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ATP : Adenosine triphosphate

DHA : Docosahexanoic acid

DM : Dried matter

GSI : Gonad somatic index

kD : Inactivation rate constant

M : Moles of sugar added to 1 kg of Mf
MTf : Miofibrillar

n : Numbers of fish

NMR : Nuclear magnetic resonance

r : Correlation coefficient

Tris : Tris (hydroxmethyl) aminomethane
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Table 1. Body size, GSI, condition factor, general components and extractive nitrogen of horse mackerel caught offshore from Nagasaki

More than 24cm in fork length
. . . Crude Crude  Extractive
+Date sampled Forl(( Ier)ag‘th 5 Btzd(y ) Body(V\)/elght asr Condltl*ozn M(zl;tl).lre ; (:')dru(%i) protein ash nitrogen
. cm epth (cm g. factor (] ipl ° (%) (%) (mg/100g)

1998/ 21st Oct. n=45 245 =+ 06 6.7 = 04 2216 = 173 01 X 0.1 142 =+ 06 73.8 5.2 205 14 3995

1999/ 20th Aug. n=5 274 =+ 1.1 72 =02 2960 = 215 01 =4 0.1 145 = 08 72.0 6.3 20.6 1.4 365.0
7th Sep. n=5 257 *+ 06 6.8 = 0.1 2472 = 176 02 %= 01 146 = 0.6 67.3 120 19.4 1.3 3415
16th Sep. n=5 247 = 05 68 = 04 2367+ 185 03 = 02 1586 =+ 1.1 69.9 8.6 21.0 1.3 3928
29th Sep. n=5 284 * 06 73 =02 3258 = 140 02 == 02 142 = 03 68.1 10.9 20.9 1.3 343.2
5th Nov. n=5 249 * 04 62 = 02 2068 = 100 03 = 00 134 = 04 75.5 2.6 21.4 1.6 391.8
18th Nov. n=5 252 *+ 10 66 = 02 2238 = 183 04 = 05 140 =+ 0.6 73.7 4.4 208 15 361.9

2000/ 12th Jan. n=5 269 =+ 0.3 7.0 &= 0.1 2832 + 138 35 *x 08 145 = 05 69.9 8.7 20.7 14 325.2
28th Mar. n=5 253 = 0.7 70 =03 2448 + 205 65 = 12 151 = 05 72.8 58 20.0 1.3 361.4
13th Apr. n=3 247 = 0.7 5.8 = 0.2 186.3 = 10.1 38 = 26 124 =+ 038 75.5 20 21.8 1.4 344.6
17th Apr. n=5 254 + 03 64 -+ 02 2316 += 26 54 = 13 141 + 06 75.4 3.1 20.3 14 365.7
Average 25.7 6.7 2458 - 14.2 72.2 6.3 20.7 1.4 363.0

20 to 24cm in fork length .

1998/ 22nd Jun. n=45 212 = 09 53 =03 1366 = 162 01 = 02 143 = 1.1 718 7.5 20.5 1.4 436.3
28th Jul. n=45 222 # 09 55 + 04 1677 = 229 01 = 0.1 15.1 = 0.1 742 46 20.8 1.6 444.1
27th Aug. n=45 217 *= 08 55 =02 1400 = 110 0.1 = 0.1 137 = 038 75.2 3.5 20.7 1.5 4220
22nd Sep. n=45 230 =06 - 57 *02 1777 = 113 02 £ 0.2 147 = 05 71.4 74 20.6 1.4 426.2

1989/ 6th Jul. n=10 214 %= 06 55+ 03 1427 = 143 00 = 0.1 146 = 09 69.7 8.5 20.5 14 398.0
15th Jul. n=7 230 =08 6.0 = 0.1 1833 £ 12.7 trace 150 = 0.6 68.8 10.6 19.2 1.3 345.3
11th Aug. n=19 206 =05 53 =02 1286 = 838 03 = 02 148 = 05 72.0 7.4 20.5 1.3 374.1
20th Aug. n=10 217 = 0.9 6.2 = 04 1570 = 215 00 £ 00 154 = 06 72.1 6.4 20.5 14 389.7
gth Sep. n=20 221 == 06 6.1 =03 1585 = 150 00 = 0.1 147 =+ 09 729 5.4 205 15 388.8
29th Sep. n=7 214 =09 55+ 0.3 1450 = 207 01 %= 02 146 = 0.6 73.1 59 21.6 1.5 366.3
18th Oct. n=20 221 = 0.7 59 + 03 1582 = 17.0 0.1 &£ 02 147 = 06 71.0 7.1 21.4 14 338.0
19th Nov. n=5 206 * 04 51 +02 1179 = 51 02 = 02 135 #= 06 721 6.7 20.1 1.5 339.7
30th Nov. n=10 216 = 0.7 55 = 0.3 1454 + 169 05 = 03 143 = 1.1 737 5.2 20.3 14 3414
9th Dec. n=7 212 =08 53 =03 1260 = 194 02 £ 0.3 131 = 0.7 75.1 41 21.1 1.5 358.8
14th Dec. n=19 219 £ 0.6 54 + 02 1417 = 120 07 = 04 135 = 0.7 73.1 5.4 208 15 361.9

