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Abstract

To identify the irradiation—induced volatile flavor compounds, which were not detected in unirradiated
sample and had positve correlation with the increment of irradiation dose, the volatile flavor compounds
of irradiated (0, 1, 3, 5, 10 kGy) chicken were analyzed by liquid liquid continuous extraction (LLCE) and
gas chromatography/mass spectrometry (GC/MS) methods. One hundred twenty nine compounds were detected
in irradiated chicken, and these compounds were composed mainly of hydrocarbons (62 compounds),
aromatic compounds (44), aldehydes (9), ketones (5) and miscellaneous compounds (10). Among these, only
3 volatile compounds including 2—methylpentanal (r=0.24), 4-methylcyclohexene (r=0.08) and cyclotetradecene
(r=0.92), were detected as irradiation-induced volatile flavor compounds in irradiated chicken. However,
only cyclotetradecene was selected as a marker compound for detecting irradiation dosages with high

correlation coefficient in irradiated chicken.
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Table 1. Volatile flavor compounds in irradiated chicken by LLCE method
Irradiation dose (kGy)Z)

1
Compound name by class RI 0 1 3 5 m

Hydrocarbons(62)
4-Methylcyclohexene <800 - 38+0 51%3 58+41 17+20
1-Octene <800 159+99 77x41 64*=17 81+37 108+39
Octane 800 132%85 216+152 23576 274+128 301+120
Ethylcyclohexane 835 21£8 44%34 59+23 75171 28+7
1,1,3-Trimethylcyclohexane 838 13£3 600 10718 107+92 25+19
2-Methoxy-2-methylbutane 843 213+133 3971268 7641130 966536 710£190
2,3-Dimethylheptane 856 13+7 35+28 55+28 60+21 5640
C3-Alkylcyclohexane(isomer) 887 9042 137£88 188143 185+96 10622
C3-Alkylcyclohexane(isomer) 889 41+4 292227 174+53 187£89 57£5
Nonane 898 3661246  1,047+742 1,066£290  1,007£536 568209
C3-Alkyleyclohexane(isomer) 906 29%5 7348 78%=19 74+38 44+13
2,5-Dimethyloctane 922 23%+1 10375 92122 85147 4615
Propylcyclohexane 929 107x44 301£222 27866 2271188 97£63
2,6-Dimethyloctane 932 146779 163+31 444+213 375+228 175+26
3-Methyl-2-methylheptane 939 101£60 3041£235 251+99 2291137 149+69
Trichloro-1-propene(isomer) 946 6141 175£133 138+32 14290 77+13
Tetramethylcyclohexane(isomer) 954 52*15 138+92 12733 120+63 82+25
