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Abstract

Trradiation-induced volatile flavor corapounds in irradiated (0, 1, 3, 5, 10 kGy) pork meats were analyzed by liquid
liquid continuous extraction (LLCE) and gas chromatography/mass spectrometry (GC/MS) methods. One hundred nine
volatile compounds were detected in irradiated pork meats. These compounds were mainiy composed of hydrocarbons
{42 compounds), aromatic compounds (39), aldehydes {9}, ketones {5) and miscellaneous compounds (14). Among these,
three volatile compounds, such as decene, 1,2,34-tetrahydro-6-methylnaphthalene and 1,2,3 4-tetrahydro-dimethylnaphthalene
were selected as irradiation-induced compounds comparing with irradiafon dosages in irradiaied pork meats. By the
high correlation coefficient with the increment of irradiation dose, however, decene (r=0.93) was considered as a marker
compound for detecting irradiation dosage in fresh pork meats,
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Table 1. Volatile flavor compounds in irradiated pork meats by LLCE method

Trradiation dose {kGy)”

. g 2
Compound name by class RI 0 1 3 5 10

Hydrocarbons(42)
Methyl-1,3-cyclopentadiene 723 79 28119 3143 3+5 47+38
Methylcyclohexane(isomer) 754 64729 3513 47+4 2811 4317
Methyleyclohexane(isomer) 749 35714t 45129 3317 88119 35+23
3-Methyl-3-heptane 760) F{ =R 26118 18+3 20+3 2+2
2-Methylheptane 771 7L 42112 32+4 37+9 23+11
2,3-Dimethylheptane 859 5121 33+6 2712 43+5 3h+5
2-Methyloctane 867 226+89 2041111 53412 215+164 40%7
Trimethylcyclohexane 885 13£7 12+0 1610 17£7 16+1
1-Methyl-2-propylcyclopentane 888 3¥*25 3415 37E2 34%10 2912
1-Ethyl-3-methylcyclohexane 891 107 £39 98+46 111+59 100£15 1082
1-Ethyl-4-methylcyclohexane 893 85+31 72433 36:k55 11+2 -
Nonane 902 W3 +463 795+78 8641168 1031+19% 794419
1-Ethyl-2-methylcyclohexane 910 39:£39 49+5 58+£3 80=a 37E1
24 .6-Trimethylheptane 919 6753 54=4 46=10 149188 45+0
25-Dimethyloctane 825 48+11 51=10 =6 49-27 4211
Propyleyclohexane 933 18087 152+323 150+32 171241 94,120
2,6-Dimethyloctane 935 2571140 223+9 209+50 224=42 151+40
3-Ethyl-2-methylheptane 943 5470 82+11 8013 299=576 41+17
5-Methylnonane 961 78x46 51=7 69+11 86x21 5612
4-Methylnonane 963 254+ 144 199:-23 217134 19541 90 =3l
Decene 954 - 21+15 11712 16032 20128
Decane 1000 15262917 1362+116 13071262 1471+241 108344
4-Methyldecane 1023 196118 204+14 19817 48=6a0 3078
Butylcyclohexane 1034 2181130 122 207168 171104 133=20
2-Methyldecane 1064 248108 294+ 68 28442 23956 1776
Undecane 1099 11214568  1200--159 10712200 1148+171 879429
Pentylcyclohexane 1137 §1+49 808 69+ 11 79118 55L4
3-BEthyl-2-methylheptane 1154 52430 6018 5712 b8x16 50+7
4-Methylundecane 1159 109+92 12510 114+27 106220 89L2
2-Methylundecane 1163 19 =104 3451226 19841 217 +55 149130
3-Methylundecane 1170 306219 5251142 30261 329+74 /0157
Dodecane 1199 §39+41p  1111£13%5 902+125 991231 6612507
2,6-Dimethylundecane 1213 202+97 255+25 198423 219453 207 +28
2,5-Dimethylundecane 1251 81+43 114x16 10618 97 424 995
4,8-Dimethylundecane 1258 9531 133+8 119+36 110433 14115
Tridecane 1298 670 =298 885+ 117 7352159 747177 8172107
4-Methyltridecane 1357 145127 146+59 131£76 72418 054-28
2-Methyltridecane 1362 1252280 233+37 171106 106+31 125+43
Heptadecane 1694 336L56 447 +114 304£145 214+18 2691744
Octadecane 1798 14359 394111 153+ 68 192495 163481
Nonadecane 1897 81436 18789 103 +84 2144169 81231
Eicosane 2000 B8x25 6717 61147 84139 3945

Aromatic compounds{39)
Methylbenzene 777 98098870 182682668 2029019424 29565 £06108 292842010
Ethylbenzene 866 341£190 5711166 15281287 6091112 455+ 28
Xylene(isomer) 8§73 12632657 1332+769  3614E69% 23871409 1312433
Styrene §95 233124 46743 3841113 323115 36+t51

continued on next page
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Table 1. Continued