2000/ 26th Feb. n=10 21.7 &= 0.7 55 *= 02 1431 = 179 48 = 12 138 = 05 76.0 2.8 20.5 1.5 351.5
9th Mar. n=10 21.0 =09 53 + 03 1366 & 160 62 += 1.0 146 x= 09 75.8 2.3 20.9 1.4 355.0
13th Apr. n=7 220 = 1.1 54 + 02 146.6 == 185 45 = 1.2 138 = 09 733 5.0 20.4 1.4 359.9
26th May n=7 203 =04 50 =+ 0.2 11874+ 78 20 = 1.0 144 + 05 722 1.3 20.7 1.4 343.7
Average 21.6 5.5 145.8 - 144 72.8 5.9 20.6 1.4 375.8
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Table 1. Continued

Less than 20cm in fork length
Date sampled Fork length Body Body weight s Conditi*c;n Moiosture Crude ﬁ;‘;:; Crude E:;:Z‘;Z:‘e
(cm) Depth (cm) (g) factor (%) lipid (%) (%) ash(%) (mg/100g)

1987/ 20th Nov. n=45 187 £ 1.1 46 + 0.3 96.5 &= 155 02 = 02 147 = 09 76.0 3.1 20.6 1.6 416.3
18th Dec. n=45 175 4+ 05 44 % 03 790 78 02 = 02 149 =+ 1.1 76.4 2.8 20.8 1.5 395.4
1998/ 21st Jan. n=45 149 =% 05 3.4 = 0.1 442 = 42 04 =+ 03 128 =+ 05 78.2 15 19.3 1.6 408.8
17th Feb. n=45 169 =% 06 40 = 0.2 640 = 6.2 0.1 = 0.1 134 &= 038 773 1.7 20.4 15 417.9
26th Mar. n=45 190 = 05 46 + 0.3 1014 = 115 05 = 05 139 == 0.7 727 6.5 20.6 1.4 420.0
17th April n=45 190 %= 05 48 + 02 1022 = 112 06 = 04 146 =+ 08 74.8 45 20.5 14 447.4
18th May n=45 189 % 03 47 = 0.2 1044 = 22 0.1 =+ 0.1 154 &+ 1.0 71.1 8.6 20.1 1.3 475.4
1999/ 13th Jun. n=10 193 = 09 52 += 04 1175 = 176 04 = 07 16.3 = 05 69.3 11.1 19.8 1.2 401.4
1st Oct. n=10 187 = 05 5.0 = 0.3 1187 = 72 01 = 0.1 149 &+ 05 71.4 7.2 21.2 1.4 367.9
22nd Oct. n=13 153 =+ 08 42 + 03 483 4= 97 trace 134 = 1.1 -76.2 24 20.3 1.6 334.2
4th Nov. n=20 151 = 06 40 = 0.2 471 %= 55 trace 138 = 0.7 78.1 1.2 20.1 1.7 380.4
19th Nov. n=8 189 %= 0.7 48 =+ 0.2 924 + 96 03 &= 00 138 = 0.8 75.5 40 19.9 1.6 344.6
9th Dec. n=6 195 % 02 49 &+ 0.3 103.7 = 841 08 &= 02 139 =+ 09 74.6 52 20.1 1.5 341.6
2000/6th Jan. n=10 16.1 = 0.7 42 = 0.3 566 = 6.8 03 = 0.1 136 %= 05 78.3 1.4 20.1 1.5 392.7
12th Jan. n=7 186 = 0.7 51 %02 1138 = 136 04 = 03 151 == 11 74.8 3.9 20.8 1.5 391.8
2nd Feb. n=10 199 == 0.7 48 = 0.1 1103 = 9.0 27 = 14 140 = 0.7 75.9 3.6 20.1 1.4 3555
26th Feb. n=10 184 = 05 46 & 0.3 840+ 73 19 = 12 134 = 04 774 14 19.2 1.6 369.2
2nd Mar. n=10 179 &= 0.6 47 %= 0.2 870 = 84 0.7 = 058 15.1 & 05 73.6 5.2 19.8 1.5 357.6
13th Apr. n=10 189 % 04 46 =+ 0.1 88.7 = 64 05 =+ 03 132 = 03 75.4 2.8 20.7 15 338.5
26th Apr. n=10 187 =05 48 = 02 982 = 8.1 02 *= 03 151 = 05 69.3 9.2 19.6 1.3 3524
9th May n=8 195 *= 05 50 = 0.2 1041 = 113 1.9 = 20 141 &= 05 74.0 5.3 205 14 345.5
19th May n=8 195 =+ 06 50 + 0.2 1041 &= 113 1.9 + 20 141 += 05 74.5 3.8 21.0 1.4 3504
Average 182 46 892 - 143 748 44 202 15 382.0