5-Methylnonane 956 34+9 171+195 85+23 85147 51£13
4-Methylnonane 959 87+27 2271208 238+65 2371126 13345
1-Methyl-2-propylcyclohexane 981 8732 252179 192+48 175+104 13225
Decane 996 711+235  1,745+1,258 1,219+£314  1,171£606 806 +297
4-Methyldecane 1,019 97t4 337+252 248+ 63 228+127 17064
5-Methyldecane 1,054 78£29 262+202 16039 148+386 95£35
2-Methyldecane 1,060 106+45 322+248 184£37 16494 11042
C3-Alkylcyclohexane(isomer) 1,082 40£17 129£96 9120 78+48 51£18
Undecane 1,095 621£211 1,388%£1,043 7191+184 594476 4871191
5~Methylundecane 1,112 198+317 105£74 6314 61+34 3620
5-Methyl-5-propylnonane 1,122 37t14 65157 46+ 10 47%26 32x10
Pentylcyclohexane 1,132 44114 10875 54+17 49+27 3818
4-Methylundecane 1,154 72%30 143+107 89+ 16 89149 51x19
2-Methylundecane 1,158 129+28 2791206 118+32 129+71 82%31
3-Methylundecane 1,165 154+51 176180 141£32 142+76 102+40
Dodecane 1,194 6971200 1,171 %837 469112 4561226 338125
2,6-Dimethylundecane 1,208 143%+35 2551181 119+27 122£62 75125
Hexylcyclohexane 1,236 89+28 14498 69*16 72£39 45+21
2,4-Dimethylundecane 1,248 56t19 9768 85+35 74%42 25£29
4-Methyldodecane 1,253 61+22 100£69 54+12 56128 39*11
2-Methyldodecane 1,258 15672 3214254 141£31 14468 124%31
3-Methyldodecane 1,265 63%3 137£101 60£13 62£30 29+34
Tridecane 1,293 719£238 1,210£914 533+115 505250 3844149
2,6-Dimethyldodecane 1,311 41118 47+ 46 27116 29+16 14£10
Heptylcyclohexane 1,341 5719 10175 47+11 54130 33x11
4-Methyltridecane 1,352 5117 29*1 40*8 4624 33x10
2-Methyltridecane 1,358 64+ 19 120£75 71*19 83140 6319
3-Methyltridecane 1,364 55114 82162 4317 47+26 33t11
2,6,10-Trimethyldodecane 1,371 71%£21 137103 79*16 92+41 82+21
1-Tetradecene 1,386 19%2 26110 62+14 74+£27 88t6
Tetradecane 1,394 4611157 8301621 312194 430£218 339+132
4-Methyltetradecane 1,452 28E15 55336 33%10 42*19 254
3-Methyltetradecane 1,464 29+14 62146 33%8 38+23 29110
Pentadecane 1,493 21282 3741274 171+52 169+86 169+£48
Nonylcyclohexane 1,551 17+5 43+30 23+10 351+33 25+3
Cyclotetradecene 1,570 - - 25+10 3016 41+1
Hexadecane 1,595 133£89 161%+123 10583 66134 68118
Heptadecane 1,693 165192 224+ 169 10183 6727 85+ 19
5-Phenyldodecane 1,732 17+5 27x19 13£7 8*+3 1£3
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Table 1. Continued

