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Abstract

Seasonal variation of fatty acid composition and crude lipid in sharp toothed eel (Muraenesox cinereus) muscle was
investigated. Crude lipid content varied from 3.85 to 12.59 g/100g, comprising the highest content in November. The
major fatty acids of total lipid, neutral lipid, and phospholipid were C16:0, C23:0, Cl6:1, C18:1, C205, and C22:6, but
in phospholipid, C18:3n-6 was also the major fatty acid. The C22:6 content of the neutral lipid was much lower
compared to that of the total lipid and phospholipid. The content of polvunsaturated fatty acids (ranged from 73.93
to 66.23%) in phospholipid was higher than that of any other lipid fraction. In glycolipid, C20:1 and C14:1 were
higher compared to those of any other lipid fraction, but C20:5 and C22:6 were lower. The annual average ratio of
n-3 to n-6 of total lipid, neutral lipid, phospholipid, and glycolipid was 10.82, 12.27, 6.63, and 6.50, respectively. The
particular trend of seasonal variation of fatty acid composition was not showed in total and neutral lipid. However,
the samples caught in September and November had a high crude lipid content with a significantly lower content of
polyunsaturated fatty acids in phospholipid. Also, the content of monounsaturated fatty acids in glycolipid was
lower in samples of September, November, and January.
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Table 1. Seasonal variation of proximate compositions in

sharp toothed eel (g/100 g)
Month  Moisture C.ru'de Crud'e Ash
lipid protein

May 71914095 385+029" 2092+176" 213+013°
July 70341084 726-066° 19.51+0.64" 2.05+0.17
Sep. 6713115 10.73-1.07° 1883+0.72" 1.84+0.16™
Nov. 66721193 12.59-1.34" 18.01+089° 1.70+019°
Jan.  69.07+1.11° 9.06—0.69" 1851+057° 1.94+0.15"
April 7002095 681+0.77 19.85+156" 2.03+0.13°