Data are the Mean == Standard deviation. All samples were caught by medium— and small- type purse seiners.
*1 100 X Gonad weight / Body weight
*2 1000 % Body weight / (Fork length)®
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Table 2. Body size, GSI, condition factor, general components and extractive nitrogen of horse mackerel caught in the East China Sea (bull trawl seine)

More than 24cm in fork length
" . .. Crude Crude Extractive
Date sampled For?clri?gth Bod(yc 3)epth Body weight (g) asr” iondltl*ogn M?;:;lre Cru(cf); ;‘p'd protein ash nitrogen
actor (%) (%) (me/100g)
1999/ 14th Jun. n=4 257 *+08 62 =% 03 2415 = 319 23 = 23 142 = 138 73.8 5.3 21.2 1.5 344.8
6th Jul. n=1 250+ - 54 % - 2294 = -~ 10 = - 147 & . ~ 71.4 8.0 20.3 1.3 3220
4th Aug. n=2 250=*=12 62 + 02 1989 + 01 01 £ 01 129 £ 138 758 . 43 18.0 1.5 295.8
10th Dec. n=7 246 =04 6.1 % 02 2080 = 157 03 =+ 03 140 = 08 71.2 8.5 19.3 1.5 311.1
2000/ 18th Jan. n=7 267 =17 66 = 04 2612 = 473 07 = 07 137 = 09 72.0 7.2 202 1.8 3282
16th Feb. n=5 28714 6.9 x 04 3046 = 540 23 + 2.1 128 = 09 75.6 32 20.4 15 3874
8th Mar. n=2 323*x32 81 % 06 4632 *= 861 38 =4 1.7 138 = 15 725 6.2 19.6 14 296.8
30th Mar. n=3 25509 62 % 02 2009 = 215 12 £+ 10 122 = 10 76.0 38 12.0 15 2725
19th Apr. n=3 270+ 47 68 * 08 2938 += 1429 41 £ 21 143 = 15 75.0 4.1 20.2 1.4 3135
Average 28.7 6.5 266.8 : - 13.6 73.7 5.6 19.9 1.5 319.1
20 to 24cm in fork length
1999/ 14th Jun. n=10 208 %= 08 51 2 0.3 1374 =% 186 02 X 02 153 = 09 711 82 19.7 1.4 3804
6th Jul. n=10 208 =04 53 = 0.2 1385 = 89 01 % 01 154 = 07 71.8 92 18.6 1.2 269.9
4th Aug. n=8 21209 51 % 03 1415 = 175 0.1 = 0.1 147 = 05 70.8 9.1 19.3 15 313.6
9th Sep. n=10 219 = 1.0 56 = 03 1576 =+ 202 01 %= 0.1 149 = 0.7 70.3 95 19.1 1.4 3234
28th Sep. n=9 219 +09. 58 *x 02 1546 = 106 02 %= 02 147 = 14 71.7 7.7 19.4 1.6 2776
28th Oct. n=11 223 =16 54 x 02 1452 = 102 02 =% 02 133 = 21 740 6.3 19.2 1.2 269.0
19th Nov. n=10 228 =05 59 %= 0.2 1708 = 148 02 %= 02 142 = 08 73.4 6.6 204 15 2789
10th Dec. =7 23803 60 % 02 191.1 % 70 03 £ 03 141 %= 04 69.6 11.1 18.7 1.5 269.5
2000/ 19th Jan. n=8 221 %09 53 4+ 02 1416 = 205 02 += 02 13.1 = 08 76.0 30 19.9 1.7 282.6
16th Feb. n=§ 21512 853 =% 02 1300 = 198 02 = 02 129 = 04 78.5 1.1 19.6 16 282.3
8th Mar. n=8 220+ 13 54 % 0.3 1372 = 256 05 =+ 05 128 = 05 71.5 20 19.6 1.7 2935
30th Mar. n=9 215=*08 55 % 0.3 1388 = 157 13 x 14 140 = 05 76.2 25 19.8 1.6 265.6
18th Apr. n=5_210+138 53 & 05 1316 *+ 276 15 % 13 140 = 09 77.2 3.1 18.3 1.5 2756
Average 21.8 55 147.4 - 14.1 73.7 6.1 194 1.5 290.9
Less than 20cm in fork length
1998/ 14th Jun. n=7 191 x 05 48 4 02 108.1 =+ 47 02 = 02 156 = 04 73.2 6.2 19.5 1.5 324.8
6th Jul. n=5 190 %05 49 £ 02 1057 = 141 01 = 02 153 = 1.6 72.1 10.0 18.6 1.2 264.0
4th Aug: n=10 173 =+ 13 44 %= 0.3 801 = 183 0.1 %= 02 154 4 09 76.5 48 18.0 1.6 2632
Oth Sep. n=9 19008 51 % 04 1062 = 171 trace 154 = 15 73.7 6.7 184 14 286.3
29th Sep. n=19 148 =08 39 * 02 433 = 6.9 trace 132 = 09 76.6 34 19.2 1.5 256.7
28th Oct. n=11 166 = 10 44 *x 02 666 = 113 trace 144 = 09 771 43 18.2 1.1 2371
19th Nov. .n=10 170 = 06 48 = 04 710 £ 9.3 trace 143 = 06 75.1 43 18.1 1.5 254.0
10th Dec. n=10 172 =07 45 == 03 708 &= 107 trace 137 = 08 715 6.7 18.8 1.6 2890
2000/ 18th Jan. - n=10 169 £ 09 39 =+ 03 591 = 114 trace i22 = 08 78.6 1.6 194 18 2770
16th Feb. n=6 177 =22 42 x= 07 73.1 = 274 trace 126 = 08 79.0 0.9 19.6 1.6 306.3
8th Mar. n=8 187 % 0. 46 = 02 805 =+ 8.4 trace 124 = 038 778 2.5 18.5 1.7 2135
30th Mar. n=7 17510 43 =% 0.3 701 = 114 trace 129 = 08 785 15 18.6 1.7 2838
19th Apr. n=10 190 & 06 48 + 0.1 97.3 + 109 0.1 & 05 142 = 0.7 76.2 2.8 18.2 1.4 274.7
Average 17.7 45 795 = 140 75.8 43 18.9 1.5 272.3

