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Table 1. Condition for gas-liquid chromatography
Apparatus SHmMaDzU GC-1B
Liquid phase DEGS (109% w/W) on 60 to 80 mesh Shimalite-W
Column 4 mm diameter, 3 m length
Column temperature 200 °C
Detector HFID
Detector temperature 205 °C

Carrier gas

Flow rate of H, gas

Flow rate of air

Sensitivity, 100, range, 0.8V

N, gas, flow rate, 60 m{/min
48 m//min
1.35 {/min
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Table 4. Variation of the fatty acid compositions of total lipid in the jack mackerel muscle
%(;gltd Fatty acid (%)
Date T
JRPN U R B DU 75 SOV I 162 ool Fraonlvon 1ot V830 |t Lomeat oo onealomer Lomes | orecl omner224 |
TL 12:0]13:0) 14:0{ 1471 15:0) 1 7116:0 | 16:1| 17:0[ 177711810 | 18:1] 1910 18:2{ 1951 50| 2001 18:4| 20:2| 22:01 20:34 22:1 {20:4 | 20:5 22:5{ 5. 11 22:5 22:6
Nov. 6 |17.28|0.1|# [4.0{0.2]06| |23.8)81108|07(69(24905{1.4| s |10[09]11]02|r |1.4|& [04]63]06]06]1.6[141
Nov. 19 | 2.27]0.1(# [40]0.1{05|03[16.9) 67[1.3]0.8[587(14.2/03[09]|t |06|18] 4 |04t [21]27[03]75[09]1.9]26[22
April 19 | 2.49 (01|01} 460 |04] 6 181] 6.2)1.5{1.4]9.1(16.6) 05| 1.1{0.4]1.0{2.6]1.0| & |tr |2.1[2.9/1.0/88(06|2.0|2.1{156
May 14 |10.5810.1|# |4.0|0.2] 05|t |21.4) 7.6/ 12| 1.0]6.1|18.2) 0.6(1.4]04]01]38] 21| [t |1.2)46]1.7/8.8]{03|0.9|1.2(1L8
May 24 |16.84|0.1|# [4.8|0.2] 05| |23.1) 9.9 1.1j1.1]6.7 |21.4{0.7[0.8|0.3]0.7{3.8]{08] 04|t |1.1|43]1.1|7.6]05]07| 13|71
May 28 19.48 | 0.1 & | 4.2]10.2|0.4] # |18.5(11,0|/1.3]1.3[7.2(225/0.7|1.0|0.3[0.7{34[09[03|# {15/4.2|/08|8.7|/0.3[07]1.6]8.2
June 4 [11.06 |t |4 [4110.0| 07| |25710.2) 15| 1.3] 6.1 [22.7) 05| 1.3]05{ 10| 17|07l e & |10]1.9]06|5.8704[13]1.2| 95
June 11 [15.40|0.1] 4 |4.7]02|06| 0 |2.8(108/14]12(63[209]09]1.0]04|06[3909]05| s [13]52]14|74|0 (08]1.2]65
June 18 | 16.98 /0.1 # |5.t|0.2|05| & |201] 9.8[0.9] 1.1 63 222/ 06| 1.0]05[1.0|42|11]05] 4 [0.9]|43]|10]71]03]09]1.3] 77
June 28 | 7.09 00| |42]0.2|071 4 l21.8) 7.1/16/1.0]83|25.005]1.5[03]08]29| 10| 03| |15]21]10742]03|1.3|1.8/105
Aug. 3 | 7.63 |1 |t |57)0.3]08[0.1]229/105 2.4|1.4]61 |20.3] 0514103 07|22 10| 01|#r |1.0/2.211.0|6.2[03|1.0|0.9]106
Aug. 9 10.38101 ) & }153(0.2|0.7)0.2|24.8{10.0|/1.511.3|501(16.2/0.8|1.1(0.3]0.7|3.5/1.0{04]|r |3.4[40|1.3]|6.1[05|1.7]11.3]|8.7
Aug. 18 |10.08 |4+ | [4.6|0.21.0/0.1(25.8/120.3/ 1.9 1.4[52{19.0[ 0.4 |1.4)0.4]0.7 (29 12]02] 0 09|37 11]41| |13]0.9]|03
Oct. 4 | 7.45(01)# [5.4[03]08]0.1{245]9.5/1.6|1.3|6.2[21.9)0.4]15]03|07]33|10|0.2]0r |11[3.9]|08[54(tr [07|12f77
Table 5. The mean and standard deviation of the fatty acid composition
14:0 16:0 16:1 18:0 18:1 18:2 2001 20:3 2015 226
o 4.36 23.76 9.13 6.48 21.46 1.37 2.20 1.78 6.48 10.24
“ o 0.90 318 1.78 119 3.9 0.40  1.12  0.87  1.48  4.23
A 0.60 19.27 1.87 13.20 12.06 1.28 0.98 3.23 7.12 29.27
My 0.16 4.65 0.68 2.59 2.16 .41 0.63 1.08 1.53 8.82
o ¢ 4.7 22.15 9.12 6.73 20.43 1.21 2.92 1.47 6.71 10.96
& o | 057 2.80  1.63 1.22 3.22  0.23  0.97  0.67 1.55  4.63
{: Mean, ¢ : Standard deviation
Table 6. The test on the fitness of the distribution of the observed series of frequency of the lipid
content to that estimated one under the supposition of being agreeable to the normal one
Polar lipid content Puio Pis: 1 Py s ‘ Nig: 1 Nig: 1 Nag: o Noz: g
% ob. est % ob. est %  ob. est. %  ob. est. i %  ob.  est %  ob. est. Y% ob. est % ob. est
0.6 12141 0.4 3}2.621 a5 6 618 | <5 2\2‘44}1 <7 4}3 75} s 2}130} a 7 6.56 | <5 1}4.041
0.75 137105 4fass)i17 9 s 6 5)4.65 s stsos/| 17 2f25)| 15 3}4191 7 8/4.98)
0.9 1116.29%[06 7 7.32 |2.25 9 9.35 78 7.68 9 8708 ! 19 6 4.7 | 2 ageli 9 7 692
105 5 763 |07 10 8.04 | 275  6)6.09 8 8834 10 4735 | 20 763 | 25 4}5.11} no77.07
1.2 9 661 |0.8 4 6.02 |3.25 2|34 9 3588 11 753 | 2 365 |3 saarf] 13 1y5.33)
L35 21409 0.9 313.07} 375 ofes2 (| w0 5283, 12 4|2.89; 55 85.23)] 35 2 3.38| 15 6/2.97)
15 aj1sgosc zlinfsmse o) e 2ires) 13 0[1.07' 27 5323 4 3127y | 1%¢ 3[1.67i
1.5¢ 1]o.72] 13¢ 1,0.36J 27< 2 | 232} | &« SJ 2.13!
£ | 1os 0.67 2.10 7.70 9.57 22.25 2.32 10.15
[} ! 0.26 0.16 0.67 1.52 1.71 3.90 1.27 3.57
| 18897 1.2416 0.0556 0.0296 2.2271 0.996 0.3767 0.0022
df 1 2 1 1 2 2 1 1
Pr |0.25-0.10]  0.75-0.50 0.90~0.75 0.90-0.75 0.50—0.25 0.90-0.75 0.75-0.50 0.95~0.90
af : Degrees of freedom ob Observed series of frequency
. N est. : Estimated one
Pr:  pr{x® > 22}
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Fig. 1. The change of the lipid conient of nonpolar or
polar fraciion in accordance with the increase of
that of the total lipid in the jack mackerel muscle.
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Table 7. The estimation of the multiple linear regression of the fatty acid composition in weight
percentage (/) on the season (x), body lengtht (y) and lipid content (z)

FA as @ -10 as as F F {73
1430 6.507 —0.041 —0.035 —0.064 3.79 0.52 5.23"
16:0 19.896 0.089 0.086 0.043 1.01 0.18 0.14
1601 11.843 —0.040 —0.084 —0.016 0.66 0.55 0.06
18:0 3.990 0.008 0.092 0.029 0.06 1.56 0.49
181 15.188 0.086 0.089 0.269 0.72 0.14 4.03
= 18:2 0.996 0.001 0.029 —0.026 0.004 1.42 3.57
2001 5.305 —0.070 —0.112 —0.041 13.34** 6.38" 2.56
20:3 0.634 0.039 0.034 —0.025 3.32 0.45 0.78
20:5 3.153 —0.065 —0.007 —0.041 2.68 0.01 0.60
22:6 3.311 0.139 0.121 0.177 1.54 0.22 1.42
14:0 0.688 —0.011 0.007 —0.006 6.94% 0.57 1.23
16:0 29.542 —0.347 —0.091 —0.224 12.05%* 0.16 2.87
16:1 2.789 0.013 —0.037 —0.031 0.51 0.77 1.72
18:0 13.216 —0.036 —0.231 0.067 0.27 2.11 0.54
. 18:1 15.980 0.005 —0.249 0.144 0.01 3.77 3.84
o 18:2 1.605 0.005 —0.020 0.003 0.20 0.54 0.03
20:1 3.130 —0.039 —0.071 0.007 13.97%* 8.40%* 0.28
20:3 —0.571 0.021 0.135 0.043 0.79 5.96" 1.81
20:5 3.679 —0.026 0.142 0.068 0.43 2.48 1.75
22:6 22.782 0.337 0.020 —0.254 2.08 0.001 0.67
14:0 5.128 0.003 —(.025 —0.005 0.01 0.16 0.02
16:0 20.380 0.083 —0.023 0.134 0.40 0.01 0.70
16:1 10.424 0.014 —0.185 0.198 0.06 2.12 8.25%
18:0 5.100 —0.035 0.162 —0.109 0.51 2.18 3.42
1811 10.455 —0.002 0.326 0.327 0.00 1.47 5.05%
& 18:2 1.025 0.005 0.012 —0.009 0.24 0.25 0.49
20:1 5.553 —0.060 —0.185 0.048 4.33* 8.06" 1.83
20:3 1.454 0.006 0.020 —0.038 0.03 0.08 1.03
20:5 7.147 —0.096 0.010 0.022 1.97 0.004 0.07
22.6 9.219 0.234 0.252 —0.478 2.30 0.53 6.51%

The constant and coefficient are defined as follows:

t= ot o x+ay+ asz

F,;: The SNEDECOR’S F for ¢; with 1 and 10 (TL) or 29 (NL,PL) degrees of freedom
* . Significant at 0.05 level
*#* . Significant at 0.01 level
t : Total length
Season (x) : The number of the days counted from April 19

HEBh g

&3

e

Ep

BENH, ARBIUVEETELS

7T B REHHEEDRER

EEENEE 2R T 2 IC 3RS ENERICEE T o LE N H L, TOLD,
BLUIRESBIIET 3 EBe BOREERE S Ko, SRENFRETRIBREBNEE ZHE L1,

BERE, KE



153
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BREEOUIZERE
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BEHCEF SR RS (HET L bbb/, PL T3 22 6 B2k ITNToEHBROEEEHIT
IEEEENEIE LB L b - 72, BIFEE BRI 2R 8a98282 NL cilo sy, PL BL WU
TL ¢l A @b b Lh -7, hEOHEZ NL Lo TL thirild b,

Table 8. The estimation of the mulitiple linear regression of the faity acid content (7) on the season
{x), body length (y) and lipid content (z)

F.A. As A-10 Az 102 As F F, F
14:0 0.138 0.0001 —0.008 0.040 0.53 3.01 313.84%*
16:0 —0.672 0.0001 0.022 0.232 0.01 1.76 §33.95%*
16:1 0.049 0.0008  —0.009 0.088 4.33% 0.62 230.43**
18:0 -0.200 —0.0004 0.006 0.071 4.06 0.81 517.24%*
181 -0.839 —0.0002 0.020 0.240 0.07 1.09 637.68%*
“ 182 —0.052 0.00003 0.003 0.010 0.13 1.96 78.38%*
2031 0.290 0.006 —0.017 0.020 9.93** 8.54** 51.11%*
20:3 -0.038 —0.0004 0.004 0.015 14.00%* 1.43 105.68**
20:5 0.300 —0.0001 —0.018 0.068 0.31 8.32%* 508.63**
22:6 —-0.539 —0.002 0.027 0.115 7.91%* 1.46 109.86**
14:0 0.006 0.000 0.000 —0.00005 0.58 0.00 0.23
16:0 0.201 0.0003  —0.0005  —0.002 3.36 0.01 0.92
16:1 0.016 0.00002 0.0004  —0.0006 0.47 0.26 2.78
18:0 0.151 0.0C01 —0.001 0.0002 0.84 0.16 0.01
L, s 0.111 0.0C01 0.00003  —0.0001 1.63 0.0C 0.001
o182 0.010 0.0C001 0.0002 0.0002 0.72 0.19 0.60
20:1 0.021 0.00003  —0.0007 0.0002 5.15* 3.61 1.52
20:3 0.018 —0.00004 0.0009  —0.00001 3.24 1.84 0.00
20:5 0.039 0.00002 0.001 0.0001 0.12 0.79 0.02
22:6 0.182 0.00008 0.008 —0.007 0.16 1.90 6.62*
1430 —0.044 0.0004  —0.0008 0.044 4.22 0.02 242, 74%*
16:0 —0.577 0.0008 0.029 0.210 0.58 0.81 183.37**
16:1 —0.027 0.0006  —0.011 0.106 1.77 0.62 248 .50%*
18:0 —0.026 —0.0004 0.005 0.066 1.81 0.33 233.66%*
o181 —1.086 —0.0005 0.050 0.233 0.48 4.61 439.08"*
& s —0.049 0.00004 0.003 0.010 0.15 1.37 46.21%*
20:1 0.410 0.0004  —0.028 0.035 1.16 6.00* 40.96%*
20:3 —0.004 0.00002 0.001 0.011 0.01 0.02 9.12*
20:5 0.436 —0.0006  —0.002 0.082 1.60 1.96 109.02%*
22:6 —0.067 —0.002 0.036 0.070 4.34 1.87 33.43%*

The constant and coefficient are defined as follows:
T=ActAix+A:y+ Asz

T : Fatty acid composition x lipid content X 1072

The other symbol and mark are defined as shown in Table 7.
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Fig. 2. The z-T;; relation graphs, with the estimated and expectant equations. The equations of
these lines are shown in Table 9.

T;; @ Weight percentage of the faity acid C;; in the total lipid

Solid line : Estimated regression line with the significant regression coefficient
Broken line : That with the insignificant regression coefficient
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Table 10. The estimation of the linear regression of the fatty acid composition (#)) of the nonpolar or
polar lipid on that (i) of the total one and the comparison with the expectant linear
equation. f;={r

F.A. bo b Fia Nzn By B h by Fe Nae
14:0 2.968 0.356 1.3 12 0 1 — 0.048 —2.074 2.15 12
16:0 4.185 0.842 35.81%F 12 0 1 1.802 —1.122 2.25 12
16:1 4.683 0.575 18.62" 12 0 1 3.848%% | —3.189"* 12.49%* 12
18:0 1.916 0.617 31.35% 12 0 1 — 5.101%* | —3.478* 19.06™* 12
= 18:1 1.626 0.945 111.03% 12 0 1 1.804 —0.614 1.82 12
& 18:2 — 0.206 1.230 19.17%% 12 0 1 1.133 0.819 0.98 12
2001 ~ 0.039 1.052 48,927 12 0 1 0.800 0.346 0.38 12
2005 1.738 0.756 33.73 12 0 1 0.513 —-1.874 1.89 12
22:6 3.515 0.472 33.71% 12 0 1 — 5.928%% | —6.496™" 38.67%* 12
22 . 61 0.102 0.847 38.92°F 7 0 1 - # 127 7.73% 7
4:0 0.715 -0.017 0.04 12 0.64 0 — 0.076 —0.200 0.02 12
16:0 14.319 0.345 0.51 12 21.96 0 0.002 0.713 0.25 12
161 0.464 0.150 4.09 12 1.83 0 0.019 2.028 2.06 12
18:0 11.821 0.306 0.17 12 13.88 0 — 0.00007 0.419 0.09 12
oy 1801 4.234 0.423 4.30 12 12.88 0 — 0.007 2.073 2.15 12
- i8:2 0.287 0.869 12.95%7 12 0 1 2.371% —0.542 2.96 12
2001 — 0.068 0.522 19.33%* 12 0 1 —13.157"% | —4.026™" 94 .65%F 12
205 2.468 0.659 4.32 12 0 1 0.377 —1.075 0.649 12
22:6 15.798 1.046 5.57% 12 0 1 8.026%* 0.104 32.21* 12
2267 18.048 0.522 0.22 7 23.77 0 — 0.001 0.465 0.11 7
t . Examined with the samples showing values of 10% or above in total lipid content
Zoa IEHREREORESHINEE
o SERTRANI LS, o T Y OEIREIRIFEEMER S & VIEISEE S BOEENC BRI L BE L2, &

#8cld, NL, PL &4 o TL fRifi i sE o Sl 28 2 #et L 72,
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EEEEWE L2,
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NL BERAmm RO RIS q hVE B & At IETER16 0 1,18:0,200 1,201 35 512206
B ) 5 R T 720 bR EE & A fe b 7 NERFRR (222 16 BR DA T, o h VT & A e 12 IENGER 1314 00,20 1 1
BEU20I3@TH 1,

AR pbME] H 2 ToOTESEI b ) ERES N R AR L 2o, TETERE R ORI A
3k A DL QK THD EEL D, ED2b, as WET L &2 IR 51 2 AR RRER 2 5
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Table 11. The estimation of the cubic, quadraiic and linear regressions of the faity acid
composition in weight percentage (f) on the season (x) in jack mackerel muscle

F.A, do ay+10 a 10 4y 10° F bo .10 b2+ 10 F Co 10 F

14:0  4.969 —0.040  0.001 —0.000 0.01 4.920 —0.021 —0.001  0.05 4.998 —0.038 4.457
16:0 19.803  0.980 -0.071  0.002 1.63  22.119  0.087  0.001  0.002 22.059  0.100 2.36
16:1  8.412  0.684 —0.065 0.002 5.65° 10.661 —0.182  0.004 0.63  10.072 —0.055 2.30

1810 7.452 —0.540  0.047 —0.001  6.00°  5.865  0.072 —0.002 0.20  6.09  0.023 0.87
) 1811 19646  0.484 —0.040  0.001 0.40 21.117 —2.083  0.005 0.15  20.460  0.059 0.51
Z 18

3.240  0.178 —0.026  0.001  4.76"  4.233 —0.205 0.004  2.39 3.689 —0.088 24.28""
2003 1.778 —0.324  0.032 —0.001  7.47°  0.667 0.104 —0.002  0.57 0.914  0.¢51 10.15%*
2005 9.117 -0.602  0.038 —0.001  1.94 7.992 —0.169  0.004 0.72 7.483 —0.059 4.06
226 9.889 —1.295  0.153 —0.004  9.13** 3.942 0.997 —0.030 6.11*  7.339  0.135 2.46

J

1

20 1.070 0.085 —0.004  0.000 0.29 1.196  0.007  0.0002 0.02 1.174  0.¢12 2.01
1

3

14:0  0.917 —0.066  0.004 —0.0001 1.69 0.804 -0.022 0.001 1.01 0.740 —0.008 7.147
1610 23.456  0.525 —Q.086  0.002 2.35  26.727 —0.736 0,004 1.42  24.83 —0.328 17.18**
16:1 1.659  0.095 —0.011  0.0003 1.38 2.112 —0.080  0.003  2.19 1.694  0.010 0.51
18:0 15.614  0.001 —0.030  0.001 310 17.150 —0.590  0.017  5.38% 14.366 —0.098 3.54
o 1801 9829 1.166 -0.093  0.002  6.42° 12.695  0.062 —0.005 0,51  13.331 —0.075 2.90
S182 1028 0.068 —0.004  0.0001 0.12 1.113  0.035 —0.001 0.8 1.274  0.001 0.003
201 1.801  0.061 —0.013  0.0003 6.15%  2.327 —0.142 0.003 5.69* 1.928 —0.056 39.84%*
2003 3.548 —0.522  0.054 —0.001 21.23** 1.555  0.245 —0.007  5.27%  2.491  0.044 4.10
2015 9.568 —0.867  0.066 —0.001  6.19° 7.466 —0.058  0.002 0.13 7.227 —0.006 0.04
2216 21.496  0.531  0.007 ~0.001  0.02 20.795 0.801 —0.014 0.29 22.720  0.38 4.91*
14:6 4,490 -0.119  0.029 —0.001 4.15 3.943  0.189 —0.008 5.2  4.598  0.003 0.01
16:0 19.363  0.300  0.052 —0.003 1.22  17.909  1.120 —0.048 21.627  0.059 0.24
16:1  6.665 0.870 —0.059  0.001  0.32 7.102  0.623 —0.029 9.389 —0.030 0.18
18:0 8.309 —0.364 0.004 0.001 0.24 §.582 —0.517  0.023 6.796 —0.008 0.02
~ 181 17.324  1.359 —0.126  0.003 0.53 18.786  0.534 —0.026 1.18  20.798 —0.041 0.09
& 182 1.170 —0.056  0.011 ~—0.0004 2.28 0.975  0.054 —0.002 1.60 1.239  0.008 0.59
2001 2,935 0.135 —0.012  0.0001 0.01 2.989  0.104 —0.008  1.93 3.628 —0.078 4.86%
20:3 1779 —0.171  0.180 -0.0005 0.26 1.556 —0.045  0.003  0.26 1.350  0.013 0.22
2005 9.258 —0.457 —0.001  0.001  0.40 9.662 —0.685  0.026 7609 —0.099  2.67
2206 13.577 —1.102  0.039  0.001 0.10  14.161 —1.432  0.079 7.991  0.330  3.49

PL ERFESHER BENREINES o PHE L A4 RS2 18:1,20: 1,203 8L 20 58T
Bl b WEBEE A HEIERIL 181 0,200 1 BLUF20: 3B Th 72, oo BEE & Ao - 8B 13
14:0,16:0,20: 1B L0722 68 CTH-72, PLicBWTH, NL OBALFRILHEBET B LU b »F
HEE AL BRI W TEEL 72,

as DEE BRI D VTR L NERBRER Y &, B F 7o 3R E S R E B &
UEHTH - 72,
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Table 12.  The fatty acid compositions of total lipid in jack mackerel muscle

Ventral Dorsal

Date Nov. Nov. Nov. Dec. Dec. Jan. Feb. Feb.|Nov. Nov. Nov. Dec. Dec. Jan. Feb. Feb.
(1971—1372) | 10 14 21 1 15 26 2 4 10 4 21 1 15 26 2 4
Lipid conts. | 10.0 13.3 14.8 6.1 8.6 5.9 13.2 15.3| 4.3 63 96 24 4.1 38 95 8.4

14:0 | 3.4 39 35 3.6 4.7 2.1 35 3.0| 29 4.2 34 3.7 31 26 33 2.9

14:1 0.2 0.2 0.2 0.2 0.3 0.2 0.3 0.2 {r tr tr tr 0.2 0.2 0.2 0.2

15:0 7 5.8 0.8 0.6 07 05 0.6 06| 05 08 08 06 06 0.7 06 06

15:1 tr 0.1 0.2 0.2 0.1 04 0.1 0.2] ¢ tr tr 0.3 0.2 0.3 0.2 0.1

16:1 195.7 27.9 98.2 24.0 25.1 21.7 27.3 27.8[24.6 28.8 30.9 20.3 20.9 26.7 24.0 27.9

16:2 1 9.0 10.0 9.6 7.3 9.2 58 9.8 10.6| 7.6 10.2 10.2 6.5 7.8 7.2 10.8 10.6

17:0 15 21 1.3 20 1.9 1.6 1.3 1.2 12 17 17 18 18 1.2 09 17

17:1 1.3 1.3 1.4 13 1.3 1.1 0.9 0.7{08 1.1 1.4 1.2 14 09 0.6 09

1820 | 6.0 7.7 57 7.3 7.1 7.7 5.8 55| 58 7.9 59 80 6.1 57 6.0 5.7

13:1 |19.8 24.2 23.7 18.8 24.8 20.5 22.4 22.2/18.9 22.5 23.1 19.1 21.1 17.6 23.2 20.9

3 1222108 09 1.1 1.4 1.7 1.1 1.2 1.1}109 1.0 1.2 20 15 1.0 13 11

1 18:3 1 0.4 0.6 0.7 0.7 1.2 0.5 05 0.6| 0.6 0.9 0.9 1.0 0.9 0.7 06 04
% 184 1 0.7 0.7 0.7 0.6 1.0 0.5 0.3 0.2] 1.0 1.0 09 07 09 ¢ 3.3 0.2
Slwoloz o4 & & 4 ot &t |— — — — = — 06 &

E 19:1 0.3 0.3 0.3 0.3 0.6 0.4 0.3 03] ¢ tr 0.3 0.4 0.5 0.4 03 0.3
20:0 | 0.3 0.3 & tr tr tr Ir tr tr 0.5 tr tr tr tr tr —

20:1 1.2 1.2 1.1 1.7 2.7 21 2.3 24| 1.4 1.3 14 18 23 2.8 24 23

20:2 tr tr 0.2 0.3 0.4 05 0.4 0.2} ¢ tr tr tr 0.4 05 0.3 0.2

20:3 13 12 1.2 22 19 18 0.9 10|15 1.3 0.8 23 1.8 15 1.3 10

204 | 04 06 0.6 08 1.4 04 07 06| 09 04 07 07 03 03 07 05

2005 | 7.1 5.0 5.3 6.3 6.6 7.5 6.1 6.8 7.3 48 46 64 6.4 56 538 7.0

22:0 tr tr tr tr tr tr tr tr tr tr tr tr tr tr tr 0.2

22:1 12 0.7 09 1.4 2.7 1.0 1.3 09| 16 07 08 13 29 1.2 1.2 1.2

22:31 0.6 06 0.3 0.5 0.8 0.6 0.7 03] 04 07 05 1.1 08 06 03 03

20041 09 1.1 0.9 0% 0.8 1.2 0.8 0.6 1.8 1.0 16 2.2 2.0 0.7 0.4 03

22:5 29 12 1.7 27 19 28 1.4 1.1} 26 1.5 1.6 28 22 1.9 L2 1.3

22:6 13.4 6.3 9.8 13.9 10.1 16.8 9.7 10.8|16.5 7.7 7.1 154 13.0 13.3 9.7 11.0

24:1 1.3 1.0 09 0.9 1.7 1.7 1.4 11| 1.1 ¢ tr 0.4 1.3 1.0 1.2 1.1

2 R EWRMEEL q, DOEHE & At 72 ETHERIE DL 00 18 28804 ThH - 7z, AFEHE T, BIEO L 512,
HeE B2 I 0 WA IS B8 T 2 A R v e, TRESRICH T 2 HEIFER R 2 5k B
HDEEE A RIEERIL L LT,

b WEEE A BRI DL 0 16:1,18:1 BLUF22: 68, VL0 16:0,16:1,18: 0B &V
2 6B THot, ZNTH, 1KENGICODVWTHEELL,

DL 8L VL o875 14:0,18:2,20: 1 BL0°20: 5MOBREEZREAFEBCHEB L —E LAY
W, UL EHIE (b) #9ELLL Tnie, $72, #HFNOMEHEC B 5 DL o & VL o2 i3k
BlcE 7 AV, —HOBEEIIMOENE) LA S o (B4H),

16:0,16:1 8L 18 1B, DL Lo VL ¢ FEaENEKIC &L sy #mL 72,
161 0E T, $~THBEEIE DL DI RIC & - 72, 18 1 1 B T3, MBEEHFNIC TN THHEBESFE
L. 16 1B TRRAEESEICHOESE, SidAH Lz, 18 0BT, bial bio 1AL, ZNEHD
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Table 13. The estimation of the guadratic and linear regressions of the faity acid composition in weight
percentage (f) on the lipid content (z) in the dorsal muscle and the comparison with the
expectant linear equation

z—t ) @ @ B For  n be b Fia n By B h t2 Fe n
Zv—2Zd 2,23 —0.09 0.04 0.005 0.41 5 -1.33 0.68 28.59** ) 0.46 054 -059 1.106 0.78 6
Z — D 329 —0.03 0.004 0.00é 0.006 5 3.17 0.015 0.043 6
z — Do 11.82 415  —0.26 1.86 1.19 5 20.34 0.85 4.2 6
z — D 2.62 1.63  —0.08 10.94 4.55 5 5.3 0.6 48.97 6
z — Do 7.95 -0.43 0.024  0.17 0.0% 5 7.6 —0.13 0.94 6
z — Disa 16.98 0.67  —0.006 0.21 0.003 & 17.16 0.60 1117 6
z — D2 3.29 —0.73 0.05 8.85 7.95% & 1.52  —0.045 0.84 6
z — Dan 244 —0.17 0.012  0.06 (.05 5 2.05  —0.02 0.033 [

z —Duws 6.44 —0.001 —0.01 0.000 0015 & 6.78 -0.13 1.00 6
Z D | 2076 —2.19 0.10 0.85 0.27 S, 1760 -0.97 10.47* 6

Z,and Z; : Total lipid content in the veniral muscle and dorsal one respectively
D;.;: Weight percentage of fatty acid C;; in the total lipid of the dorsal muscle
i: Carben number of fatty acid, j : Number of double bond

The constant and coefficient are defined as follows:

Regression equation /= aotmz+ a2 = bt biz

Expectant equation t= Bo+ Bz

Fi; SNEDECOR's F of the j-th order regression coefficient in the j-th order equation with I and n
degrees of freedom

ty : STUDENT’S f of the comparison between by and By, with n degrees of freedom

f; : STUDENTs { of the comparison between b, and B, with n degrees of freedom

F.: SNEDECOR'S F value of the comparison between the estimated linear regression equation and the

expectant one, with 2 and # degrees of freedom
* 1 Significant at 0.05 level, ** : Significant at 0.01 level

Table 14. The estimation of the quadratic and linear regressions of the fatty acid composition in
weight percentage (¢) on the total lipid content (z) in the ventral muscle

z—1 Qo a1 az Fon Fis n bo b Fra n
Z— Vo —1.836 1.103  —0.051 3.2 3.1 5 3.18 0.025 0.11 6
Z— Viswo 15.43 1.49 —0.04 5.2 1.99 5 19.68 0.58 54.79%* 6
Z— Vi —0.55 1.53 —0.06 6.99 4.04 5 4.8 0.37 22.59%* 6
Z—Viswo 8.39 —0.16 —0.0007 0.04 0.0004 5 8.46 —0.17 5.3 6
Z— Vi 12.54 1.61 —0.06 0.77 0.5 5 [18.54 0.32 2.7 6
Z— Vg2 1.61 —0.06 0.0015 0.04 0.01 5 1.47 —0.03 0.98 6
Z— Voo 2.80 —0.17 0.007 0.066 0.05 5 2.16 —0.03 0.96 6
Z—Vaos 8.53 -0.30 0.008 0.16 0.05 5 7.7 —0.1 2.75 6
Z— Vs 30.54 —3.28 0.126 2.66 1.76 5 118.2 —0.63 7.15% 6

V;; : Weight percentage of faity acid Cy; in the total lipid in the ventral muscle
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Fig. 3. The correlation between the lipid content
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Fig. 4. The comparison of the fatty acid compositions of the ventral muscle with those of the
dorsal one, and the rejection zones of the regression lines on the lipid content.