it o
Compound name by class” RI” frradiation dose (KGy)
0 1 3 5 10

Xylene(isomer) 8497 601+322 89758 15391205  1059+266 o424
Cumene 928 68134 70217 PD+12 6819 43+11
Propylbenzene 957 219+117 213131 248 +51 234=41 137+20
1-Ethyl-3-methylbenzene 965 5741300 £+ 152 8291241 753£31 504134
C3-Alkylbenzene(isomer) 966 3741148 389+95 526122 435161 297 £32
Trimeihylbenzene{isomer) 972 486239 SU6~+ 80 533115 556186 340122
(3-Alkylbenzene(isomer) 983 287+142 3234133 4175195 3oL 47 229431
Trimethylbenzene(isomer) 997 1911+330 1186+142 1479301 1252203 869128
C4-Alkylbenzene(isomer) 1014 13392 147127 144+5 14736 103 %31
Cymene(isomer) 1025 7740 124+18 164+20 111£20 9t6
Trimethylbenzene 1027 264=13 294135 360£63 315+55 197+12
Cymene(isomer} 1028 178=99 201 £42 204128 215142 138413
Diethyibenzene 1053 11465 145=21 152412 134+41 127+6
(4-Alkylbenzene(isomer) 1055 239127 27017 225123 279172 214710
C4-Alkylbenzene(isomer) 1061 316--158 351+42 366143 308+92 176=6
C4-Alkylbenzene(isomer) 1071 430154 418141 376=46 40478 296 19
(4-Alkylbenzene{isomer) 1080 159174 18834 21220 23447 153+31
Cd-Alkylbenzene{isomer) 1082 185 +91 et4]1 25513 29148 19118
C4-Alkylbenzene(isomer) 1088 219+89 302%51 355£45 34870 228134
C4-Alkylbenzene(isomer) 1110 114164 130115 130114 139127 03+15
Decahvdro-2-methymaphthalene 1116 264199 140+12 95116 102+17 71710
Trimethylbenzene({isomer) 1119 1457182 166123 139100 249+116 196144
Trimethylbenzene{isomer) 1124 163190 18722 216740 21419 13726
C5-Alkylbenzene(isomer) 1201 5428 67+ 4217 56115 503
1,2,34-Tetrahydro-2- 1221 108+65 95417 77110 10534 86=17

methylnaphthalene
1,2,3,4-Tetrahydro-6- 1274 - - - 173£13 181+66

methylnaphthalene
1,2,3A-Tetrahydro-5- 1300 g1t+41 118+18 11425 119+24 129=21

methylnaphthalene
1,2,3,4-Tetrahydre-2,7- 1325 13167 145 =77 173=34 183144 210=42

dimethylnaphthalene
1,2,3,4-Tetrahydro- 1403 - - - 94+52 137 +41

dimethylnaphthalene
Dimethylnaphthalene 1433 57120 56122 7525 5916 35+13
1-Butylhexylbenzene 1541 210£15 21870 155+85 82371 122166
1-Pentylhexylbenzene 1636 181425 180+99 118-£78 4812 10968
1-Butylheptylbenzene 1640 179:£40 177£76 11970 40+18 99=63
1-Pentylheptylbenzene 1733 267+131 345+181 15551 7328 181+121
1-Butyloctylbenzene 1738 142182 15299 69133 22+4 74441

Aldehydes(9)

2-Methyl-2-butenal 754 10724 64111 46110 4145 41+£8
Hexanal 507 113£12 721452 9051264 916533 10081897
Heptanal 904 306=37 495 200 523+113 68167 672158
Octanal 1004 167 £86 351+85 38248 70689 624118
Nonanal 1104 1354141 2756=1107  1873+225 18134148  1867+506
Decanal 1205 209667 431+ 60 297+31 306+65 302:£85

continued on next page
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Table 1, Continued

Irradiation dose (kGy)”

4 2

Compound name by class RP i i 3 5 m
(E.E)}-24-Decadienal 1318 226 553+567 154 +60 43+12 110+52
4-Hydroxy-3-methoxyvbenzaldehyde 1403 244160 106£2 105+ 74 56185 713
Dodecanal 1400 177 +158 281425 246+55 177 +54 384195

Ketones(5)
3-Hydroxy-2-butanone 724 1308 +379 13361243 1083 +156 615+185 466115
4-Methyl-2-pentanone 751 23+16 40+2 57+12 4619 2816
24-Dimethyl-3-pentancne 802 118+ 145 260-+217 388108 182+124 154 +147
3-Methyl-2-heptanone 861 1412191 70432 79+21 9319 7714
2,6-di-Butyl-2,5-cyclohexadiene- 1478 171£78 284113 223199 5251616 209+20
1,4-dione
Miscellaneous compounds(14)

Tetrahydro-2H-pyran 721 4766 50L42 424729 30+ 28 120410
2-Methyl-3-pentanol 807 9701335 18201191 16385122 14581319 1554 =68
Butyl acetate 820 - 36012 48357 50013 -
@ -Pinene 938 189+97 26830 323+k51 362186 293153
8 -Pinene 951 153186 276131 372+ 66 433+93 33081
Hexanocic acid 985 403+109 610+141 446161 430£259 3111149
Limonene 1032 196112 33563 45171 34677 48683
Benzothiazole 1232 10050 143+14 B9+ 5h5 128+729 111+22
@ -Copaene 1386 198+ 46 209+19 141+59 90130 132120
Tunipene 1421 3761111 344+124 291107 186134 207+ 67
Geranylacetone 1454 7311 89121 57122 BT 10 777
Isopropyl myristate 1821 251278 37146 130+55 1153844 -
Hexadecanoic acid 1957 606+ 497 86212 5173460 - -
1-Methylethyl hexadecanoate 2029 3722110 6831379 460--309 4822212 209-+63

Compounds were tentatively identified by standard MS library data {Wiley 275k, Hewlett-Packard Co., USA}.

“Retention index.

“Mean concentration {ng/g) of duplicate GC/MS analysis for 2 LLCE extracts.

Concentration of each compound was calculated as a relative contenl to TMP concentration put i sample {136.2 ug/g) (factor=1).
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Table 2. Statistical data obtained from the linear regression
equation Y=a*X + b as applied to the analysis
of volatile flavor compounds in irradiated pork

meats
Y=axX+b

Compound RI a b :
Decene 934 2049 2238 093
1,2,34-Tetrahydro-6- 1274 586 481 0.36
methylnaphthalene

1,2,34-Tetrahydro- 1403 1534 -1202 095
dimethylnaphthalene
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