““Different characters in the same column are significantly
different(p<0.05)
Values are means and standard deviations of triplicate mea-
surements(n=3).
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Table 2. Seasonal variation of the fatty acid compositions of total lipid in sharp toothed eel (weight %)
Fatty acid May July Sep. Nov. Jan. Apr.
C11:0 0.25+0.01° 0.27+0.02° 0.32+0.02° 0.59+0.03° 0.31+0.02° 0.26+0.03°
C12:0 0.30+0.02° 0.26+0.01° 0.34+0.02° 0.63+0.03° 0.35+0.02° 0.30+0.02°
C13:0 0.0410.01° 003+0.01°  0.02+0.01° 003£001°  0.02+0.01° 0.03+0.01°
C14:0 2.18+0.10 296+014°  328+0.16" 286+014°  234+012¢  242+012°
C15:0 0.52+0.03° 0.54+0.02° 0.51+0.03 0.74+0.04° 0.50+0.03° 0.61+0.04%
C16:0 7.27+0.35° 6.33+091° 6611034 7.40+0.37° 6.64+033° 6.19+0.55°
C17:0 0.30+0.01° 022+0.01¢ 0424002 043+0.04>  049+0.02° 0.25+0.01
C18:0 228+0.12° 1.80+0.09° 1.88+0.09° 221015 1.98+0.10° 1.92+0.10°
C20:0 0.20+0.01° 014+001°  0.01+0.01° 0.01+0.01° 0.20+0.01° 0.11+0.01°
C21:0 0.01+0.01° 0.02+0.01°  0.03+£0.01° 001+001°  0.07+001° 0.01+0.01°
C22:0 0.02+0.01° 001+001°  012+001° 0.06+002° 0031001 0.03+0.01°
C23:0 6.24+0.21° 316+0.28 223+0.13° 326+0.16° 361+031° 3.01+0.15°
C24:0 0.02+0.01° 0.02+0.01° 0.03+0.01° 0.01£0.01° 0.01+0.01° 0.01+0.01°
> Saturated 19634015  15.76+128°  1580+129°  1824+158  1655+127° 15154075
Cl14:1 0.99+0.07° 0.84+0.04° 1.09£0.05° 2.0340.10° 111+0.06° 0.91+0.05
C15:1 0.07+0.02° 0.06+0.02° 0.07+0.02° 0.17+0.01° 0.08+0.01° 0.02+0.01°
C16:1 8.16+0.92° 874+094" 9274046  1059+0.83° 8.03+0.84° 826+0.82°
C17:1 0.37+0.02¢ 0.69+0.07° 0.84 +0.04° 0.54+0.03° 0.81+0.04° 0.49+0.02%
C20:1 2.01+0.11° 2.06+0.10° 0.62+0.03° 097+0.06°  057+0.04° 1.23+0.06°