Irradiation dose (kGy)?

D
Compound name by class RI 0 ) 3 - o
Octadecane 1,793 123170 1641113 3621 37+18 39t16
Nonadecane 1,892 114£58 1601105 81+15 44122 50+13
Eicosane 1,997 33£13 58+30 3HE11 20+11 2314
Docosane 2,188 137+85 11884 41147 2011 103+64
Tricosane 2,291 64+51 57£53 2114 179 55%21
Tetracosane 2,397 72158 161147 52*14 5120 62145
Aromatic compounds(44)
Methylbenzene <800 54,604+32078 85851168479 41,50614,565 37,786+20,327 283758572
Ethylbenzene 861 417%161 7371624 481160 496367 3461126
Xylene(isomer) 871  1,452%167 2,180+1,680 1,339%383 1,389+333 8691333
Styrene 892 147%66 37711272 202£62 202£115 192£67
Xylene(isomer) 894 551%73 8651658 1,96412,992 550296 376£129
Cumene 925 38t14 10677 98%26 83149 45+13
Propylbenzene 954 95+27 2831208 245162 243%139 13744
C3- Alkylbenzene(isomer) 962 36090 801 £575 6171147 607329 386143
C3-Alkylbenzene(isomer) 963 23982 497360 331105 32471155, 225+118
Trimethylbenzene(isomer) 968 268198 6611470 576+130 559+£297 336*+115
C3~Alkylbenzene(isomer) 980 94£24 240157 190+43 194198 131£53
Trimethylbenzene(isomer) 993 5951196 1,226 2865 907+219 906 =460 6691235
Butylbenzene 1,007 6676 193+131 244+73 18498 126149
C4-Alkylbenzene(isomer) 1,010 75£59 251207 22172 181+98 102£43
Cymene(isomer) 1,021 48+27 163+125 110£26 93+52 57+£25
Trimethylbenzene 1,022 131+47 338257 274155 2691153 162+64
C4-Alkylbenzene(isomer) 1,024 87144 270207 1954370 166180 126 £59
C4-Alkylbenzene(isomer) 1,030 167121 481377 50627 276157 201 =%
Diethylbenzene 1,048 45+20 1611128 12327 97£60 71£38
C4-Alkylbenzene(isomer) 1,050 98+39 314+£245 21152 1851107 113*48
C4-Alkylbenzene(isomer) 1,057 108+53 2791214 170+42 156+89 10644
C4-Alkylbenzene(isomer) 1,066 167163 475+£358 276163 261£148 17761
C4- Alkylbenzene(isomer) 1,076 69123 211*163 12526 11261 8126
C4-Alkylbenzene(isomer) 1,078 110+62 236183 378+425 139+81 9434
C4-Alkylbenzene(isomer) 1,084 16869 316238 179+39 254143 122+45
Cymene(isomer) 1,105 63+27 161122 97+£22 94+55 61=19
C4-Alkylbenzene(isomer) 1,108 25+11 61+46 78+33 32+19 27116
Decahydro-2-methyl- 1,110 ME17 139£102 3919 7142 52+19
naphthalene(isomer)
C4-Alkylbenzene(isomer) 1,115 68+24 184+135 10223 103+57 6919
Tetramethylbenzene 1,119 6617 155+117 83*19 8744 58+23
Decahydro-2-methyl~ 1,127 62118 148+105 PHt25 31+43 55121
naphthalene(isomer)
C4-Alkylbenzene(isomer) 1,152 6116 128195 62115 82+38 43*17
1,2,3,4-Tetrahydronaphthalene 1,163 5717 128+97 75*16 73x38 47+18
C4-Alkylbenzene(isomer) 1,173 51%11 174114 69t15 6437 43+12
Naphthalene 1,186 17351 381283 190£37 172182 140£50
1,2,3,4-Tetrahydro-2-methyl- 1,217 55+17 10678 49+11 52127 33%£11
naphthalene
1,2,3,4-Tetrahydro-5-methyl- 1,296 69+33 116£82 56110 59129 3BE11
naphthalene
Methylnaphthalene(isomer) 1,298 69+33 11887 65+t13 71+£39 40+13
1,2,3,4-Tetrahydro-dimethyl- 1,321 11338 206£150 100x22 10450 70£21
naphthalene(isomer)
1,2,3,4-Tetrahydro-dimethyl- 1,326 14£6 16*15 11£2 14+8 6x1
naphthalene(isomer)
1,2,3,4-Tetrahydro-5,6-dimethyl- 1,397 57+27 122+91 40+16 44+7 33+26
naphthalene

continued on next page
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Table 1. Continued
b Trradiation dose (kGy)?

Compound name by class RI 5 ] 3 5 10
Dimethylnaphthalene(isomer) 1,426 13%6 25+18 15£2 20=12 12+3
Dimethylnaphthalene(isomer) 1,429 43%+24 9284 51%16 47+24 3H+14
2,4-bis(1,1-Dimethyethyl)phenol 1,510 40*=13 6214 49+32 63134 70+21

Aldehydes(8)
2-Methylpentanal <800 - - 12£5 714 3*2
2-Methyl-2-butenal <800 1216 28121 32x11 4637 -
Hexanal 802 451+247 1619%+1,691 768+ 194 856 T 463 1,106 =559
Heptanal 901 307+145 429+297 273+114 2811141 3223117
Octanal 1,000 168+94 3381243 27185 2531125 207+72
Nonanal 1,100 908+804 1,804%1,312 704149 6921373 1,062%161
Decanal 1,201 195424 4251284 257158 205+108 181+55
Dodecanal 1,404 104£76 79+59 53x15 57%29 42+7

