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Abstract

A study of the amino acid coutents by heating conditions of mackerel, pacific saury, vellow croaker, and bro-
wn sole investigated. In fresh fishes, total amino acid contents showed higher amount in brown sofe and yeliow
croaket, than those of pacific saury and mackerel. Tire amine acid contents among the tested samples were
higher Glx, ieucine, lysine and arginine in order. During heating of samples the amino acid contents decreased.
There appeared to be a proportional relationship of the heating temperature to decrease of amine acid. The am-
ino acid contents of steamed samples significantly decreased than those of others. During warming and rewarm-
ing samples after storage at 4° C for 24 hours, amino acid contents slightly decreased.
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for amino acnds anaiysus

ith C(md:lion

lmfrumem LIxB 4150, alpha autoanalyzer
Ultrapac 11 cation exchange resin
{11+ 2 220mm

ptt 3.20 0.2M Na-citrate

pH 4.25 0.2M Na citrate

pH 10.00 0.2M Na - civrate

Buffer solution

Buffer flow rate 40ml/hrs
Ninhydrin flow rate  25mi/hrs
Column temp. 50~80"C
Chart speed 2mm/ min

Injectxon \qume

40ul

bl -
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Table 2. Amino acids compositions of mackerel by heating
condrtlons (mg%, dry oas:b)
Amina - Steammg o Broiling
acids 100°C180°C 200°C 220°C
Asx™ 2532 44 ]797.08 2407.97 39/840 1898 OZ
Threonine 199634 121396 1682.84 131420 133975
Sering 1644.66 G76.88 1356.61  1054.9¢  1110.66
Gl 405307 257680 331883 275257 26657
Proiine 189374 166148 1476.33 152210 1220.55
Glycine 165455 1071469 1406.25 113175 1168.45
Alanine  2087.71  1316.68 1726.18 138541 i411.57
Cystine 597.91 441,43 50617 530.15 503.58
Valine 2280.39 147143 195838 1680.54 1486.88
hio-
’\?ﬁtm“’ 172661 109941 140612 123679 113447
Isoleucine 2041.00  1303.84 1693.44 142948 1384.39
Leycing 203057 163729 215166 176583 178618
Tyrosine 222296 125928 1812.08 145435 145396
Phenyl- - w uroo <
alanine 236057 1400.64  1960.14  1595.63 1589.56
Histidine 1895.72 1151.23 1284.99 116738 1227.38
Lysine 240236 1582.81 191199 1646.69 16235.01
Argmine 204678  1471. 77 14()5 79 1902.54 142482
Total 361 69.72 23853 72 29463 78 25548 82 24430. 34

]Asx aspartic acid + asparagine

" Glx=glutarmic acid +glutarmine

Steaming was at 1007 C for 10min.

Broiling was at 180° C far 20min, 200° C for 15min and 220°.C
for 10min.

Table 3. Amine acids compositions of pacific saury by heat-
mg condltmns (m&,%, dry basis)

An_1ino R Steammg o 77”_?r0|h_ng, -
acids "ooc 180C 200°C 220(‘
Asx 1837.80 1389 51 1543.74 1558.78 154182
Threonine 1238.66  931.63 118265 108800 106540
Serine  1060.05  743.87  953.37  913.76  885.27
Gix 2489.48 1911.66 2402.00 2149.79 12037.33
Proline 96693 1365.68 1550.42 984.79  969.91
Glycine 113898  801.64 104525 93831 94591
Alanine 132919  985.08 1275.35 1123.45 1129.14
Cystine  387.09  308.38  281.14 20763 301.02
Valine 144058 113530 1436.53  1193.40 124153
Mn‘i;?;o' 102428 85587 111742 92594 936323
soleucine 1270.84  995.91 125844 1083.58 1097.40
reucine  1690.29 121330 154321 140176 138657
Tyrosine  1217.40 98869 120601 112237 114481
Pheny!- . .