Solid circle . Dorsal muscle

Open circle : Ventral muscle

Solid line . Regression line estimated from dorsal muscle
Broken line : Regression line estimated from ventral one
Solid curve . Estimated rejection zone of the dorsal muscle

Broken curve : That of the ventral muscle
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DLELUVLIZBUE bia & biw OHE SR ONT, big & bio 2L 2R E2E BRICTR
FTo CORIZRLE b DD bia & by CEEEVROLNT -T2, Thbb, BEsEOETR)ICALY
CHEMEEARR R N EEMEMIZ TN E MR TR L TH 5 EHETL 72,

EVREROTEHE B & U1 RERRE G MED &b, AERO LS IC, ABAOTEY L2EE, TRE
15 RS D RERFER AR AR 38 W I3 RS OAREIC & 2R E S BOBICRERT 5 & #HAOT Lk,

Table 15. The comparison between the linear regression coefficient of the dorsal muscle and that of
the ventral muscle

FA. 14:0 16:0  le:l 18:0 18:1 18:2 2001 20:5 22:6
bia 0.015 0.85 0.59 —0.13 0.63 —0.04 —0.02 —0.13 —0.97
biv 0.026 0.57 0.37 -—0.2 0.32 —0.03 —0.03 —0.10 —0.63
2 —0.085 0.658 1.68 0.519 1.071 0.183 0.094 0.47 0.882
af 12 12 12 12 12 12 12 12 12

df : Degrees of freedom

b4 The linear regression coefficient of the dorsal muscle
by, - That of ihe veniral one

o B

HEE L LT, BREEREEOREATH), L2rLZRATHLI=T Y 2FEHL, ABREONEHERM
BEOEECHET 238ET O LEMELTE 2 @ERY, EENRE (AE) BLU0REEE2 £ ) £,
TEIF B R R B E A~ = 1 b 3 BF OB 5 > TET L7z,

Znizd, £FEYE, FHRES L CBEEEEOREEBERZAEL, 3 WP 3 ZRFBHERES &
UHE s G B O RNNE, MERY 2 6 ICIREEBICHT 28R B L L KER & 2N L NEEEEFT L,

N R ER L T AR O I bEBEL L DlE, 14 0(4.0~5.7%), 16: 0(16.9~25.8%), 16: 1 (6.2
~11.0%), 18:0(5.0~9.1%), 18:1 (14.2~25.0%), 20:5 (4.1~8.8%) B L1r22: 68 (6.5~24.2
%) THN, hEIFE TR, 14:0(2.8~7.5%), 16:0(16.9~32.6%), 16:1(6.7~14.1%), 18: 0 (4.7
~8.7%;, 18:1 (14.2~27.4%), 20:5 (2.6~9.6%) BLr22: 68 (4.5~24.2%) Th iz, WG
BT, 1600 (14.3~33.4%), 18:0 (6.7~18.9%), 18:1 (6.2~17.3%), 20:5 (3.9~10.1%) B &
2268 (10.3~42.7%) TH-72,

2IEEEE (z) LHHIEEESE (2, OBRIE 2. = 2.—1.02, MIEEESEIZ—%, 1.02¢/100g A,
EARLT LT,

BENY, AEPS LUEESECT 2HEBERL L N ER S BOREBFBREOA B2 &, IRITERHE
BIMIEESES S CREREIIC L » THES N, BRRICIIBERIESTHLIEPHAR L -7,

WeEEBNEKICE 2w, TERED 18 1 8L 0022 6 BREmER R L, 2058 Tl, IR
RHUENEE DT b L EEEOTNCHIT T 2 2 LB hh o2, 202 EIX16:0,16:1,18:0,
18:1, 20: 5B LUV 22 6BNMNFELEICHEEE N, BIERY T, SEHBERSOEEZEESE
CRAR L v B Lz,

BN OB L LIRE, PHIEES L oEEREIC B 3 R ERBREREOESICEE L, 22:6R
20 SEEL Y OEETHABRERREAYICKEC, 16:0, 16: 1BL018: 1B Yol UyE /o
CVEBMHEERIZREIC AN E oS, LarL, 18 O BMIEE T EMEE & B U EE A TR L 72,

=7 e IREIR MR I PR E ORI TITIETEH I N5 Y, BIEESER TERERENHE
BRTHY, BERENSZEGALNIBRAELESE2 11.5% &A% L1,

WAL OE CICED RTBERROE W, BEOMEC L 2 REs gAY LHRE-TIT 5
n7h.
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51 BB, BBEEEATHY, REAOST U EE Z ORISR A IR, BEB LUV
REEENH b, V‘Tﬂ@[ﬂ%@vﬂ%%’ﬁ' FTwashrrkmlbic,

kETE, RAUFRGATHY, ESEEER TH L/ E L) B, BIE L REES BwEtE L, WAES
He s R EE OB B 2B AL L UMIERC 2 TEEL L,

Eg1E hiE, BiEsLULEEORIRREAR
B U HEAENBERE

T B A &

SHE o o AORE A U/ £ LIBRT, 19715 A4 bR 2 RIS bl o THIES NE=y /s
Scomber japowicus, 23 BE VT, ZTREFHERIIZAICE AL, BT 2B 2WE JICERERIEE,
PSR 2 BRI L f2,

feEoimt H1= SLEOFRICELZ,

EEORE 15 SlEmoFEcEL, £Kg T Lo leE (NL) H@EiEieg (PL) oo L7z,

ot B1E FlIHEFRICELR,

mEtstE Z1E glEoFERCELL,

B UIER

SO GE, TES L USRESE FERICHEL LTV SORE HEBLUEEEEETH 16 BTN
4 fREE 27.0~33.5Cm, fRE 247.9~470.0 g i 5 L7z, TL &3 2.77~ 18.93g/100g @, NL B
1.64~17.852/1008 5 L 1F PL &3 0.64~1.31g/100g B iz Z o L7z,

TL & (z) o895 NL 8 (z:) B PL E (2 D2 REVER  2:= bo it bzt basi &
(ilin 27243 p) DTN, 2RENHRELALE LD 212DT, LRENRR 2= bovi+ bz %%b
PHEE . g AT (R =44042, m =1, na =21) AL, byl BEZLALELP-2, TLE
Nt n NL BOER L KEBRIE 2 =0.992 20— 1.073 TH D, bron i LITE EML, oot PL ED
T ( Z =1.03) IEBIL7, A0 2, EERRRE 2, = 2—1.03 EDESY w7 o 12HER, R
AERRI BT, 1.073% £ =1.03, 0.992=1 & a7z ( L =1.499, 6L =0. 000, F, =1.123, 7272
L tolZ bo®, £ i3 LiOWE, Fei3EFA & L TOWE: %B, TNLNBERERABICHBED LW LR
R,

b, NL Botgirz otz TL BNEHIZHLN, PL Bl3—ETHd LAk, ZOERI?
Troges B,

NL, PL & & U TL OFSHERR & IEOEEIENmMAR £ 5 1719 FIoET,

NL 2 50T, 140 0BiZ 2.7~5.4%, 16 © 0% 14.5~21.4%, 16 1 8eix 3.8~7.7%, 18 0B&lZ 4.2
~9.1%, 18 Hié‘:ci 11.6~28.4%, 18° 281+ 1.6~3.0%, 20 183 2.5~8.0%, 20 38X 0.9~2.7
%, 20 5EeE 4.2~0.7%B L 1F 22 6 EEIE 8.4~ 16.3% 1254 L7z,

PL %, 14 © 0 @x 0.6~1.3%, 16 08I 12.2~22.9%, 16 1@ 1.2~2. 8%, 181 0 B&(% 9.9~13.9
9%, 18 1 W21210.6~17.0%, 181 28:130.7~3.7%, 201 1813 0.6~2. 1%, 20 © 3#812 2.3~4.8%, 20:5
Bl3 5.0~8.9%3 L1022 6 21.5~37.6% i L 72,

TL i3, 147 0 B33 2.9~8.0%, 16 0 B2 15.0~21.8%, 1671 Beld 3.4~7.2%, 18. 0@2E 4.5
—11.19%, 18: 1 8% 14.1~26.6%, 18 2 #lE 1.4~3.2%, 201 L ERI3 2.1~7.7%, 20 3@ 1.1~2.9
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%, 200 5 BRI 4.4~9.5% B LU 220 68T 10.1~19.0% 12507 L7, =7 JHRIFEMRICHE L TR &
WERERO LN LS 5T,

BRSO RBERRE SBHLORRERENTHMES & FEERFEEZ RS, HREN 7Y XER
ALz, ZOBALZH20RITHET, 1600, 181 1 BLr22: 6 BMEREIIRE EEFEEITBD LN,
FHERES /N VIRTFES L FHMME /NS wiow, EHEOEEITREWELL L1,

Table 16. Body length, body weight and lipid content of the mackerel muscle, Scomber japonicus

Sample Date Body Body Content Content Content
No (9191)72> le(rcligh W(elg)ht « of TL of NL ; of PL
g ¢/100g muscle)  {g/100g muscle)  (g/100g muscle)
1 May 14 27.0 257.0 12.95 11.49 1.21
2 Aug. 18 28.0 295.5 10.78 9.40 1.10
3 Aug. 30 33.5 470.0 9.74 8.77 0.95
4 Sept. 13 28.6 313.5 18.93 17.85 0.79
5 Sept. 26 30.0 301.2 12,26 11.05 1.02
6 Oct. & 28.3 307.6 16.13 15.13 0.95
7 Oct. 14 30.0 305.5 15.55 14.51 0.64
8 Oct. 20 29.5 348.8 13.14 12.06 1.08
9 Oct. 26 30.2 303.9 10.25 9.07 1.07
10 Nov. 1 28.5 270.7 4.19 3.13 0.96
11 Nov. 14 31.7 363.2 3.46 2.37 0.99
12 Nov. 26 30.2 311.8 12.68 11.51 1.07
13 Nov. 29 29.5 304.5 9.37 8.19 1.05
14 Dec. 6 31.0 340.0 3.73 2.57 1.03
15 Dec. 13 30.5 360.0 17.80 16.56 0.98
16 Dec. 18 30.8 347.2 11.98 10.87 1.00
17 Dec. 25 27.3 247.9 2.77 1.64 1.04
18 Jan. 6 29.6 333.7 15.53 14.44 0.99
19 Jan. 12 30.6 303.0 7.85 6.74 1.05
20 Jan. 18 30.4 298.2 5.41 4.32 1.03
21 Jan. 25 31.8 361.8 7.48 6.26 1.15
22 Jan. 31 30.0 324.0 11.51 10.38 1.03
23 Feb. 6 29.5 277.7 10.50 9.18 1.31

TL : Total lipid, NL : Nonpolar lipid, PL : Polar lipid

Table 17. Variation of the fatty acid compositions of nonpolar lipid in mackerel muscle

Fatty acid (%)

Sample
No. 1400 16:0 16:1 1870 1801 18:2 2001 203 20:.5 226
1 3.5 19.4 5.2 6.7 8.4 1.7 2.5 2.2 8.5 9.5
2 4.4 19.0 6.0 £.2 17.1 2.3 3.7 1.8 6.7 14.3
3 4.8 20.5 7.1 6.0 24.8 2.1 5.1 1.7 5.1 9.3
4 5.0 21.4 5.3 6.2 26.8 2.0 4.4 0.9 4.3 8.4
5 3.4 18.2 4.2 6.0 24.7 2.7 4.2 1.3 6.2 13.7
6 4.9 18.3 7.6 5.7 18.0 2.3 3.9 1.9 6.7 11.4
7 5.3 15.3 7.7 4.5 19.4 1.7 8.0 1.3 6.8 10.1



Table 17. (Cont’d)

Fatty acid (%)

Sample
No. 14:.0 16:0 16:1 18:0 1801 18:2 2001 20.3 205 .6
8 2.7 21.4 5.8 6.0 20.2 1.9 4.7 1.7 5.6 .5
9 6.8 16.7 6.9 5.5 22.3 2.2 4.9 1.8 5.9 .8
10 4.9 17.3 5.6 5.6 23.5 1.8 6.4 1.9 4.2 .8
11 4.6 14.5 3.8 6.2 17.5 2.2 7.1 2.2 5.3 .1
12 8.4 19.0 7.2 4.5 16.6 2.2 6.8 1.3 7.6 .3
13 5.8 18.7 6.4 6.9 18.7 2.1 3.8 2.0 5.1 .2
14 4.6 18.0 5.1 8.1 23.0 1.6 5.3 1.8 5.2 .2
15 6.7 20.4 4.7 5.4 18.7 3.0 5.8 1.3 7.6 .3
16 4.2 20.4 6.5 7.0 11.6 1.9 6.8 1.5 7.5 .2
17 5.6 17.1 6.4 9.1 15.3 1.8 2.9 2.7 7.0 .3
18 4.3 17.5 5.7 6.3 24.3 2.1 6.5 1.2 9.2 .5
19 4.7 17.7 6.6 5.7 19.7 1.7 6.0 1.5 9.7 .9
20 4.7 16.1 5.0 5.4 14.1 1.9 5.9 2.6 6.3 .3
21 3.5 16.3 5.2 4.8 21.7 1.9 5.2 2.0 5.6 7
22 3.9 16.7 5.4 4.9 19.5 1.7 6.7 2.2 6.3 .2
23 4.5 15.4 5.0 4.2 17.9 2.1 7.1 1.9 8.4 .8

Table 18.  Variation of the fatty acid compositions of polar lipid in mackerel muscle

Fatty acid (%)

Sar]nple
No. 14:0 16:0 16:1 18:0 1801 18: 2 2001 203 205 .6
1 0.8 20.5 1.9 13.1 11.1 1.2 1.0 4.1 8.9 .3
2 1.0 18.5 2.2 12.1 12.8 2.1 1.2 3.8 6.6 .9
3 1.1 12.3 2.8 13.9 17.0 2.1 1.2 4.7 5.8 L2
4 0.6 22.9 2.0 13.2 16.6 2.5 1.1 3.3 5.3 .5
5 0.9 18.1 1.9 11.1 16.5 2.7 1.3 2.7 6.8 .8
6 1.1 18.8 2.2 11.4 13.5 2.2 1.3 4.0 7.2 .5
7 1.1 22.2 2.0 10.6 15.8 2.5 2.1 4.2 5.5 .8
8 0.8 18.7 1.6 11.1 13.0 2.0 1.1 3.7 6.5 .8
9 0.8 17.4 1.8 11.1 13.5 0.7 1.0 3.9 7.0 .5
10 0.7 16.7 1.9 11.0 13.9 1.8 0.9 4.0 5.1 1.4
11 0.6 16.5 1.6 12.3 12.5 2.5 1.1 3.5 5.3 1
1z 1.2 16.7 1.8 10.5 12.2 3.7 1.6 2.4 3.2 .3
18 1.3 18.1 1.9 11.3 11.9 2.5 0.9 3.7 5.0 .7
14 0.9 17.5 1.3 10.2 13.4 1.6 1.2 4.8 5.9 7
15 1.3 18.7 2.1 12.5 13.9 3.3 1.2 2.3 7.6 .8
1€ 0.6 13.4 2.2 13.2 13.7 2.0 1.1 3.1 6.4 5.0
17 0.7 17.6 2.1 13.1 10.6 1.5 0.6 3.7 7.9 L1
1& 0.6 15.3 2.0 13.1 14.7 1.9 1.5 3.2 7.7 4
19 1.3 17.3 2.7 10.4 13.0 1.8 1.1 3.2 7.0 .3
20 1.1 12.2 1.8 11.3 11.8 2.1 1.3 4.0 6.0 0
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Table 18.  (Cont’d)
Sample Fatty acid (%)

No. 140 160 1601 18:0 1801 182 2001 2003 2005 226
21 0.8 14.0 1.2 9.9 12.3 1.9 1.4 3.7 6.8 37.6
22 0.9 16.1 1.4 11.1 12.1 1.7 1.2 4.1 6.8 33.9
23 1.0 15.7 1.5 10.5 12.8 1.6 1.6 3.1 8.4 31.5

Table 19. Variation of the fatty acid compositions of total lipid in mackerel muscle
Sample Fatty acid (%)

No. 140 16:0 6.1 180 1811 8.2 2001 20:3 2005 22.6
1 2.9 21.2 6.2 7.0 23.8 1.5 3.1 2.6 9.1 10.5
2 4.2 20.6 6.6 6.2 16.8 2.1 3.8 1.8 6.5 15.0
3 4.3 18.3 6.8 5.6 26.6 2.2 4.6 1.8 4.8 11.3
4 5.0 20.5 5.1 6.1 25.8 1.4 4.3 1.1 4.4 12.1
5 3.5 18.3 4.1 6.2 23.3 3.2 3.9 2.0 7.1 13.9
6 5.2 21.0 4.0 5.9 20.8 2.1 4.0 2.2 7.0 13.1
7 5.2 15.0 7.2 4.9 18.8 2.1 7.7 1.5 .5 10.1
8 4.7 20.1 6.6 6.5 18.9 2.0 4.1 .1.8 5.6 14.4
9 4.7 15.8 7.0 6.2 22.2 2.3 4.9 2.1 €.2 13.4
10 4.0 17.6 4.4 7.0 22.0 1.7 5.2 2.3 4.7 13.1
11 4.6 15.7 5.7 7.3 16.9 2.0 4.8 2.0 £.3 18.1
12 8.0 18.5 5.5 4.5 15.8 2.3 6.8 1.3 7.5 13.9
13 5.2 21.8 5.1 7.1 19.1 2.3 4.1 1.8 5.6 13.1
14 4.0 18.0 3.4 8.7 21.4 2.1 4.4 2.9 B.7 15.2
15 6.1 18.9 4.9 5.3 18.0 2.8 5.9 1.3 8.3 11.3
16 3.3 17.1 5.2 6.2 19.9 1.8 6.0 1.5 7.8 17.0
17 4.1 17.8 4.9 11.1 14.5 1.5 2.1 2.9 &.4 13.0
18 4.1 17.3 6.3 5.7 22.8 1.5 6.5 1.7 9.5 10.9
19 4.2 18.9 5.4 5.7 17.7 1.7 5.1 1.7 8.9 17.3
20 4.4 16.6 4.9 6.4 14.1 2.0 5.2 2.3 €.3 17.8
21 3.5 15.2 4.9 5.3 20.4 1.7 5.2 2.3 €.3 18.0
22 3.8 16.9 4.9 5.1 18.3 1.8 5.9 2.3 5.8 14 .4
23 4.5 16.3 4.9 4.8 18.5 2.1 6.8 1.9 8.3 14.9

Table 20. The mean and standard deviation of the fatty acid composition
FA. 14:0 16:0 16:1 18:0 18:1 18:2 20:1 20:3 20:5 22:6
NL t 4.83 18.06 5.84 5.95 20.17  2.04 5.38 1.77 6.56 12.34
o 1.24 1.94 1.05 1.13 4.13 0.33 1.46 0.45 1.48 2.56
PL i 0.92 17.18 1.91 11.65 13.42 2.09 1.22 3.62 6.68 30.35
g 0.24 2.70 0.39 1.17 1.71 0.64 0.30 0.64 1.10 3.91
TL f 4.50 18.15 5.39 6.30 19.84 2.01 4.97 1.97 6.77 14.25
o 1.05 1.99 1.01 1.41 3.32 0.42 1.30 0.48 1.48 2.63
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Table 21.  The estimation of the multiple linear regression of the faity acid composition in weight
percentage (f) on the season (x), body length (y) and lipid conient )
F.A. o a as a3 yi F, s
140 3.72 0.003 0.006 0.034 0.39 0.001 0.28
16: 0 14.72 —0.011 0.12 0.17 2.96 0.21 4.39%
6. 1 5.57 —0.001 —0.002 0.05 0.04 0.000 0.76
8.0 0.76 —0.007 0.26 —0.11 3.79 2.75 4.57%
A 18: 1 14.65 —0.035 0.38 (.08 6.70% 0.44 0.21
Z 181 2 0.52 0.000 0.04 0.031 0.01 0.68 3.91
2001 8.73 0.011 0.38 0.0€6 6.48% 4.66* 1.40
200 3 5.25 0.000 —0.09 —0.07 0.04 3.75 22.79%*
20: 5 11.36 0.008 —0.247 0.10 2.41 1.26 2.02
2206 17.39 0.017 —0.213 —0.176 4.32% 0.39 2.61
14:0 0.09 0.0003 0.03 0.001 0.14 0.56 0.70
16: 0 40.90 —0.011 —0.78 0.02 2.28 6.83" 3.79
1601 1.12 —0.002 0.03 0.001 1.84 0.32 0.47
18:0 1.19 —0.0007 0.002 0.0003 2.72 0.02 0.33
oy 181 -5.18 —0.008 0.61 0.02 3.06 9.28"* 7.32%
g8 2 —1.95 0.0C07 0.11 0.06 0.10 1.35 4.16
2001 -1.15 0.0C08 0.06 0.03 0.74 2.38 7.06%
207 3 3.67 —0.004 0.01 —0.07 4.24 0.31 5.90%
2005 13.59 0.003 —0.27 0.05 0.78 2.75 1.06
22.6 24.12 0.016 0.28 —0.50 2.30 0.41 11.93%%
1470 1.63 0.003 0.045 0.009 0.61 0.08 3.01
16:0 33.97 —0.012 —0.48 0.75 3.72 3.55 0.86
1601 1.50 —0.006 0.15 0.04 3.07 1.06 0.77
18: 0 21.42 —0.003 —0.41 —0.22 0.80 7.23% 20.19**
4 181l 1.49 —0.03 0.73 0.18 8.81%* 3.12 1.96
) --1.16 —0.001 0.11 0.02 0.31 2.64 0.70
2001 -—6.80 0.01 0.28 0.14 7.29% 3.47 8.71%*
2003 6.22 —0.001 —-0.11 —0.0¢ 0.52 5.00" 24.69%F
2005 15.83 0.008 —0.380 0.08 2.26 3.05 1.22
226 21.33 0.015 -={0.21 —0.34 5.09* 0.59 15.75%%

The constant and coefficient are defined as follows:

t= ao-rarxtazy--asz

F;: The SNEDECOR'S F for g; with 1 and 19 degrees of {reedom
* : Significant at 0.05 level

#%:  Significant at 0.01 level

Season (x) : The number of the days counied from May 14
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Table 22. The estimation of the quadratic and linear regressions of the fatty acid composition in
weight percentage () cn the lipid content (z)

F.A. o A az F be b I
14 .0 5.48 —0.19 0.010 0.69 4.61 0.02 0.13
1600 15.99 0.17 0.002 0.01 15.84 0.21 6.907
161 4.31 0.29 —0.011 1.36 5.31 0.05 1.08
18: 0 8.45 —0.46 0.018 3.40 6.90 —0.09 3.22
2 18 1 19.19 —0.09 ¢.014 0.13 17.97 0.21 1.19
< 181 2 1.80 0.01 G.001 0.08 1.73 0.03 4.09
2001 5.19 0.05 —(.002 0.02 5.38 0.00 0.00
20 3 1.65 0.15 —(0.009 0.39 2.43 —0.0% 0.28
200 6 5.04 0.30 —0.012 0.65 6.08 0.05 0.53
22. 6 11.06 0.67 —0.043 4.37" 14.84 —0.26 4.63%
400 .59 0.07 —(.003 1.78 0.85 0.0% 0.40
16: 0 1&.15 —0.66 0.045 4.447 14.24 0.28 6.10%
16: 1 1.68 0.03 0.000 0.01 1.71 0.02 1.14
2 1810 12.26 0.23 0.014 1.71 11.03 0.06 1.21
b 1801 12.3 —0.02 0.01 0.3 11.58 0.17 5.88%
18 2 2.04 -(.01 0.006 1.01 1.54 0.05 3.34
2001 0.72 0.08 —0.002 0.87 0.73 0.03 4.44*
200 3 £.09 0.08 0.001 0.03 - 4.18 —0.05 3.54
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Table 22. (Coni’d)
FA. A 0 az I bo by Fy
4 205 5.15 0.28 —0.011 1.14 6.10 0.06 1.17
A 22. 6 30.23 0.89 —0.070 8.35%* 36.33 —0.56 16.74%*
140 4.4] —0.09 0.003 0.68 3.70 0.07 2.43
16: 0 16.72 0.10 0.003 0.02 16.49 0.15 2.74
16: 1 3.49 0.36 —0.02 2.52 4.75 0.06 1.60
18: 0 10.61 —0.76 0.022 8.38%* 8.20 —0.18 10.87**
2 18: 1 16.95 0.27 0.000 0.00 16.98 0.26 3.30
& 18: 2 1.48 0.10 —0.004 1.13 1.85 0.02 0.55
200 1 3.23 0.38 —{0.010 0.63 4.06 0.09 2.13
200 3 2.75 —0.09 0.001 0.08 2.67 —0.07 16.75%%
20. 5 5.27 0.25 0.010 0.40 6.06 0.07 0.8%
22 6 18.45 —0.41 0.001 0.00 18.35 —0.24 17.84%F
The constant and coefficieni are defined as follows:
= atmzt az’
P = botbiz
F;: SNEDECOR'S F of the j-th order regression coefficient with I and r—J —1 degrees of freedom
* ¢ Significant at 0.05 level
#*: Significant at 0.01 level
Sample number (n): 23
Table 23. The estimation of the muliiple linear regression of the fatty acid conteni (7) on the
season (x), body length (¥) and lipid content (z)

F.A. A, A;-10° Az-10 As F Iy I3 ¢ As—m n
14:0 =0.56 0.04 0.01 0.05 0.51 0.29 0.002 23
6.0 —0.62 —0.10 0.02 0.20 1.69 0.24 0.02 i
6.1 —0.32 —0.02 0.01 0.06 0.15 0.20 0.001 w
18: 0 0.24 —0.05 —0.006 0.05 2.30 0.21 —0.01 "

Q 1801 2.37  -—0.32 0.03 0.21 4.39% 0.002 0.008 »
<1812 —0.17 0.007 0.004 0.02 0.20 0.32 —0.0004 »
2001 —1.25 0.10 0.03 0.06 9.89%% 2.22 0.006 #
2003 0.18 --0.006 —0.004 0.01 0.18 0.49 -—~0.008 v
2005 0.23 0.08 -0.02 0.07 1.80 0.46 0.004 n
2206 0.11 0.10 —0.009 0.10 2.52 0.06 —0.02 "
4.0 —0.36 0.05 0.006 0.06 0.88 0.07 0.01 23
16 0 1.83 0.15 0.05 0.19 3.75 2.90 0.009 #
621 —0.29 —0.06 0.01 0.05 2.20 0.59 -0.004 #
1800 0.84 —0.06 —0.02 0.05 5.68% 3.86 -—0.013
= 8.1 —0.72 -—0.30 0.04 0.21 5.40% 0.53 0.012 n
182 =-0.31 -0.002 0.01 0.02 0.01 1.27 0.000 #
2001 —1.02 0.14 0.02 0.06 8.83% 1.22 0.01 i
200 3 0.33 —0.02 —0.008 0.01 1.14 1.30 —0.01 i
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Table 23. (Cont’d)

F.A. Ao A-100 Ap-10 As I Fr Fy ¢ As—m n
- 200 5 0.62 0.08 —0.03 0.07 1.21 0.90 65.24%%  0.08 0.003 23
& 26 0.17 0.13 —0.004 0.11 2.94 0.02 121.79%% 10.48™F —0.03 "

The constant and coefficient are defined as follows:
T = Ae+ Arx+ Asy+ Asz
t : STUDENT’s f for festing whether 4;=r or not
m is defined as (mean of the percentage of faity acid)-10-2

Table 24. The estimation of the multiple linear regression of the fatty acid content (7} in the
polar lipid on the season (x), body length (y) and lipid content (z)

F.A. Ay A 10 Az 10 As-10? F F, F
14:0 0.005 0.0006 0.0001 0.002 0.39 0.04 0.000
16: 0 0.52 —0.009 -0.01 -0.007 1.08 9.96%* 0.003
1611 0.02 —0.002 —0.0001 —0.005 1.09 0.01 0.05
18: 0 0.26 —0.007 —0.005 0.10 0.45 1.36 1.05
1801 0.03 —0.004 0.04 0.04 0.50 2.42 0.27
18: 2 —0.01 0.001 0.0008 0.04 0.37 0.65 1.66
20 1 —0.004 0.001 0.0004 0.02 1.69 0.69 2.15
20 3 0.06 —0.004 -0.0002 —0.10 2.50 0.06 10.72%*
200 5 0.18 0.005 —0.004 0.002 0.49 2.23 0.000
2216 0.41 0.02 —0.002 —0.70 1.40 0.07 6.32%
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Table 27. The lipid content in ordinary or dark muscle of yellowfin tuna, Thunnus albacares

Body Body Lipid content in ordinary muscle  Lipid content in dark muscle
Salgnple Date - jengih  weight Total  Nonpolar  Polar Total  Nonpolar  Polar
o (1972) (cm) (kg) (g/100g muscle) (g/100g muscle)
1 Aug. 9 142.0 51.9 0.51 0.06 0.42 2.36 0.36 1.35
2 Aug. 7 115.4 30.7 0.74 0.11 0.31 4.78 1.88 1.59
3 June 26 144.4 60.3 0.98 0.53 0.41 2.77 1.15 1.25
4 July 11 114.8 25.2 0.50 0.04 0.43 2.39 0.59 1.59
5 Aug. 9 144.2 49.4 0.68 0.18 0.48 3.32 1.45 1.62
6 Aug. 10 119.6 31.2 0.61 0.06 0.49 2.96 0.61 1.87
7 July & 112.6 26.6 0.48 0.07 0.41 2.65 0.81 1.58
8 Aug 17 124.0 33.6 (.68 0.17 0.51 4.10 1.93 1.73
9 June 29 137.8 47.7 0.49 0.12 0.37 3.33 0.84 1.91
10 June 26 157.0 65.4 0.70 0.16 0.47 3.78 1.17 1.89
il July 13 86.8 11.6 0.57 0.004 0.51 2.96 0.99 1.62
12 July 1% 102.6 18.4 0.56 0.02 0.50 2.81 0.93 1.47
13 July 1§ 56.2 4.2 0.70 0.08 0.58 3.00 0.78 1.66
x 119.8§ 35.1 0.63 0.12 0.45 3.17 1.04 1.63
g 27.3 18.7 0.14 0.13 0.07 0.70 0.48 0.20

¥ : Mean, o : Standard deviation, Body length : Fork length

Table 28. Variation of the fatty acid compositions of lipid in ordinary muscle of yellowfin tuna
Fatty acid (%)
Sample - - - -
No. 150 S0 50 150
14:0 14:0 15:0 16:0 16:0 170 17:0 18:0 1821 18:0 22.6
1 1.9 1.8 1.2 9.0 26.8 1.0 2.5 13.4 5.2 2.8 9.9
2 0.7 2.9 1.0 4.2 29.1 4.8 3.7 11.5 15.7 1.6 12.8
3 0.2 1.8 0.8 1.4 19.6 4.4 3.1 10.1 25.9 0.6 11.5
4 3.7 1.9 1.2 10.1 10.8 6.1 1.8 15.8 5.8 13.3 5.8
5 0.6 1.8 0.6 5.6 15.0 3.9 3.9 12.4 24.7 4.5 9.1
6 1.7 1.8 0.9 22.7 22.0 4.0 2.1 10.9 7.0 10.8 7.7
7 1.7 1.5 0.8 16.3 21.0 4.7 2.3 12.9 7.5 10.1 12.8
5% 3 0.2 1.3 4.8 3.4 16.0 23.7 2.1 6.6 13.2 2.0 13.8
9 1.0 1.8 0.5 10.6 21.0 2.7 1.6 12.3 11.9 4.4 15.7
10 0.3 1.4 0.6 4.2 19.7 3.7 2.5 12.8 28.3 2.8 10.6
11 2.1 1.3 0.5 33.1 7.6 6.2 1.5 12.8 1.3 19.1 8.4
12 2.0 2.0 0.6 21.6 18.5 5.5 2.2 15.4 8.4 9.2 3.2
13 1.0 1.2 0.8 10.1 40.0 3.1 2.3 10.7 6.1 4.8 3.8
A 1.3 1.7 1.1 11.7 20.6 5.7 2.4 12.1 12.4 6.6 9.6
9 1.0 0.4 1. 9.3 8.2 5.6 0.7 2.4 8.8 5.5 3.8
150

14:0 15:0 16:0 16:0 17:0 18:0 18:1 20:3 20:5 22:4 22:6
1 0.2 0.3 0.7 28.0 2.6 11.8 13.8 5.8 2.3 2.9 18.1
2 0.4 0.5 1.8 25.3 2.3 12.8 16.1 5.3 3.6 3.8 20.8
Ej 3 0.4 0.3 5.8 20.7 2.4 11.7 16.9 5.1 2.6 3.8 20.3
4 0.2 0.3 4.2 19.9 3.2 12.3 15.7 8.2 4.3 3.4 19.5
5 2.5 0.4 2.7 18.8 2.1 10.6 13.6 7.6 3.4 3.7 28.7
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Table 28. (Cont’d)

Fatty acid (%)