Ketones(5)
4-Methyl-2-pentanone <800 948 1610 2617 18*13 614
2,4-Dimethyl-3-pentanone <800 51+35 135£102 59114 6425 57126
2-Heptanone 858 4941 135108 81£23 69136 4918
6-Methyl-5-hepten-2-one 984 123%43 3721270 243+178 261+139 189%57
5-Methyl-5-phenyl-2-hexanone 1,827 2319 57+12 61£37 32+6 12+4

Miscellaneous compounds(10)
Butyl acetate 819 205%0 384+219 158+93 272+139 18932
Cyclohexanol 885 23+0 8177 49+12 15150 37
a ~Pinene 934 17179 3421245 173£40 19294 155%58
B -Pinene 977 17799 329+243 17746 173+107 139149
2-Ethyl-1-hexanol 1,026 49120 244+169 190+52 178110 2417
Limonene 1,028 210107  1217£924 36191 6541328 5014
Nonanoic acid 1,263 226=274 26£2 45112 45123 14775
a ~Cubebene 1,381 48=19 8766 42+9 42%21 38%12
Junipene 1,416 13260 209+ 147 107+29 111£58 125+66
Geranylacetone 1,450 31%11 52%12 33*+13 33%+20 23%3

D ..
Retention index.

Mean concentration (ng/g) of duplicate GC/MS analysis to 2 LLCE extracts.
Concentration of each compound was calculated as a relative content to TMP concentration put in sample (136.2 pg/g)

(factor=1).
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Table 2. Statistical data obtained from the linear regression
equation Y=aX X-+b as applied to the analysis of
volatile flavor compounds in irradiated chicken

=a X
Compound RI Y=axX+b
a b r
2-Methylpentanal <800 0.33 347 0.24
4-Methylcyclohexene <800 0.50 31.30 0.08
Cyclotetradecene 1,570 4.34 310 092

BAF(r=0.24, 0.08)F vtetlle] ZAFHEZAM = #A 7
g Aoz FAebE g}, whebA cyclotetradeceneo] HFAL
A zAE g ZAEAE AAHY

o 2= AR S Bate] Tl ALt o3
HeHe I3gEL2 IXEA A YAz A
ZFoll WAL Al gar]e A A Re) A& E i
A Z2AEAE AAse A7V AEH o & o2

‘04 }\O]’_\'_/‘é =2 =
AR ZAlgd & A7 B2 EA & A 3] 8 2 A

LLCEBJ o= ;;]uL/H 6‘]:7] /\6]_5_
;‘/‘]'% ‘53‘17]°ﬂ/‘1 7535]‘11 = ]% F2 g3l
(62%), k313 E-7-(44%), SHS =R (95), A
(6%) ¥ 713 EF (1022 T4 = Yt o) & ]
ZALE A B M HEE A GomA walAd ZApA g
9] Z7tell el 2 sheke] W) ofe] ARAE JHA =
A ZAEA 24 2-methylpentanal, 4-methyley-
clohexne @ cyclotetradecene 5 329] 335o] AAH
sl o) ubabal Zabalek Zobelo] AR g A5
cyclotetradecene®te] B i27] 8] WAtk 2AAH S 413
_g._x] A2 xi;dﬂcﬂr,].

aAtel 2

T oA AR 1997 F )& kA)
: 297040-3) 0l & 3le] el E A}l o
H] x| el ZRAL=gY Tl 283 WAl &=
28 F2) AR AT A WA A E A
{2 el o) W - w3 AAR} o RAx 2

Ho
roh

1. Lee, C.H. . Acceptance and Trading on Irradiated Foods.
Korea University Press, Seoul, p.44 (1998)



1056

2.

10.

11

12.

13.

14.

15.

16.

17.

18.