slanine 149814 109269 144451 1244.20 1268.06
Histidine 1365.49 104575 125779 1201.43  986.00
Lysine 158696 1146.85 142936 1308.53 1224.21
Arginine 137664 128479 1213.70 1090.83 91016

Totat 23525.80 T81‘?6 54 22141, 59 19536.55 19190 77
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2630.87, 2402.36, 2360.57, 2280.39 2l 2087.71mg%
2 A vhelsien, cystineo] 397.91mg%E 7hak A
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ne, leucine $2.2 FAoluj 48] ggke] Bololw
Biasteded, ole & AP AFE A4 7 el
. g, @o} "8 3-FoldlA histidine, taurine, lys-
ing, alanine £2] $-9Z fejolviale] dhefo] ok
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Table 6ollA] Rz wle} 22o] 412 75 e12] Glx, Asx,
proline, leucine & cystine?] ’ﬂ'*’?}ol 2576.80, 1797.08,
16561.48, 1657.29 % 441.43mg% = Aol 13} gle-7]
31938 o 2565.04, 1601.93, 1041.03, 1430.38 & 287.
97mg%h 2 FHAamshsl em, o] ohA) 23 w8k Fe
= 247392, 1431.36, 982.56, 1347.84 2 282.20mg%
2 zraebdc) Ea 200°CE 7gEdr 3598 Glx,
Asx, proline, feucine % cystine §8k-& 2752.57, 1978,
40, 1522.10, 1765.85 2 530.15mg%sisd 7ot 13 o)

Table 5. Amino acids compositions of brown sole by heating

ating conditions (g%, dry basis) conditions (img%., dry basis)
Amino o Steaming o Broiling Amino -~ Steaming Broiling
acids 100°C  180°C  200°C  220°C acids 100°C  180°C  200°C  220°C
Asx 4109.00 234328 328500 3088.36 3033.42 Asx 3639.206 266947 2929.64 276568 2753.95

Threonine 2763.00  1663.72 2140.02 192476 1920.60

Serine  2359.89 1532.92 1815.82 1635.54 1650.13
Glx 5612.61 4408.35 4818.00 4629.73 4597.58
Proline  2233.22 165648 170757 1891.13 1773.60
Glycine 2304.89 1653.02 1757.57 1631.06 1644.03
Alanine  2967.89 2065.02 233956 212317 2129.41
Cysine 49373 427.69 47042 44481  488.64
valine  2964.72 2013.72 240752 2233.03 2174.98
N;'ﬁ::o 228653 1611.08 1811.56 1688.23 1621.93

Isoleucine 2812.06 2029.80 2218.28 2053.67 2079.53
Leucine 3834.94 2711.52 3026.53 282044 2751.42
Tyrosine 229361 1611.28 1979.03 175437 1656.18

Phenyl-
alanine 3180.39 201291 2428.85 2126.54 2034.14

Histidine 1867.33 1477.16 1495.08 1407.98 1481.00
Lysine 3571.50 2641.75 2865.34 2722.91 264811
Arginine  2960.39 2662.62 260893 2766.63 2651.88

Total 48615.70 34522.32 39175.35 36942.36 36336.59

Threonine 2404.02  1736.65 1997.23 178323 1758.62

Serine 211460 1471.07 169932 1505.18 1471.43
Gix 5308.31 3967.30 4095.20 3641.89 3860.00
Proline  2108.68 201094 1811.57 2043.13 1937.72
Glycine 2047.46 1503.44 1689.92 1709.75 1545.54
Alanine 257249 1861.45 211111 193420 1911.47
Cystine 953.70 57216 753.54 75451 651.57
Valine 254339 1951.97 2263.56 2273.52 2201.74
N?ﬁ:go_ 16807.25 1502.33 1791.40 173211 1600.76

lsoleucing 238471  1917.26 2062.57 1900.76 1863.61
Leucine 334497 2450.04 261898 2371.73 2371.58
Tyrosine 2356.200 1774.00 2270017 2019.82 179258