Data are the Mean &= Standard deviation. All samples were caught by bull trawl fishery. *1 and % are the same as in Table 1
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Table 3. Body size, GSI, condition factor, general components and extractive nitrogen of horse mackerel caught in the East China Sea (purse seine)

20 to 24cm in fork length

Crude Crude Crude Extractive

Date sampled For‘(( Ier)‘gth BOd(y D)e pth Body weight (g) asr” Cond'tﬂn M"('gj‘;" lipid protein  ash nitrogen

em em factor SN oe) (%) (%) (mg/100g)
1997/ 5th Jul. n=45 213 x 16 55 = 02 1462 = 104 00 =+ 01 152 = 0.7 68.2 12.5 19.2 1.2 376.4
27th Aug. n=45 206 = 1.1 51 = 02 1293 = 211 02 = 02 144 = 06 70.9 9.3 19.4 13 3491
26th Sep. n=45 215 * 08 52 = 0.2 1327 = 164 02 += 03 134 = 038 71.9 7.2 19.6 15 3458
24th Oct. n=45 218 &= 05 53 = 0.1 1451 == 116 0.1 += 01 140 &= 08 72.1 8.0 19.3 15 369.4
1998/ 23rd Apr. n=45 208 % 08 50 = 0.2 1312 == 135 03 = 06 146 = 0.9 74.7 4.7 202 15 399.1
21st May n=45 207 = 04 52 X 0.1 1319 = 8.1 02 =+ 02 148 = 0.6 71.4 8.2 20.0 1.4 378.2
18th Jun. n=45 210=% 09 53 = 0.1 1380 = 98 02 = 02 149 = 1.0 69.4 10.7 19.4 1.3 397.3
1999/ 21st Jul. n=10 223 =% 04 52 = 0.2 1544 =+ 8.3 0.1 = 0.1 13.9 = 03 71.7 75 19.8 1.3 324.8
2000/ 11th May n=8 20505 52 * 02 1250 &= 114 07 =+ 07 144 = 06 70.1 8.3 20.3 14 346.8
Average 21.2 52 137.1 - 144 712 85 19.7 14 365.2