Sample — -
No. 80
14:0 15:0 16:0 16:0 17:0 18:0 18:1 20:3 20:5 22:4 22:6
6 0.9 0.4 3.3 19.2 2.3 11.7 15.7 6.0 3.3 4.8 28.9
7 1.4 0.4 2.4 18.6 2.2 10.0 14.3 5.9 3.0 5.9 29.9
3 0.8 0.3 3.0 17.4 1.9 9.5 13.7 6.1 4.4 5.4 33.4
9 1.8 0.3 2.1 18.0 1.6 10.7 16.3 6.9 4.3 2.1 28.8
3 10 0.8 0.3 1.9 21.1 2.0 12.1 17.3 6.3 2.4 5.1 24.2
A1 0.9 0.4 2.0 17.5 2.3 9.2 12.5 5.7 2.8 5.2 34.6
12 1.1 0.5 1.3 21.8 3.8 9.6 14.1 5.6 2.8 4.2 27.9
13 0.7 0.5 0.1 16.9 2.1 9.5 13.1 6.1 4.1 5.6 35.7
0.9 0.4 2.4 20.3 2.4 10.9 14.9 6.2 3.3 4.3 27.0
g 0.7 0.1 1.5 3.3 0.6 1.2 1.6 0.9 0.8 1.1 5.9
1 0.4 0.5 3.4 19.8 2.6 11.7 12.8 6.0 2.9 4.0 20.7
2 1.2 0.7 2.9 25.9 3.0 13.6 16.5 3.6 2.3 2.1 15.4
3 1.2 0.6 1.8 23.9 2.7 8.7 20.9 2.8 2.9 1.8 17.3
4 0.3 0.4 6.4 20.5 2.5 11.9 13.5 5.4 2.3 3.8 17.8
5 1.5 0.4 2.1 18.2 2.7 10.9 17.6 6.2 3.4 4.5 24.5
6 2.6 0.5 4.1 20.2 2.0 10.6 12.8 5.7 3.1 3.8 26.3
7 1.5 0.4 2.9 17.6 2.0 9.7 13.3 7.1 3.9 4.9 30.7
;ﬂ 8 1.3 0.4 2.8 22.3 1.8 8.3 13.1 4.6 3.2 5.9 28.7
9 1.1 0.3 2.5 17.0 1.2 7.4 11.6 5.2 3.5 3.0 21.8
10 2.6 0.4 1.7 18.2 2.7 10.2 19.6 4.9 2.4 4.9 20.0
11 1.2 0.4 2.9 16.8 3.1 9.5 11.7 5.5 2.8 5.4 34.8
12 1.6 0.5 2.3 21.8 2.1 9.6 11.8 5.7 3.3 4.3 28.3
13 1.2 0.5 1.9 17.8 2.1 9.4 11.0 5.3 3.2 4.2 33.7
I3 1.4 0.5 2.9 20.0 2.3 10.1 14.3 5.2 3.0 4.1 24.6
g 0.8 0.1 1.3 2.8 0.5 1.7 3.2 1.1 0.5 1.2 6.4
iso . Branched chain fatty acid
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Table 29. The estimation of the multiple linear regression of the fatty acid composition (#) in weight
percentage on the season (x), body length (y) and lipid content (z) in ordinary muscle of
yellowfin tuna

F.A. @ @ as as Fy F £y
15014:0 5.488 —0.006 —0.009 — 4.696 0.23 1.02 7.88%
14:0 0.966 0.006 0.003 0.266 0.63 0.47 0.07
15:0 — 0.759 0.031 0.003 - 0.936 3.34 0.05 0.16
15016:0 50.231 —0.045 -0.152 —30.030 0.14 3.24 3.28
16:0 21.457 0.056 —0.103 15.433 0.18 1.24 0.72
’21 150170 — 0.523 0.115 —0.008 5.310 1.58 0.02 0.22
17:0 - 0.761 0.014 0.007 2.989 2.60 1.36 5.99*
18:0 19.217 —0.048 0.004 — 9.686 2.35 0.03 5.14%
18:1 —30.993 —0.061 0.185 36.625 0.82 15.33%* 15.57%%
50180 30.520 —0.055 —0.083 —19.558 0.62 2.91 4.23
22.6 0.339 —0.002 0.079 — 0.196 0.001 4.12 0.001
14:0 1.033 0.0003 0.005 — 1.085 0.001 0.37 0.50
15:0 0.545 0.001 —(.002 Q0.091 0.85 9.01* 0.43
A $015:0 — 1.892 —0.014 0.019 3.871 0.40 1.63 1.75
P~ 16:0 13.718 0.046 0.047 — 0.730 0.78 1.70 0.01
17:0 3.241 —0.001 —0.004 — 0.643 0.003 0.30 0.23
13:0 7.197 0.002 0.024 1.132 0.01 3.71 0.21
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Table 29. {(Cont’d)
FA. Ao a; s as £ Fy Fy
18:1 10.669 —0.033 0.031 2.393 3.37 6.05" 0.95
20:3 7.202 —0.002 0.007 — 2.871 0.01 0.54 2.27
E 205 4.418 0.007 —0.008 0.540 0.30 0.84 0.10
22.4 5.714 0.002 —{0.021 1.730 0.01 3.13 0.53
22:6 42.763 0.015 —0.125 — 1.914 0.03 4.52 0.03
14:0 0.417 —0.001 0.003 0.937 0.01 0.15 0.35
15:0 0.203 0.002 -(.001 0.483 1.43 0.71 6.88"
1501620 5.275 0.010 0.001 - 4,345 0.27 0.001 2.77
16:0 10.270 0.053 0.008 11.279 1.91 0.10 4.69
17:0 0.698 0.005 0.003 1.643 0.39 0.43 2.73
ﬁ 18:0 8.722 0.037 0.009 — 0.316 1.89 0.05 0.01
18:1 — 1.887 —0.027 0.064 14.821 1.48 17.55%* 24.27%*
2033 9.220 0.006 —-0.002 — 6.285 0.23 0.04 15.86™*
20:5 3.747 0.0002 —0.001 — 0.920 0.0004 0.65 0.67
22:4 6.517 0.011 —0.006 — 3.393 0.36 0.19 1.78
2236 42.620 0.016 —0.151 — 8.497 0.04 7.38% 0.60
The constant and coefficient are defined as follows :
= Qo+ arx+ a2+ asz
F;: The SNEDECOR’s # for g; with 1 and 9 degrees of freedom
* . Significant at 0.05 level
#%: Sigmificant at 0.01 level
Season (x) The number of the days counted from June 26
Table 30. The estimation of the multiple linear regression of the fatty acid content (7) on the season
(x), body length (y) and lipid conteni {z) in ordinary muscle of yellowfin tuna
F.A. Ay 10° A0 10° As-10° Az 10° I F F
15014:0 0.774 —0.002 0.005 —0.697 0.09 1.03 0.56
14:0 —5.298 —-0.022 0.030 13.617 1.79 6.49% 35.65%*
15:0 —6.301 0.038 0.014 7.780 1.35 0.41 3.08
15016:0 5.169 —0.003 0.035 —3.143 0.002 0.65 0.13
16:0 - 84.979 —0.316 0.186 155.121 3.16 2.26 40.80%*
E 8017:0  — 33.606 0.155 0.077 43.069 0.90 0.46 3.75
17:0  — 17.414 —0.033 0.050 25.094 1.33 6.46% 4] .87%*
18:0 — 47.876 —0.201 0.196 70.001 6.21% 12.25%% 40.51%%
18:1  —149.305 —(.546 0.487 207.523 8.17% 13.46%% 63.37°*
1501850 3.216 —0.002 0.025 —3.305 0.002 .89 0.40
22:6 59.986 —0.182 0.232 81.409 2.08 7.01% 22.41%*
1420 4.598 0.014 0.012 —3.410 0.07 0.10 0.22
15:0 3.433 0.001 —0.017 0.436 0.05 26.74%F 0.44
E 150160 —7.615 —0.030 0.078 15.553 0.10 .32 1.34
16:0 86.029 0.222 -—(.017 —0.326 0.94 0.01 0.00
1720 17.771 0.001 —0.046 —2.476 0.001 .61 0.12
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Table 30. (Cont’d)

F.A. Ao+ 10° A 10° Az 10° As-10° £ F, F
18:0 44.302 0.036 —0.013 7.808 0.12 0.03 0.30
18:1 63.609 —0.089 —0.034 15.682 0.36 0.11 0.61
Eﬁ 20:3 37.850 0.026 —0.046 —7.882 0.07 0.46 0.34
20:5 23.413 0.051 —0.086 0.676 0.65 3.75 0.01
22:4 32.002 0.022 —0.161 10.371 0.05 5.10* 0.55
226 227.723 0.231 —1.017 18.988 0.16 6.41% 0.06
14:0 —5.103 —0.008 0.028 17.114 0.01 0.33 3.23
15:0 —1.841 0.007 —0.005 8.232 0.49 0.50 39.49%*
150160 16.170 0.090 —0.002 —1.895 0.81 0.00 0.02
16:0 = 70.811 0.270 0.077 287 .797 0.99 0.17 60.43%*
17:0 10.727 0.012 0.027 34.545 0.08 0.79 34.64%%
g 18:0 —4.787 0.242 0.021 92.873 1.92 0.03 15.17%*
1811 —120.360 —0.309 0.479 263.595 5.51% 26.99** 215.11%*
20:3 30.595 0.076 —-0.021 2.316 0.92 0.15 0.05
20:5 4.619 0.009 —0.011 24.233 0.04 0.11 13.53%*
224 21.491 0.102 —0.034 6.953 0.61 0.14 0.15
226 168.644 0.227 —0.987 151.445 0.21 8.08* 4.92

T= AD+A1I+J4ZQ+ASZ
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Table 31. The estimation of the quadratic and linear regressions of the fatty acid composition
() in weight percentage on the lipid content (z) in ordinary muscle of yellowfin tuna
F A ao @ az I bo b B
150 14:0 8.960 - 18.456 9.614 1.20 4.417 — 4.917 9.60"
14:0 1.926 - 0.865 0.843 0.02 1.527 0.322 0.12
15:0 —4.374 15.678 —10.621 0.57 0.645 0.721 0.09
150 160 26.684 —14.279 —14.343 0.02 33.463 —34.477 3.98
16:0 —15.836 98.226 —61.525 0.37 13.240 11.580 0.44
’_ZJ 150 17:0 —25.323 88.508 —59.679 0.77 2.86 4.460 0.14
17:0 —2.039 10.607 — 5.342 0.52 0.485 3.085 5.66%
18:0 28.074 —39.523 21.601 0.79 17.865 — 9.104 4.51
1801 —21.339 62.541 73.774 0.03 —14.829 43.144 9.59*%
150 18:0 23.828 -22.213 7.473 0.02 20.296 —21.689 4.75
22:6 25.086 —48.157 35.875 0.58 8.132 2.364 0.08
14:0 — 0.529 5.170 — 4.334 0.29 1.519 — 0.934 0.45
15:0 — 0.335 2.109 — 1.487 2.46 0.368 0.014 0.006
150 16:0 14.248 —-39.334 31.204 5.09% — 0.500 4.609 2.53
16:0 26.678 —19.465 14.062 0.12 20.032 0.339 0.002
17:0 4.711 — 6.311 3.943 0.31 2.848 — 0.758 0.39
E 18:0 13.152 — 8.427 7.333 0.23 9.686 1.900 0.52
1801 21.418 —22.807 18.817 1.14 12.525 3.692 1.36
2023 6.449 1.566 — 2.976 0.08 7.855 — 2.624 2.25
20:5 0.934 7.898 — 6.219 0.45 3.873 — 0.860 0.28
22:4 - 4,676 25.843 —17.622 1.76 3.652 1.027 0.17
22:6 —17.381 137.554 —101.997 2.31 30.820 — 6.085 0.23
14:0 — 4.714 17.185 —11.460 2.34 0.700 1.046 0.54
15:0 0.131 1.596 - 0.109 0.01 0.183 0.440 5.82%
150 16:0 9.533 —15.873 8.130 0.35 5.691 — 4.424 3.51
16:0 15.669 3.187 5.583 6.03 13.031 11.049 4.65
17:0 0.191 4.692 - 2.120 0.16 1.193 1.706 3.41
ﬁ 18:0 1.996 24.666 —17.895 0.78 10.453 — 0.536 0.02
18:1 11.3%0 -~ 6.331 16.662 0.37 3.516 17.134 12.87%*
20:3 6.735 1.137 — 5.344 0.42 9.261 — 6.389 20.05%*
20:5 5.275 — 5.887 3.497 0.36 3.623 - 0.9653 0.92
22:4 — 3.945 27.049 *2].820 3.39 6.367 - 3.679 2.48
2226 — 1.718 90.344 —73.740 1.00 33.132 —13.501 1.05

= aot+aiz+a:z®, [ = bot+ bz

F; : SNEDECOR's F of the i-th order regression coefficient with 1 and n-i-1 degrees of freedom

Sample number (n) : 13
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Table 32. The estimation of the guadratic and linear regressions of the fatty acid composition (#) in
weight percentage on the body length (¥) in ordinary muscle of yellowfin tuna

F.A. ao a 02“102 F bo by I
1501420 — 2.684 0.096 —0.050 3.01 2.785 —0.012 1.39
14:0 — 1.055 0.050 —0.020 2.67 1.315 0.003 0.54
15:0 — 2.309 0.065 —0.030 0.56 0.854 0.002 0.03
15016:0 — 8.785 0.646 —0.400 2.29 32.674 —0.175 3.95
16:0 79.509 —1.039 0.400 3.46 31.655 —0.093 1.15
; is017:0 —14.418 0.410 —0.200 1.08 6.631 —0.008 0.02
17:0 2.839 —0.021 0.010 0.34 1.334 0.009 1.43
18:0 8.090 0.083 —0.040 0.24 12.373 —0.002 0.01
1801 28.913 —0.626 0.400 4.28 —13.716 0.218 9.32*
15018:0 — 9.406 0.449 —0.300 2.93 18.184 —0.090 3.30
226 — 6.913 0.219 —0.060 0.36 0.160 0.079 5.18*
14:0 0.697 —0.001 0.002 0.01 0.467 0.004 0.29
15:0 0.559 —0.001 —0.001 0.09 0.626 —0.002 9.66"
15016:0 — 0.526 0.130 —0.030 1.25 — 0.319 0.023 2.35
16:0 11.057 0.121 —0.040 0.12 14.947 0.044 1.76
17:0 0.251 0.048 —0.020 1.79 2.879 —0.004 0.47
E 18:0 7.489 0.033 —0.003 0.01 7.86 0.03 4.89%
18:1 11.649 0.017 0.008 0.03 10.771 0.034 6.22*
2033 5.841 0.0005 0.002 0.004 5.620 0.005 0.25
2035 3.022 0.018 —0.010 0.25 4.37 —0.009 1.21
2234 8.132 —0.048 0.010 0.14 6.695 —0.020 3.26
22.6 50.475 —0.290 0.070 0.21 42.278 —0.128 5.85%
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Table 32. (Cont’d)

F. A. o a a210* F bo b F
14:0 2.160 —0.021 0.010 0.26 0.887 0.004 0.29
15:0 0.445 0.001 —0.0006 0.03 0.516 —0.0004 0.16
150160 — 4.985 0.161 —0.080 4.41 3.323 —0.003 0.07
16:0 6.061 0.254 —0.100 1.49 18.130 0.016 0.26
17:0 2.737 —0.015 0.009 0.32 1.732 0.004 0.74
ﬁ 18:0 5.893 0.081 —0.040 0.41 9.850 0.002 0.01
18:1 16.173 —0.143 '0.100 1.65 5.033 0.078 8.18*
20:3 4,276 0.029 —0.020 0.19 6.077 —0.007 0.35
20:5 2.827 0.007 —0.004 0.06 3.264 —0.002 Q.15
22:4 5.273 —0.012 0.002 0.001 5.113 —0.009 0.48
22.6 47.269 —0.230 0.030 0.04 43.656 —0.159 9.56*

t= avtay+ay®, t= bo+biy
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Table 33. Variation of the fatty acid compositions of lipid in dark muscle of yellowfin tuna

Fatty acid (%)

Sample
No. 14:0 15:0 16:0  16:1 17:0 18:0 18:1  18:2 20:3  20:5  22:4 22:6
1 2.2 1.1 23.2 4.1 3.9 16.4 15.3 1.8 1.3 0.5 9.1
2 1.6 0.8 21.3 4.3 3.8 14.2 17.3 1.3 1.2 1.0 20.1
3 0.6 0.7 17.6 3.7 2.8 10.5 20.3 1.6 1.5 1.6 22.2
4 1.2 0.8 20.6 3.0 4.4 14 .4 15.2 1.4 2.3 2.0 21.3

- 5 2.1 0.7 16.3 3.9 3.6 11.0 19.2 0.7 2.5 4.5 17.4

Z 6 1.9 0.9 26.6 3.9 3.9 12.9 18.9 1.7 1.2 0.8 13.8
7 1.3 0.6 22.8 3.8 4.1 12.0 4.2 1.9 2.9 4.2 20.3
8 2.4 0.7 23.8 4.7 3.0 9.7 19.2 1.8 1.6 3.2 19.2
9 1.7 0.8 19.5 4.4 3.5 16.1 25.2 3.5 1.6 3.2 8.7
10 1.7 0.7 10.3 5.8 3.7 13.2 24.3 2.9 2.1 4.2 20.6



188

Table 33. (Cont’d)

Fatty acid (%)

Sample
No. 14:0 15:0 16:0  16:1 17:0 18:0 i8:1 18:2 20:3 2035 224 22.6
11 1.9 0.8 11.5 2.3 4.4 14.3 14.2 1.8 2.8 2.7 25.9
12 1.7 0.9 22.0 4.0 3.6 11.5 17.1 2.0 2.3 2.9 19.2
- 13 1.9 0.8 23.5 3.4 3.8 12.4 2.8 2.1 2.0 4.5 8.6
“ 7 1.7 0.8 19.9 4.0 3.7 13.0 17.9 1.9 2.0 2.7 17.4
g 0.5 0.1 4.8 0.8 0.5 2.1 3.8 0.7 0.6 1.4 5.6
1 0.5 0.4 10.9 1.8 2.2 17.2 14.8 2.9 3.2 2.2 2.6 28.7
2 0.5 0.3 11.0 1.7 2.0 17.2 12.3 3.0 4.2 2.9 3.3 31.3
3 0.5 0.3 13.2 2.3 2.1 18.5 19.5 2.8 2.4 1.3 1.5 22.7
4 0.3 0.3 9.8 1.9 2.1 21.0 13.4 3.8 3.4 1.9 3.1 25.7
5 1.6 0.4 9.6 1.5 2.0 14.8 12.0 2.6 3.4 1.9 3.8 34.7
6 1.0 0.4 12.7 1.6 2.7 16.5 12.8 3.0 3.9 3.2 3.7 29.2
7 0.7 0.3 6.3 1.6 2.6 20.3 12.7 3.7 3.7 2.4 5.4 32.4
S 8 0.7 0.3 11.1 1.8 2.1 13.6 11.9 3.1 4.6 3.9 4.3 34.4
9 1.0 0.4 9.3 2.3 1.7 14.6 16.6 4.8 3.6 2.6 2.5 32.1
10 0.5 0.2 7.5 1.5 2.0 13.7 13.0 3.0 4.4 2.5 3.9 37.9
11 1.0 0.4 9.0 1.1 1.9 13.8 10.5 2.3 4.5 2.9 4.7 39.0
12 0.5 0.4 10.9 1.4 2.0 14.6 12.8 2.6 3.9 2.0 4.3 35.3
13 0.9 0.4 9.8 1.5 2.0 17.0 11.5 2.7 3.9 2.5 4.2 34.7
t 0.7 0.3 10.1 1.7 2.1 16.4 13.4 3.1 3.8 2.5 3.6 32.2
o 0.3 0.1 1.9 0.3 0. 2.4 2.4 0.7 0.6 0.5 1.0 4.7
1 0.9 0.6 13.3 2.4 2.6 17.5 13.8 1.0 2.5 2.9 1.9 20.4
2 1.4 0.7 20.2 3.2 3.2 12.6 15.9 1.0 2.0 2.2 1.5 24.2
3 1.3 0.5 16.8 3.6 2.5 13.5 21.9 1.2 1.6 1.4 1.4 21.5
4 0.6 0.4 3.6 2.2 2.7 19.1 14.2 1.2 2.7 1.3 2.5 24.6
5 1.8 0.6 13.9 3.2 2.6 13.5 20.6 1.2 2.3 2.0 1.4 24.8
6 1.1 0.6 16.4 2.5 2.9 15.3 15.2 0.8 2.7 2.3 2.4 25.0
7 1.1 0.5 13.9 2.3 3.2 15.6 13.9 2.8 3.2 2.7 4.0 28.9
=18 2.0 0.6 18.9 4.6 2.7 10.5 17.1 2.4 2.6 3.5 2.6 27.1
& 9 1.7 0.5 13.9 3.3 2.5 14.6 19.4 3.2 2.4 2.1 2.8 22.8
10 1.8 0.6 14.3 3.4 2.7 12.4 19.2 2.5 2.8 2.5 4.0 25.4
11 1.1 0.5 12.6 1.8 2.9 12.6 12.0 2.0 3.6 2.5 4.3 35.4
12 1.4 0.1 16.6 2.6 2.6 14.2 14.4 2.4 3.1 2.0 4.0 29.0
13 1.2 0.1 15.0 2.1 2.9 14.3 11.5 2.3 3.0 3.0 5.0 32.2
t 1.3 0.5 15.3 2.9 2.8 14.3 16.1 1.9 2.7 2.4 2.9 26.3
g 0.4 0.2 2.3 0.8 0.2 2.3 3.3 0.8 0.5 0.6 1.2 4.2

B, BRBIUSESBIIR T 2 EPRES S s VLR EEnRERE RITERMHNERE LU
HElF B & B OV ESH IR, REBLUVIEESEN TR EBEL T2 2R T420, 1, yB LU
1T D ¢ b e TORENER, ¢ = Gt aix+aey+ asz % 5 U2 T = Aot At Aoyt Asz, DER
HERD, FNLOEEREEHMELL, BN ERELINENE M BLUBRICTT,
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Table 34. The estimation of the multiple linear regression of the fatiy acid composition (¢) in weight
percentage on the season (x), body length (») and lipid content (z) in dark muscle of yellowfin

tuna
FA o ay a2 as F F Fs
1470 1.819 0.018 —0.0005 —0.922 11.71%* 0.02 1.68
15:0 0.888 0.002 0.0000 —0.268 1.37 0.00 0.98
16:0 23.805 0.129 —=0.040 —4.339 3.45 0.68 0.26
16:1 1.347 0.003 0.019 0.457 0.05 5.32% 0.08
- 1720 5.745  —0.002 —0.005 —2.111 0.13 1.80 7.76%
z 18:0 17.761 —0.018 0.010 —8.602 0.136 0.23 4.47
18:1 5.961 —0.046 0.098 2.676 1.17 10.81%% 0.21
18:2 3.213  —0.022 0.003 —1.571 5.35% 0.17 1.49
20:3 3.889 —0.013 —0.006 —1.392 2.12 0.91 1.40
22:4 4,986 —0.025 —0.010 —0.535 1.11 0.35 0.03
22:6 12.976 —0.058 0.001 9.709 0.38 0.0001 0.56
14:0 0.670 0.005 —0.0004 —0.041 0.69 0.01 0.003
15:0 0.489 0.001 —0.001 —0.121 1.18 1.50 0.83
16:0 4.167 0.043 0.0003 7.254 2.83 0.00 4.37
16:1 0.931 —0.004 0.006 0.344 0.57 2.48 0.25
17:0 2.071 0.004 0.0004 —0.207 0.78 0.01 0.1
- 18:0 19.024  —0.024 —0.010 —1.153 0.30 0.11 0.04
- 18:1 7.282 —0.0%2 0.041 4.335 3.19 4.15 1.19
18:2 4.102 —0.012 0.008 —2.466 1.99 1.61 4.18
20:3 4.854 0.007 —0.006 —0.854 0.57 0.90 0.42
20:5 2.481 0.016 —0.003 —0.093 3.10 0.23 0.006
22:4 6.996 0.006 —0.017 —2.459 0.20 2.72 1.52
22:6 41.337 0.005 —0.042 —6.923 0.005 0.61 0.42
14:0 0.156 0.003 0.005 0.826 0.21 1.20 0.92
15:0 — 0.208 0.003 0.005 0.048 2.43 9.31% 0.03
16:0 8.546 0.084 —0.006 9.339 3.35 0.09 5.32%
16:1 — 0.657 0.009 0.015 2.365 0.92 5.12% 3.45
17:0 3.226 0.0C2 —0.004 —0.073 0.3 2.44 0.02
. 18:0 19.861  —0.018 0.005 —8.888 0.27 0.04 3.74
£ 18:1 0.149 —0.022 0.088 9.717 0.82 25.85% 8.23%
18:2 4.217 —0.022 —0.004 —1.895 3.92 0.27 1.50
20:3 5.263 —0.004 —0.010 —2.107 0.65 6.28% 7.90%
2005 2.768 0.014 —0.006 —0.188 3.04 0.96 0.03
22:4 8.595 —0.029 —0.028 —2.293 5.31% 10.02%* 1.75
22:6 43.047 —0.030 —0.023 —1.843 0.46 15.84%% 0.09

= aot+ax+aytasz
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Table 35. The estimation of the multiple linear regression of the fatty acid content (7) on the season
(x), body length (») and lipid conient (z) in dark muscle of yellowfin tuna

F.A. 40107 Ar10° Ase10° Ar10° R F, Fs
1430 — 8.396 0.364 0.018 21.462 4.76 0.02 0.89
15:0 — 2.246 0.073 0.003 12.069 2.56 0.01 3.70
16:0 —74.355 3.134 —0.224 330.614 4.45 0.05 2.65
1611 —47.958 0.400 0.240 78.193 1.33 0.99 2.73
- 17:0 2.227 0.263 —0.007 44 .887 1.18 0.002 1.84
1810 — 7.195 0.690 0.139 157.658 0.63 0.05 1.77
18:1 —213.604 1.149 1.238 350.259 0.72 1.72 3.567
18:2 7.251 —0.101 0.048 14.131 0.42 0.19 0.44
20:3 8.913 0.047 —0.001 15.380 0.09 0.00 0.51
22:4 2.918 0.095 0.059 25.997 0.08 0.06 0.31
22:6 —157.014 1.354 0.345 420.380 0.67 0.09 3.45
14:0 12.547 0.079 —0.001 — 3.849 0.53 0.00 0.07
15:0 8.785 0.016 —0.013 — 0.033 0.76 1.01 1.70
16:0 101.657 0.796 0.004 57.567 2.77 0.00 0.77
1611 21.933 —0.064 0.096 — 6.407 0.41 1.93 0.22
17:0 37.909 0.074 0.012 —11.673 0.51 0.03 0.68
o 180 354.126 —0.345 —0.148 —97.863 0.29 0.11 1.26
P18l .73.253 —0.847 0.711 —26.909 2.81 4.11 0.15
18:2 74.861 —0.238 0.155 —56.050 1.24 1.10 3.70
20:3 83.110 0.087 —0.070 —24.046 0.12 0.16 0.50
20:5 43,908 0.252 —0.032 — 9.184 1.44 0.05 0.10
2214 112.535 0.091 —0.238 —42.871 0.11 1.49 1.25
22:6 711.280 —0.234 —0.392 —206.632 0.01 0.08 0.60
14:0 ~18.613 0.278 0.206 47.064 079 0.89 1.20
15:0 —15.492 0.177 0.149 12.814 2.49 3.68 0.70
16:0 —19.863 4.146 0.098 599.677 2.54 0.003 2.85
16:1 —70.857 6.739 0.536 123.514 1.58 1.73 2.73
17:0 48.571 0.426 —0.063 54.196 1.25 0.06 1.08
-1 18:0 375.280 1.791 0.350 1.189 0.61 0.25 0.00
& g8 —226.840 1.138 3.164 525.973 0.29 4.72 3.38
18:2 98.081 —0.519 —0.020 —33.170 1.16 0.004 0.25
20:3 114.261 0.11% —0.208 —15.557 0.14 0.90 0.13
2015 39.048 0.782 —0.09C 40.998 3.25 0.09 0.48
22:4 213.345 —0.714 —0.704 —26.157 1.69 3.41 0.12
22:6 854.737 2.305 —2.95¢ 413.980 0.50 1.72 0.87

T= Ao‘l’AlI+A2y+A3Z

BB IEMERREERC R ETEE HECRRIRE ﬁ&bfﬁ%t&&%éhﬁﬂﬁﬁémﬁﬁ% ey
EoHEIFE R EEHIcEE T 5 2 LB, KIATE, HE% B EL TS BOBE LT TN L
GNEET 20 E 20T 5 02 RB LU kERREE ENLNEEMTHRE L2, BH M
BAEERICRT. e EEE AL IEET NL o 22 4@2, PLBIuoTL 14 08L0718:0
BT h 7, b ATEE e Al BelEEPL o 200 3, TL ™ 14: 0, 16: 0, 16: 1 3L 18: 0BT
Stz FThbb, EEEEOMKIZ PL 020 3%4 500 TL 14 0, 160 0B L0160 1 EEMR
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SCMRERNSRO LN S22 68 (B 33F) CIHESENRESrAbN L h - 2, THEBRBE S S
EREIBE, IFEERE ) LREAT22 6 BB R C5 CBE L T s Th S LRI 2,

Table 36. The estimation of the quadratic and linear regressions of the fatty acid composition (¢) in
weight percentage on the lipid content (z) in dark muscle of yellowfin tuna

F.A. do a1 az F bo by Fi
1430 — 0.595 1.172 —0.133 0.26 0.967 G.238 1.57
1520 1.985 — 0.663 0.086 1.67 0.969 —0.056 1.17
16:0 59.382 —22.745 3.110 1.30 22.863 —0.928 0.20
16:1 — 1.140 2.472 —0.262 0.39 1.939 0.633 4.26
- 1700 7.552 — 2.089 0.267 1.12 4.419 —0.217 1.3
Z18:0 31.217 —10.479 1.426 1.54 14.470 —0.473 0.29
18:1 —27.556 25.273 —3.298 3.21 11.179 2.132 1.99
18:2 — 4.417 3.732 —0.527 1.85 1.770 0.036 0.01
20:3 - 0.906 1.954 —0.319 0.97 2.835 —0.280 1.35
224 -—18.589 12.574 —1.768 7.20% 2.170 0.172 0.08
22:6 26.779 — 6.616 1.106 0.11 13.790 1.143 0.23
14:0 — 4.298 2.982 —0.420 6.63* 0.634 0.035 0.05
15:0 0.201 0.118 —0.022 0.3 0.458 —0.035 1.78
16:0 17.139 — 4.269 0.617 0.30 9.888 0.062 0.005
16:1 2.880 — 0.694 0.097 0.23 1.746 —0.017 0.01
17:0 3.566 — 0.768 0.093 0.37 2.474 —0.116 1.08
.y 18:0 55.947 —22.182 2.929 9.42* 21.558 —1.637 2.97
1801 18.842 — 2.495 0.232 0.03 16.117 —0.867 0.75
18:2 3.691 — 0.328 0.043 0.01 3.189 —0.028 0.01
20:3 — 0.260 1.974 —0.212 0.52 2.224 0.450 5.18*
2005 0.018 1.110 —0.094 0.10 1.128 0.448 4.18
22:4 - 1.891 3.195 —0.438 0.52 3.255 0.121 0.07
22:6 —26.918 33.192 —4.396 3.83 24.701 2.354 1.55
14:0 — 5.132 3.513 —0.44b 16.98%% 0.088 0.3%4 9.71%*
15:0 0.909 — 0.358 0.068 0.46 0.115 0.117 2.58
16:0 21.983 — £.995 1.178 1.57 8.155 2.266 9.85%%
16:1 - 2.828 2.782 —0.298 0.71 0.671 0.691 6.99%
17:0 4.411 — 1.069 0.167 1.74 2.455 0.099 1.03
i 18:0 44.725 —16.034 1.942 8.15* 21.918 —2.408 13.52%%
=~ 18:1 —12.703 15.921 —2.066 1.33 11.555 1.429 1.10
18:2 — 7.647 5.589 —0.784 3.50 1.555 0.092 0.07
20:3 0.494 1.492 —0.245 0.70 3.367 —0.225 1.08
20:5 — 3.912 3.515 —0.45¢ 2.61 1.475 0.297 1.69
22:4 — 6.409 5.857 —0.881 1.71 3.940 —0.326 0.39
22.6 — 3.558 17.950 —2.581 1.13 26.750 —0.157 0.01

t=agctaztaz®, t= bo+biz
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ES ISR EEEC R ET HE HREIRIEERENEHET TH L L 2RISR L, AR
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HER8 & 77,