Phenyl- )
atanine 2473.23 199596 227394 2291.77 2050.43

Histidine 1579.47 1198.93 1106.89 71514.29 1439.01
Lysine 3247.09 2353.00 2369.62 2159.41 224961
Arginine 273593 253029 2169.14 12714.86 259238

Total 42479.75 33466.25 36014.00 35115.84 34052.00
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Tabie 6. Changes of amino acids composmons by heating after storage of mackerei

btaamtr\@,
Amino acids — :
Steamed Wa:rned" Rewarmed**
Asx 1797.08 1601.93 1431.36
Threonine 121396 952.47 912.11
Serine 976.88 820.46 812.16
Gilx 2576.80 2565.04 2473.92
Proline 1667.48 1041.03 982.56
Glycine 1071.69 992.02 785.28
Alanine 1316.68 1248.46 1095.36
Cystine 441.43 287.97 282.20
Yaline 1471.43 1104.53 1000.32
Methionine 1099.41 859.45 825.44
lsoleycine 1303.84 1031.01 1003.04
Leucine 1657,29 1430.38 1347 .84
Tyrasine 1239.28 866.14 826.76
Phenylalanine 1400.64 1063.31 1055.84
Histidine 1151.25 855.55 799.68
Lysine 1582.81 1375.23 1364.40
Arginine 1471.77 1453.21 1423.84
Total 23453.72 19548.19 1843211

“Warmed was broiled Steamed or brmled al 200° C for 5min after qtorabe at 4° C for 24hrs,

**Rewarmed was broiled warmed at 200° C for 5min after storage at 4” C for 24hrs.

Table 7. Changes of aming acids compesitions by heating after storage of pacific saury

Amino acids

Threonine
Serine

Glx

Proline
Glycine
Alanine
Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Lysine
Arginine

Total

Steamed

1369.51
931.63
743.87

1971.66

1365.68
801.64
985.08
308.38

1135.30
855.81
995.91

1213.30
988.69

1092.69

1045.75

1146.85

1284. 79

78196 34

Steammg,

1

Wa rmed

1315.15
866.95
729.55

1898.88

1326.50
765.65
962.26
282.58

1086.71
787.47
950.28

1196.44
858.01

1047 .80

1021.28

110648

1256 18

74_17.87

Rewarmed

1292.58
837.95
703.15

T711.07

1304.61
707 .32
903.87
223.22

1075
706.55
831.26

1032.52
762.01
996.16

1001.85

1026.76

1183 30

162‘14 95

Br()iiing

Broiled Warmcd
1978.40 1731.06
1314.20 1048.43
1054.99 §26.59
2752.57 2728.75
1522.10 1079.70)
1131.75 909.78
1385.41 1169.97
530.15 363.81
1680.54 1332.81
1236.79 942.23
1429.48 17587
1765.85 1564.68
1454.35 1045 .48
1595.63 1211.27
1167.38 1112.74
1646.65 1517.48
1902.54 1491.52
25548.82 2125217
Broiling

Broiled Warmed
1558.78 1545.14
1088.00 962.73
91376 749,73
2149.79 2063.26
984.79 895.92
938.31 870.30
1123.45 1066.89
207.63 189.34
1193.40 1085.40
92594 884.94
1083.58 1045.55
140176 1401.43
112237 956.91
1244.20 997.53
1201.43 995.43
1308.53 129773
10%90.83 105’I 55
19536. '55 18056 78

1550042, 1543.21 & 281, 14mg%siel Aol 1ap gl 23
A 7 )i v Table 8 W 94 B

(m“”f’n, dry baﬂlq)

