
Total 104.3 107.1 103.2 99.5 104.1 101.1 104.8 —_— — — 104.1 106.4 103.5

Table 9. Seasonal variations in the contents of non-velatile organic

acids from Myagropsis

myagroides ( mg/100 g, dry basis )

Organic acid Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ave.
Lactic acid 6.2 6.2 6.1 6.4 5.7 5.6 — — — 6.3 6.1 6.2 6.0
Oxalic acid 5.8 5.7 5.9 5.7 5.8 6.1 —_ —_— — 5.8 5.6 5.4 5.7
Malonic acid 6.4 6.6 6.3 6.1 6.2 6.3 — — — 5.9 6.0 6.1 6.2
Fumaric acid 5.5 5.4 5.6 5.4 5.4 5.8 — — —_ 5.8 5.9 5.6 5.6
Succinic acid 20.1 22.3 20.2 26.4 22.3 24.5 — — —  26.3 26.2 26.2 23.8
Malic acid 10.8 10.8 12.7 12.8 11.8 10.8 — —_ — 12.1 10.8 10.2 11.4
Ketoglutaric acid 5.8 5.4 6.2 6.7 6.3 6.4 — — — 5.2 6.3 5.8 6.0
Citric acid 11.3 12.1 11.2 10.6 12.3 10.3 — — — 11.7 12.8 11.6 11.1
Total 71.9 74.5 74.2 80.1 75.8 75.4 — — — 79.1 79.7 77.1 76.2
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