Table 37. The estimation of the quadratic and linear regressions of the fatty acid composition (¢} in
weight percentage on the body length () in dark muscle of yellowfin tuna

EA. ao m a»10° F bo by i
14:0 2.206 —0.007 0.002 0.02 1.960 —0.002 0.15
15:0 0.735 0.002 —0.001 0.04 0.828 —0.0003 0.05
16:0 4.735 0.368 —0.200 1.65 25.800 —0.050 0.92
16:1 4.345 —0.034 0.020 1.28 1.684 0.020 6.79*
17:0 3.384 0.016 —0.010 0.55 4.552 —0.007 2.13
; 18:0 12.239 0.010 —0.003 0.002 12.560 0.003 0.02
18:1 13.636 —0.054 0.070 0.69 5.740 0.102 12.74%F
18:2 4.105 —0.047 0.020 0.98 1.607 0.002 0.09
20:3 2.548 —0.003 —0.001 0.005 2.705 —0.006 1.03
22:4 11.479 —0.161 0.070 2.56 3.820 —0.009 0.35
22:6 —9.222 0.512 —0.200 1.63 16.070 0.010 0.0C3
14:0 1.547 —0.015 0.007 0.31 0.823 —0.0006 0.02
15:0 0.394 0.0004 —0.001 0.09 0.462 —0.001 2.10
16:0 6.039 0.074 —0.030 0.24 9.537 0.005 0.05
16:1 0.900 0.008 —0.001 0.005 0.978 0.006 3.32
17:C 1.035 0.021 —0.010 1.22 2.100 0.000 0.00
o 18:0 10.944 0.121 —0.060 0.53 17.580 —0.010 0.14
o181 10.665 —0.011 0.030 0.15 7.740 0.047 4.48
18:2 0.698 0.039 —0.020 0.49 2.350 0.006 0.79
2003 3.903 0.008 —0.007 0.12 4.657 —0.007 1.37
20:% 1.662 0.023 —0.010 0.37 2.992 —0.004 0.33
22:4 3.889 0.021 —0.020 0.37 5.920 —0.019 3.7L
22:6 49.864 —0.284 0.100 0.51 37.948 —0.048 0.96
14:0 1.853 —0.018 0.010 0.71 0.698 0.005 1.68
1520 —0.538 0.014 —0.004 0.83 —0.061 0.005 8.81"
16:0 7.745 0.151 —0.070 0.83 15.423 —0.001 0.001
16:% 1.195 0.011 0.003 0.01 0.916 0.020 5.42%
17:0 2.483 0.011 —0.007 1.07 3.260 —0.004 3.19
1 1820 10.144 0.085 —0.040 0.27 14.521 —0.002 0.006
& 1801 11.413 —0.040 0.060 - 0.90 4.515 0.090 19.35%*
18:2 3.946 —0.035 0.010 0.26 2.417 —0.005 0.29
203 3.475 —-0.001 —0.005 0.10 3.987 —0.010 5.58%
2015 3.841 —0.019 0.006 0.11 3.179 —0.006 1.15
22:4 10.449 —0.110 0.040 1.51 6.339 —0.029 7.59%
22:6 42.330 —0.149 0.010 0.02 41.006 —0.123 18.94%*

t= (lo*{—a1y+dzj/z, = bo+b1§/
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REOBKRIIHMEIREN 16 1 3L 18 1B, 280 15: 0, 16: 15505181 1 HHHERE
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EwrE N7 ITRE
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Db, THLIIe, BLEEETH->Th, FIHBERELIHCHEST2ETFIEL bk, INHET
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—%, EEEO/NE WEEATE, WBICHERE 2 £ EHET, BREOXBO»BERTTH L, £
D7z, ZOL S BHEOEEIC B A RREAREEICHES T 2R FRESER LR S I LHHER S 1

2, AETE, S0k REEEIEAIC BT S IEHBAREES L CCET 2R TIMATH 0 5T
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=ie bk, BB LULKRBEOREHE
HEE L S UICHREDEERE
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BaEw, FEECARETE: 23R, FhfnsrsREsmB L,
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T, REWNTYXERSLN -7z, NL #(30.06~0.142/100g AT, =T oot NE B )R
hoiz, PL &I 0.61~1.002/1002 BT, TL o kEln% o7z,

—77, Wiz, TL 214 36.9~70.52/100 g, NL 213 35.1~68.7¢/100g FlETH ), TL iz e
AEIENL Thotz, PL BiE1.0~1.82/100g B TIZIT—EThH-72, TL B Lo NL ofE#REEIT K
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Table 38. The lipid content in muscle and liver of puffer, Lagocephalus lunaris

Date Body  Body Liver Lipid content in muscle Lipid content in liver
Sample - !
No. (1_911)79 1?&%3" W(Z'gg)ht W?:gg)ht Total Nonpolar Polar Total ~ Nonpolar Polar
(g/100g muscle) (g/100g liver)

1 Aug. 25 23.0  307.0 26.0 0.93 0.13 0.80 43.6 42.1 1.5
2 Sept. 16 22.0  273.0  21.6 0.84 0.12 0.61 41.0 39.6 1.5
3 Oct. 15 23.5 323.3  31.3 0.98 0.14 0.81 65.9 64.9 1.3
4 Oct.29 23.5 327.5 33.0 0.89 0.08 0.75 58.1 55.9 1.8
5 Nov.10 25.5  470.5  47.1 0.85 0.09 0.73 51.3 50.1 1.0
6 Nov.18 16.5  108.5 7.3 1.13 0.10 1.00 36.9 35.1 1.4
7 Dec. 7 23.5 38.5 45.7 0.79 0.10 0.67 53.2 51.8 1.0
8 Dec. 14 21.0 241.5 — 0.90 0.08 0.71 — — —
9 Dec.23 26.5 504.5  45.2 0.82 0.06 0.65 55.9 54.4 1.3
10 Jan. 13 28.5 595.0  70.5 0.84 0.08 0.73 60.4 53.7 1.0
1 Jan.29 26.5  476.5  62.8 0.86 0.07 0.76 70.5 68.7 1.0
I — 23.6  365.1  39.1 0.89 0.095 0.75 53.7 52.1 1.3

c — 3.23 138,74 19.09 0.09 0.025 0.10 10.81 10.81 0.28

% ¢ Mean, ¢ : Standard deviation

FERAERHARL 7 & IS R NISERE WHESEE 2 BER T 2 T E L BEE 125810 D THBE, 5 O
IZF DIERRETE 39 RIITT, FEMRE S % vl 20EWEEE, NL T3 16: 0 (14.2~38.2%),
601 (4.1~6.9%), is0l6:0 (4.0~14.5%), 18:0 (6.5~14.3%), 18:1 (9.3~20.6%) B LW
22: 68 (4.7~16.9%) TH» Y, PL T3 16: 0 (15.1~27.4%), 18: 0 (12.7~16.2%), 18: 1 (11.0~
23.0%), 20: 3 (4.0~7.5%) 5L 1r22: 68 (14.4~26.5%) THYH, TL Ti3 16: 0 (14.2~21.5%),
18: 0 (11.2~13.1%), 18: 1 (9.1~18.2%), 20: 8 (4.4~7.5%) B L U22: 6B (17.3~32.5%) T
iz,

Table 39. Variation of the fatty acid compositions of nonpolar, polar and total lipids in muscle of
puffer
Fatty acid (%)
Sample . -
No. is0 150

14:0 16:0 16:1 16:0 18:0 18:0 18:1 18:2 2023 2015 22:5 22:6

3.8  25.8 5.4 14.5 11.9 4.6 11.6 0.6 2.4 2.6 1.2 8.5
3.7 38.2 4.8 8.6 14.3 3.4 9.5 0.7 2.5 2.9 0.7 4.7
4.1 25.5 6.9 5.1 9.5 2.6 20.6 1.3 1.7 3. 0.5 6.6
2.9 18.2 6.4 4.5 9.8 3.5 16.9 0.7 2.9 3.1 6.8 9.3
2.9 17.2 4.5 5.7 12.3 2.6 14.0 1.1 3.2 3.2 4.6 13.4

NL
[
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Table 39. (Cont’d)
) Fatty acid (%)
Sample
No. 150 150
14:0 16:0 16:1 16:0 18:0 18:0 18:1 18:2 2003 20:5 22:5 22:6
6 2.5 21.4 4.8 11.5 10.8 5.2 9.3 0.4 2.3 3.7 5.4 11.1
7 2.9 24.9 4.4 4.0 6.5 2.7 14.2 1.1 3.1 2.4 9.1 13.2
8 3.4 18.7 5.8 5.3 7.5 2.6 9.8 0.6 1.8 4.5 11.9 16.7
9 1.9 22.1 4.8 9.4 11.4 3.4 3.8 0.9 2.5 2.8 3.9 14.5
E 10 1.4 22.1 4.8 12.3 11.7 2.1 15.6 0.4 3.2 2.2 3.3 15.0
11 1.3 14.2 4.1 11.5 8 .4 3.8 14.0 0.7 2.8 2.2 6.3 16.9
i 2.8 22.5 5.2 8.4 1.0 3.3 3.6 0.8 2.6 3.0 4.9 11.8
o 0.95 6.37 0.88 3.68 2.30 0.94 3.44 0.29 0.52 G.68 3.56 4.09
CDh 33.88 28,37 17.02 43,75 20.97 8.3 25.35 38.18 20.13 22.95 72.97 34.62
1 3.2 21.0 4.8 1.3 12.8 1.1 14.9 1.2 4.8 5.3 3.1 18.9
2 1.7 17.8 2.2 0.7 13.9 0.8 4.5 0.8 5.6 5.9 4.0 23.3
3 1.9 27.4 3.4 0.9 13.3 1.0 16.6 1.9 4.0 3.7 3.0 14.4
4 1.5 19.5 2.9 1.1 14.4 1.1 19.6 1.9 6.7 4.3 3.7 15.2
5 0.8 18.9 2.1 1.1 13.4 0.9 15.6 1.9 5.8 3.6 4.1 23.6
6 1.0 18.7 2.6 0.5 13.8 0.8 2.7 1.5 5.3 5.7 3.8 25.7
a7 1.5 15.1 3.0 1.1 12.7 1.1 16.7 1.6 7.5 4.3 6.4 19.9
A8 1.4 18.7 3.2 0.7 16.2 0.4 11.0 2.2 4.6 3.5 3.3 24.9
9 0.7 16.6 2.3 0.8 13.0 0.7 16.4 1.6 5.3 3.5 4.2 26.5
10 0.4 15.9 2.3 1.1 14.2 0.7 3.0 2.3 6.1 3.8 4.5 19.8
11 0.6 17.3 2.0 0.7 13.0 0.2 15.7 1.6 6.5 4.2 5.2 24.5
it 1.5 18.8 2.8 0.9 13.7 0.8 16.1 1.8 5.7 4.4 4.1 21.5
[ 0.69 3.31 0.81 0.25 1.00 0.13 3.16 0.33 1.01 (.89 0.99 3.65
[813] 46,94 17.60 28.93 27.47 7.32 15.61 19.68 18.43 17.93 20.46 2400 16.96
2 1.7 19.0 3.3 2.1 11.8 1.4 12.9 2.1 5.1 5.1 4.0 23.6
3 2.4 21.5 3.7 1.7 12.1 1.2 16.9 1.9 4.4 2.2 3.3 18.9
4 1.0 16.2 3.3 1.8 11.2 1.5 16.6 1.7 7.1 5.0 4.4 21.3
5 1.5 17.8 2.1 0.7 11.9 0.7 15.6 1.8 5.8 4.1 3.7 23.1
6 1.2 18.3 2.4 0.8 13.1 0.9 2.1 1.4 5.1 5.7 3.6 26.1
7 1.3 17.3 3.1 1.4 13.0 1.1 16.5 1.9 7.5 4.6 5.7 17.3
o 8 1.3 14.6 2.6 0.8 11.8 0.6 9.1 1.6 5.1 4, 5.0 32.5
=9 0.7 14.2 2.2 1.0 12.4 0.7 15.0 1.3 5.3 3.4 4.9 29.9
10 0.4 15.3 2.2 1.7 12.5 0.6 18.2 2.1 5.8 4.0 5.7 24.6
11 0.7 16.8 2.2 1.2 12.6 0.4 15.5 1.5 6.1 3.9 5.3 25.7
i 1.2 16.1 2.7 1.3 12.2 0.9 14.8 1.7 5.7 4.2 4.6 24.3
g 0.58 3.26 0.59 0.49 (.59 6.37 2.72 0.28 0.96 0.93 0.88 4.63
CD 47,13  20.26 21.62 37.25 4.83 40,94 18.34 16.13 16.73 23.15 19.40 19.06

CD : Coefficient of deviation

MRER DN S RIS OREREIRZE TN 2 WY, FHFNEE L/ S 0T, MLEEE

SEHIRE D E AR,

MRS EN AN R WIEFERE PL 340 TL 0 18 0B C& D, 1Z—EMRE & &7z d’, MolalRk

DHMRERIZRE CEBL 72,
NL T #5016 0 B L is018: O B = EERIRTER &
b aisERE PL B X N TL icia D ie oo 7o, 0 FER I3 A 7 T N EICHFTE

Bl bITEE

N
‘j‘

$ R SEEISEIC LA L 72, V87 PR RIREES T L EECE NS T L IR,

ZEREHO—DTHD, IR
52 EDERICHE R

nTsy,
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mom RMENY, ARBLIUBHESER
37 % EHBREREDNRER

RIAG T~z & 910, BUREOREEREOEEIIKRE Vv, TNLEE»ERERY, ARBIUVERES
EOWTNEBGEL Tubr i RE L7,

® B F &
B (), REQ) B & URESE RIS 3 EEERE () ORERR ¢ = atartaytaz O
EREAERDS, FNLOBEEMERIT LA, 485, 8 A1 8% 1 & LCOMEREZHEILL L, FECKRE
LideREE w9,

BRELOUICEE
B NRERAEA0FICRY, arFEr s EEBRE NL o14: 0, 22: 58507220 68, PL
O14: 0B kvriso 18: 0, TL @ 14: 0, 16: 0, 50 18: 0 B L2 5EEThH-72, @PHEL
Hred 2 iElhEels NL o022 58, PL BX - TL 18 1B Th - 72, as D EE & A w2 lalfiEsiz TL
N22. 5DATH»72,
SHEIN, whEEE A G EHROEY b, BESHSHEEEESICRE(HEEL, BFEREB L
CREOWME I/ I W EH LTz,

Table 40. The estimation of the multiple linear regression of the fatty acid composition () in weight
percentage on the season (x), body length (y) and lipid content (z) in muscle of puffer

F A. ao a a2 as I £ F;

14:0 8.811 —0.015 —0.100 —12.228 14.14%* 1.36 0.65

16:0 74.585 —0.082 —0.645 —31.162 4.50 0.59 1.33

16:1 0.208 —0.008 0.086 4.252 1.57 0.38 0.90
15016:0 —31.370 —0.007 0.709 26.560 0.05 1.35 1.83
18:0 —1.739 —0.030 0.390 5.927 3.57 1.27 0.39

-1 15018:0 1.220 —0.002 —0.063 4.303 0.15 0.23 1.02
z 18:1 —29.171 —0.012 1.093 20.444 0.31 5.14 1.74
18:2 1.249 —0.002 0.015 —0.735 0.50 0.09 0.20

20:3 3.298 0.001 0.035 —1.895 0.13 0.20 0.56

20:5 6.767 0.002 —0.162 —0.239 0.26 3.00 0.01

22:5 47.982 0.058 —1.121 —25.722 11.66% 9.24* 4.72

22:6 11.670 0.075 —0.137 —5.426 20.61%* 0.15 0.22

14:0 3.679 —0.014 —0.014 —0.570 14.33%* 0.03 0.05

16:0 —18.650 —0.040 0.662 29.320 4.78 2.79 5.31

16:1 1.556 —0.010 0.031 1.806 3.39 0.07 0.22
15016:0 0.097 —0.003 0.054 —0.132 4.52 2.92 0.02

. 18:0 19.226 0.007 —0.178 —2.277 0.71 1.09 0.17
84 45018:0 1.027 —0.004 0.012 —0.036 5.97* 0.10 0.00
18:1 —15.663 —0.006 0.967 10.659 0.10 5.67* 0.67

18:2 2.598 0.001 -0.005 —0.921 0.25 0.01 0.24

20:3 14.330 0.008 0.120 —7.480 1.26 0.65 2.45

20:5 8.690 —0.007 —0.133 —0.487 1.58 1.25 0.02
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Table 40. (Cont’d)

F.A. 2o i a2 a3 ra F P

. 22:5 13.077 0.011 —0.141 —7.696 3.94 1.29 3.76
P 22:6 49.850 0.050 —0.845 —15.560 2.98 1.77 0.58
1410 1.419 —0.011 0.009 0.930 6.77* 0.02 0.17

16:0 3.314 —0.039 0.292 12.918 5.73* 1.01 2.04

1601 4.587 —0.010 —0.005 —0.612 4.89 0.004 0.06
15016:0 0.817 —0.008 0.078 0.694 3.18 0.79 0.01
18:0 11.835 0.009 —0.059 0.710 3.19 0.39 0.06

o 01810 2.533 —0.008 —0.008 —0.600 11.24*% 0.04 0.23
= 18:1 —16.657 —0.021 0.949 12.887 1.16 7.63* 1.45
18:2 1.960 —0.004 0.032 —0.555 2.80 0.52 0.16

20:3 14.298 0.007 —0.124 —7.190 0.53 0.60 2.09

2025 15.614 0.005 —0.305 —5.340 0.38 4.28 1.34
2235 11.421 0.017 —0.114 —6.890 19.17%* 2.82 10.55%

22:6 34.571 0.065 —0.585 —4.555 2.03 0.52 0.03

The constant and coefficient are defined as follows :
t= av+aix+ a.y-+asz

£; 1 SNEDECOR’s F for g; with 1 and 7 degrees of freedom
* ¢ Significant at 0.05 level
** & Significant at 0.01 level

Season (x) : The number of the days counted from Aug. 1

EBIE MR, CRBIUVRESEE
MY sEHREEMERER

-
% Yy Bz T 2 EBEE(T) NEERR T = Aot At Ay+ Az OEBIREEZ KRS, #1
LOEBEERETL 72,

BRLESUICEE
BonHERZE L FRICRT, ADEEEL AW, NL Tz 14: 0, 16: 0, 16: 1, 18: 0,
150181 0 BLur22: 5BThH, PL Tz 14: 0B TH Y, TL T2 14: 0, 16: 0, #018: 0B &
22 BEETHh -T2, AV BEL A2 BRI NL 022 5B PL 8L TL 0 18: 18 ThH- 72,
A B A EERE NL ici3 %<, PL BLU0TL®16:0, 18: 0B LU 18: 1EETH -1z,
Zok 5ic, NL 58X 00 TL €, #BENSA L EHRIC S BB s ENTeI BB CBE L 72, £,
PL 30 TL Tit, BESEBEIRBeE80THRF L TEETEL W LB L2,

Table 41. The estimation of the multiple linear regression of the faity acid content (7) on the season (¥),
body length (¥) and lipid content (z) in muscle of puffer

F.A. Ay A 107 Az-10? As R F Fy

— 14:0 0.004 —0.003 0.001 0.002 15.91%* 0.00 0.10
16:0 0.067 —0.020 —0.040 —0.018 9.17% 0.08 0.18
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Table 41. (Cont’d)

A A Ay 10 Az 10° As F " I3
16:1 —0.006 —0.003 0.020 0.010 8.77% 0.98 2.06
15016:0  —0.028 —0.005 0.070 0.029 2.84 1.11 1.91
18:0 —0.002 —0.007 0.040 0.012 20.44%% 1.38 1.05
i 550180  —0.0001 —0.002 —0.002 (.006 8.77% 0.03 2.50
< 18:1 —0.044 —0.007 0.100 0.036 3.17 2.60 1.82
18:2 0.0001 —0.0005 0.004 0.0004 2.23 0.28 0.03
203 0.004 —0.001 0.002 —0.001 4.42 0.06 0.19
205 0.003 —0.001 —0.009 0.003 4.80 0.80 0.83
22:5 0.045 0.004 —0.100 —0.023 8.90% 10.64* 4.96
22.6 0.009 0.003 —0.010 0.001 2.59 0.09 0.004
A A, A= 10° A F Iy I
14:0 0.006 —0.010 0.0001 0.014 11.75% 0.05 0.42
16:0  —0.383 —0.030 0.007 0.453 3.86 5.08 23.77%F
161 —0.025 —0.008 0.0005 0.048 3.05 0.30 2.41
5016:0  ~0.010 —0.002 0.0005 0.008 3.97 3.67 0.90
18:0 —0.035 0.009 —0.0003 0.151 3.09 0.09 18.59*"
1 15018:0  —0.004 —0.003 0.0002 0.010 5.01 0.31 1.07
- 18:1 —0.307 —0.002 0.008 0.255 0.02 6.95% 6.09%
18:2  —0.004 0.002 0.0001 0.014 0.75 0.12 1.34
20:3 0.033 0.007 —0.0004 0.013 1.45 0.11 0.09
20:5  —0.001 —0.003 —0.0007 0.060 0.35 0.51 3.42
22:5 0.041 0.010 —0.0007 —0.006 4.10 0.44 0.03
22:6 0.089 0.050 —0.005 0.164 4.62 1.27 1.15
14:0 —0.004 —0.010 0.0002 0.024 6.36% 0.10 1.31
16:0 —0.147 —0.035 0.003 0.305 5.72% 1.26 13.96°
16:1 0.011 —0.010 0.0001 0.025 5.05 0.03 1.09
25016:0  —0.006 —0.007 0.0007 0.01C 3.71 1.14 0.24
18:0  —0.007 0.009 —0.0006 0.134 3.18 0.44 25.55%*
. 15018:0 0.011 —0.007 —0.00001 0.007 11.42% 0.00 0.26
& 18:1  —0.282 —0.020 0.009 " 0.257 1.75 9.19% 7.95%
18:2 0.001 —0.004 0.0003 0.012 3.43 0.84 1.06
20:3 0.075 0.005 —0.001 —0.008& 0.51 0.54 0.04
2005 0.101 0.006 —0.003 —0.002 0.60 4.11 0.001
22.5 0.065 0.010 —0.001 —0.021 20.49%% 2.99 1.44
22.6 0.139 0.060 —0.006 0.177 2.56 0.89 0.69

T = Ao‘f‘AlI‘FAzZ/"f’/hZ
The other mark and symbol are defined in the note of Table 40.

ARG FERESARRLEE D BIENS IR NS

BT TR~ k9o, HoST SRS E O & B OMBERS bW BIBRSNoRBEEZIT LI
DR L 72, F o7, A TIZBERNIC ST RO 2 KB LU DREIRER ERD, Zho NEE
M b, BRI OREEIC & B IRIFERMIREEO BB R RET L 72,
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® R F &
W B IR D 2 AR R ¢ = got+ aixt aex’ B LU LKEIBR L = botbix DERE
£k, mBLU b DEEEERI LI,

BERLUIZER
By N EREE L S N P8 42 RICTT, @B E &A% Eni BBz NL o iso 160 0 BN A
Thhotz, WHHEE A AN HEERE, NLTE14: 0, 16 0B L1r22: 68, PLTIZ14: 0, 161 1
Broriol18: 08, TL Ti1314:0, 16:0, 16: 1, #5018 08XV 22: 5BThotz, Tahb,
B b AT e THEEER € / T U BROMEEE ORI, 221 5 %221 6 BEMAUENEI AR D LN,

Table 42. The estimation of the quadratic and linear regressions of the fatty acid composition ()
in weight percentage on the season (x) in muscle of puffer

do ay ax -10° F bo b Fall 7

FA ~
14:0 3.790 0.003 —0.097 2.06 4.626 —0.017 23.03* 11
16:0 34.215 —0.144 0.290 0.16 31.722 —0.084 6.24% 11
16:1 5.028 0.016 —0.115 1.04 6.015 —0.008 2.07 11
25016:0 18.640 —0.246 1.186 10.68* 8.432 —0.000 0.00 i1
18:0 14.552 —0.063 0.196 0.44 12.868 —0.023 2.68 11
A 15018:0 4.800 —0.025 0.091 0.49 4.016 —0.006 1.07 11
< 1811 10.816 0.054 —0.221 0.19 12.721 0.008 0.11 11
18:2 0.462 0.009 —0.047 1.33 0.865 —0.001 0.18 11
20:3 2.39%4 —0.001 0.020 0.07 2.224 0.003 0.91 11
20:5 1.762 0.033 —0.170 4.27 3.226 —0.002 0.23 11
22:5  —3.952 0.147 —0.519 1.57 0.511 0.040 3.72 11
22.6 4.669 0.051 0.113 0.15 3.696 0.074 30.52%% 11
14:0 3.499 —0.029 0.075 1.73 2.850 —0.014 22.70%* 11
16:0 21.294 0.0001 —0.176 0.18 22.806 —0.036 3.55 11
161 4.514 —0.025 0.069 0.54 3.917 —0.01C 5.21% 11
150160 1.222 —0.005 0.017 0.24 1.074 —0.00Z 0.85 11
18:0 12.346 0.028 —0.122 0.72 13.395 0.003 0.16 11
3 15018:0 0.878 0.005 —0.043 2.28 1.251 —0.004 7.64% 11
A 18:1 15.762 —0.019 0.165 0.13 14.343 0.016 0.53 11
18:2 1.301 0.009 —0.037 0.61 1.616 0.002 0.57 11
20:3 4.726 0.009 —0.004 0.00 4.757 0.008 1.62 11
2015 6.294 —0.030 0.094 0.79 5.489 —0.010 4.27 11
22:5 3.062 0.007 2.022 0.03 2.876 0.011 3.98 11
226 18.573 0.014 0.101 0.03 17.707 0.035 1.75 11
1420 2.212 —0.005 —0.023 0.09 2.490 —0.011 11.96"" 10
16:0 23.982 —0.083 0.230 0.44 21.241 —0.035 6.13% 10
16:1 4.222 —0.016 0.027 0.09 3.905 —0.010 8.36 10
15016:0 3.824 —0.042 0.161 4.69 1.910 —0.005 1.72 10
18:0 11.119 0.013 —0.027 0.06 11.437 0.007 2.35 10
) 1501810 1.749 —0.007 —0.004 0.01 1.802 —0.008 19.09™ 10
= 18:1 15.833 —0.031 0.170 0.09 13.812 0.009 0.14 10
18:2 2.701 —0.015 0.056 1.19 2.036 —0.003 .39 10
20:3 3.874 0.029 —0.098 0.25 5.045 0.006 0.53 0
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Table 42.  (Cont’d)

F.A o a a;-10° I by by Fy n
20:5 4.157 0.006 —(.043 0.04 4.665 —0.004 0.20 10
E)‘;J‘ 22:5 3.403 0.001 0.064 0.27 2.647 0.016 10.80° 10
22:6 18.830 0.048 —0.016 0.00 19.019 0.044 1.52 10

The consiant and coefficient are defined as follows :
t=aot+amxtax®, t=bot+bix
F; : SNEDECOR’s F of the i-th order regression coefficient with 1 and r-i-1 degrees of freedom

E5E EEeSErEIBREREZRCRETTRE

F2BIUIEHCBWT, RERREROEEBEE» SIRESER, IBIBERELE IS L vy, JE
B BOTENCEE T 52 L 2iB~e, 72 TRE T, BESBICHTAHEMED2 kB L] kEEB
REERD, FRONHEEWEL LIEESEVMHBEETIICEE L T2 0 ) eErDI2,

E B OF &
BB IR ED 2 KEWER t = ot @izt a:2° B L 0L REYER ¢ = bo+ bz ) Z13%
2R, axBLU b DEEMEE®REL,

BRELUICESR
o N BRI FIE% B 43 RICT T, B Er A5tk NL o 16: 18, PL o
16:08Lr22:58, TL @ 18: 0B TH» 2, TN LDOMEHEICOVT, EREFROBELZ T TIRES
Bl 18: 08 T3 0.952/100g, LB Tl 1.08/1008W Th - 72, WEHESEODH» 6, BEIHEEH
BT 20T, INLEFBEOHBEIFESENEINCE L 2> TERICHER T, &2 LTS Lok
ZhGEEMIL 7, WAHEE AL BNIEEEIE NL o 50 18 0B LU TL 22 1 58 ThH - 72,
LS, BEEaEnMkE, NL o 16: 1 k0018 18, PL o 16 0 BRIk, PL Bk
W TL 0 22 BB P 5 L 25 TIBEL I HB L2, Thbb, FESEIEY/ 7 7AR
HEEIz BV B REEHOTEL R F T v e Hl L 2,

Table 43.  The estimation of the quadratic and linear regressions of the fatty acid composition (7)
in weight percentage on the lipid content (z) in muscle of puffer

F.A o a as F, bo by B n

14:0 - 35.39 78.56 — 39.68 1.86 0.707 2.342 0.52 il

16:0 73.96 —105.47 53.00 0.06 25.758 — 3.687 0.03 11

1601 — 49.84 113.3 — 57.37 7.80% 2.345 3.143 1.17 il
15016:0 11.42 — 14.69 12.53 0.01 0.027 9.370 0.56 11
18:0 —~-1.56 24.29 — 12.12 0.02 9.465 1.016 0.01 11

A 150180 12.66 — 25.25 16.39 0.43 2.246 6.227 5.79* 11
< 1871 — 85.49 214.27 —114.56 1.05 18.715 — 5.754 0.23 11
18:2 —0.98 4.51 —2.82 0.08 1.579 — 0.902 0.83 11

20:3 23.97 — 42.53 20.60 2.35 5.236 — 2.970 3.74 11

205 — 10.861 25.52 — 11.42 0.31 —0.215 3.577 2.93 11



Table 43. {Cont’d)

FA ay a a2 F b b 5 n

— 22:5 76.45 —146.73 73.82 0.37 9.300 — 4,944 0.16 11
& 22.6 100.39 —176.39 85.59 0.41 22.540 —11.999 0.76 11
14:0  — 32.87 70.78 — 36.01 2.28 —0.114 1.623 0.35 11

16:0 —190.34 425.82 —212.44 10.50% 2.895 17.809 3.17 11

16:1 — 33.45 74 .44 - 37.53 2.46 0.687 2.364 0.74 1t
50160 —=5.16 13.78 —7.74 1.11 1.830 —- 1.086 1.89 11
18:0  — 13.31 55.80 — 28.34 0.72 12.464 1.383 0.16 11

A 150182 0 1.34 —1.3 0.83 0.01 0.581 0.245 0.06 11
A 18:1 23.30 —3.58 —5.00 0.00 27.851 —13.1%0 1.61 11
18:2 —2.82 10.62 —6.04 0.30 2.667 — 0.970 0.75 11

20:3 57.07 —103.73 51.17 4.33 10.530 — 5.456 3.16 11

20:5 20.93 — 38.42 22.00 0.65 0.915 3.839 1.81 11

22:5 68.64 —131.25 65.41 13.57*F 9.149 — 5.630 3.69 11

22:6 203.92 —384.44 199.75 2.46 22.223 — 0.789 0.00 11

14:0 — 17.56 38.10 — 18.89 0.90 —0.314 1.723 0.77 10

16:0 — 18.49 66.92 — 29.93 0.15 8.846 9.27 1.68 10

16:1 — 15.01 36.92 — 18.90 0.79 2.246 0.522 0.06 10
150160 -7.77 20.27 — 11.18 .39 2.440 — 1.259 0.55 10
18:0 52.61 — 86.28 45 .47 10.49* 11.089 1.293 0.39 10