Less than 20cm in fork length :

2000/ 11th May n=8 188 =06 47 =% 0.1 960 = 74 01 =+ 02 145 = 0.6 70.1 9.0 19.8 1.4 375.9

Data are the Mean o= Standard deviation. All samples were caught by large— and medium— type purse seiners.

*! and * are the same as in Table 1.
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Table 4. Body size, GSI, condition factor, general components and extractive nitrogen of horse mackerel caught offshore from Tsushima

More than 24cm in fork length

Crude Crude Crude Extractive

Fork length Body Depth  Body weight Condition Moistur

Date sampled asr £ lipid protei ash nitrogen
(em) (em) © factor”  ©(%)  (9) n(%) (%) (me/1008)
1997/ 7th Nov. n=45 245 %+ 10 6.2 + 0.2 1941 = 115 03 = 0.1 133 = 04 76.2 3.1 19.7 1.6 361.5
17th Dec. n=45 249 *+ 14 6.0 = 0.3 2072 =274 0303 135 = 08 75.1 45 20.7 1.4 3715
1999/ 20th Aug. n=7 249 =+ 09 6.4 £+ 02 2284 + 187 0.0 = 0.1 149 = 05 68.3 125 17.8 1.2 348.3
20th Sep. n=7 291 =12 74 =02 3389 =295 03 0.1 137 = 0.8 68.0 11.9 19.2 1.3 321.4
29th Oct. n=8 251 =08 6.4 = 0.2 2225 + 164 02 +0.3 140 + 05 75.1 45 19.5 1.3 360.6
Average 25.7 6.5 2382 - 13.0° 725 73194 14 352.7
20 to 24cm in fork length
1998/ 30th May n=45 205 & 1.2 50 = 0.3 135.0 £ 227 0.2 &= 01 155 = 10 71.5 8.7 19.6 1.3 360.2
4th Aug. n=45 213 =* 1.1 54 =+ 03 1395 = 215 0.2 %= 0.1 144 = 05 68.8 11.8 192 14 383.7
1999/ 20th Aug. n=7 235 %= 06 6.0 =02 1872 = 174 0.1 =03 144 & 06 69.7 10.6 18.4 1.2 346.6
20th Sep. n=1 239 x - 6.2 & - 1942 = - trace 142 = - 73.7 5.4 19.9 1.3 3474
2000/ 3rd May n=6 207 =04 54 + 0.1 1492 = 78 0.1 %= 0.1 17.0 = 0.9 61.8 18.5 17.5 12 325.6
8th Aug. n=9 207 =+ 08 53 + 0.2 1283 £ 124 trace 144 + 08 73.4 6.3 20.0 1.3 368.0
Average 218 5.6 155.6 - 15.0 69.8 10.2 19.1 1.3 355.2
Less than 20cm in fork length
1998/ 29th Apr. n=45 185 %= 14 44 += 04 913 = 211 04 =07 143 = 1.1 69.0 11.2 19.5 1.3 370.3
2000/ 19th Mar. n=9 193 = 04 49 £ 02 1067 = 79 0.1 %= 01 149 = 08 70.7 9.0 19.9 1.3 372.0
7th Apr. n=9 192 =04 49 + 02 1165 £ 73 trace 16.3 &= 0.6 67.8 11.9 19.1 1.2 368.2
15th Jun. n=10 19.3 %= 079 5.0 -+ 0.3 122.8 + 184 trace 17.1 & 038 59.0 23.7 17.6 1.2 294.0
Average 19.1 48 109.3 - 15.7 66.6 14.0 19.0 1.2 351.1

Data are the Mean == Standard deviation. All samples were caught by medium— and small—- type purse seiners.