C18:1(trans) 025+0.03"  012+001°  011+0.01° 018+0.01°  0.18+001° 0.15+0.01°
C18:1(cis) 7.27+1.01° 712+045 7.06+0.79° 7.88+0.79° 773+0.83° 718+0.59"
2211 0.08+0.02* 0.10+0.01° 0.08+0.02° 0.12+0.01° 0.03+0.02° 0.09+0.02°
C24:1 0.47+0.07° 0.38+0.02° 0.25+0.01° 026+003°  044+002° 0.37+0.02°
YMonounsaturated  19.67+1.63°  2011+148°  1939+123°  2274+190° 1898+181°  18.70+1.34°
C18:3n-3 1.73+0.08° 0.53+0.03 1.10+0.06° 0.52+0.03° 1361016  0.67+0.03
C20:3n-3 0.25+0.04° 0.13+0.01° 0.14+0.01° 0.16+0.02° 0.33+0.02° 0.17+0.02°
C20:5n-3 135541265  1730+156°  19.82+0.99°  1440+092° 1351+097  1429+101°
C22:6n-3 1867 +239°  39.88+219°  3602+1.85  37.25+253% 42244307  44.87+3,01°
3 n3 5400+271°  57.84+303°  57.08+295°  5233+326°  57.44+287°  60.00%3.23°
C18:2n-6(trans) 0124005  016=001°  0.07+0.02° 006+001°  0.05+0.01° 0.06+0.01°
C18:2n-6(cis) 201+£022°  153+008°  1.53+0.09° 1034005  145+0.07° 1.49+0.07°
C18:3n-6 217+0.11° 222+011° 221+0.12° 274+0.15 2.09+0.15° 2.05+0.17°
C20:3n-6 0.86+0.04° 1.19+0.06° 1.45+0.07° 1.08+0.05° 227+0.35 1.50+0.08°
> n-6 516+0.23" 5104026  526+0.62° 491+027° 5861077 510+057°
C20:2 0.05+0.01¢ 0.15+0.01¢ 1.03+0.05" 0.76+0.06"  0.07+0.03% 0.09+0.03
222 1.28+0.06° 1.04+0.05°  147+007° 0.99+0.05° 1.12+0.06" 0.99+0.14°

> Polyunsaturated 60.69+3.09° 6413+377°  64.84+393° 58.99+322°  64.49+3.72° 66.18 +3.56

n-3/n-6 ratio 10.50 11.34 10.85 10.66 9.80 11.76

*Different characters in the same row are significantly different(p<0.05)
Values are means and standard deviations of triplicate measurements(n=3).

236 / A H3IA



Aolel Anb gz Apgate] A s

Table 3. Seasonal variation of the fatty acid compositions of neutral lipid in sharp toothed eel

(weight %)

Fatty acid May July Sep. Nov. Jan. Apr.