A 150180 —1.78 5.36 —2.60 0.03 0.597 0.351 0.07 10
& 18:1 25.15 — 13.50 2.14 0.00 23.195 — 9.388 1.06 10
18:2 —1.51 7.68 —4.49 0.20 2.588 — 0.964 1.06 10

20:3 38.65 - 65.3 31.52 1.09 9.867 — 4.649 2.38 10

20:5 48.19 — 94.45 50.07 2.48 2.464 1.984 0.33 10

22:5 31.06 — 50.97 23.56 0.89 9.545 — 5.601 5.18% 10

22:6 — 17.55 84.61 — 41.83 0.06 20.647 4.104 0.06 10

t=aovt+mz—a:z*, t=by+bz

BoH SEERUBER ~OPRESLU
EEREEDRAROES
#1187, w720 TL RIS NL 02 NORE £ CED 5 2 & 2l BRIEEo 81
#70b, TL JElBEMER A~ NL 35 £ U PL IRDIBRMR ORI 500 Lir 12, 4757 7 =T 2 & TIREE 5
LREENE, AW, ERPECO0T TL & NL 520 TL & PL ol Lt fas s L1,

E B OF &
TL & EHEMEBE (i7) 103 $ 5 NL B Lo PL O &R (4, (3NHZ I3 P) O LKA
BR b= dot+aitr 2K, aNEEMERE Lz, £, B kEER & TL 0lEhEREm RS & NL
BLUPL oFnoEghsre (RE EWELRBES &= 6 & 2B L 2%,

BRAEGUISEE
185 N7 iEREE 44 FIT T, NL ORRITEMRE & 2oty 2 TL OlsIFelRass 1k EEiRE
GHEBEE AT IERIE 14:0, 1611 1811 8L U201 3B ThH -7z, IRSIEHRIZONT, BA



204

T REER E tv = r 2R LR, 18 LB >WTnk, BRBICAEEEI TV L AL EN, T4 b
5, TL » NL oBsTiB s n s 3 G- M % H7 b0 b H- 7225 181 1B 2 M IRIRABIERE
S EL EEEDLNL -2,

—%, PL olislfigdinezy TL o #0728 2 5, 50 16 0B X 17 181 0BEE I ¢ 10 DHRN
Blo BT o DEEEALINS, 8, AL I0HEOIEHERIC SV, BRI KERRE fr=tr & %
B LR, MRBIcAEENI T wEALINT,

ENLOIE DL, T S HEIRE ORI EEERERIE PL o icB CREL, NL @ 2 o BN
W2 EAHE LT 12,

Table 44. The estimation of the linear regression of the fatty acid composition (¢ of the nonpolar
and polar lipids, on that (/7 of the toial one in muscle, and the comparison with the
expectant equation, f;={,

F.A. o a Fi b h F,
14:0 0.884 1.489 40.41%* 11.59%% 2.09 69.28%*
16:0 —1.210 1.365 2.09 2.55 0.39 3.32
16:1 2.238 1.067 6.86" 10.69** 0.17 57.12%*
5016:0 8.310 —0.394 0.03 5.98%% —0.60 13.04**
18:0 22.592 —1.011 0.54 - 2.64 —1.47 4.56
i 15018:0 2.978 0.232 0.08 7.71%% —0.92 30.12**
Z 18:1 —1.838 1.052 14.627F — 1.51 0.19 1.15
18:2 0.511 0.161 0.18 — 9.34%% —2.21 46.03**
20:3 0.219 0.416 9.36" —25.28%F —4.30% 328.85%*
20:5 2.48% 0.125 0.24 — 5.17%" —3.47* 19 .41%%
22:5 —3.884 2.003 2.70 0.68 0.82 0.57
22:6 —0.685 0.471 3.06 —10.27%7 —1.96 54.63%"
14:0 0.265 0.726 15.35%% — 0.69 —1.48 1.33
16:0 0.286 1.070 7.417% 1.82 0.18 1.65
16:1 1.073 0.563 6.43% — 0.89 —1.97 2.33
1501620 0.703 0.127 — 6.32%% —5.72%F 36.30%"
18:0 24.169 —0.848 . 5.27%F —3.52% 20.07*%
3 15018:0 0.22% 0.603 11. — 2.26 —2.26 5.12
A 18:1 0.040 1.087 28. 22.54 0.43 3.32
18:2 0.720 0.659 6. 1.84 —1.28 2.51
20:3 —0.010 1.003 60. 0.08 0.03 0.00
20:5 1.550 0.638 3. 0.10 —1.64 1.35
22.5 0.745 0.762 7. — 1.43 —0.84 1.37
22.6 5.185 0.683 9. — 2.59 —1.43 4.39

The constant and coefficient are defined as follows :
ti= G+ mir (l . N OrP)
SNEDECOR'S F of the linear regression coefficient with 1 and 8 degrees of freedom

£, :© STUDENT'S ! of the comparison between a, and 0, with n, . degrees of freedom
£ : STUDENT'S { of the comparison beiween a, and 1, with n, . degrees of freedom
F, : SNEDECOR'S F of the comparison between the esiimated linear regression equation and the expectant

one, with 2 and n, . degrees of freedom
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Table 45. Variation of the faity acid compositions of nonpolar, polar and total lipids in liver of puffer
Sample Fatty acid (%)
No. 14:0 16:0 16:1 18:0 1871 18:2 20:3 20:5 2235 22:6
1 5.6 25.8 10.9 10.9 24.1 0.9 1.5 2.2 3.2 6.3
2 5.3 23.9 10.7 9.3 22.0 1.9 1.3 2.8 4.4 8.9
3 4.6 21.3 11.8 7.7 23.0 1.5 1.5 2.7 4.5 11.5
4 5.1 25.0 12.0 8.2 27.2 0.8 1.9 2.3 3.8 6.6
5 3.6 20.3 10.9 7.4 25.5 1.7 1.1 1.6 5.5 12.0
6 3.5 20.5 11.0 10.1 19.5 1.5 1.6 5.3 5.1 10.7
E 7 4.9 22.5 13.0 7.9 27.3 1.1 1.6 1.8 4.7 6.6
9 3.9 20.6 12.9 7.2 24.7 1.3 1.5 2.1 7.5 11.2
10 4.4 18.7 13.9 7.6 32.1 1.2 1.0 1.2 4.3 7.1
11 3.8 19.3 10.2 5.8 25.9 1.0 1.5 2.1 5.9 11.5
¢ 4.0 21.8 11.7 8.3 25.1 1.3 1.5 2.4 4.9 9.3
g 1.34 2.37 1.21 1.35 3.43 0.36 26 1.12 1.21 38
CD  33.84 10.33 10.30 16.19 13.63 27.70 17.88 46.55 24.64 25.78
1 3.3 29.1 5.7 21.0 18.0 2.2 3.8 0.9 1.8 5.8
2 4.5 35.1 3.2 20.3 16.1 2.1 2.1 0.9 0.5 2.4
A 3 3.4 28.3 7.5 17.9 18.5 1.9 4.5 0.8 1.2 5.6
B 4 2.8 22.4 7.5 12.1 17.3 1.1 7.0 2.0 4.0 12.8
5 1.4 21.5 4.5 13.6 12.7 1.4 7.5 1.9 3.9 21.9
6 1.3 24.9 5.3 15.3 11.9 1.4 8.2 3.9 3.2 17.2
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Table 45. (Cont’d)

Fatty acid (%)

Sample
No. 14:0 16:0 1601 18:0 18:1 13:2 20:3 20:5 22:5 22:6
7 1.9 20.5 4.6 14.8 10.9 1.0 9.5 1.6 6.5 17.7
9 3.5 17.3 6.8 12.9 16.3 1.4 6.8 1.7 4.€ 19.2
10 2.1 17.8 8.1 11.5 21.7 1.0 9.2 1.2 5.1 13.6
E\j 11 1.6 23.2 4.6 15.2 14.6 0.9 10.3 1.5 4.4 14.2
¢ 2.6 24.0 6.3 15.5 15.8 1.4 6.9 1.6 3.5 13.0
o 1.08 5.52 1.50 3.29 3.33 (.47 2.67 0.90 1.86 6.48
CD  41.78 22.98 23.95 21.30 21.08 32.93 38.83 55.01 52.94 49.71
1 5.6 25.2 11.0 10.7 23.3 1.3 1.3 2.0 3.4 6.5
2 5.1 21.2 10.4 9.4 20.9 1.9 1.4 3.4 5.1 12.2
3 4.8 20.7 11.3 8.1 22.7 1.5 1.8 2.5 4.1 11.3
4 4.3 22.6 12.6 8.3 25.5 1.7 2.1 2.1 3.9 7.2
5 4.1 21.3 12.7 8.5 27.5 1.8 1.3 1.3 3.8 9.9
6 3.2 21.4 11.5 10.7 20.7 1.3 1.9 5.0 5.5 10.2
ﬁ 7 5.1 23.7 12.7 6.7 28.6 1.0 1.4 1.4 3.4 5.3
9 3.9 20.3 10.9 7.3 24.2 1.1 1.6 2.2 4.9 12.4
10 3.3 19.1 12.6 7.7 33.3 1.4 1.5 1.1 4.4 7.8
11 3.2 17.7 10.7 6.8 25.5 Tl 1.7 2.2 6.8 13.4
f 4.3 21.3 11.7 8.2 25.2 L4 1.6 2.3 4.5 9.7
o 0.87 2.16 0.96 1.45 3.83 (.31 0.27 1.15 1.07 2.62
CD 20.44 10.11 8.21 17.18 15.20 22.04 16.93 49.64 23.55 26.95

wiERE, GRe S URESEC T 5 EEERES "oU“t:ﬂ'ﬁHﬁ@‘ﬁA%m%@ﬂ% W HFEE MR EE 70 & UF
I HElFER S B R Y SR, REBLUVIEESBOHELZ DL JIZFT VR e E, SEHFIINTS
PRBFERAI R EE 7 & U2 S BN RERRE 2R, TN L0FFEY b%ﬁnﬂ Lz, BonRes 46 8L
47 |2,

A6 ED L, A EL AR, NL 01405500161 08, PL»16:0,18:2,20:3,
20:5,22: 585102268, TL DI 0@BThotr, @dEELALEIIENEL ] NL sLuvPL»
20:5, TL 0 20: 3B L U205 Th 72, a:nHEL AR er - 72,

LA L, R RS OB ENERIC RE (ST A 2 LI E

E3 NL,PL 58X ° TL o 20: 5B x TL o> 20 : 3HSHIAGERZE) & B5E L 727, FRIFIRAER R 52 &
BB ORI | Z AR I NN B v S HIET L T,
AT Fh b, ADEEE Lo BEEE, NL 0 14:0, 16: 0B L0718 ome, PL»14:0,16:0,
18:08L 0018 28, TLD 1408 ThH-72, ADEE LS e e el i, NLPLE Lo TL @ 201 5
i, TL 020 38 Th-12, AsHEEL AL IEHRIL, NL »14:0,16:0,16:1,18:0,18:1,
20:3B L2058, TLo14:0, 16:0, 16:1, 18: 03B 5020 SE#T‘JBof:o

sk 31n, NL 8L TL iz B Cld, BB BEEicH L, IREaBE L (lZREPsT2, 2
D LiESERIEEICREINLER CEIL .,

—%, PL ClREEEEOHBIL/NE {, BERPOREL L (ICREWI EAHBEL 2,

-7z,
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Table 46. The estimation of ihe multiple linear regression of the faity acid composition (¢} in weight
percentage on the season (x), body lengih (v) and lipid content () in liver of puffer

FA. s @ a2 as F F, P
14:0 3.726 —0.013 0.072 ¢.008 6.72% 0.65 0.07
16:0 24.907 —0.041 0.006 0.021 8.07% 0.001 0.06
16:1 8.469 0.008 0.170 -=(0.030 0.51 0.83 0.24
18:0 14.482 —0.010 —0.088 —0.056 2.56 0.65 2.49
1801 5.917 0.012 0.834 —0.038 0.39 5.55 0.11
Z 18:2 1.913 0.000 0.004 —0.014 0.00 0.006 0.50
20:3 2.301 —0.001 —0.072 0.018 0.15 4.37 2.54
20:5 10.315 0.006 —0.038 0.009 2.52 33.91* 0.17
22:5 3.798 0.017 0.025 —0.025 3.21 0.02 0.21
22:6 10.525 0.013 —0.266 0.069 0.32 0.45 0.29
14:0 1.126 0.017 0.123 0.007 4.82 0.76 0.02
16:0 38.854 —0.084 —(.531 0.128 6.58% 0.83 0.46
16:1 3.805 —0.013 0.128 0.015 0.85 0.26 0.04
18:0 21.968 —0.050 —0.134 0.038 5.31 0.12 0.09
- 18:1 1.949 —0.033 0.573 0.069 1.59 1.51 0.21
A 18:2 2.064 —0.009 0.019 —0.003 14.43%* 0.23 0.06
20:3 5.226 0.052 —0.169 0.003 19.12% 0.54 0.002
20:5 6.652 0.014 —0.217 —0.026 12.23* 8.72% 1.18
22:5 0.245 0.032 0.111 —0.051 7.68" 0.30 0.62
22:6 12.639 0.114 0.129 —0.277 6.57F 0.03 1.18
14:0 3.991 —0.017 0.074 0.006 12.59% 0.76 0.05
16:0 26.065 —0.026 0.035 —0.053 3.11 0.02 0.41
16:1 10.707 0.004 0.040 —0.007 0.15 0.06 0.02
18:0 14,962 —0.011 —0.099 —0.057 2.18 0.61 1.92
i) 1821 6.917 0.028 0.870 —0.104 1.48 4.25 0.58
& 182 1.381 —0.004 0.022 —0.002 2.17 0.24 0.01
20:3 2.323 0.001 —0.085 0.023 0.24 7.48* 5.09
20:5 9.863 0.005 0.342 0.002 0.79 11.86" 0.003
22:5 5.885 0.014 —0.153 0.016 2.55 1.02 0.10
22.6 9.632 0.011 —0.197 0.067 0.20 0.20 0.22

The constant and coefficient are defined as follows:
t = ao+aix+taytasz
The other mark and symbol are defined in the note of Table 40.

Table 47. The estimation of the multiple linear regression of the fatty acid conient (7) on the season
(x), body length () and lipid content (z) in liver of puifer

A Ay A A, As K 2 Fy
14:0 —0.11 —0.006 0.019 0.049 6.38% 0.20 12.44%
16:0 1.87 —0.020 —0.033 0.230 8.13% 0.07 32.66%%
% 16:1 —1.67 0.003 0.103 0.093 0.28 0.90 7.00*
18:0 2.46 —0.006 —0.021 0.054 5.68% 0.24 14.93%%

18:1 —8.69 0.011 0.405 0.208 0.96 4.58 11.52%
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Table 47. {(Cont’d)

FA Ao A A, As i F F
18:2 6.21 —0.000 0.005 0.007 0.05 0.03 0.50
A 20:3 0.39 —0.0001 —0.037 0.025 0.40 4.02 16.97%*
=, 20:5 3.06 0.0006 —0.157 0.034 0.15 32.76™F 14.64**
225 —0.77 0.003 0.024 0.035 2.62 0.07 .36
22.6 —0.05 0.004 —0.135 0.144 0.09 0.39 4.20
14:0 0.30 —0.003 0.012 0.0C2 5.95" 0.27 0.07
16:0 6.75 —0.019 —0.117 0.023 10.76% 1.27 0.46
16:1 0.99 —0.004 —0.005 0.007 2.18 0.01 0.20
18:0 3.89 —0.012 —0.004 0.007 14..35%* 0.61 0.17
18l 1.50 —0.010 0.023 0.020 3.98 0.06 0.48
=g 0.36 —0.002 —0.0001 —0.000 19.71%* 0.001 0.0002
20:3 1.26 0.004 —0.049 0.006 4.90 1.96 0.23
205 1.02 0.002 —0.036 —0.002 3.70 6.65° 0.21
225 0.29 0.003 —0.0005 —0.003 2.70 0.00 0.08
22.6 2.68 0.011 —0.046 —0.023 3.39 0.17 0.41
140 0.32 —0.008 J.014 0.047 10.967 0.09 10.29%
16:0 2.87 —0.014 3.016 0.173 2.84 0.01 14.39%%
1601 —0.37 0.001 0.033 0.107 0.06 0.12 12.74%
18:0 2.77 —0.007 —0.025 0.055 4.35 0.19 9.09"
1811 —8.42 0.019 0.464 0.168 2.11 3.94 4.92
< 18:2 0.03 —0.002 0.009 0.014 2.43 0.15 3.12
20:3 0.29 0.000 —0.042 0.029 0.00 6.47* 30.40™"
20:5 3.08 0.0007 —0.150 0.030 0.08 10.34% 3.92
22:5 0.21 0.008 —0.072 0.059 2.00 0.59 3.717
226 —0.47 0.006 —0.124 0.151 0.17 0.25 3.60

T= A(»+A1I+’A2Q+A32

BEBFES AR SR 00 RIERS EA TS ATE T~ & i, BREFEREEGER L 6 U Welhie & 8 O EE 2 B IERE
AP L7, 2AWZ, KBTI, BEREICHET 2 EIEEERED 2 KB LU L REURRH 2R,
B Pl b EESEIC & 2 SR ENER £ e Lz, 2kBE U1 KERREL - FIZZNS
OFE 85 48 FIZFT, a0 BE LA EHERIEPL 21810 BOATH- 12, B2 kIR Sl
HER A MBI AY 12 B (138HE) THY, Lrbbh 2 HREALEL IR 5 18! 0 AL
ERASENIE IS L T LR TH B &AL LT,

b DT E H AR NI NL B XU TL® 14:0,16:0 8 L7181 08, PL 7 16:0,1810,18:2,
20 3 BN S B ThoT, Thbhb, BEhb&Eicibicft-T, NL BLrTL®14:0, 16105
FUT 18 ORI AT BIER B R L 72, BOAMEA A R IRIIAR & LT, 22 5 EAER S Tz Ffa
PEEKEC LT PICEL Th o1,
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Table 48. The estimation of the quadratic and linear regressions of the fatty acid composition (¢) in
weight percentage on the season (x) in liver of puffer
FA. o a ay-10° F, bo b Fy
14:0 5.592 —0.020 0.063 1.48 5.193 —0.008 5.55*
16:0 25.598 —0.063 0.165 1.42 24.549 —0.031 10.88*
1601 10.149 0.040 —0.180 3.74 11.296 0.005 0.48
18:0 10.297 —0.033 0.081 0.88 9.783 —0.017 8.90%
A 1801 22.370 0.039 —0.062 0.04 22.765 0.027 2.12
= 18:2 1.269 0.003 —0.024 0.56 1.425 —0.002 0.54
2023 1.488 —0.0002 —0.002 0.01 1.501 —0.001 0.14
2005 2.555 0.003 —(.038 0.12 2.795 —0.004 0.44
22:5 3.352 0.026 —0.072 0.62 3.810 0.012 4.37
22.6 7.842 0.022 —0.048 0.05 8.147 0.013 0.81
14:0 3.909 —0.923 0.062 0.55 3.515 —0.011 3.95
16:0 34.059 —0.198 0.683 5.19 29.709 —0.065 7.08"
16:1 6.684 0.000 —0.038 0.07 6.928 —-0.007 0.71
18.0 21.969 —0.136 0.508 11.35% 18.737 -—0.038 6.16%
2 18:1 17.631 —0.046 0.204 0.42 16.329 —(.006 0.09
B 18:2 2.284 —0.014 0.037 3.32 2.048 —0.007 20.76**
20:3 2.443 0.070 —0.154 1.63 3.420 0.040 23.10%*
20:5 0.696 0.024 —-0.107 1.93 1.379 0.003 0.30
2215 0.380 0.058 —-0.181 2.69 1.536 0.023 7.94%
22:6 1.592 0.242 —0.915 5.45 7.419 0.064 3.95
4:0 5.538 —{0.019 0.040 0.59 5.286 —0.012 12.52%*
6:0 23.478 —0.019 —-0.047 0.11 23.776 —-0.028 10.61%
i6:1 10.518 0.032 —0.157 4.65 11.517 0.002 0.09
180 10.340 —0.029 0.057 0.34 9.976 —0.018 8.27"
B 1801 20.956 0.074 —0.210 0.44 22.292 0.033 2.76
& 1802 1.612 —0.001 —0.008 0.10 1.664 —0.003 3.31
20:3 1.417 0.004 —0.017 0.45 1.526 0.001 0.27
20:5 2.688 —0.004 -=0.005 0.002 2.720 —0.005 0.45
22:5 4.236 —0.009 0.105 1.99 3.568 0.011 4.45
22:6 9.363 —0.014 0.147 0.38 8.426 0.015 0.96
t=a+arxtaxr’, t=b+bzx
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Table 49.  The estimation of the quadratic and linear regressions of the fatiy acid compaosition () in
weight percentage on the lipid content (2} in liver of puffer
F.A. o a az-10% I bo by F
14:0 0.008 0.816 —0.186 0.59 5.103 —0.012 0.24
16:0 14.772 0.370 —0.428 0.35 26.485 —0.087 1.48
1601 — 8.566 0.761 —0.689 5.08 10.274 0.027 0.50
18:0 20.791 —0.375 0.257 1.07 13.767 —0.101 16.04%*
3 18:1 —29.297 1.930 —1.646 4.73 15.709 0.176 3.54
Z 18:2 3.103 —0.057 0.042 0.14 1.967 —0.013 1.37
20:3 2.237 —0.031 0.029 0.11 1.440 0.0002 0.00
20:5 23.059 —0.742 0.643 9.31% 5.467 —0.057 3.48
225 4.131 0.001 0.024 0.00 3.481 0.026 0.47
22.6 30.574 —0.881 0.870 1.42 6.786 0.046 0.36
14:0 — 0.827 0.147 —0.150 0.17 3.277 —0.013 0.14
16:0 96.356 —2.587 0.022 2.20 35.451 —0.213 1.69
16:1 0.467 0.218 —0.197 0.15 5.850 0.008 0.03
18:0 52.695 —1.315 1.116 1.41 22.171 —0.125 1.62
2 18:1 0.230 0.493 —0.365 0.12 10.220 0.104 1.03
R 18:2 3.697 —0.064 0.039 0.08 2.617 —0.022 2.66
20:3 3.449 0.019 0.082 0.01 1.216 0.106 1.80
20:5 9.435 —0.267 0.219 0.65 3.454 —0.034 1.57
22.5 —17.419 0.753 —0.007 1.41 0.445 0.057 0.99
226 —37.898 1.923 —1.751 0.69 9.991 0.057 0.07
14:0 — 2.274 0.280 —0.285 1.16 5.521 —0.023 0.74
16:0 5.063 0.758 —0.819 2.45 27.446 —0.114 3.89
16:1 — 3.291 0.571 —0.525 4.10 11.062 0.011 0.13
18:0 24.115 —0.495 0.365 1.86 14.139 —0.106 13.84%*
I 1871 —32.330 2.066 —0.018 3.49 16.537 0.162 2.10
& 1872 0.851 0.030 —0.035 0.11 1.797 —0.007 0.54
20:3 3.473 —0.080 0.082 0.94 1.243 0.007 0.61
205 24 .906 —0.816 0.711 13,77 5.476 —0.059 3.50
22:5 24.138 —0.785 0.755 11.95 3.496 0.019 0.37
22:6 42.057 -—1.320 1.289 3.13 6.796 0.054 0.43
t=aotaztaz?, t=b+bz
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Table 50. The lipid content in muscle and liver of filefish, Stephanolepis cirrhifer
Date Body Body Liver Lipid content ir: muscle Lipid content in liver
SaNIT; ple 1979 length weight weight Total  Nonpolar  Polar Total Nonpolar  Polar
' (—1973> (cm) (g) (g) (g/100g muscle) (g/100g liver)
1 July 17 17.0 96.9 5.7 0.94 0.11 0.79 44.09 40.27 3.13
2 July 27 18.5 145.5 15.2 0.84 0.24 0.60 61.04 59.24 1.24
3 Aug.22 19.5 151.5 —— 0.90 0.16 0.59 — —_— I
4 Sept.l4 17.0 96.8 6.3 1.05 0.22 0.79 66.29 64.00 1.42
5 Oct. 9 18.7 143.9 11.9 0.79 0.22 0.63 64.03 61.23 1.50
6 Oct. 19 15.5 79.2 1.4 0.78 0.15 0.73 14,11 12.72 1.30
7 Oct. 31 19.5 163.7 8.2 0.74 0.07 0.64 51.70 49.92 1.28
8 Nov.10 22.7 277.4 36.1 0.74 0.09 0.63 69.74 68.70 0.84
9 Nov.27 17.0 93.0 1.4 0.67 0.04 0.58 12.58 9.14 2.98
10 Dec. 6 21.0 —— 11.6 e _— —_ 60.51 58.73 1.35
11 Dec.16 22.0 218.5 7.3 0.66 0.06 0.57 50.20 48.25 1.69
12 Dec.23 17.5 104.5 3.1 0.73 0.08 0.61 41.18 38.70 2.30
13 Jan. 9 20.5 164.7 7.7 0.79 0.08 0.65 59.27 57.08 1.91
14 Jan. 22 16.5 —— 2.7 — — e 40.79 38.06 2.04
X —_ 18.8 144.6 9.1 0.80 0.13 0.65 48.89 46.62 1.75
— 2.18 53.01 9.13 0.11 0.07 0.08 18.35 18.62 0.67
Table 51. Variation of the faity acid compositions of lipid in muscle of filefish
Fatty acid (%)
Sample - ‘
No. 50 180
14:0 16:0 16:0 1601 18:0 18:0 18:1 18:2 20:3 20:5 22:5 22.6
1 1.7 3.7 11.9 5.1 4.7 14.6 9.5 1.4 3.3 6.9 3.2 10.2
2 1.8 0.7 17.5 7.1 1.4 9.0 17.5 1.0 3.9 3.6 2.5 8.6
3 1.5 1.3 19.7 7.1 1.8 8.8 13.2 0.9 4.8 11.0 2.7 6.9
4 2.4 2.6 16.3 8.7 1.2 9.2 12.9 1.3 4.2 10.2 2.1 5.6
5 2.8 0.4 12.3 7.6 1.4 8.4 3.7 2.4 2.1 12.9 1.3 6.6
6 2.8 0.8 17.1 8.0 1.8 11.6 12.7 0.7 4.0 10.6 2.6 4.2
7 1.8 3.2 20.3 7.6 7.3 10.7 11.7 1.2 3.1 5.8 2.4 6.8
Z 8 1.7 1.9 16.1 5.1 5.9 10.1 i5.0 0.5 3.4 11.5 2.4 8.5
9 2.0 3.0 16.2 4.2 3.7 10.1 6.6 0.6 5.5 7.1 6.1 9.1
11 0.9 3.5 16.3 5.2 7.9 13.1 15.0 1.1 5.2 3.1 2.9 6.9
iZ 1.4 1.9 16.0 4.9 3.4 12.3 12.8 0.4 5.5 10.1 3.4 5.2
13 1.5 3.5 18.3 6.0 6.7 10.4 17.1 1.0 3.0 4.9 1.5 5.3
2 1.86 2.21 16.50 6.47 3.93 10.69 13.14 1.04  4.00 8.98 2.76 6.99
g 0.57 1.20 2.50 1.47 2.50 1.89 3.02 0.53 1.08 3.33 1.22 1.80
CD 30.45 54.35 15.14 22.80 63.69 17.66 22.99 50.96 27.07 37.08 44.09 25.74
1 0.4 0.6 15.4 2.3 0.6 10.4  13.7 0.8 5.9 11.3 4.4 20.8
2 0.7 0.4 17.8 3.1 0.4 10.2  14.4 0.8 7.1 15.0 2.9 15.1
3 0.5 0.4 18.7 3.0 0.5 10.5  13.9 0.7 7.9 12.1 3.7 14.5
}i 4 0.5 0.9 13.8 2.9 0.7 11.6  13.5 0.8 2.8 10.4 3.8 16.9
5 0.5 0.1 12.4 3.3 0.6 11.2  13.5 2.3 5.1 11.1 2.6 16.5
6 0.6 0.4 16.0 3.1 0.9 11.0 11.7 0.9 9.4 11.8 4.1 13.8
7 0.6 0.3 15.9 3.0 1.0 10.5 13.6 0.6 7.6 10.5 3.3 19.7
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Table 51. (Cent’d)

Fatty acid (%)

Sample - -
No. 0 50
14°0  16:0 16:0 1611 180 18:0 18:1 18:2 20:3  20:5 22:5 22:6
8 0.5 0.6 17.6 2.3 0.8 10.3 16.1 0.5 6.3 13.4 2.7 18.1
9 0.6 0.6 17.3 2.7 0.7 11.2 11.4 0.7 12.5 10.3 3.3 15.1
11 0.3 0.7 17.0 2.9 1.0 9.4 18.6 1.1 12.3 6.8 3.1 13.4
Ef 12 0.4 0.8 17.0 3.4 0.5 10.1 12.¢ 0.3 9.5 12.9 5.5 12.4
13 0.3 1.0 18.6 2.7 0.8 9.8 19.2 0.4 9.2 8.3 2.3 15.7
f  0.49 0.57 16.46 2.89 (.71 10.52 14.73 0.83 8.47 11.16 3.48 16.00
o 0.12 0.26 1.89 0.34 (.20 0.64 2.44 0.51 2.32 2.20 0.89 2.54
CD 25.31 45.71 11.47 11.94 27.82 6.04 16.97 61.89 27.37 19.68 25.68 15.85
1 0.4 0.7 13.0 2.0 0.6 9.9 1l.4 0.6 6.1 11.0 5.2 19.8
2 1.0 0.7 16.3 4.4 0.6 89 14.7 0.8 6.3 14.2 3.2 14.8
3 0.9 0.8 19.2 3.8 0.6 9.4 13.6 0.7 7.6 12.1 3.5 13.5
4 1.1 1.5 13.8 4.1 1.0 11.3 13.5 1.1 7.2 10.0 3.5 13.2
5 0.9 0.6 12.1 3.5 0.7 109 13.9 1.8 4.7 12.4 2.7 15.8
6 0.7 0.4 17.0 3.2 1.0 10.3  12.0 0.6 8.8  12.0 4.1 14.3
7 0.7 0.5 16.8 2.8 0.8 10.1 12.0 0.9 7.9 10.7 3.6 18.7
gﬂ 8 0.6 0.8 16.9 2.8 1.1 10.4 15.¢ 0.5 6.2 13.5 2.3 17.3
9 0.6 0.6 14.3 2.4 0.6 9.2 8.4 0.5 12.0 10.3 4.9  19.2
11 0.4 0.9 14.9 2.7 0.8 9.2  18.7 0.9 12.5 7.9 3.6 14.8
12 0.4 0.9 16.4 3.6 0.5 10.1 13.0 0.4 9.3  12.9 5.4 12.2
13 0.5 1.1 16.4 2.6 1.0 10.2 19.1 0.5 9.4 8.5 2.0 15.4
t 0.68 0.79 15.59 3.16 (.78 9.99 13.84 0.78 8.17 11.29 3.67 15.75
o 0.24 0.29 2.01 0.73 ¢.21 0.72 3.00 0.38 2.37 1.92 1.08 2.48
CD 35.93 37.18 12.87 23.08 26.29 7.19 21.58 49.24 28.98 17.04 29.56 15.74

oW RERE, RELBLIUEBEEEC
MT B EHREREORRE

RIES Tt~z & 900, PSBERE O NGB ECRDEENI A & v, KE TR 205 OESH B, KR
BLURESBOOTREBMEL TwahE, 245 3EFCHT 2 RBERENMRRERE 2 Ko, €
NeDHEED LHE L1,