*1 2%

and ° are the same as in Table 1.
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Table 5. Colors of horse mackerel caught offshore from Nagasaki, in East China Sea and offshore from Tsushima

Offshore from Nagsaki
Part 1 Part 2
L a* b* c* L a b* *
M°2'thmha” 1998/ 21st Oct 403 =28 -10 £03 -1.7 =+ + 838+30 -09+03 13 = 15 +
20 to 24cm 1998/ 22th Jun. 450 + 43 -0.7 08 —-04 =+ + 822 £28 -10 = 03 11 % 1.0 *
28th Jul. 356 =35 -08 £07 -24 + e 803 +£35 -1.1 =05 07 + 09 +
27th Aug. 359 £51 -22+09 16 =+ + 833 £43 -19 + 06 09 + 23 +
22nd Sep. 334 +24 09 +£04 -03 + + 826 +24 -16+ 07 15+ 186 +
Less than 1997/ 20th Nov. 385 + 49 —19 =07 -03 + + 799 £52 -13 + 07 32 + 1.6 +
20cm 19th Dec. 336 37 -15+07 -1.1 % + 849 19 -21 %07 19 +=109 +
1998/21st Jan. 36.9 =55 -14 05 -03 = + 838 +£27 ~-11+=06 25 =+ 13 +
17th Feb. 358 £21 -1.7+05 14+ + 788 £32 -14 %05 41 =16 +
26th Mar. 358 82 -1.7 £08 00 = 791 £65 -08 =07 31 % 25 +
17th April 380 £53 -15 07 12 % 823 37 -14+ 06 28 =16 +
18th May 409 +28 -12 £05 03 =+ 850 33 -10+ 03 21 + 18 +
Average 37.5 -1.4 -0.2 82.2 -1.3 2.1 2.8
In East China Sea®
Part 1 Part 2
o - b* L a* B* c*
20to 1997/ 5thJul. 387 £45 -13 £08 -08 = 14 * 808 £29 -05* 04 16 =05 1.7 + 05
27th Aug. 302 +41 -08 +04 -23+ 10 + 807 =43 -05+02 10 =07 12 + 06
26th Sep. 400 =36 -10 +04 -03 =% 10 + 792 +£27 06+ 03 24 +12 25+ 1.2
24th Oct. 358 £39 -07 £07 -22 + 15 + 778 £52 03+ 06 30 =10 30 =+ 1.1
1988/ 23th Apr. 339 =38 -07 £06 06 + 1.7 + 768 £47 -07 + 06 28 =22 33+ 16
21st May 416 =41 -13 +06 08 + 1.3 + 847 23 -09+ 05 39 =11 40 = 10
18th Jun. 402 =34 -14 +04 -14+ 14 23 + 818 +27 —-09+05 28 =07 30+ 08
Average 385 ~1.0 0.3 2.1 80.2 ~0.6 25 3.7
Offshore from Tsushima
Part 1 Part 2
L* a b L a b* c*
More than 1997/ 7th Nov. 342 = 31 -08 =05 -18 = 1.0 79.9 £52 -05 + 03 32 + 16 =
24cm 17th Dec. 345 =17 -06 +06 -24 + 1.0 849 +19 02+ 03 19 % 10 +
20to . 1998/ 30th May 335 + 4.1 -07 =05 -00 + 06 783 £57 -05 + 05 1.4 =+ 05 +
4th Aug. 420 +41 ~-1.0 =04 -02 = 1.1 81.3 £31 -05+ 03 22 + 1.0 +
Lossthan 1998/ 20th Apr. 423 £57 -09 209 01 % 28 772 £28 06 % 03 24 = 11 +
Average 37.3 -0.8 i1 80.3 0.5 2.2 2.7

All data are the Mean == Standard deviation for 10 samples. Part 1and 2 are shown in Fig.3.

*All samples were caught by large— and medium— type purse seiners.
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Table 6. Body size, GSI and general components of sample horse mackerel

Fork - . . ., Crude
Date sampled length Body v:/:lght Gsr'? Mczlos/tsjre Cru(cf; ;lpld protein Cru(%e ash