C11:0 0.39+0.02" 0.49 +0.02° 0.32+0.02° 0.19 = 0.02° 0.20 + 0.01° 1.07-0.05°
C12:0 0.39~0.02° 0.56 +0.03" 0.360.02° 051 ~0.03" 052 - 0.03° 241-0.12°
C13:0 0.03+0.02° 0.05+0.01° 0.03+0.01° 0.04 +0.01° 0.09 +0.01° 0.22-0.01°
C14:0 3334 061" 5.23+0.46" 4334 022" 387+0.29° 334 +0.17° 258013
C15:0 0.75+0.04" 0.90 +0.05° 0.62+0.03" 102 £0.05° 0.73+0.04° 0.79-0.04"
C16:0 985+053"  10.76+0.84° 8.25+0.65" 949 - 047" 8.99+0.87° 5.92-0.34°
C17:0 0.68 +0.03° 0.80 +0.04° 055~ 0.03" 077 = 0.04° 0.24 +0.01° 0.59-0.03"
C18:0 294-0.15° 2.83+0.14° 224~ 011 284-0.14° 2574013 1.87-0.09°
C20:0 0.27-0.01° 0.24+0.01° 0.18- 0.02° 0.13 - 0.01° 0.16 +0.01" 0.30 —0.02°
C21:0 0.14+0.01° 035+0.02°  0.81+0.04° 045 - 0.02° 0.13 ©0.01° 0.12-0.01°
C22:0 0.02-0.01" 0.09 +0.02° - 0.02-0.01" 0.02+0.01° 0.02-0.01°
C23:0 5.33-0.37" 281 +0.14° 224-0.11" 298 - 0.15 352+ 0.18" 251-0.13¢
C24:0 0.01 - 0.01° 0.05+0.01° 0.02 - 0.01° 002-0.01" 0.01- 0.01° 0.02 - 0.01°
> Saturated 2413-175 25161135 19951020  2233+134"  2052-1.03°  18.42-0.92°
C14:1 1.45+0.07° 1.70 +0.09" 115 0.06" 1.61-0.08" 1.61 - 0.08" 7.04-0.35°
C15:1 0.19+0.02° 0.15+0.02° 0.09+0.01° 010-0.02" 011- 001" 1.180.06°
Cl6:1 1158-112°  11.971096°  1060+053"  1217-061' 1034 - 0.76" 8.60 -0.43"
C17:1 047 +0.02° 0.80 + 0.04° 0.940.05° 061-0.03°  030-0.02° 0.45-0.02°
C20:1 0.89+0.04° 0.79-0.04" 0.54 - 0.03° 070+ 0.04™ 125 0.06° 0.37 -0.02°
C18:1(trans) 0.24+0.01° 0.15 * 0.01" 0.12-0.01° 0.28 = 0.01° 0,24 +0.01° 0.22-0.01°
C18:1(cis) 10.21+0.83° 891 065" 742 057 936~ 0.57° 6.8+ 0.35" 811045
C22:1 0.09+0.02* 0.13+0.01° 0.05 + 0.01™ 008 002"  0.03 1001 0.06 -0.01°
C24:1 027+0.01° 035 £0.02° 0.28—0.01° (119 - 0.03* 0.44 +0.02° 0.10—0.01°
SMonounsaturated  25391196"  24.95+142°  21.19- 156"  2310-126" 2130157 2613128’
C18:3n-3 1.25-0.06" 0.98 + 0.05" 1.06~0.05" 1.98 - 0.10° 1,68 +0.08° 1.10—0.06"
C20:3n-3 0.32 - 0.03° 0.14+0.01° 015 0.02" 016-0.01" 0.3¢+0.02° 016 -0.02°
C20:5n-3 1398122  1559+098° 2076104  1193-098"  15.99+080°  13.77 ~0.69°
C22:6n-3 28141470 28.75+152°  30.89-1.58"  3073-210° 3404 +1.94° 33.38 - 1.67°
S n3 1360-29% 4546227 3286 264" 4780 259"  5210+261° 4841 -2.42°
C18:2n-6(trans) 013~ 0.01° 0.27+0.01°" 0.07 - 0.02° 005 0.01 0.06 -~ 0.02° 0.12-0.01°
C18:2n-6(cis) 246012 181+0.09" 197010 119+ 0.06' 1.96 F0.10" 1.64-0.08°
C18:3n-6 022 - 0.01° 0.18=0.01° 021 - 0.01° .96+ 0.05" 013002 254 -0.13"
C20:3n-6 1.86-0.09° 1.05-0.05" 1.87 - 0.09° 0.70+0.04" 1.80 ¢ 0.09° 1.74 = 0.09°
S n-6 167023 331017 412023 290-0.15 3.95 +0.20¢ 6.04 - 0.30°
202 0.81 - 0.04" 016+0.01* 032001 0.83 ~0.04° 0.82-0.04° 0.08 —0.01°
222 130+007°  094-005" 154 0.08 1.02 - 0.05" 131:007" 093005
SPolyunsaturated 5047 3.14° 4987249 5884-294" 52557263 381843017 5546 277°
n-3/n-6 ratio 9.36 13.73 12.83 16.48 8.01