® B 5 &
B (0, KE @) BLUREEE B CHT 2 IRTEEEE (1) OREFENX ¢ = et axt a2yt asz
DEEE S LIS FN LD FEPRH 2, b, TATHE1 LT, BERHEEMELLZ, RECTH
Erliigkzt v,
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BoNTAERFES2RICTT, o WEEE AL EERE NL »22: 68, PL o 16: 0BB L Uf
TL ) 450 16 1 QB Th » 72, aahE B & A7 HGHEIE PL #0181 18, TL » 18 1 B LU°22 5 BT
Btz a B S AL BRI PL ?iso 16 0B, TL 016 : 0B L0 18 0B ThH -1z,
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Flaaroiz,
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Table 52. The estimation of the multiple linear regression of the fatty acid composition (¢) in
weight percentage on the season (x), body length (y) and lipid content (z) in muscle of

filefish
FA. o a s as R i F;
14:0 4.407 —0.0004 —0.147 0.324 0.008 3.43 0.03
150160 — 3.406 0.010 0.089 3.503 1.13 0.21 0.51
16:0 10.120 0.009 0.217 1.680 0.17 0.26 0.02
16:1 - 0.030 0.004 —0.036 8.338 0.16 0.03 2.32
7501810 — 5.333 0.015 0.573 — 3.459 0.62 3.74 0.21
2 18:0 16.514 0.0008 —0.157 — 3.698 0.002 0.23 0.20
1801 —11.453 0.007 0.860 9.535 0.11 4.18 0.80
10:2 0.070 —0.002 0.028 0.856 0.27 0.11 0.15
20:3 7.973 0.003 —0.148 — 2.045 0.14 0.65 0.21
20:5 16.417 —0.029 —0.159 — 1.613 1.30 0.10 0.02
2225 14.197 —0.004 —0.276 — 7.227 0.24 2.62 2.82
22:6 14.330 —0.030 0.201 — 9.689 6.03* 0.67 2.43
14:0 1.586 —0.002 —0.020 — 0.667 4.38 1.53 2.68
150160 — 1.714 0.005 0.008 0.020 9.50% 0.06 6.91%
16:0 14.860 —0.001 0.264 — 4.007 0.01 0.77 0.28
16:1 4.445 0.001 —0.066 — 0.503 0.10 1.41 0.13
150180 0.379 0.001 0.013 — 0.095 1.03 0.19 0.02
. 18:0 12.404 0.0005 0.164 1.418 0.01 3.88 0.45
R 18:1 —11.493 0.015 0.921 8.518 1.97 16.92%* 2.26
18:2 2.288 —0.004 —0.005 — 1.220 0.67 0.003 0.31
20:3 14.922 06.023 0.333 — 3.395 2.22 1.15 0.19
205 21.235 —0.027 —{.110 — 6.248 2.96 0.12 0.60
22:5 7.614 0.002 —{(.254 0.483 0.12 4.02 0.02
22:6 8.473 —0.017 0.321 4.167 0.76 0.68 0.18
14:0 0.152 —0.001 0.002 0.789 0.49 0.002 0.81
18616:0 — 3.090 0.005 0.042 3.232 14.56%F 3.06 28.40*
16:0 12.624 —{.0008 0.220 — 1.332 0.002 0.41 0.02
1601 1.770 —0.001 —{0.007 2.057 0.04 0.003 0.48
15018:0 — 0.949 0.002 0.031 1.125 2.14 1.07 2.22
: 18:0 4.796 0.009 —0.027 5.807 4.16 0.08 5.98%
181 —18.369 0.021 1.055 12.515 1.89 11.37% 2.50
18:2 0.239 —0.001 0.021 0.364 0.17 0.10 0.05
2013 15.029 0.022 —0.243 — 5.836 2.13 0.66 0.60
20:5 21.520 —-0.025 —0.066 7.791 3.13 0.05 1.18
2235 14.028 —0.003 —0.368 — 3.872 0.21 7.46% 1.29
22:6 27.501 —0.023 0.047 —12.538 1.42 0.01 1.57
The constant and coefficient are defined as follows :
t=ao+axtaytasz
Fo SNEDECOR’S F for g; with 1 and 7 degrees of freedom
* Significant at 0.05 level
¥ Significant at 0.01 level

Season (x) : The number of the days counted from July 17
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Table 53. The estimation of the multiple linear regression of the fatty acid content (7) on the season
(x), body length (y) and lipid content (z) in muscle of filefish

FA. Ao A 107 A, As F F I

14:0 0.003 —0.0007 —0.0002 0.005 0.28 0.51 0.66
s016:0  —0.011 0.001 0.0001 0.014 2.85 0.36 18.66™*

16:0  —0.005 —0.008 0.0001 0.039 1.13 0.01 1.13

16:1  —0.006 —0.002 —0.0002 0.026 0.36 0.08 1.77

15018:0  —0.008 —0.0001 0.0004 0.002 0.01 6.66* 0.20

. 18.0 0.010 —0.004 —0.0004 0.018 2.23 0.37 1.41

Z o181 —0.004 —0.008 0.0005 0.025 1.14 0.11 0.41

18:2  —0.0004 —0.0007 0.00001 0.003 0.41 0.00 0.34

20:3  —0.0001 —0.001 —0.0001 0.010 0.72 0.10 1.63

20:5 0.017 —0.00% —0.0001 0.011 1.83 0.01 0.10

22:5 0.007 —0.00z —0.0002 0.0009 5.95" 1.25 0.07

22.6 0.003 —0.008 0.0004 0.003 8.25% 0.47 0.04

14:0 0.009 —0.0008 —0.020 —0.002 2.70 3.12 0.40
150160 —0.014 0.003 —0.0006 0.018 10.55* 0.001 1:.72%

16:0 0.063 0.004 —0.010 0.052 0.18 0.004 .13

16:1 0.021 0.002 —0.080 0.012 1.34 6.40% 2.46

Ej 250180 0.001 0.001 —0.002 0.003 1.08 0.01 0.28
18:0 0.051 0.004 —0.200 0.069 0.70 4.76 7.07%
1811 —0.106 0.010 0.400 0.129 2.43 4.85 7.12%

18:2 0.013 —0.002 —0.010 —0.004 0.53 0.07 0.07

2003 0.069 0.020 —0.300 0.023 4.17 2.90 0.39



Table 53. (Cont’d)

FA Ao Ap- 107 A, As P F, Iy
20:5 0.113 —0.010 —0.200 0.014 2.01 0.98 0.08
225 0.042 0.002 —0.200 0.021 0.23 5.46% 0.96
22:6 0.015 —0.007 0.030 0.115 0.14 0.01 1.54
14:0 —0.007 —0.0006 0.00004 0.016 0.14 0.007 3.99
250160 —0.034 0.004 0.0003 0.038 14.22** 1.75 46.00**
16:0 —0.014 —0.002 0.002 0.121 0.02 0.43 3.20
16:1 —0.016 —0.0003 —0.00002 0.053 0.002 0.00 4.02
25018:0 —0.047 0.009 —0.0003 0.1%4 5.51% 0.15 63.51%"
ﬁ 18:0 —0.014 0.002 (.0002 0.018 3.07 0.72 9.02%
18:1 —0.234 0.020 0.008 0.229 2.41 11.27%* 16.08**
18:2 —0.005 —0.0007 0.0001 0.013 0.07 0.06 0.90
20:3 0.047 0.020 —0.002 0.039 2.80 0.73 0.55
20:5 0.091 —0.020 —0.0003 0.036 4.29 0.02 0.47
22:5 0.079 —0.003 —0.003 0.007 0.36 6.24% 0.06
22.6 0.104 —0.020 0.0004 0.046 1.68 0.02 0.32

The constant and coefficient are defined as follows:

T=ActAixtAry+Asz
The other mark and symbol are defined in the note of Table 32.
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Table 54. The estimation of the quadratic and linear regressions of the fatty acid composition (£)
in weight percentage on the season (x) in muscle of filefish

F.A. Qo a1 az -10° P, bo b F

14:0 1.266 0.022 —0.118 6.22% 2.161 —0.003 0.85

150 16:0 2.793 —0.029 0.172 2.21 1.490 0.006 1.09
16:0 14.755 0.029 —0.096 0.12 15.482 0.009 0.48

16:1 5.874 0.032 —0.192 1.73 7.326 —0.008 1.03

iso 18:0 3.068 —0.025 0.235 1.10 1.295 0.024 4.39
- 18:0 12.592 —0.057 0.296 2.47 10.262 0.004 0.14
Z 18:1 14.516 —0.046 0.243 0.53 12.680 0.004 0.06
18:2 1.176 0.003 —0.027 0.23 1.381 —0.003 1.26

2023 3.825 —0.004 0.040 0.11 3.523 0.004 0.56

2015 9.136 0.053 —0.3%4 1.72 12.116 —0.028 3.24

225 2.646 —0.002 0.019 0.02 2.501 0.002 0.12

22:6 2.646 —0.002 0.019 0.02 2.501 0.002 0.12

14:0 0.443 0.003 —0.021 4.17 0.602 —{Q.001 2.76

50 16:0 0.703 —0.008 0.046 4.41 0.355 0.002 2.21
16:0 17.886 —0.055 0.301 2.72 15.610 0.008 0.59

16:1 2.605 0.006 —0.028 0.53 2.814 0.001 0.14

150 18:0 0.347 0.006 —0.022 1.52 0.512 0.002 3.72
. 1870 9.854 0.026 —0.141 §.25" 10.921 —{0.649 1.25
P 1871 15.563 —0.064 0.387 3.04 12.635 0.016 1.61
18:2 0.533 —0.012 —0.066 1.60 1.034 —0.002 0.48
2033 6.374 0.010 0.063 0.09 5.900 0.023 5.10%

2035 12.770 —0.004 —0.076 0.13 13.34 —0.020 3.78

225 3.906 —0.008 0.031 0.09 3.675 —{.002 0.14

22:6 17.720 —0.010 —0.041 0.02 18.030 -0.018 2.13

1420 0.639 0.006 —0.040 4.46 0.935 —0.002 4.09

150 16:0 0.913 —0.004 0.024 .57 0.730 0.0006 0.12
16:0 15.100 0.006 —0.008 0.00 15.161 0.004 0.13

16:1 3.200 0.007 —0.056 0.54 3.620 —0.004 1.24

150 18:0 0.488 0.006 —0.023 1.24 0.665 0.001 0.86
2 18:0 9.079 0.023 —0.106 2.09 9.880 0.001 0.07
&= 18:1 14.580 —0.056 0.355 1.42 11.899 0.018 1.30
18:2 0.506 0.011 —{.058 2.41 0.948 —0.002 0.59
2023 6.226 —-0.001 0.132 .43 5.232 0.026 7.30*

2025 11.893 0.014 —0.137 .52 12.930 —0.015 2.49

225 4.345 —0.014 0.054 0.20 3.937 —0.002 0.17

22:6 16.433 —0.008 0.014 0.003 16.324 —0.005 0.15

The constant and coefficient are defined as follows :

n 2
t=ataixtax,

F,':

Sample number (1) : (2

SNEDECOR’S F of the i-th order regression coefficient

L= bot+bix

with 1 and n-i-1 degrees of freedom
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Table 55. The estimation of the quadratic and linear regressions of the fatty acid composition ()
in weight percentage on the lipid content (z) in muscle of filefish

FA. ao a az £ bo by F

14:0 —3.115 10.600 —5.386 0.18 0.671 L.479 0.97
15016:0 32.727 —72.761 42.493 2.96 2.850 —0.800 0.06
16:0 9.578 19.442 —13.234 0.05 18.882 —2.969 0.19
15016:1 —13.660 41.919 —20.602 0.52 0.825 7.030 4.18
15018:0 33.835 —561.190 29.278 0.35 13.249 —11.609 3.87

= 18:0 27.123 —36.879 20.071 0.21 13.010 —2.890 0.31
z 1811 —42.428 132.780 —77.734 1.35 12.227 1.140 0.02
18:2 —2.987 8.333 —4.054 0.12 —0.137 1.469 1.10

20:3 34.129 —70.471 40.286 3.65 5.804 —2.248 0.59

20:5 —67.209 174.359 —97.177 2.10 1.116 9.793 1.27

22:5 30.816 —54.020 35.552 2.14 5.819 —3.814 1.46

2216 8.245 —3.258 2.000 0.002 6.889 0.128 0.00

14:0 —0.784 3.005 —1.732 0.36 0.434 0.072 0.04
15016:0 6.482 —14.528 8.757 2.63 0.325 0.301 0.18
16:0 0.727 42.886 —28.486 0.47 20.755 —5.354 1.17

16:1 0.858 5.230 —3.298 0.17 3.177 —0.355 0.14
15018:0 4.645 —8.815 4.783 1.45 1.283 —0.716 2.05

A 18:0 15.032 —13.107 9.152 0.47 8.598 2.391 2.26
&~ 1811 17.997 —5.497 1.191 0.00 17.159 —3.480 0.27
18:2 —1.073 4.491 —2.601 0.05 0.756 0.086 (.003

20:3 88.951 -—185.159 103.830 8.98" 15.945 —9.319 2.66

20:5 —47.719 137.895 —78.950 3.28 7.791 4.196 0.50

22:5 7.665 —11.455 7.627 0.13 2.302 1.462 0.36

22:6 —2.181 36.358 —16.765 0.09 9.606 7.968 1.47

14:0 —0.787 2.415 —0.713 0.02 —0.286 1.208 4.65
15016:0 7.266 —16.818 10.705 4.89 —0.260 1.311 3.49

. 16:0 —19.223 86.242 —52.438 1.43 17.647 —2.561 0.22
= 1601 —2.659 11.638 —5.371 0.12 1.117 2.543 1.88
150 18:0 2.100 —3.311 2.034 0.18 0.670 0.131 0.05
18:0 11.663 —6.438 5.328 0.12 7.917 2.585 2.02
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Table 55. (Cont’d)

F.A. ao /A az F bo I3 I
18:1 3.549 27.104 —17.469 0.06 15.832 —2.430 0.09
18:2 0.955 —1.086 1.053 0.01 0.215 0.698 0.45
»;i 20:3 81.716 —166.026 90.998 6.88* 17.735 —11.923 4.91
20:5 —43.514 130.500 —76.109 4.06 9.998 1.612 0.09
22:5 17.784 —33.800 19.831 0.63 3.841 —0.217 0.005
22:6 17.240 0.582 —2.984 0.003 14.338 —4.471 0.44

t= aot+mz+az?, t=bo+bhz

gEom HEFIEHBENELTHIRTITZE

® B F &
BEI T 2 IS B RER D 2 KRR £ = act @yt ay® BE UL KREBR L = bo+ by DEFH LD
Wiz as & b DFEZXRD 2,

BERLUICEE
BN HER A BB FIZT T, e BB A2 SR TL o 50 181 0BENA Th- 2. b dh
FrasranlEisee NL o 14: 0 B Lo 18: 08, PL »18: 0, 18: 1 BLur22: 52, TL o
18 1 BLU22: 68 Thol, Thbb, RECELLY, NLol4: 08, PL 018 0B LU FL
& TL o 22 5 @My L NL o o 181 085 L rPL & TL o 181 1 BRo#mERs X L 72,
A pL6EE TOESED L, 77X AEISE O NN E LS 5T AR F3ERETH S LHWL
72 L L, WELSE 22 6ERMEERE FEEL oo,

Table 56. The estimation of the quadratic and linear regressions of the fatty acid composition (¢}
in weight percentage on the body length (y) in muscle of filefish

F AL Qo ax az I bo by I

1470 11.594 —0.872 0.019 0.34 4.807 —0.157 5.65%
1501620 —0.070 0.125 —0.0002 0.00 0.010 0.117 0.47
16:0 —21.491 3.743 —0.090 0.28 11.513 0.265 0.56

1601 —13.597 2.266 —-0.063 0.39 9.389 —0.156 0.55
5018:0 13.617 —1.752 0.065 0.23 —10.099 0.747 7.21%

= 18:0 66.381 —5.791 0.149 1.42 12.163 —0.078 (.08
- 1811 —19.695 2.736 —0.052 0.08 —0.753 0.740 3.93
18:2 —16.454 1.852 —0.048 1.99 1.209 —0.009 0.01

20:3 19.270 —1.537 0.038 0.25 5.380 —-0.073 0.22

20:5 7.295 0.563 —0.025 0.01 16.379 —0.39%4 0.71

22:5 19.984 —1.643 0.038 0.22 6.059 —0.176 1.09

2236 —8.591 1.535 —0.037 0.08 4.906 0.113 0.17

) 14:0 0.557 0.015 —0.001 0.01 0.917 —0.023 1.86
A 45016:0 3.874 —0.351 0.009 0.27 0.344 0.012 0.10



Table 56. (Cont’d)

FA. ao ai az P bo b F
16:0 14.130 —0.076 0.011 0.01 10.287 0.329 1.66
16:1 —6.306 1.017 —0.028 1.65 3.804 —0.049 1.03
1501820 7.434 —0.737 0.020 2.92 0.174 0.028 1.08
18:0 15.660 —0.359 0.004 0.02 14.024 —0.187 6.84"
= 181 —5.483 1.208 —0.008 0.01 —2.585 0.902 18.09%*
a 1872 —4.286 0.553 —0.015 0.17 1.096 —0.014 0.04
2003 51.640 —4.495 0.1:6 0.52 9.504 —0.055 0.03
20:5 11.835 0.170 —0.011 0.005 15.785 —0.246 0.63
225 15.747 —1.055 0.021 0.17 8.035 —0.243 5.31%
22.6 —4.950 2.124 —0.053 0.09 14.395 0.085 1.05
14:0 —4.386 0.558 —0.015 0.87 1.146 —0.025 0.50
15016:0 —2.166 0.290 —0.007 0.12 0.378 0.022 0.27
16:0 19.758 —0.672 0.024 0.03 11.129 0.238 0.71
16:1 —12.498 1.706 —0.046 0.88 4.240 —0.058 0.30
15018:0 9.472 —0.945 0.025 5.26% 0.221 0.029 1.08
— 1820 19.261 —0.927 0.023 0.21 10.940 —{.051 0.24
= 18:1 —1.796 0.656 0.009 0.004 —5.182 1.013 11.53%*
18:2 —9.405 1.071 —0.028 1.16 0.748 0.001 0.00
20:3 46.175 —4.073 0.108 0.43 6.854 0.070 0.04
2025 13.402 —0.078 —0.002 0.00 14.056 —0.147 0.28
225 14.962 —0.875 0.014 0.06 9.720 —0.322 7.11%
22:6 20.962 —0.619 0.018 0.01 14.417 0.071 0.04

t:ao+a1y-+azy2, If:bo+b1y
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Table 57. The estimation of the linear regression of ihe fatty acid composition (¢;) of the nonpolar
and polar lipids on that (¢7) of the total one in muscle of filefish, and the comparison with
expectant equation, f;=fr

F. A. do a P to 4 e
14:0 0.96 1.31 4.71 8.30%* 0.52 34.67%%
150 16:0 1.18 1.30 1.11 4.11%F 0.24 8.47%*
16:0 0.40 1.03 21.96%* 2.15 0.15 2.32
15:1 2.34 1.15 4.77 9.00%* 0.28 40.58**
150 18:0 1.51 3.05 0.66 4.30%* 0.55 9.41"*
- 18:0 15.47 —0.48 0.34 1.25 —1.81 2.41
z 1811 1.19 (.86 27.91%% —1.49 —0.83 1.46
18:2 0.07 1.25 45.22%% 3.89%* 1.36 8.50%*
20:3 1.30 0.33 11.00%* —18.42%* —6.70%* 192.03**
20:5 —8.24 1.54 34.33%% —4.87%% 2.03 13.94%*
225 —0.10 0.78 9.37" —3.43%* —0.86 6.26*
22:6 —1.24 0.52 10.77%% —23.17*% —3.00" 272.99**
14:0 0.27 0.32 6.41% —6.54%* —5.45%% 36.23%*
150 16:0 0.03 0.68 14.38"* —4.45%* —1.77 15.50**
1620 5.33 0.71 13.57**F 2.33% —1.48 3.80
16:1 1.91 0.31 7.56% —3.38%* —6.11%* 24.38%*
150 18:0 0.23 0.61 6.72% —1.44 —1.65 2.40
18:0 5.91 0.46 3.72 3.20%%* —2.26" 7.66%*
5]4 181 3.86 0.76 68.23"* 1.99 —2.63* 5.42%
18:2 —0.11 1.20 41.38** 0.73 1.07 (.84
20:3 0.68 0.95 180.39** 1.87 —0.66 1.96
20:5 —1.33 1.11 153.40%* —0.81 1.19 1.04
22.5 0.91 0.70 26.10%% —1.35 —2.18 3.28
22:6 4.12 0.75 11.94%7 0.48 —1.12 0.75

The constant and coefficient are defined as follows :

ti= aotaiir

. SNEDECOR'S F of the linear regression coefficient with 1 and 8 degrees of freedom
f ©  STUDRENT'S { of the comparison between @, and 0, with 1, degrees of freedom

{, : STUDENT'S f of the comparison between ¢, and 1, with 71, . degrees of freedom
F, . SNEDECOR’S F of the comparison between the estimated linear regression equation and the
expectant one, with 2 and #,., degrees of freedom
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Table 58. Variation of the fatty acid compositions of lipid in liver of filefish
Fatty acid (%)
Sample - -
No. 150 150
14:0  16:0 16:0 16:1 18:0 18:0 18:1 18:2 20:3 20:5 22:5 226
1 1.9 1.8 13.8 9.4 1.3 8.5 14.7 1.2 2.1 11.2 2.0 5.5
2 2.2 0.2 18.7 8.6 0.7 8.4 19.3 0.7 3.7 11.2 2.1 5.5
4 2.7 2.5 15.1 8.6 1.4 9.4 14.6 1.4 2.5 9.2 2.2 3.9
5 3.1 0.2 11.4 6.1 1.4 6.5 12.9 1.1 2.6 20.0 1.8 9.5
6 2.8 0.9 20,1 9.4 1.3 11.1 12.6 0.7 4.3 8.0 2.8 4.3
7 1.5 0.4 8.8 8.6 1.1 8.7 15.5 1.4 3.0 11.3 3.0 9.3
8 2.1 0.9 16.6 9.5 1.3 8.2 21.5 0.6 1.6 13.1 1.8 4.9
-9 2.6 0.8 17.7 7.5 0.8 9.2 8.3 0.7 3.3 8.9 3.1 4.1
= 10 1.8 0.9 17.7 9.7 0.9 7.5 14.9 0.8 3.5 9.6 3.4 4.2
11 2.2 1.8 22.3 14.0 0.5 6.2 19.3 1.5 1.9 3.1 2.7 1.3
12 2.1 0.6 16.2 9.8 0.5 9.5 15.2 0.9 3.9 9.8 2.6 3.4
13 1.9 0.7 21.7 5.5 0.9 7.9 23.3 0.5 2.7 7.3 2.4 5.4
14 2.0 0.6 20.5 8.4 1.1 9.2 16.7 1.2 2.5 7.0 1.7 5.8
i 2.22 0.95 17.69 8.85 1.02 8.48 16.06 0.98 2.98 9.98 2.43 5.16
I 0.45 0.68 3.14 2.04 0.32 1.30 4.00 0.34 0.81 3.92 0.55 2.22
CD 20.33 72.28 17.76 23.09 31.37 15.34 24.90 34.75 28.07 39.25 22.62 43.00
1 1.5 1.7 19.2 6.7 1.2 11.7 13.1 1.1 3.9 9.9 1.5 7.2
2 1.4 0.3 23.3 5.8 0.6 13.5 14.7 0.7 6.7 11.0 2.5 6.9
4 2.0 2.3 22.0 5.4 0.8 10.2 7.7 1.0 7.2 12.2 2.7 10.3
5 1.8 0.2 18.0 5.9 0.9 10.5 10.6 1.9 4.0 12.0 1.7 10.9
6 0.7 0.4 16.5 2.9 1.1 11,2 11.2 0.6 9.3 11.6 4.4 14.0
7 0.6 0.3 19.8 3.4 0.8 11.7 10.9 1.4 8.2 12.2 2.6 15.9
i 8 0.8 0.5 17.8 3.2 0.9 13.5 11.5 0.6 8.0 17.5 1.1 12.7
9 0.7 0.6 23.4 2.6 1.0 12.6 5.6 6.8 10.0 10.7 3.6 11.7
10 0.8 0.7 22.6 3.3 0.8 . 10.8 9.8 0.6 11.0 10.5 3.1 11.8
11 0.8 0.8 22.5 4.6 0.4 11.5 9.3 0.9 10.1 7.9 56 12.6
12 0.6 0.6 18.2 3.6 0.6 13.3 7.9 0.7 13.4 12.0 4.0 10.2
13 1.3 0.7 24.8 6.8 0.8 9.7 14.6 0.4 6.4 9.2 1.4 7.8
14 0.7 0.4 21.3 4.4 0.7 9.4 £.8 0.8 9.0 11.9 1.9 14.6
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Table 58.  (Cont’d)

Fatty acid (%)

Sample - -
No. is0 180
14:0  16:0 16:0 1631 18:0 18:0 1811 1812 2013 20:5 22:5 226
a ¢ 1.05 0.73 20.72 4.50 0.82 11.51 10.44 0.88 8.25 11 43 2.78 11.28
n O 0.48 0.60 2.62 1.46 0.22 1.40 2.68 0.40 2.68 2.24 1.33  2.80
CD 45.94 82.56 12.65 32.38 256.24 12.15 25.68 45.18 32.50 19.94 47.94 24.84
1 1.6 1.5 13.0 7.4 0.9 7.6 11.6 0.9 2.6 10.5 4.1 8.2
2 1.9 0.3 19.8 8.8 J.8 8.1 18.9 0.9 3.0 11.0 2.4 5.5
4 2.4 2.7 16.9 9.4 1.3 9.2 14.7 1.2 2.9 9.8 1.8 4.1
5 2.9 0.3 11.2 6.8 1.5 7.7 14.2 1.9 2.0 16.3 1.3 7.1
6 3.3 0.9 21.6 9.7 1.0 8.8 11.5 0.8 3.9 11.4 2.7 3.6
7 i.5 0.4 20.2 4.6 1.3 2.9 15.9 1.8 2.9 10.9 3.4 9.0
8 1.9 0.9 15.4 8.7 1.2 &.4 19.5 0.6 2.0 14.4 2.1 5.6
a9 1.9 0.8 20.3 7.3 0.7 g.4 8.1 0.7 3.8 8.4 3.8 5.7
= 10 1.6 0.9 17.5 11.8 0.8 6.8 15.3 0.8 3.1 10.1 3.3 4.9
11 2.1 1.9 25.2 14.2 0.2 5.7 17.5 1.2 2.1 2.7 2.5 1.6
12 1.9 0.6 14.3 8.2 0.6 &§.1 14.3 1.0 4.8 11.9 4.6 3.7
13 1.7 0.6 20.2 10.2 0.7 7.6 21.7 0.5 2.9 6.7 2.3 5.0
14 1.8 0.5 17.5 7.8 1.0 8.8 16.2 1.1 3.1 7.7 1.8 6.5
¢ 204 0.95 17.93 8.8¢ 0.92 §.01 15.3¢ 1.03 3.01 10.14 2.78 5.42
o 0.53 0.70 3.83 2.39 0.3 0.96 3.65 0.42 0.80 3.40 0.99 1.99
CD  26.08 74.06 21.38 27.03 37.83 11.96 23.81 40.85 26.65 33.51 35.68 36.77

R, BEB L URBESBCNT 5 IEREREY 5> VLIRS EoRRE faifEIERES LU
ETEEE & B e H s, KEBLVIRESR LI KHELTwark, 1, yB LUzt 5
R TR UL ER 7 & Ui BE B B O RER RS 2 ke, N L0 D SHEf Lz, £ ORREH 9 B LU
60 FEICAT,
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o0 38, TLo18:1,20: 3 BLU22: 5ETH-2, DL I RERER AT B & & bR
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Table 59. The estimation of the multiple linear regression of the fatty acid composition (¢) in
weight percentage on the season (x), body length (¥) and lipid content (z) in liver of filefish

F.A. o a az a3 I £ F
14:0 1.210 —0.003 0.086 —0.004 1.67 1.40 0.28
50 16:0 —1.688 —0.004 0.150 0.005 0.91 1.75 0.20
16:0 7.502 0.023 0.440 —0.017 2.09 0.98 0.13
1601 6.613 0.003 0.114 —0.004 0.05 0.09 0.01
2 150 18:0 1.705 —0.003 —0.024 0.001 2.46 0.23 0.06
180 13.438 —0.004 —0.121 —0.047 0.40 0.44 5.79%
1821 —1.206 0.019 0.381 0.160 1.10 0.57 8.67*
18:2 1.284 —0.001 —0.016 0.002 0.31 0.07 0.11
20:3 7.369 0.002 —0.175 —0.028 0.27 2.38 5.39*
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Table 39. (Cont’d)

F A. o ax az as Il F; F;
20:5 24,359 —0.019 —0.742 0.039 0.96 1.82 0.44
E] 22:5 3.830 0.005 —0.063 —0.041 4.02 0.87 3.81
22.6 16.734 —0.006 —0.608 0.008 0.25 3.73 0.06
14:0 —0.200 —0.006 0.067 0.013 8.13* 1.51 4.95
is0 16:0 —0.748 —0.005 0.091 0.006 1.70 0.84 0.35
16:0 4.470 0.002 0.723 0.048 0.02 3.29 1.25
16:1 1.267 —0.010 0.131 0.039 1.75 0.36 2.75
150 18:0 1.655 —0.002 —0.020 —0.006 1.79 0.42 2.79
E 18:0 12.306 —0.003 0.014 —0.012 0.12 0.004 0.22
1871 12.875 —0.008 —0.193 0.046 0.28 0.19 0.93
18:2 2.200 —0.002 —0.060 0.001 0.89 0.87 0.03
20:3 10.073 0.032 —0.165 —0.047 6.57* 0.23 1.58
20:5 13.298 —0.003 —0.156 0.027 0.04 0.15 0.39
22:5 2.466 0.006 0.074 —0.340 0.78 0.15 2.69
22:6 18,256 0.019 —0.386 —0.042 1.41 0.79 0.79
14:0 2.258 —0.002 0.024 —0.008 0.52 0.07 0.62
150 16:0 —2.132 —0.004 0.169 0.008 0.97 2.25 0.41
16:0 3.812 0.014 0.776 —0.039 0.44 1.81 0.40
16:1 —4.634 0.011 0.559 0.037 0.77 2.53 0.94
150 18:0 2.157 —0.002 —0.061 0.003 1.61 1.53 0.36
i 18:0 10.728 —0.006 —0.080 —0.013 1.04 0.27 0.61
& 1811 0.721 0.021 0.219 0.164 2.29 0.33 16.20%*
18:2 2.446 —0.0007 —0.089 0.002 0.08 1.68 0.07
20:3 6.426 0.004 —0.126 —0.031 1.20 1.45 7.50*
20:5 27.459 —0.013 —0.843 0.004 0.59 3.12 0.006
22.5 7.743 0.004 —0.199 —0.033 0.87 2.30 5.43%
22:6 15.812 —0.011 —0.481 —0.006 1.09 2.96 0.04

The constant and coefficient are defined as follows :
t=a+aixtaytasz , Sample number (1) : 13

The other symbol and mark are defined in the note of Table 52.