(Cm)*1 (g) 0 0 (%) /0)
1998/ 18th Nov. 222 =06 1536 = 13.7 02+ 02 767 3.1 19.8 1.3
16th Dec. 15.9 £ 0.7 598 £ 6.1 0.1 £ 01 79.7 15 18.6 1.3
1999/ 13th Jan. 20.1 =08 1118 &= 11.1 09+ 05 776 21 19.8 15
8th Feb. 238 0.7 1937 = 184 34+ 14 7863 3.5 -20.1 16
9th Mar. 196 =09 1181 *+ 154 21+ 12 747 6.0 19.3 1.4
6th Apr. 204 =07 1270 = 111 22 = 10 743 6.6 19.7 1.3
10th May 204 =08 1303 = 16.9 21+ 12 702 99 19.7 1.2
7th Jun. 194 =05 1049 = 227 05+ 06 7086 8.8 194 1.3
6th Jul. 216 =07 1475 x= 151 00 % 01 73.1 7.7 19.9 1.3
11th Aug. 206 =05 1286+ 88 03+ 02 7138 8.8 19.6 1.3
9th Sep. 221 =06 1585 %= 150 00 = 01 73.8 52 20.0 1.3
18th Oct. 221 =07 1582 =% 170 014 02 731 59 20.3 1.3
5th Nov. 246 =09 1973 %= 190 01+ 02 771 2.2 20.2 1.4
14th Dec. 219 =06 1417 &= 120 07+ 04 75.7 3.1 21.0 1.4

*I Mean = standard deviation. (n=20)

*2 GSI=100 X Gonad weight/Body weight.
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Table 7. The meat pH and Hunter's whiteness, moisture and crude lipid of kamaboko ge! from horse mackerel caught offshore

from Nagasaki

Hunter's whitness

Hunter's whitness

Crude lipid (96)

pH (heating at 30°C for  (heating at 90°C for Moisture (%)

Date sampled 20 min) 2 hours)
NL* FW™ ASW™ NL FW. ASW. NE FW ASW, NL FW. ASW. NL FW. ASW.
1998/ 18th Nov. 639 643 677 444 536 528 602 687 678 739 786 785 31 16 16
16th Dec. 657 673 701 409 466 465 538 586 593 768 775 792 14 13 10
1999/ 13th Jan. 647 678 706 428 499 491 569 638 637 741 789 784 21 17 17
8th Feb. 618 6.65 699 447 530 518 561 642 629 728 786 790 34 22 18
9th Mar. 646 683 708 468 539 546 598 651 655 720 786 784 59 34 36
6th Apr. 648 681 709 493 557 561 584 662 634 712 786 787 64 40 36
10th May 634 68 712 498 576 570 627 708 690 678 787 788 06 45 47
7th Jun. 604 666 684 492 556 557 589 667 655 69.8 785 788 86 32 32
6th Jul. 6.29 6.75  7.01 516 572 561 627 687 698 700 783 788 75 32 29
11th Aug. 6.30 683 710 516 571 561 627 698 687 686 787 786 85 30 343
9th Sep. 646 679 703 491 551 539 622 713 707 707 786 787 50 17 10
18th Oct. 625 662 702 493 562 561 594 690 667 695 788 788 57 20 17
5th Nov. 643 672 702 417 502 488 548 623 618 737 792 791 21 15 12
14th Dec. 622 645 675 484 561 557 50.1 662 649 720 790 789 30 25 23

1 ¢

*#2 &

N.L." means no leaching.
F.W.” means fresh water leaching.

*3A.SW. means alkaline salt water leaching.
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Table 8. The seasonal changes in the “disintegration” properties

of kamaboko gel from horse mackerel caught offshore from Nagasaki

Disinteg_.,rra’cion—index*1

1999/ Mar. Jun. Sep. Nov.

N.L.*2 88.4 75.6 69.4 77.0

Fw* 90.0 85.2 70.6 73.5

ASwWX 91.2 90.6 59.4 66.4
*1(1-J.Sg0°c- 21/ J- S50 - 20min) X 100

*27% Abbreviations are the same as in Table 2.
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Fig. 6. Sampling area of horse mackerel .
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Fig. 7. Temperature-gelation curves of kamaboko gel from horse mackerel caught offshore from

Nagasaki. The solid and dotted lines represent the jelly strength of kamaboko gel heated for 20
min and 2 hours, respectively. Numerals show the score for the strength of samples evaluated
by the folding test : ‘I’, broken into two parts, and ‘2, cracked when a 0.5¢m thick disc was
folded in half, ‘3, broken, ‘4, cracked, and ‘5, not cracked when the disc was folded into four.

A, paste; [, raw jelly; O, kamaboko jelly; @, disintegrated gel.

‘N.L’, FW.’and ‘A.S.W.’ mean ‘No leaching.’, ‘Fresh water leaching.’, and ‘Alkaline salt water

leaching.’, respectively.
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Fig. 8. The seasonal changes in breaking strength, strain, free moisture of kamahoko gel heated at
40°C, and “setting” properties of kamaboko gel from horse mackerel caught offshore from

Nagasaki.
O, No leaching; ¥, Fresh water l_eaching; A, Alkaline salt water leaching.