Rcwarmen‘

T685.25
1045.17

807.51
2666.79
1004.39

904.05
1168.02

338.48
1127.07

901.70
116528
1520.19
1006.20
120717

963.90
1424.43
1424.43

20364.03

{mgY%, dry basis}

Rewarmcd

1510.03
926.92
747.76

1849.79
874.25
844.20

1026.50
180.00

1050.32
782.14

1031.19

1401.29
932.35
926.65
925.37

1203.7%

1032.99

17245.53
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Tabie 8. Changes of amino acids compositions by heating after storage of yeliow croaker (mp%, dry basis)
Steaming Brailing
Amino acids e B e - -
Stgamed Warmed l\r:wa rmed Bw onled Warmied Rewarmed
ASK 2943.28 2598 67 2330 78 3088..}6 3030.04 289637
Threonine 1863.72 1609 .33 157517 1524.76 1756.50 1657.14
Serine 153292 1357.7¢6 1251.53 1635.54 1467.64 1443.09
Glx 4408.35 4330.24 4091.41 4629.73 4604.99 4601.86
Proline 1656.48 1632.76 1581.96 1891.13 1869.90 1768.76
Glycine 1653.02 1532.67 1431,97 1631.06 1617.26 1582.43
Alanine 2065.02 1987.10 194901 212317 2110.67 2065.74
Cystine 427.69 417.95 408.46 444,81 419.28 405.48
Valine 2013.72 1912.33 1848.81 2233.03 214222 1998.83
Methionine 1611.08 1495.67 1299.98 1688.23 1673.9% 1549.50
Isoleucine 2029.80 1864.38 1840.61 20353.67 2004.09 1999.43
Leucine 2711.52 2458.86 242783 2820.44 2762.74 2715.22
Tyrosine 1611.28 1550.57 1314.37 1754.37 1704.04 1607.50
Phenylalanine 2012.91 1906.76 169919 2126.54 2704.83 2019.54
Histidine 1477.16 C1313.62 1308.44 1407.98 1342.20 1362.79
Lysine 2641.75 2565.29 2301.86 272291 2691.35 2514.56
Arginine 2662.62 2318 43 2085.41 2766.63 2695.40 243819
Total 3532232 37857 39 30746.79 36942.3¢€ 36597.14 34584.43
Table 9. Changes of amino acids compaositions by heating after stovage of brown sole {mg%, dry basis)
Steaming Broiling
Amino acids e — — —
Stearned Warmed Rewarmed Broiled Warmed Rewarmed
AsX 266947 2594.56 2297.40 2765.63 2663.69 2470.66
Threonine 1736.65 1398.08 1544.22 1783.23 1705.23 1411.20
Serine 1471.0% 1290.88 1138.06 1505.15 1376.41 1207.07
Glx 3967.30 3499.04 3071.96 3641.89 3412.89 3148.07
Proline 2010.94 1535.36 1428.74 2043.13 1933.79 1859.94
Glycine 1503.44 1468.48 1396.63 1709.75 1484.02 1245.06
Alanine 1861.45 1842.12 1829.40 1934.20 1908.95 1723.18
Cystine 57216 428.45 416.61 754.51 681.14 650,59
Valine 1951.97 1900.80 1684316 2273.52 2047.33 1580.40
Methicnine 1502.33 1427.20 1351.72 1732.1 1404.21 1226.39
Isoleucine 1917.26 1823.36 1766.81 1900.76 1894.81 1651.21
Leucine 2450.04 2405.04 2307.29 2371.73 2339.79 283.60
Tyrosine 1774.05 1511.68 1414.69 2019.62 1852.95 1806.30
Phenylalanine 1995.96 1797.76 1733.28 229177 181095 1524.93
Histidine 1198.93 106912 1043.10 1514.29 1506.29 1251.57
Lysine 2353.00 232640 232393 2159.41 2031.52 19849.76
Arginine 2530.29 220992 2089.54 2714.86 2462.81 1982.76
Total 33466.25 30728.25 28996.54 35115.84 32516.78 29012.69
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