B ED L, B LU ADHEE A I NIEHERIE 2, ApHE L A% & NZIRIEIENL T3 so
16 0BEBC T ~NTORESETHY, PL T3 141 0, 450 16: 0, 16: 1 BLU 18I LBERTNTH
WelsEE T4 Y, TL TlE o160 0, 18; 25500022 SEEER TTolEBTH- 72, NL 5L TL
BT as >0 75 PL T as < 0 oo bht, $abb, NL Lo TL T, lREEBORMAE
ERlEREes BN kE L6 L, PL Tl3ERRBEE ML 2L 26 LTz,

Table 60. The estimation of the multiple linear regression of the fatty acid content (7) on the season
(), body length (¥) and lipid content (z) in liver of filefish
FA. Ao Ay A As £ " s
14:0 —0.65 —0.002 0.04 0.02 1.64 0.96 33.54%%
2 150 16:0 1.55 —0.002 0.09 0.01 0.66 1.74 3.07

16:0 —6.08 0.01 0.22 0.17 2.19 0.76 41.51%*



Table 60. (Cont’d)

P‘.A. AO Al AZ A3 Fl FZ F3
16:1 —1.93 0.001 0.09 0.08 0.04 0.23 16.12%%
50 18:0 0.11 —0.001 —0.004 0.01 1.71 0.02 17.45%*
18:0 1.08 —0.002 —0.04 0.07 0.29 0.16 53.84**
18:1 —10.80 0.009 0.39 0.21 0.85 2.02 52.04**
2 18:2 0.20 —0.0008 —0.005 0.009 0.43 0.02 6.55"
20:3 1.83 0.001 —0.09 0.02 0.20 2.19 9.58*
20:5 7.40 —0.01 —0.37 0.11 0.73 1.24 10.53%
22.5 0.83 0.003 —0.05 0.02 4.08 1.85 22.13**
22:6 6.09 —0.002 —0.31 0.05 0.14 3.05 6.90*
14:0 0.29 —0.001 0.006 —0.002 4.77 0.17 0.80
150 16:0 0.13 —0.001 0.010 —0.002 2.43 0.21 0.51
16:0 5.23 —0.005 0.16 —0.07 0.84 1.15 22.27%%
16:1 1.56 —0.003 0.003 —0.008 1.39 0.002 1.00
150 18:0 0.62 —0.0007 —0.005 —0.006 2.84 0.18 19.38%*
o 18:0 5.57 —3.004 —0.010 —0.05 2.46 0.02 56.51%%
- 18:1 6.05 —0.005 —0.09 —0.04 0.73 0.32 4.55
18:2 0.55 —{0.0008 —0.008 —0.003 3.20 0.57 6.08"
20:3 3.83 0.004 —0.02 —0.05 3.73 0.12 52.31%"
20:5 5.96 —0.003 —0.06 —0.05 1.51 0.52 33.26%F
22.5 1.36 0.0005 0.01 —0.02 0.12 0.10 25.84%*
226 6.27 —0.0001 —0.06 —0.06 0.00 0.37 35.46%F
14:0 —0.35 —0.001 0.026 0.021 0.91 0.39 21.87%*
50 16:0 —1.79 —0.002 0.099 0.014 0.84 2.05 3.29
16:0 —7.41 0.009 0.352 0.172 0.55 1.23 25.49%%
16:1 —7.49 0.006 0.322 0.106 0.94 3.44 32.03%"
150 18:0 0.53 —0.001 —0.025 0.011 1.44 0.70 12.14%
;] 18:0 0.91 —0.003 —0.027 0.078 1.29 0.10 75.71%*
1811 —8.49 0.009 0.279 0.208 1.40 1.76 85.02%*
18:2 0.98 —0.0007 —0.044 0.009 0.22 1.16 4.32
20:3 1.54 0.002 —0.069 0.019 0.97 1.60 10.22%
20:5 7.64 —0.008 —0.368 0.109 0.59 1.56 11.87%*
22:5 2.77 0.003 —0.124 0.012 1.31 3.61 2.97
226 6.30 —0.005 —0.285 0.045 0.95 4.91 10.64%

T=Ac+A x+Ay+Asz , Sample number (n) : 13

IEEESBVEHREREEDHIRETHE BESBIENROMBELL UEBNEHCE ST L
AHEL, 22 CARETE, BESEICHT A EHBEREN 2 KB L UL KEERELZ S ez nso
FiEZKS, HRE~DEEEEORE LR L 72,

BONLEEZECLEIIRT, HIFEEALENTEHBEIINL O 14 0BNATH-T2, hAHE L
HAINTHEHERIENL 0 18: 034k 0018 18, TL N 18: 1 BLUr20: 3MTH- 2 HREEZENHK
i NL 3ror TL @ 180 1 BBiRRNMAR® 726 Lz, ZRITMolFHEIC i L, RESENEKA
B IBEENL I KEWHEAELLL L (B60R) nHEi#RaNL, —H, NL o 18! 0®B Lo TL
9 20 3PMBENHEAMENI, MoEERF@BICIEN, WMEBEENL NSk (B 60 R) oo L
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BRI, MOEHEBEHEEELEESE & OMICBYEL 1 kKBFErEO LN L -7z, ZHIEREEE%
Kiz & 479 IRipEs e 8otk (PLTIRED) DEA (560 FMD Al) I0F L WEN L - 12728 &
L7,
Table 61. The estimation of the quadratic and linear regression of the fatty acid composition (/) in
weight percentage on the lipid content (g) in liver of filefish
FA. do a 42'103 F, bo b F
14:0 3.543 —0.074 0.854 5.68* 2.478 —0.005 0.51
iso 16:0 0.862 —{.0002 0.034 0.002 0.819 0.003 0.05
16:0 17.374 0.119 —0.002 0.46 19.910 —0.045 0.83
16:1 6.757 0.152 —1.978 1.01 9.226 —0.008 0.05
is0 18:0 1.400 —0.031 0.420 2.02 0.876 0.003 0.29
I 18:0 11.398 —0.097 0.672 0.42 10.560 —0.042 6.13*
~ 18:1 6.43 0.327 —2.348 0.59 9.363 0.137 7.19%
18:2 0.180 0.046 —0.539 3.33 0.853 0.003 0.21
20:3 4,157 —0.034 0.152 3.05 3.967 —0.022 3.61
20:5 11.065 —0.235 3.857 1.21 6.250 0.076 1.61
22:5 3.074 --{.016 0.047 3.01 3.015 —{0.012 2.08
22:6 3.698 0.033 —0.053 0.00 3.764 0.029 0.65
14:0 0.796 —0.012 0.317 0.60 0.400 0.013 3.80
150 16.0 0.440 0.007 —0.013 3.00 0.456 (0.006 0.33
16:0 18.93 0.069 —{0.588 0.05 19.671 0.022 0.26
16:1 0.984 0.146 —0.001 1.19 2.646 (.038 3.25
150 18:0 1.346 —0.025 0.264 2.00 1.016 —C.004 1.54
s} 18:0 12.726 —0.065 0.731 0.28 11.814 —C.006 0.08
A~ 18:1 6.523 0.128 —0.874 0.12 7.614 C.058 2.04
18:2 0.517 0.015 —0.136 0.12 0.687 0.004 0.39
20:3 9.490 0.035 —1.102 0.19 10.865 —(0.053 1.71
20:5 14.165 —0.245 3.418 3.20 9.899 0.031 0.78
22:5 3.915 0.004 —0.501 0.19 4.54 —0.036 3.62
22:6 13.699 —0.065 0.288 0.01 13.34 —0.042 0.91
14:0 3.396 —{0.072 0.306 3.14 2.389 —0.007 0.72
50 16:0 0.987 —0.012 0.207 0.0% 0.728 0.004 0.15
16:0 21.334 —0.074 0.073 0.00 21.243 —(.068 1.29
16:1 8.203 0.006 0.124 0.003 8.048 0.016 0.17
150 18:0 1.165 —0.028 0.420 0.83 0.641 0.006 1.12
;} 18:0 9.679 —0.087 0.948 1.10 8.496 —0.010 0.42
18:1 6.393 0.265 —1.480 0.35 8.240 G.145 12.52%"
18:2 0.348 0.033 —0.353 0.77 0.788 (4.005 0.54
20:3 3.954 —0.001 —0.329 0.28 4.364 —0.028 7.45%
20:5 13.383 —0.299 4.214 1.87 8.123 0.041 0.57
2215 2.551 0.069 —0.001 2.13 4.016 —0.025 3.11
22:6 3.748 0.084 —0.3895 0.20 4.865 0.011 0.12
t=a+amztaz’, (=b+bz
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PERAES AR BB 0 MRS HAR 8 WUERINC T 2 D 2 kB L 1 RKEVRRE B LUt o D FE
%Ko, W E IO CHE B RN TR A T L7z, B 5 2 BRRE S L FEL 62 &is
R, hEBEL T ENTIEGEIEZ PL 0 160 1BOATh-72, b BEE L AL ENIEHRIZ PL o
4:0BX020: 3@8Ts»Y, NL B ko TL olgihEIZ 3 RO BB ITEE 2 8D % b - 17,

Znsh, PL T2 160 1,450 181 0 B L1F 22 6 BB EEE)IC BRI A 59 2 D) 2o h L7z
B, b DFErHEEAKE (@=0.05) 12EL kb -7z,

LG, WEROE WIS L > THREAEE T 2EHEEIZ PL ich32icilosn, NL BL o TL
N B AR R SR B MBI AR B L2 W eI L 72, 202 &3 37 JIFEIRE S T 0
BEELIERETHH 2,

AESHEE DX g 5 T 2R TIRBETH - 28y, FRIBZEIC B v»Tid, NL 3L v TL ik

REEETHY, PL CIHREBRNTh-72, Lird, 26 3RTORBOREILNE -1,

Table 62. The estimation of the quadratic and linear regressions of the fatty acid composition (¢)
in weight percentage on the season (x) in liver of filefish

FA. a&o a az° 10° F bo b B
14:0 1.934 ¢.011 —0.057 2.35 2.425 —0.002 0.51
156 16:0 1.270 —(.003 0.001 0.00 1.265 —0.003 0.55
16:0 16.155 —(.022 0.228 0.90 14.200 0.027 4.10
1601 8.548 ¢.005 —0.019 0.01 8.71 0.001 0.01
156 18:0 1.047 ¢.004 —0.027 1.07 1.283 —0.002 1.94
E 18:0 8.597 G.001 —0.014 0.01 8.713 —0.002 0.08
18:1 18.348 —(.084 0.434 1.61 14.620 0.011 0.32
18:2 1.050 —(.0003 —0.002 0.003 1.064 —0.0007 0.16
20:3 2.633 0.007 —0.032 0.18 2.904 —0.0001 0.00
20:5 10.224 C.056 —0.384 1.55 13.520 —0.028 2.41
22:5 1.594 0.016 —0.061 1.81 2.120 0.002 0.82
22:6 5.437 ¢.012 —0.094 0.22 6.248 —0.009 0.61
14:0 1.771 —0.007 0.011 0.10 1.67 —0.005 6.19*
ise 1630 1.405 —0.009 0.023 0.19 1.211 —0.004 1.78
16:0 22.255 —0.058 0.303 1.89 19.651 0.008 0.42
16:1 7.815 —0.063 0.240 5.89% 5.753 —0.010 2.13
50 18:0 0.908 0.001 —0.010 0.33 0.997 —0.001 2.04
3 1820 11.854 0.007 —0.067 0.30 12.43 —0.007 1.17
P 18:1 15.135 —0.080 0.285 1.80 12.692 —0.018 2.02
18:2 0.859 0.006 —0.036 1.18 1.170 —0.002 1.38
20:3 3.64C 0.055 —0.125 0.42 4.714 0.028 6.78"
20:5 9.431 0.056 —0.264 1.89 11.699 —0.002 0.03
225 1.242 0.028 —0.105 0.80 2.139 0.005 0.59
22:6 4.88C 0.113 —4.11 4.69 8.407 0.023 3.29
14:0 1.554 ¢.016 —0.178 3.32 2.219 —0.001 0.29
150 16:0 1.087 0.002 —0.021 0.11 1.265 —0.003 0.52
2 16:0 15.048 0.032 —0.061 0.03 15.574 0.019 i.00
e 16:1 7.950 —0.001 0.054 0.06 7.486 0.01 0.83
150 18:0 0.81% 0.007 —0.042 2.32 1.177 —0.002 1.44
18:0 7.947 0.008 —0.048 0.31 8.361 —0.003 0.34



Table 62. (Cont’d)

FA. o ax az+10° F bo b I
1801 15.959 —0.046 0.269 - 0.69 13.651 0.013 0.54
18:2 0.820 0.008 —0.040 1.20 1.165 —0.001 0.25
;J 20:3 2.743 0.000 0.014 0.04 2.621 0.003 0.59
22:5 9.505 0.067 —0.408 2.42 13.004 —0.023 2.04
2225 3.132 —0.008 0.036 0.15 2.824 —0.0004 0.01
22.6 7.418% —0.026 0.066 0.14 6.848 —0.011 1.39

f=a+amrxtax’, [=bot+hzx

o ¥
FoN7 LR, EENTHY, BBATHLATAAXEEM L LT, WEREORITEER DL L
WICBEST A HTFFRE L, ol FBREZCSWTLE LR 2742w, REEEL LU
7 7HHJ&HW 2B BRER L 7z,

HENHEE 2 8130.66~1.05/100 g M, *'\?EHE’EAE@O 04~0.24/100 8 A, WY E S EIL0.57~0.79
g/100 gk (o5 AF L, 37 CHEIEE B OSAEEISEIL 72,

M, B B IR EORERIETFEE D 5 b, PHHLREEHT5 %Ll Lo I, REEE CI316:0(11.9
~20.3%), 16: 1 (4.2~8.7%), 18: 0 (8.4~14.6%), 18: 1 (6.6~17.5%), 20 5 (3.1~13.6%)
BEU22: 6k (4.2~10.2%), WMEIE T2 16: 0 (12.4~18.7%), 18: 0 (9.4~11.6%), 1811 (11.4
~19.2%), 20 3 (5.1~12.5%), 20: 5 (6.8~15.0%) B L1r22: 68 (12.4~20.8%), 2WFETIZ
16:0 (12.1~19.2%), 18:0 (8.9~11.3%), 18: 1 (8.4~19.1%), 20: 3 (4.7~12.5%), 20:5 (7.9
~14.2%) BXU22: 68 (12.2~19.8%) Th- 1z,

BHEBLULEEN 18 0B 2R S, SIEHBEREESIIRE W EHETL 7,

B, REH L ORESBICNT B IEBREREROFEIRRE £ Ko, ENLOFREL L, RED

ek ECETFRHET B LR TER 72, Thbb, SEFFEATNDSLTOWET H LHETL
72,

B, BB L UIEEEEF N AT B IEEERER D 2 kB L 0 L KIERREE RS, T
OFEW TR LR LR EDHBE L, Tabb, Erb&ihbIiciE-T, Bits FuaeliE
20 3EEMELER DR L, RE oMK R 140 0B, BMERE O 18 0, Bits LUeiH
D22 BESHRENAE L2 o L, PHIRE 0 181 0%, WIS L USRE D 18 1 1 BBEMFENHE KR
L a L, BESSIIEHREREEICIIEAYEG L h T2,

T EA L, AT AXAIMEEEOIRIBREEEICEE T 5 W TTIEERR, TehbREORETHSL L
I TE B,

ST SRS & B 1), MIGEREENS R OME S E L Lh o 200k, BREORES S VI
W AUBI B 2 BB *EL_b*‘%émz'r Lanie,

PIERIEE IR RS B SRR RS o0 2 AL sl CIRTE L, o7 ZAERIEE & W IEm & L 7.

s E e 81z 12.58~69.742/100 g I, FHEIEE&EIF 9.14~68. 70c/100gﬁﬂ@ M%laia%%:
0.84~3.13g/100g Pl c#nFnsde L, TN7 ZFBICc N TPEB L UreleEic EBNL DN
HHTz,

SHEOBRUSIFEE @ 5 b, THEREH 5 %L E0BgEEE, PHIRE TR 160 0(11.4~22.3%), 161 1

(5.5~14.0%), 18: 0 (6.2~11.1%), 18: 1 (8.3~23.3%), 20: 5 (3.1~20.0%) B L1r22: 6
(1.3~9.5%), FlENEE 713 16 0 (16.5~24.8%), 18:0 (9.4~13.5%), 18:1 (5.6~14.7%), 20!
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(3.9~13.4%), 20: 5 (7.9~17.5%) BE1r22: 68 (6.9~15.9%), £HETIF16: 0 (11.2~25.2
%), 16: 1 (4.6~14.2%), 18: 0 (5.7~9.2%), 18: 1 (8.1~21.7%), 20: 5 (2.7~16.3%) BIV
22 68 (1.6~9.0%) TH» 172,

LRI S b, 181 0 BBMMEROEERREIINE 2 205 WolElEe T, HERES L RE
R S, HBERETIIARE W EHETL 2,

NElh Bt R LRI TR FId, dB LU CiIBEe s, BIEEE CILRESTCH 505
T DHEIZ N E Tz,

Thbb, BEEEOW KD B LULIEE. 18 1 BIEmREOMK, THIEE D 18 08 b L U4l
B 20 IEEMENAE L L L, T oo Y oS EA rERIC, BEEEIEgESEL
BHCB S L7zas, MBERES E 0N S, SiEROMRE B A LD LN,

B MR 1230 CHMURCRZENE BMRE D 14 0 BX U720 3BICEED s L,

INLEHRET S L, ATNFFBREOEEEREESSHCEE T 2H-FIIRBIEE S IR L), S
BIUERE TEREZRBTAY, BERE CIIBERE Tl EERINS:, L L, METFE L ERE
EENZE 2 BB/ &<, E IS EABIETICEMNE 22 6 BOMBELEICIHEE L 4o -

7z
Zo

% 7 Ei Lﬂ Jium)# 2: 7'”' U BEEHEHﬁE’;’
#HA% & DEFER

BIZE vlo, MBEIEEIC B2 IRMERES E ST 2 RFOME 21T - 72, 2 OER, #E
BRI ISR B N FBRTFO—2THD Z B L2, Lo L, AR L -» TZIEmEERZEEC
BRI DB I WBAE L H o 2, THICIIAECRHERCEEMECHBIRL Twd L HEES
5,

—7, SO I IBRIEEE R OMER ARICL LT LN EEZ SN EHY, FETIIIR
BEEICHE A B R, BISIE M EEYIEEOIRITEMERIC DX S 1T HET I EEE L2,

ﬁﬂi%ktf,ﬁm%gm«sf%éﬁ,Eiﬁfv%ﬁz;u%hmfm%gﬁWﬁ%ﬁmfm%ﬁ
Thbb, EliEi, LFEH~OBEETL, T2, BRBRE - OBEEIHLILIZ (v,

B HENT, BEORBIERZLDTUNE W, 200, S ELTTH) A, HEBEOIEL
BEALRICHE LT, BEIC WL DDA H 2553 07 T i b ORI Wi E N Tw b
I ES N, F2TE—SBH TN 222 CTH) 2IRM L, ZOEMBREREES S L UBRERRER & O
FEmE L,

18 hiE, BB LULBEEOEEER
BHUICHEBEDRERE

kB F &

HE 7R Hp LRHELHIthR-T, THNEREORE LS CRIGL 2T, Tapes
philippinarum, (448 2.5~4.5cm) 2B E LR, A o5U0ESE LY, AEERE, KEIZMET S
KD B W TR & D, BT LS, 23, 1 EOERIC50~60 BT ) 2EEL .,

feBEonHH 58 FOLCH®OFikick » T&RE (TL) 2L, $1%, $H1EHCELTTL 294%
i (NL) &Rittieg PL) oo L 72,

PERAEE AR B 1, B AL HRICERL 2,
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FROEZE TEHOREBIBMSPEREEG L EIC L > TELT LT, R 2R L 2B ToL
TWIBRFOREEAME L2, UL, ZOREBIELIC L > TEILT 200, ERBM b oREELoMER
2RHBILICLT, BEEBLURKIERD S LICEBIMMNCEIN TS LTI KERR»FREN
L0T, BRIEEHEHICNT2RENI K, 2kBLUPIKEERZ2RDZ, 4B, 88 25H0H%1 &L, #1&
0¥ 2 72 H¥ TR 2 8@ L2,

SWEVERE Tl Fs =4.569< F5 (0.05) =6.61, 2 kBEVRF#HTIZ F» =2.381< F¥(0.05) =5.99 T
bHY, MEVRREIIEEE ALk o 72,

1 kEURRE T Fr=289.09 (mi=1, n:=7) Ta=0.0l DERBETEEL ALY, Thbb, &
mEEREERE DI INERPMANICEEINT, RBERERBIZETL T3 LHIFL2, 22T, 1§
Ltz LIRENER £=26.23—0.106x ( ¢ :{BET, x  IRMEL) 2 SR BHRERORIZ A EE L 72,

BRELUISESR

THVREYE, KR ZEEEEE L UEIEEOREBERER % 8 63~65 KICTRT,

fEBes® TL £130.87~1.572/100g AW, NL 13 0.06~0.49g/100g Wk & F PL &13 0.59~1.00 g/
100gW AN EFNGH L2, CNLEESEBOEGRBLHEL T2 Er RT3 5720, RiE(D
2T AR EERBROZRBE UL REVRRE L L AN LDF EE RO, TOMRE2H66FRITTT, PL
BTIEL2KkBE 0L REUFEEIZ S DICHEB AW hr o7z, $72,F# PL 812 0.79¢/100g A, fEi
REIZ 0N THo72Z 8 h 5, PL BTz — CRELILOBE LT ST v LR L 72,

—%., TL B2 NL 8T, 2 RBL 01 REFREKEG & L0FB L A0, BA 2 kGRS 5, &
BB L 12 BWARSE»BERE 252 A 72, $72, 10 B Fas 5 11 @i »it TEER R
BHEBIN, 12 ARAIZIEBEIA R b - Tz, Zhbh s, TL 8L NL BI3BERIEICEEIND
EHMTT 2 L0, EEMCEEBEOBRASCHINGHEI NS LUMTXETHD, 48 1 IKEFEREDHE
BEALINLOR 12 AERETHIE - oo AL 72,

Table 63. Variation of the fatty acid compositions of total lipid in short neck clam muscle, Tapes
philippinarum

Date (E’zgm) Aug.26 Sept.6 Oct.4 Oct.20 Oct.27 Nov.5 Nov.16 Nov.26 Dec.l Dec.8 Dec.15 Jan.6 Jan.17

Estimated mud temp. 26.02 24.87 21.93 20.25 19.51 18.57 17.41 16.36 15.84 15.10 14.37 12.06 10.90

TL content 1.57 1.30 1.06 1.18 1.04 0.87 0.99 1.21 0.95 0.99 1.03 1.02 1.04
14:0 3.6 2.3 1.7 2.0 1.2 1.8 1.8 1.7 1.5 1.4 1.6 1.8 1.6

i1 0.4 1.0 0.6 0.5 0.4 1.2 0.8 0.9 0.8 1.0 0.8 1.2 1.0

15:0 0.9 1.2 1.2 1.3 1.0 1.7 1.2 1.4 1.1 1.2 1.4 1.2 1.7
50 16:0 1.4 4.7 2.9 3.4 2.5 4.8 3.8 5.8 3.7 3.6 4.0 5.0 4.1
16:0 19.1 17.8 16.3 18.6 15.7 154 15.1 13.4 154 14.3 13.9 15.2 11.2

1 8.4 7.0 6.2 6.9 5.7 5.0 4.8 5.1 4.8 4.7 3.4 4.6 3.8

17:0 3.9 3.4 2.9 4.7 3.9 3.0 2.6 3.1 3.9 2.1 2.7 3.2 2.9
50 18:0 6.7 4.3 7.2 5.3 9.0 5.4 3.0 5.1 5.9 3.1 2.4 3.6 3.4
18:0 6.3 7.1 6.5 7.4 6.9 7.1 8.1 7.8 8.6 8.7 9.8 9.0 6.9

1 9.0 8.4 7.8 8.3 7.4 7.5 7.3 6.6 6.4 6.3 7.7 5.9 7.0

2 0.7 0.6 0.7 0.8 0.7 0.7 0.7 0.9 0.8 0.9 0.9 0.9 0.7

3 0.9 0.4 0.9 0.9 1.4 1.0 0.7 1.2 1.2 0.6 0.5 0.5 0.8

4 1.6 0.5 1.2 1.6 1.5 0.9 0.9 0.7 0.9 0.7 1.0 1.0 0.3
19:1 0.4 0.4 0.4 0.4 0.3 0.4 0.2 0.2 0.3 0.1 0.2 0.3 6.2
20:1 5.6 7.8 5.8 6.3 5.9 7.1 7.3 6.8 6.4 6.0 5.7 5.1 6.3
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Table 63. (Cont’d)

Date (197 ) Aug26 Sept.6 Oct4 Oct.20 Oct.27 Novs Nov.16Nov.26 Dec.l Decs Dec.15 Jan.6 Jan.17

Estimated mud temp. 26.02 24.87 21.93 20.25 19.51 18.57 17.41 16.36 15.84 15.10 14.37 12.06 10.90

TL content 1.57 1.30 1.06 1.18 1.04 0.87 0.99 1.21 0.95 0.99 1.03 1.02 1.04
20:2 1.5 1.7 1.8 1.8 1.7 2.1 1.7 1.4 0.2 1.5 1.3 1.3 1.2

23 2.3 3.1 2.5 2.8 3.2 3.0 3.1 3.2 3.2 3.5 3.1 3.3 3.4

5 11.8 12.3 11.9 11.3 12.0 11.8 12.8 13.1 11.4 13.1 12.5 12.6 14.8

22:2 0.9 0.9 1.3 0.8 1.6 1.1 1.5 1.1 1.2 1.8 1.3 1.5 0.4

13 1.8 1.2 1.8 1.6 1.5 1.5 1.9 1.7 1.5 1.4 1.3 1.6 2.4

5 1.0 2.2 3.2 1.7 1.8 2.6 3.0 2.5 2.1 5.0 5.6 2.5 3.1

6 8.4 9.1 10.3 8.9 11.4 10.9 12.4 13.6 14.0 159 16.9 15.4 17.9

Table 64.  Variation of the fatty acid compositions of polar lipid in short neck clam muscle

Date Aug.26 Sept.6 Oct.d Qct.20 Oct.27 Nov.5 Nov.16 Nov.26 Dec.l1 Dec8 Dec.15 Janb Jan.17

PL content 1.00 0.87 0.73 0.76 ©0.89 0.67 0.59 0.94 0.73 0.76 0.75 0.71 0.83

150 14:0 tr tr 0.2 0.1 0.4 0.2 0.2 0.2 0.2 0.3 0.3 0.2 0.4
14:0 1.4 1.3 1.9 1.9 1.5 1.5 1.5 1.4 1.3 1.5 1.5 1.6 1.8

1 0.8 0.9 1.2 1.1 1.0 0.9 1.2 1.1 0.7 0.9 1.0 0.8 1.1
15:0 0.9 1.1 1.1 1.2 1.6 1.4 1.6 1.1 1.7 1.6 1.4 1.5 1.7
s0 16:0 1.5 2.6 4.0 3.2 3.8 3.7 5.1 1.8 3.6 4.1 4.3 4.9 5.1
16:0 16,9 15.6 17.8 15.8 14.9 16.2 17.0 14.2 13.7 14.6 144 156 14.8

1 4.5 5.4 5.6 5.2 4.9 5.0 4.8 .8 5.9 4.9 4.6 5.2 3.6
17:0 3.4 4.2 3.3 3.1 3.1 4.0 3.1 2.7 4.1 3.4 3.3 3.5 3.0
10 1810 5.6 5.4 3.0 3.0 4.5 7.0 4.9 1.5 5.6 5.4 3.4 4.4 2.5
18:0 7.7 7.6 9.1 8.4 7.8 7.7 8.1 10.3 8.9 8.9 10.6 9.1 8.0
01 7.8 8.2 8.3 8.5 7.8 7.6 7.2 8.9 6.8 5.0 6.3 6.6 8.1

.2 0.4 0.8 0.6 0.8 0.8 0.8 0.3 1.3 0.6 0.8 0.8 1.2 0.8

13 1.1 0.9 0.6 0.7 0.8 1.3 1.4 0.7 1.1 1.1 0.7 0.7 0.9

4 2.0 0.7 1.2 1.2 0.8 1.1 1.2 1.0 0.8 1.0 1.1 1.1 1.1

19:1 0.3 0.4 0.4 0.2 0.4 0.3 0.1 0.3 0.1 0.2 0.1 0.4 0.3
2001 8.6 8.2 9.8 8.5 7.3 7.0 7.7 6.7 6.0 5.7 6.0 5.2 5.8
12 3.0 2.6 2.4 1.9 1.8 1.1 1.5 1.5 1.7 1.9 1.8 1.1 1.4

3 3.2 3.5 2.4 3.5 3.6 2.8 3.1 3.2 3.0 3.2 3.1 3.3 3.3

5 13.5 12.8 12.3 13.8 12.2 10.6 12.3 14.2 12.2 13.2 12.2 11.8 13.3
22:2 1.2 1.2 1.1 1.2 1.1 2.0 1.4 1.4 0.8 1.1 1.8 2.1 1.2
3 1.3 1.2 1.6 1.5 1.7 1.7 1.7 1.7 1.5 1.5 1.6 1.3 1.5

5 1.6 1.4 iy 1.8 2.2 1.6 1.4 2.2 2.2 2.3 2.2 1.9 2.6

6 10.4 10.6 10.9 10.4 13.2 11.00 11.0 15.3 15.0 15.3 15.7 14.1 14.0




233

Table 65. Variation of the fatty acid compositions of nonpolar lipid in short neck clam muscle
Date Aug.26 Sept.6 Oct.4 Oct.20 Oct.27 Nov.5 Nov.16 Nov.26 Dec.1 Dec.8 Dec.15 Jan.6 Jan.17
NL content 0.49 0.41 0.27 0.29 0.06 0.21 0.15 0.28 0.18 0.16 0.19 0.15 0.17
14:0 4.5 3.8 4.0 3.7 3.3 2.4 2.8 1.0 1.5 1.6 2.3 1.4 1.5
°1 0.4 0.4 0.1 0.5 0.3 0.2 0.2 0.1 0.2 0.1 0.3 0.1 0.2
15:0 1.1 1.0 0.8 0.9 0.9 0.6 0.7 0.9 0.5 0.4 0.9 0.6 0.6
150 16:0 1.3 1.6 0.8 1.3 1.3 1.2 1.4 3.9 1.2 1.5 2.0 1.9 1.3
16:0 26.6 22.1 240 21.5 21.6 16.1 19.4 16.6 16.2 16.1 15.8 16.8 13.8
i1 13.2 12,0 12.4 12.1 11.5 8.5 10.2 6.6 7.3 9.4 10.2 9.3 7.0
17:0 3.2 3.9 2.0 3.6 4.3 2.8 3.4 6.5 1.9 1.3 1.7 1.9 2.4
is0 18:0 3.6 11.9 7.3 8.8 10.8 16.0 7.7  29.1 7.7 9.8 6.0 7.9 5.6
18:0 6.8 6.8 6.3 6.3 5.2 6.3 7.9 6.2 8.4 8.0 9.2 11.9 7.1
)1 11.3  10.5 10.8 12.3 11.1 7.9 12.2 6.7 8.8 8.3 12.1 8.4 10.8
12 1.3 1.1 1.0 1.7 1.5 0.5 1.2 0.7 0.7 0.7 1.7 1.0 1.0
:3 0.8 1.8 1.8 2.6 2.9 2.6 1.5 4.1 1.6 1.7 1.0 0.5 1.7
o4 1.7 1.3 1.0 1.0 1.1 1.0 1.1 fr 1.2 1.4 1.3 1.7 1.5
19:1 0.8 0.8 0.9 0.4 0.5 0.3 0.5 tr 0.5 0.3 0.6 0.3 0.7
2001 4.3 4.2 6.2 6.8 5.9 6.6 7.9 4.1 7.4 8.3 7.9 7.4 10.1
12 Q0.9 1.2 1.6 1.8 1.5 1.3 1.5 0.8 2.1 2.2 2.0 1.3 2.5
03 1.1 1.8 2.2 2.5 1.6 2.6 2.3 1.6 4.3 4.1 3.7 3.6 4.7
5 7.0 7.1 10.2 7.5 6.9 6.0 7.7 5.0 8.5 10.1 9.2 8.0 10.5
22:2 1.4 0.8 1.1 tr 0.9 1.6 0.8 1.1 1.8 1.6 1.1 1.9 1.4
.5 tr 0.5 tr tr 0.3 2.5 1.7 1.7 2.2 1.4 1.3 2.4 2.0
.6 3.8 3.8 5.3 3.4 3.0 4.1 5.8 3.4 117 9.7 7.8 8.3 7.5
Table 66. The estimation of the quadratic and linear regressions of the lipid content (z) on the mud
temperature (7}
z Qo 01'102 az-10* " bo bl=102 Fi
TL 2.07 —1.39 0.45 9.59* 0.62 0.27 8.68*
PL 1.37 —0.77 0.23 2.92 0.61 0.10 1.98
NL 0.66 —0.69 0.24 6.90" —0.11 0.19 12.82**

The constant and coefficient are defined as follows :