The “Setting-index” indicates the percentage of “d. S0 . 2m/J.S 50 . 20min” .
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Fig. 9. The seasonal changes in breaking strength, strain and free moisture of kamaboko gel heated
at 60°C for 20 min. The symbols are the same as in Fig. 8.
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Fig. 10. The seasonal changes in breaking strength, strain and free moisture

heated at 90°C for 20 min and 2hours The symbols are the same as in Fig. 8.

of kamaboko gel
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Fig. 1. The changes in temperature of fish meat heated at 40, 60 and 90°C respectively in the

water bath.
O, Heated at 40°C; A, Heated at 60°C; X, Heated at 90C.
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TILOREE SCTIVEREORE HEEKTOAET L 825 %A HIIZ A BREE 2 & B
OHLTSCOmMBEIZEAKE L THEE, 70 30g %5 EME Ca—ATPase HEEE
REEERSNI L2 THKRBZEM, 2508 27 VRABADY > 7L+ LTailLiz, ¥
05 250g IZH LT 3% DMk b Y v axmA, FEE (G)IX 18 2) < 30 7 I
BEL, BERELZAMEESIZHOZ 42nm oElr=y FYDT =Y F 2 —Tz
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BTG 77 (2) 3 & VB TS & C 0D BEBE % B T[] o () & Lo if:,r BRI 7 & B M ]
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—iE s, pH B L UBFHADHERE Ao, B 10g ZFEFrR, 105C TEEIZ LTRD -,
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BXREERDEDEL 6.25 ¥R U TR, M EI: Folch 5D HETRD Iz, pH
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HBELUPpH6.25 THY, T HEKBAD—ERKS 5 L O pH &, k4> 80.0%, #H& >

50
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—ZHAWTHEIF A X (600rpm, 2min) U CHEBH X L 7=, MfCa—ATPase HedE
MR 100mM KCI, 5mM CaClz, 25mM Tris—maleate (pH7.0) , 1mM ATP, Mf 0.2 —
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Table 9. A constant of inactivating speed of

total myofibrillar Ca~ATPase in surimi from
horse mackere! during storage at —25°C

Conc. (%) ko, kp, 2

Control 29.1 7.6
Trehalose 25 9.7 4.3
5.0 10.5 14

75 9.2 0.8

10.0 12.2 3.0

Sucrose 25 21.3 1.3
5.0 11.1 25

7.5 8.8 1.4

10.0 12.9 2.4

Glucose 25 28.2 2.8

50 22.2 24

7.5 28.0 1.1

10.0 14.3 1.0

Sorbitol 2.5 28.0 2.7
5.0 17.6 1.7

7.5 15.0 20

10.0 20.1 3.0

* kpy and kp, mean first and second steps of
inactivating speed respectively.

*ka and kp, are the slope of straigt line shown
in Fig. 14.
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Table 10. Relations among total Mf Ca

water in surimi and jelly strength of
storage at —-25°C

—-ATPase activity of myofibrils, amount of unfrozen
kamaboko gel from horse mackere! during

Jelly strength (X)*'
—~ATPase activity( V)*

= Jelly strength (X)

= Unfrozen water™ (V)

ATPase activity (X)
= Unfrozen water(Y)

Control  Y"04X-287 Y=0.0005X+0.21 ¥=0.001.x+0.238
(r=0.90, p<0.005) (r=0.84, p<0.01) (r=0.97, p<0.001)
Treahalose Y=0.4X-54.5 Y=0.0013Xx-0.16 ¥=0.002.X+0.192
(r=0.69, p>0.05) (r=0.87, p<0.005) (r=0.93, p<0.001)
Sucrose Y=0.8X-305.7 ¥=0.0020X~0.65 ¥=0.002.X+0.109
(r=0.82, p<0.05) (r=0.78, p<0.05) (r=0.93, p<0.001)
Glucose [ -04X-179 ¥=0.0009.X+0.20 ¥=0.002.x+0.335
(r=0.86, p<0.01) (r=0.96, p<0.001) (r=0.92, p<0.001)
Sorbitol Y=0.4X-47.0 Y=0.0015X+-0.33 Y=0.003X=0.101

(r=0.84, p<0.01)

(r=0.88, p<0.005)

(r=0.96, p<0.001)

*1-3 mean jelly strength of kamaboko gel (g *cm), total Mf Ca—ATPase ac
(Pi it mol/min/4g of meat) and amount of unfrozen water

mackerel respectively.
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