a-d

13.19

Different characters in the same row are significantly different(p<0.05)
Values are means and standard deviations of triplicate measurements(n=3).
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Table 4. Seasonal variation of the fatty acid compositions of phospholipid in sharp toothed eel (weight %)
Fatty acid May July Sep. Nov. Jan. Apr.
C11:0 0.21+0.01° 0.38+0.02° 0.49+0.02° 0.45+0.02> 0.59+0.03" 0.81+0.04°
C12:0 048+0.02°  0.87%0.04° 037+0.02%  0.92+0.05 1304007  0.80+0.04°
C13:0 0.03+0.01¢ 0.02+0.01° 012+0.01°  008+0.01®  010+001°  0.07£001°
C14:0 0.31+0.02¢ 0.58 +0.03° 1.02+0.05° 0.70+0.04° 0.81+0.04°  0.71+0.02°
C15:0 0.19+0.02° 0.26+0.01¢ 0.46+0.02° 0.37+0.02° 045+0.03"  042+0.02°
C16:0 4.85+0.34° 6.66+0.33° 7574038 7.3810.37° 6.16+0.31° 6.48+0.31°
C17:0 060003 067003 074004 0.72+0.04° 0631003  043+0.02°
C18:0 1.91+0.12¢ 1.79+0.08° 430+0.21° 334+0.17° 274+0.15 327+0.16°
C20:0 0.08+001°  0.02+0.01° 007+0.01°  0.15+0.02° 0.04+0.02° 0.01£0.01°
C21:0 0.23+0.02° 0.06 +0.02° 0.04+0.01° 0.11+0.01° 0174002  0.14+0.01°
C22:0 0.08+0.03° 0.10+0.02° 019+0.02°  010+0.01° 0.11+£0.01° 0.160.01°
C23:0 9,84 0.59° 7161034  493+025°  7.94+041° 583+029° 6841034
C24:0 0.02+001°  002+001°  001+001°  010+0.01° 0.11+0.01° 0.13+0.02°
> Saturated 18821099  1859+093°  2031+1.02° 2236+115  19.04+1.01° 20.28+1.01°
Cl14:1 1.64+0.08° 292+015°  360+0.18 2.95+0.16° 4.03+0.20° 255+0.13"
C15:1 0.13+0.02° 040+0.02°  074+0.04° 0.38+0.02° 0.43+0.02° 0.22+0.01°
Cl6:1 165+008°  186+009°  208+0.10° 1.8340.09° 1.99+0.12° 1.79+0.05%
C17:1 005+001°  004%0.02°  009+0.01° 0.10+0.01° 029+0.01°  0.09+0.01°
C20:1 015+002°  020+0.01° 0.17+0.02° 0.10+£0.01° 022+0.01°  0.07+0.01°
C18:1(trans) 005+001°  006+0.01°  010+0.01° 0.10+0.02° 0.11+0.02° 0.09+0.02°
C18:1(cis) 323+0.26° 4.04+020° 384+0.19° 3.42+0.21% 3401017 3.67+017°
C221 0.08£0.01° 0.04£0.01° 219+0.12° 0.96+0.05° 1.33+0.08" 1.29+0.06°
C24:1 0.30+0.01° 0.40+0.02* 066+0.03*  0.56+0.03 042+002°  0.66+0.03
S Monounsaturated ~ 7.27+0.37° 997+049°  1346+0.71°  1039+054°  1222+061°  1043+050°
C18:3n-3 022+0.01° 0.24+0.01° 028+0.01° 0.44+0.02° 022+0.01° 0.14+0.01
C20:3n-3 0.14+0.02° 0.10£0.01° 0.18+0.02° 0.19-+0.02° 013£001°  0.14+001°
C20:5n-3 1140057  10.77+054*  1146+057°  1090+055°  1051+053°  11.62+0.58
C22:6n-3 49661248" 45361227  4640+232°  4787+242° 43624223  50.63+2.52°
> n3 6142307  5747+287° 58324291  59.40+301° 54481252  62.53+3.18°
C18:2n-6(trans) 002+001°  0.04+002°  004+001°  0.07+0.01° 004+001°  0.06+0.01°
C18:2n-6(cis) 0.69+0.03* 0631003  068+0.03 0.72+0.04° 055+0.03"  0.69+0.03"
C18:3n-6 10.724054° 12594063 6.26+0.31° 615+0.32%  13.20+0.66° 5.43+0.27¢
C20:3n-6 0.32+0.02° 0.16+0.01° 016 +0.01° 017+0.02° 0.12+0.01° 0.19+0.01°
S n6 11752060  13.42+0.65° 7.14+0.36° 711+036°  13.91+0.71° 6.37+0.32°
C20:2 0.30+0.02° 020+001°  028+0.01° 0.29+0.01° 0.02+0.01° 0.01£0.01
C22:2 0.46 +0.02° 034+0.02° 049+0,02° 0.45+0.02° 0.3240.02° 0.37+0.02°