Z = gotart+art
Z=0bo+biT

TL : Totallipid content, NL
PL : Polar lipid content, T

Sample number (1) : 13

TERFBSHER & & UL RN B R
255 BU ElaihEEE, TLTid 1610 (11.2~19.1%), 16 . 1 (3.4~8.4%), 18:0 (6.3~9.8%), 18: 1

(5.9~9.0%),

2001 (5.1~7.8%),

Nonpolar lipid content
Mud temperature (°C)

SEHHEREE 2 & U MR OB £ 5 67 ISR T FH MR

2005 (11.3~14.8%) BLUr 22: 68 (8.4~17.9%) THh 1,

PL T2 16: 0 (13.7~17.8%), 18:0 (7.6~10.6%), 18: 1 (5.0~8.9%), 20:1 (5.2~9.8%), 20 5
(10.6~14.2%) BLU 22: 6% (10.4~15.7%) TH 1, NL T2 16: 0(13.8~26.6%), 16: 1 (6.6
~13.2%), 550 18: 0 (3.6~29.1%), 18:0 (5.2~11.9%), 18 1(6.7~12.2%), 20: 1 (4.1~10. 1%),
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20: 5 (5.0~10.5%) $L1r22: 68 (3.0~11.7%) TH-7,

TL ¥ PLORIFESSERGI D L, BEIREOIRITEBMER L O RELRDO LN L - 72, NLIZiE 5018 0
B B EHEREIEE L RO LN BT EBETHEEL, X5, FN77BLUA T FIRE LF LERIE
wmRAF, SIFHE &L EEERENK S WIETRRICR R WEBEREIEDH LN,

Table 67. The mean and standard deviation of the fatty acid composition

150 is0

14:0 15:0 16:0 16:0 16:1 17:0 18:0

TL t 1.85 1.27 3.82 15.49 5.42 3.25 4.95
G 0.59 0.24 1.15 2.15 1.39 0.69 1.92

PL r 1.55 1.38 3.67 15.50 4.95 3.40 4.32
o 0.20 0.27 1.15 1.22 0.57 1.55 0.98

NL ¢ 2.60 0.76 1.59 18.97 9.9 2.99 10.17
o 1.17 0.21 0.76 3.85 2.10 1.41 6.49

18:0 18:1 1812 20:1 20:3 205 22:6

TL i 7.71 7.35 0.78 6.32 3.05 12.40 12.70
o 1.06 0.91 0.10 0.76 0.34 0.92 3.18

PL ¢ 8.63 7.47 0.78 7.12 3.17 12.65 12.84
o 0.98 1.07 0.27 1.38 0.32 0.96 2.15

NL r 7.42 10.09 1.08 6.70 2.78 7.98 5.97
g 1.73 1.85 0.39 1.77 1.17 1.87 2.79

gom BRERBVEDNREMAEEHCREITEE

EIE ORI R RCR RN L > TEB L2, 220 IALSEHHIREREREL Tw 525
PEREL 2,

R B I &
14 DPE IS DT, JBIR (D12 KT 2 IEIMERR (1) O3 KERER ¢ = atartar’+at’, 2K
BURS ¢ = bot bict bt BEU LIKERR { = cot ot DERBL LI s, b BE i DF{HZRS

726

BRELELUICERE
BoniEREede8Emd. TL T, 18: 0BIZBIT5 as & 14 0BRICEITD b WHELALE
e, 187 OBETIE, T ORTEITh2 VIREETIZ & 3 7% 5 HBEENEKHERH LIl LN T L KR T
$EL 70, 14 0BT, HBESR/ I RTEE (15.6°C) & VKB COMBEES A/ 2 (, BIRET
128 A IR DS AT B E W L T, o h T Al e ISR 11k - o, BIROETIC L L 4o
THRE ST B EIEEI 150 0, 1850, 18: 2. 2003, 201 5B LU22: 6B THD, BT B
Mgl 14: 0, 16: 0, 16: 1, 0 18 0 BLF18: 1@ TH- 12,

PL T2, aoh B EAce gL 140 0, 20: 1 BEU22: 68 Tho7, TRLDTH, 1400
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ISR EE DA R - 72, 72, 1 BLU22: GETIHEMEYO AME L 12AFAEIICH T,
Fnizeh, 1REFERTEEL /2, bm’ﬁ Lt GIERIE L {, BB LA EEEIZ 5T
oty BBETIZE L2 T, MHlERSEA L IRIFERT15:0, 016: 0 BL 2 68T, WALR
IREHERIZ 16 03 L1020 18 Th- 72,

NL T, asB LW b, DWERB LA LW REHERE L, P FRESTERHTRII8EL -2, 209
B, BIBETIZ &L 2 -0, MR AL EHERZ 18: 0, 200 1, 20: 3B LUP22: 68T, AL
7oHERFEEIL 140 0, 15: 0, 16: 0B LU16: 1BETH- 72,

TBOZE{GIC R U TGRS L 2@ onft@lic w2 b niEz2 S IR T,

BAFRE ORI EIBEEEC L > THEI NI LT iﬁi&¢§ﬂ(wéo Lob, BiE
B EBEEY O N R I BT B EENE IR R Y O IRE D IR ER I HEL, #
NOEYESEEE L TR HE T AR S HEI N L, EIC OV, BLA RISy E—2EF
REE L CEREL 72, BB DWW FARKAS 5°7 DEWITT i L T 3

THY OBs, RBEETICE - T22: 6B Y OSETRMBEERERAE AL, 16 0BR° 18 18
e EORMBEE /213 ® /D BMBEENRA Lz, Thbb, T REEHBMHR S RERENIC L - T8
B L, ZOEEIBRERE CERCMET LI EAWLPIC L2, T ) OBESEIRIE, Z2okRE
EHREEE ThH - 72—, PEREIE n-~X Vo -a—T VPR E T AT L7 2" Hi‘z"(%/; 7
VAT8.7%), B/ 7Y EYE (4.9%), PR F (54%) LML F (6.0%) 245BEER
fzo Tt b, THVRENRBSIZHMBHE T LD TH D,

WENREOEIGIC & L e » THBEDZEET 2 BB O KI5 12BN TEER I N B EFE TH D, &<
(2226 Bely, BIFHEFTD LB L 2RO ERICIZIT EA BB ENT, 5P ERETHRRLZ7
TP OMEEICEIELEENLE I ELEDH LN 12,

Ineh s, RBEEZIC L THVIEEORGBEKEEESIAEOZR PR TWwWb eE 2
X044, L AERETIBHBOEESICERSET 2 LHEANI N,

Table 68. The estimation of the cubic, quadratic and linear regressions of the fatty acid composition
in weighi percentage (¢) on the environmental mud temperature (z)

F.A. @ -1 a10° a1 B bo 510 b 10° F Co ¢ 10 F

14:0 19.22 —33.53 19.76  —-3.50 3.22 0.05 0.54 0.46 0.3¢  —-1.47 2.26  38.24*

15:0 0.79 —-0.39 0.21  -0.01 0.0 0.76  —0.34 0.18 0.06 0.1% 0.3z 10.09"

iso 16:0 —18.85 36.65 —20.¢7 3.69 1.7 1.39 0.67 —0.30 0.07 2.3 —0.42 0.75
16:0 38.90 —48.34 29.68  —5.04 0.57 11.25 0.80 1.84 0.58  5.25 7.63  46.45"°

16:1 27.18  —36.73 21.85 —3.78 0.4 6.44 0.12 0.97 0.23  3.27 373 16.29**

17:0 0.44 —0.39 2.6 —0.66 0.00 -3.15 6.00 —1.35 0.49 1.26 0.9 1.18
B0 1810 —72.19  121.06  —54.80 7.62  0.10 -30.39 46.79 12.73 2.14 1110 -0.52 0.02
Z 180 —22.67 63.18  —39.69 7.6 2.3 1917 —11.15 2.43 1.52 1.8 —2.14 5.06"
1 45.11 —62.68 3%.02 —6.15 0.77 1139 —2.7m 1.08 0.17 7.88 1.23 1.10

2 4.75  —6.66 3.74  —0.65 0.18 1.6 —0.28 0.13 0.05 0.76 0.18 0.53

001 38.85 —48.65 25.96 —4.63 1.08 3,49 —4.59 0.42 0.07 12.10 -3.01 16.07%

3 9.01 —4.88 0.71 6.01  0.00 9.08  —5.00 0.78 0.62 6.52 —2.08  20.46"

.5 42,92 —54.68 27.85 —4.66  0.60 17.38 —5.30 2.14 0.95 10,41 —1.36 1.73

22:6  —47.02  105.29 —63.24 11.68  2.09 17.04 —8.55 1.25 0.16  12.9% —-3.89 7.34*

14:0 12.27  —18.88 1.065 —1.93 12.93"" 1.60 —0.09 0.01 0.00 1.68 —0.07 0.30
15:0 2.17 —1.87 1.06 0.23 0.1 1.43 0.40 —0.23 0.80  2.17 ~0.44  14.08™"
) 50 16:0 33.67 —50.14 27.96  —5.08 2.72 58  —0.61 —0.30 0.06 6.78 —-1.73 9.55°
- 16:0 47,78  —50.86 29.18 -5.21 1.8 14.23 ~0.13 0.44 0.09 12.81 1.50 4,957
16:1 —-1.83 3.54 —3.22 0.36  0.03 0.14 5.06 —1.25 3.33 421 0.42 1.38
17:0 —1.58 8.64 —4.94 0.93  0.27 3.51 —0.41 0.18 0.08  2.91 0.27 0.88
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Table 68. {Cont’d)

FA. & a+10 a+10° a5+ 10° F be 01010 oo 10° F Co 10 F
0 13:0  —33.24 63.95 —35.35 6.35 1.20 1.61 2.02 —-0.27 0.02 2.48 1.03 1.09
13:0  ~—16.68 44.90 —24.81 4.30 1.79 6.91 2.99 —-1.07 0.74 10.39 -0.98 2.84
18:1 45.50 —69.36 39.62 —7.14 4,79 6.30 0.20 0.22 0.02 5.65 1.01 2.51
1 2 1.85 -1.29 0.57  —0.10 0.01 1.28 0.29% 0.003 0.00 1.27 0.28 2.89
A 2001 32.95 —53.25 32,51 —6.03 8.2 —0.11 5.50 —0.78 0.57 2.42 2.61 30.40°*
3 3.42 0.29 —0.55 0.16 0.02 4.30 —-1.27 0.34 0.54  3.21 —-0.02 0.01
5 8.92 8.22 —5.67 1.21 0.10 15.58 -3.62 1.04 0.58 12.19 0.26 0.16
22:6  —41.41 103.26  —59.99 10.77 5.49* 7.68 -1.74 —0.50 0.06 19.31 —3.60 15.04%*
14:0 —6.15 15.55  —10.04 2.10 4.23 5.38 —-4.94 1.57 12.81*%  0.27 0.88 8.80*
15:0 8.31 —11.24 595 —1.04 2.02 2.59 -1.06 0.18 (.40 1.99 —0.38 8.41*
is0 15:0 3.88 1.23 —0.65 —0.01 0.00 3.84 1.31 —0.69 0.23 6.09 —1.26 3.64
15:0 .77 17.07 —7.26 1.30 0.08 7.89 4.43 -0.10 0.004 8.22 4.05  29.02%
15:1 8.20 —8.70 5.2 —0.M4 0.12 4.12 -1.45 1.14 2.23 (.40 2.79  54.02¢
17:0 11.57 —16.24 9.58 —-1.M4 0.46 2.03 0.71 —0.01 0.00 2.08 .66 2.49
3 50 18:0 32.06 —57.35 35.97  —6.87 1.29 —5.62 9.60 —1.95 0.73 0.75 2.34 4.86°
b 13:0  —31.13 70.24  —39.55 6.95  8.84" 7.18 2.18 -$.99 0.72 10,40 —1.50 7.61%
1 14.94  —15.50 8.87 1.47  0.54 6.88 —1.18 0.76 1.08 4.41 1.64  22.56%*
12 —2.57 6.04 -3.39 0.60 5.08 0.71 0.22 —0.10 0.67 1.02 —-0.14 6.52°
2001 6.11 —2.47 2.64 —0.64 0.05 2.59 3.77 -0.8% 0.73 5.51 0.45 0.85
23 2.15 2.594 —1.60 0.26  0.08 3.59 —0.01 -0.15 0.23 4,08 —0.57 15.48""
5 28.85 —22.46 9.86 —1.43 0.3 21.01 —8.52 1.96 4.89 14.61 —1.23 6.42*
22:6 —4.37 49.16  —33.96 6.55 2.76 3154 —14.54 2.18 1.89  24.40 —6.51  69.80°*
The constant and coefficient are defined as follows :
—_ P ~2 -3
i - Z:ig: :jr Z?ZTLZ Tast Sample number (n) 1 13
t=cot+aorr Season (x) : The number of the days counted from Aug. 25
28T 15
61 60 :;,,NL 13 1601 a _aNL

Weight percentage of the fatty acid

K 5
8 N T e S
6L & A CARmee TEe=TL 4
& TUNL
! ; — 1. !
10 15 20 25

Mud temperature (°C)

Variation in fatty acid compositions in accordance with mud temperaiure.

with insignificant one.

The thick line
shows the estimaied line with significant regression coefficient, and the thin line shows that
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E%#%%%*bfof~%%%f%ﬁLt?#u@wﬁﬂg%gg%ﬁtv:ﬂ%¢ﬁgiw@%ﬁg

SEL7. HEENSES L UCTEHBEREZHEL, N6 ERERELOBREZH LML,
h@%%%%io&%lm@ﬂmgﬁ a2 L, TR & RS QLIF B Th-» 2, BB L UelfE
SBILANEN0.06~0.492/100 2 B L1F0.87~1.57/100gA (2o L, BRI T 2MITEZED
IRBEVLRENFESIZ E LICHB AL, Lo L, BIRESEREEMICIIERE RN LET
Zat%‘%“"‘[,fso

GG R T AR E RS, &R TIE 1600 (11.2—19.1%), 16: 1 (3.4~8.4%), 18: 0
(63~98%),18:1(59~90%),20:1(51~78%% 20: 5 (11.3~14.8%) BLUr22: 6% (8.4
~17.9%) TH ), WHERETIE 161 0 (13.7~17.8%), 1&: 0 (7.6~10.6%), 18. 1 (5.0~8.9%).
2011 (5.2~9.8%), 20:5 (10.6~14.2%) B L1r22: 68 (10.4~15.7%) TH ), PHEBEETIZ16:0
(13.8~26.6%), 16 1 (6.6~13.2%), 0 18: 0 (3.6~29.1%), 18: 0 (5.2~11.9%), 18: 1 (6.7
~12.3%), 201 (4.1~10.1%)., 20: 5 (5.0~10.5%) B L 1r22: 68 (3.0~11.7%) ThH- 7z,

B L, FEMREOKRE GIEEE IS K B WIERFEENTES L, TIERENT U IRE O
ﬁ&ﬁ“&@f%ﬁ%ﬁéﬁéﬁm EHERIE IS 2 RIS EEHHRER D 3k, 2 kB L P LR EIERE L 5

Fﬁ%imLQSmb¢02me%ﬁﬁT%kﬁ & HENHEE (3B & 2By, TS HRTAERIC
SNTLREVEERLITIEACTERE AL ENOT, REGHE CIIRBEZEIZ & L - THRITEAEREE
I LRESICEET 5 L HM L 72,

TREARTIZ & b 7 - CTHlpEs sk L 72 fehhEs i3, £8ETlz15:0, 18:0, 18:2,20:3, 2015
BXU22: 68, MUMIEETIZ15: 0, 50 16: 0B L 1r22: 68, PHRECIZ18:0, 2001, 200 3
BYK22: 6B TH-72. —F, WAL IgEkR, 2RETI314:0, 16:0, 1601, 5018 0B &
K18 1k, MMENEECIZ16: 0B L0200 18, PHEARE TIZ14: 0, 1500, 160 0B LU 16 18
TH-712,

IO SICEEIREOETIISETEMERE (1022 SEENRENMAR Lz, 181 0MERCER
REAB LT T OBEREORLE L L L, b, BERIBICE L S ZASIEHBERENE)
T B AR R S RIE A Ly EERRE L 2o ThH b LWL,

geE EEAICHTBEHERERE
TEcES T 3 EFOEE

B SIRE TH LT N7 I BLUATAFORRS L UOTBORE BB & UMK OER) 2 6 U
IR EREECE ST AR TR A ES BB LB ETIT A » 72, &7, BREONSCEBESH L
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Table 69. Comparison of lipid content of puffer, filefish and short neck clam

Puffer Filefish Short neck clam

TL 0.79—1.13 0.66—1.05 0.87—1.57

z 0.89 0.80 1.10

o 0.09 0.1 0.18

PL 0.61—1.00 0.57—0.79 0.59—1.00
z 0.75 0.65 0.79

g 0.10 0.08 0.11
NL 0.06—0.14 0.04—0.24 0.06—0.49
K4 0.095 0.13 0.23

g 0.025 0.07 0.12

Lipid content : g3/100g muscle
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Variations in the Fatty Acid Composition of Fish Lipids and their
Relations to Some Numerical Factors

By
Tadashi Uepa

In the last 60 years, many workers have endeavored to clarify the fatty acid compositions
of fish lipids. In spite of these efforts, however, it was difficult to estimate exactly the
compositions and their percentages, because fish lipid is a mixture of glycerides of many
kinds of fatty acids with very similar physico-chemical properties. The introduction of
gas-liquid chromatography greatly assisted the exact identification of the respective con-
stituents and the accurate estimation of their ratios. The accumulated results of the ana-
lyses of fatty acid compositions of fish lipid, indicated clearly that the fatty acids of marine
origin are all structurally homogeneous in respect to the cis form of methylene interrupted
double bonds. It was determined, however, that while the fatty acid compositions showed
inter-specific variation, the intra-specific variation was often even greater. Consequentily,
in the discussion of component fatty acids in fish lipid, it is necessary to clarify the range
of variation of these compositions and to examine the factors influencing this variation.

It is easily conceivable that the proportions of the fatty acid in fish lipid depend on
such factors as diet, geographic location of capture, season of the year, body length and
lipid content. It is, however, very difficult to examine, in detail, the relationships between
the fatty acid compositions from fish freely swimming in open sea and each of these factors.
The objective of this report is to clarify the changes in fatty acid compositions of fish lipids
as well as to determine their relations to the following three probable factors which can be
represented numerically: the season of the year, the body length (or fork length) and the
lipid content.

Materials and Methods

As the materials of the present study, jack mackerel, mackerel and yellowfin tuna were
selected as examples of the pelagic fish of red muscle; and puffer and filefish were selected
as examples of the demersal fish of white muscle. The similarities and differences in the
fatty acid compositions and changes in these compositions, relative to the three above-
mentioned factors, were compared among the fish species and between fish classified
according to muscle color (red vs. white) and lipid content (fat vs. lean). The short neck
clam was chosen as the representative of a sedentary marine organism, which is directly
exposed to the seasonal change of environmental conditions, to clarify the relation between
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the faity acid composition and environmental temperature.
The locality and season of collecting the materials were as follows:

Common name Scientific name No. of ind. Locality Season

Jack mackerel Trachurus japonicus 33 Genkai-Nada or Hibiki-Nada Apr. 1970 — Jan. 1971
Mackerel Scomber japonicus 23 ” ” May 1971 — Feb. 1972
Yellowfin tuna Thunnus albacares 13 South Seas June 1972 — Aug. 1972
Puffer Lagocephalus lunaris 11 Hibiki-Nada Aug. 1971 — Jan. 1972
Filefish Stephanolepis cirrhifer 14 ” July 1972 — Jan. 1973
Short neck ¢lam Tapes philippinarum ca 700 Yoshimi Bay Aug. 1971 — Jan. 1972

The total lipid was extracted by Folch’s method using chloroform-methanol mixture.
The fatty acid compositions of respective lipid samples taken at different seasons, and before
and after fractionation into the polar and nonpolar lipid with silicic acid chromatography
were determined by GLC.

The multiple linear regression equations of compositional percentage of each of the
constituent fatty acids on the three probable factors (season, body or fork length and lipid
content) were calculated to determine the outline of the relation. The quadratic and linear
regression equations of each compositional percentages on each of the three factors were
estimated for the purpose of examining the exact relation to each of the factors.

Resulis

Lipid content
The lipid contents of both jack mackerel and mackerel muscles were distributed over
a wide range, and the total lipid content (Z,) depended closely on the nonpolar lipid content
(Z,), establishing the following relationships:
Jack mackerel Z,=7,—1.02 (g/100 g muscle}
Mackerel Z,=Z,—1.03 ( » )
In both jack mackerel and mackerel, the polar lipid content {(Z,) could be vegarded as
constant; being 1.02 and 1.03 g per 100 g muscle, respectively.
In the dorsal muscle of yellowfin tuna, the lipid content varied as follows; Z, from 0.48
0 0.98 ¢ per 100 g muscle (0.63 g/100 g muscle £ 0.14), Z, from 0.004 to 0.53 gper 100 g
muscle (0.12 g/100 g muscle + 0.13), and Z, from 0.31 t0 0.58 g per 100 g muscle (0.45 g/100 g
muscle * 0.07). The values in the dark muscle were considerably higher than those in
the dorsal. As mentioned above, jack mackerel and mackerel resembled each other closely
not only in the range of disiribution of the content of ecach of major component faity
acids, but also in the Z,—Z, relationships. Yellowfin tuna differed from these two pelagic
fish, being characterized by a low value of Z, without any indication of accumulation of
nonpolar lipid in dorsal muscle and by a low value of Z, (about as low as a half of those
in the above-meniioned pelagic fish).
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Puffer and filefish were characterized (as suggested by their classification as lean fish)
by low contents of Z,, Z, or Z,. The same was true of the short neck clam, although
this is not a fish but a mollusc. The Z,, Z, and Z,, in these fish were as follows:

N F . Range Mean Standard
ame raction {g/100 g muscle) (g/100 g muscle) deviation
zZ, 0.79—1.13 0.89 0.09
Puffer Z, 0.06—0.14 0.09 0.02
zZ, 0.61—1.00 0.75 0.10
Z, 0.66—1.05 0.80 0.11
Filefish z, 0.04—0.24 0.13 0.07
z, 0.57—0.79 0.65 0.08
Z, 0.87—1.57 1.10 0.18
Short neck clam z, 0.06—0.49 0.23 0.12
z, 0.59-—1.00 0.79 0.11

Thus, there was little variation among these three species in respect to their lipid contents.
The basic difference between lean fish and fat fish was in the content of the nonpolar lipids,
although there was no marked difference in the content of the polar lipids. The other
notable finding in the present section is as follows: The dorsal muscle of yellowfin tuna
should be included, ia respect to lipid content, in the same category as the muscle of puffer
and filefish in spite of the fact that this fish is traditionally classified as a fat fish. A large
amount of lipid, consisting mainly of the nonpolar fraction, was found in the livers of

puffer and filefish.

Fatty acid composition

The fatty acid compositions showed a large within-species variation in all of the six
species examined; however, the following characteristics were determined for these species
or groups of species:

Jack mackerel and mackerel resembled each other very closely in respect to both the
kind and compositional percentage of the main fatty acids in all total, polar or nonpolar
lipid. In the case of the lipid conient, however, yellowfin tuna differed from these two
species not only in the kind and compositional percentages of major component fatty acids
but also in the high concentration of the branched chain faity acids such as is016:0 and
is018:0 acids in the nonpolar fraction. The lipid in the dark muscle of yellowfin tuna
differed from that in the dorsal muscle of the same species, but resembled that in either
jack mackerel or mackerel muscle in respect to fatty acid compositions.

Among the lean fish, the lipids in the muscles of the filefish and short neck clam were
characterized by a high concentration of 20:5 acid, while those of the puffer were cha-
racterized by a high concentraiion of 22:6 acid. No other marked difference among the



i p ids in these three species could be found in cither the sum of the conceniration of these

o fatty acids or in the concentration of the other fatty acids.

Omne of the notable differences between the fatty acid compositions of these three lean
species and those in jack mackerel and mackerel was the high concentration of the branched
chain fatty acids, such as is016:0 and is018:0 acids, in nonpolar fraction, The high
conceniration of branched chain faitty acids in ihe nonpolar fraction of the dorsal
muscle of yellowfin tuna should be pointed out here as one of the evidences supporting
the suggestion that the dorsal muscle of vellowfin tuna should be included in the same
category as ihe muscle of lean fish in respeci to the faity acid compositions as well,
The lvers of puffer and filefish were bigh in lipid contents. The fatiy acid compositions
of their lipids differed from those of the muscle from the same fish which contained liitle
lipid, but resemmbled those of the Lipid
which contained a large amouni of lipid.

The fat fish differed from the lean fish in the dependence of the fatty acid compositions
of total lipid on either those of the nonpolar or polar fraction. The examir T’LﬁOﬂ of ihe
fatty acid compositions of the toial lipid in jack mackerel muscle revealed that the com-
posiiions of total lipid depended closely on those of n@m‘s@lar fraciion when the lipid conient
was higher than 11.5% while the compositions of polar fraction became imﬂuemml with
the decrease in the lipid content. In conirast with hs irend, the farty acid compositions
of lean fish depended closely on those of the polar fraction but negligibly on those of the
nonpolar fraction.

ih
from the muscles of either jack mackerel or mackerel,
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The factors closely relaied (o the variation of the faity acid composition
The examination of the significance (& =0.05) of the multiple linear regression of
mpositional percentages on the season, the fork lengih and the lipid content, and the

quadlamc and linear regressions on any of them revealed the following facts: The variations

of the faity acid compositions of the lipid from either jack mackerel or mackerel was related
to the lipid content and ihe season. In jack mackerel, the increase of lipid content brought
the increase in the compositional percentage of either 18:1 or 22:6 acid in the nounpolar
fraction, 20:5 acid in the polar fraction, but a decrease in thai of the 16:1acid, also in the
polar fraction. The compositional percentages of the 16:0, 16:1, 18:1, 20:5 or 22:6 acid
in iotal lipid varied with either a quadratic or linear relation to the lipid content. This
is due to the following reason: As mentioned in the Z;—Z, relationship, the lipid at low
conteni was mainly the polar fraction and the increase in lipid conient was mainly due to thai
in the nonpolar fraciion. It is, accordingly, natural that the compositional percentages of
the respective acids in iotal lipid were similar to those of the polar fraction at low level of
lipid conteni, but approached io those of the nonpolar fraction with an increase in the

lipid comnient.

An increase in the pid nient brought fluctuations in the compositional percentages
of several fatty acids, either i L@ nonpolar or polar fraction. In the total lipid, a decrease

observed in the 18:0, 20:3 and 22:6 acids.
A seasonal change in conm@sﬁi@ml perceniage was observed in the polyunsaturated
faity acids, such as the 20:5 and 22:6 acids, and in the saturated or the monoensic acid,

such as the 16:0, 16:1 and 18:0 acids. In jack mackerel and mackerel, it was determined

in the compositional percenta, fag s in accordance with the increase in the lipid content was
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that the compositional perceniages of the polyunsaturated scids increased in winter while
those of the saturated or the monoenoic acid increased in sumimer.

The lipid from the dorsal muscle of yellowfin una was similar to that of the iwo above-
mentioned species of pelagic fish in respect io a close dependence on the lipid content,
but was different from them in respect o the dependence on the fork length and independence
of the season. Close relationships between the compositional percentage and the lipid
content were found in the is014:0, 17:0 and 18:1 acids in the nonpolar fraction and in the
15:0, 18:0 and 20:3 acids in the total lipid. 1t was, however, difficuli to find the dependence
on the compositional perceniage of 22:6 acid on the lipid content in this species, in spite
of the fact thai this acid in either jack mackerel or mackerel showed a close relation 1o
it. A dependency on the fork lengih was observed in ihe 18:1 and 22:6 acids, either in
the nonpolar or polar fraciion, or in the toial lipid. The influence of the season of the
vear was observed in the fatty acid compositions of the lipid from the dorsal muscie,
probably due to the insufficient length of the collecting season of the samples (as short as
two months) as well as the insufficient seasonal change in the envirommenial conditions
at low laiitudinal water.

The lipid from the dark muscle of yellowfin tuna was similar to that of the dorsal muscie
in respect to the relationship between the compositional percentage of respective fatty
acids and either the lipid conient, the fork length, or the season, in spite of a large difference
in the lipid contents (high in the dark muscle but low in the dorsal one).

Based on these results, it was concluded ihat the lipid content was the common factor
in the three above-mentioned species of pelagic fish with red muscle in respeci io the close
relation to the variation of the fatiy acid compositions.

The lipid content could also be adopted to explain the variation in the faity acid
compositions of the different parts within the same individual. The muscles of jack mackerels,
sampled over different seasons of the year, were sliced into ihe dorsal and veniral halves.

An examination of the rejection zone revealed that the faity acid compositions of the
lipids from the ventral muscle varied greatly and depended on ihe lipid content, however,
most of the values were within the rejection zone of the values of dorsal muscle, in spite
of the difference in the lipid content between the dorsal and ventral muscles. Similarly,
most of ihe values of the lipid from the dorsal muscle were within the rejection zone of
the values of ventral muscle.

In puffer, the factor having the leading influence on the variations in ihe Taity acid
compositions was the fishing season, but the lipid conieni and body length could not be
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included in the influcniial factors. As the season changed from summer o winter,
compositional perceniages of the saturaied and the monocenoic acids iended to decrease, but
those of the polyunsaturaied acids increased.

in filefish, it was difficult to determine the main factor which would explain the variation
in the fatty acid compositions. From the significance of the guadratic and linear regressions
ihe faity acid compositions on the three probable factors, however, it appears ihat
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the relaiion to the body length was clearer than that io the other factors, however even this

=

was not significant (@ = 0.05). In reference to growth, the compositional percentages of
is618:0 aci¢ in nonpolar and 18:1 acid in polar or total lipid showed an increasing irend,
while those of 14:0 acid in nounpolar lipid, 18:0 and 22:5 acids in polar, and 22:5 acid in
toial one showed a decreasing trend.
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Both puffer and filefish contained only a small amount of muscle lipid. In spite of
a close similarity between these two species in the ranges of distribution of compositional
percentage of respective constituent faity acids, it was difficult to point out a common
factor in these two species in respect to the variation of the fatty acid compositions. i
should be useful to note here, as one of the clearest differences between lean fish (fish with
white muscle) and fat fish (that with red muscle), that the lipid content was noi a major
factor influencing the fatty acid compositions of either the puffer or filefish.

In short neck clam, it was determined that the temperature of the environmental rud
was one of the most influential factors in the variation of the fatty acid compositions. As
the temperature of environmental mud dropped, there was an increasing tendency in the
compositional percentage of the 15:0, 18:0, 18:2, 20:3, 20:5 and 22:6 acids in the total lipid, but
a decreasing tendency in the 14:0, 16:0, 16:1, is018:0 and 18:1 acids. Results similar to
those in the total lipid were found in the nonpolar and polar lipids. These changes in
fatty acid compositions due to the drop in the temperature of the mud could also be regarded
to be in accordance with seasonal changes, because the mud temperature dropped linearly
with the passing of the season studied here (from summer to winter).

Summing up these results, for species having white muscle and the short neck clam,
it was inferred that the main factor relating to the variations in the fatty acid compositions
of muscle lipid was the season of the year. However, there was very little influence of
the season on the fatty acid compositions in some species, for example in filefish.

In all the species used in the present study, the frequency with which fatty acids showed
significant quadratic and linear regressions between the compositional percentage and the
three above-mentioned factors was evaluated. It was determined that the 22:6, 18:1 and
16:0 acids had the highest frequency followed by the 14:0, 16:1, 20:3 and 18:0 acids.

In the acids of the former group, the frequencies of the 22:6 and 18:1 acids were par-
ticularly high in migratory fish having red muscle. The frequencies of the other acids in
the migratory fish approximated to those of the groundfish.

The 18:1 acid, biosynthesized from the saturated acid, is rarely biosynthesized to the
other acid, and the 22:6 acid, biosynthesized from the 18:3 acid, undergoes little reaction
of the further elongation of carbon chain or unsaturation. It is suggested that the migratory
fish obtain kinetic energy through the bio-oxidation of the lipid.

These facts suggested that the 22:6 and 18:1 acids should be of special importance as
a source of the kinetic energy in migratory fish and as a regulator of the balance of the
degree of unsaturation.