> Polyunsaturated 73.93+3.02°  7143+357°  6623%339°  67.25+336° 68.73+3.41°  69.28+3.46"

n-3/n-6 ratio 5.23 428 8.17 8.35 3.92 9.81

*%Different characters in the same row are significantly different(p<0.05)
Values are means and standard deviations of triplicate measurements(n=3).
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Table 5. Seasonal variation of the fatty acid compositions of glycolipid in sharp toothed eel

(weight %)

Fatty acid May July Sep. Nov. Jan. Apr.
C11:0 254+013° 246+0.12° 1.79+0.09 2134012 3.91+0.19° 215+0.11°
C12:0 278+0.14° 254+0.13° 2.33+0.12° 246+0.12° 237+0.12° 243+0.12°
C13:0 029+0.01° 020+0.01° 0.04 +0.02° 225+0.11° 0.12+0.01° 0.25+0.01°
C14:0 1.33+0.05° 1.65+0.08° 3.71+0.19° 230+0.11° 375+0.18 1.35+0.06°
C15:0 0.55+0.04¢ 0.59+0.03° 1.22+0.06° 0.40 +0.02° 090+0.04"  1.38+0.07°
C16:0 326+0.16° 3.20+0.16° 532027 5.08+0.25° 514+0.26" 3.25+0.16°
C17:0 0.55+0.03" 0.59+0.03" 1.26 +0.06° 1.23+0.06° 1.51 +0.08° 0.48 +0.02°
C18:0 2.25+0.11° 178+0.09°  412+022°  523+026° 5.24+0.26° 248+0.12°
C20:0 0.09+0.01° 002+0.01°  0.04+002°  024+001° 036+0.02°  0.60+0.03°
C21:0 0.13£0.01° 0.17+£0.02° 0.22+0.01° 0.62+0.03" 0.92+0.04° 0.70=0.04°
C22:0 0.18+0.02° 022+0.01° 065003  040+0.02 0.84+0.04° 0.65 +0.05°
C23:0 1.25+0.06" 1.07+0.05° 1.93-0.10° 0.94 +0.05° 13240.07° 1.35+0.08°
C24:0 0.02+0.01° 0.17+0.02° 0.12+0.01° 033=0.02° 024+0.01° 0.30+0.02°
> Saturated 15.230.76° 1465073  2276+1.15° 2361118  2662+133 1737087
Cl4:1 936+ 047" 917+046°  1243+062° 1816+092°  1826+091°  1021=051°
C15:1 0.81=0.04 1.02+0.05° 447 022° 220+0.11° 2.63+0.15" 250+0.13°
Clé6:1 2210114 3.70+0.19° 3.64-0.18" 2.93+0.16° 3594018 4.05+0.20°
C17:1 0.55 = 0.03° 043+0.02  0.81+0.04 0.29+0.01° 0.3240.02 1.180.06°
C20:1 54.08+270°  51.61+258°  2869+147% 3019+t154°  2356+t117  40.30—2.01°
C18:1(trans) 3.87+0.19° 0.02+0.01° 0.75+0.04°  049+0.02° 046+002°  053+0.03°
C18:1(cis) 237+0.13° 2.89+0.14° 5.68+0.29° 3.53+0.19° 4.69+0.23° 235+0.11
C22:1 0.18+0.01¢ 113£0.06° 2224011 1.82+0.09° 291016  6.50=0.35°
C24:1 0.39+0.02° 0.11+0.01 075004  1.02+0.05 1.58 £0.07° 1.45-0.07°
SMonounsaturated  73.82+3.69°  70.09+353° 3944 +297°  60.64+3.03"  35800t290°  69.07 347
C18:3n-3 031+0.02° 0.02+0.01° 0.49 - 0.02° 024+0.01° 0.01+0.01¢ 0.05=0.01°
C20:3n-3 0.26+0.01° 0111002  016-002" 012001 0.20+0.01° 0.23=0.01°
C20:5n-3 227+011° 420+0.21° 3.96+0.19° 3524+0.19° 3414017 415-0.21°
(22:6n-3 518+0.26° 8.98+0.45" 9.05+ 047 7.71+0.38° 9.28 +0.46° 7.23-0.36"
S n-3 8020405 1331067 1366068  11.59+057°  1290+0.65°  11.66=0.58"
(C18:2n-6(trans) 0.06+0.01° 011£001°  010+001°  0.05+0.01° 0.48+0.02° 0.05~0.01
C18:2n-6(cis) 1.03+0.05° 0.89+0.04°  081+004°  057+0.03° 116007  0.70-0.04%
C18:3n-6 0.55+0.03° 0.02+0.01° 1.01+0.05° 0.40 +0.02° 0.01+0.01¢ 0.25 0.01¢
C20:3n-6 0.88+0.04" 0.43+0.02° 0.35+0.02° 246+0.12° 0160.02° 015002
S n-6 252+0.15° 145+007¢ 227 +011° 348 +0.17° 1.81+0.09° 1.15=0.05
C20:2 0.29-0.01° 0.04+0.02¢ 1.20 1 0.06° 0.50 +0.03" 040+0.02"  045=0.02"
2222 0.11=0.02° 046+0.02° 067 0.03° 0.17-0.01¢ 028+0.01° 030001
S Polyunsaturated ~ 10.94+055'  1526+076" 17804089  1574=078" 1539079 1356067
n-3/n-6 ratio 318 918 333 713

"Different characters in the same row are significantly different(p<0.05)
Values are means and standard deviations of triplicate measurements(n=3).
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