R

AeE -2 E-

Yang, J.S., Kim, C.K. and Lee, H.]J. : Detection of irra-
diated chicken, pork and beef by ESR spectroscopy.
Korean J. Food Sci. Technol., 31, 606-611 (1999)

AR, W LRA, AFE PR AR E AAY

W oA A EF, 148, 55-71 (1999)

. Olson, D.G. : Irradiation of food. Food Technol., 52, 56—

64 (1998)

. Thayer, D.W. : Wholesomeness of irradiated foods. Food

Technol., 48, 132-136 (1994)

. Kang, L.L., Kwak, H.J., Lee, BH., Kim, K.H., Byun,

M.W. and Yook, H.S. : Genotoxicological and acute tox-
icological safeties of gamma irradiated beef (in Korean).
Korean J. Food Sci. Technol., 30, 775-780 (1998)

AR A ETHEE, 994 412 (1999)
. Yang, J.S. : General survey of detection methods for ir-

radiated foods. J. Korean Nutr. Soc., 29, 500-507 (1997)
ARt EF A ES] A&y, A FF 4
41, 30, 121-130 (1997)

Nam, H.S., Woo, S.H,, Ly, S.Y. and Yang, ].S. : Identifi-
cation of irradiated fishes by ESR spectroscopy. J.
Korean Soc. Food Sci. Nutr., 29, 425-429 (2000)
Jeong, S.K,, Park, J.H, Ji, S.T., Park, K.J.,, Kim, HH.,
Hyun, C.K. and Shin, H.K. : Discrimination of irradiated
beef using comet assay. Korean J. Food Sci. Technol.,
32, 747-754 (2000)

Woo, S.H,, Yi, S.D. and Yang, J.S.: Detection of irra—
diated agricultural products by thermoluminescence
(TL). Korean J. Food Sci. Technol., 32, 525-530 (2000)
Chung, HW., Delinc ée, H. and Kwon, J.H.: Photos-
timulated luminescence-thermoluminescence application
to detection of irradiated white ginseng powder. Korean
J. Food Sci. Technol., 32, 265-270 (2000)

Yang, J.S., Kim, C.K. and Lee, H.].: Detection of irra-
diated chicken, pork and beef by ESR spectroscopy.
Korean J. Food Sci. Technol., 31, 606-611 (1999)
Ahn, D.U,, Olson, D.G,, Lee, J.1, Jo, C., Wu, C. and Chen,
X. : Packaging and irradiation effects on lipid oxidation
and volatiles in pork patties. J. Food Sci., 63, 15-19
(1998)

Ahn, D.U,, Olson, D.G., Jo, C,, Love, J. and Jin, SK.:
Volatilies production and lipid oxidation in irradiated
cooked sausage as related to packaging and storage. J.
Food Sci., 64, 226-229 (1999)

Tanchotikul, U. and Hsieh, T.C.Y. : Analysis of volatile
flavor components in steamed rangia calm by dynamic
head space sampling and simultaneous distillation and
extraction. J. Food Sci., 56, 327-331 (1991)

Ahn, D.U,, Jo, C. and Olson, D.G.: Volatile profiles of
raw and cooked turkey thigh as affected by purge tem—
perature and holing time before purge. J. Food Sci., 64,

o -

A -

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31

32.

33.

1

2% - oAl

230-233 (1999)

. Baek, H.H., Cadwallader, K.R., Marroquin, E. and Silva,

J.L. : Identification of predominent aroma compounds in
muscardine grape juice. J. Food Sci., 62, 249-252 (1997)
Cha, Y.J., Kim, H., Park, S.Y., Kim, S.J. and You, Y.J.
: Identification of irradiation-induced volatile flavor com-
pounds in irradiated beef. J. Korean Soc. Food Sci.
Nutr., 29, 1042-1049 (2000)

Hites, R.A. and Biemann, K. : Computer evaluation of con-
tinuously scanned mass spectra of gas chromagographic
effluents. Anal. Chem., 42, 855-860 (1970)

Cha, Y.J. and Cadwallader, K.R.: Volatile components
in salt-fermented fish and shrimp pastes. J. Food Sci.,
60, 19-24 (1995)

Hwang, K.T., Park, J.Y. and Kim, C.K. : Application of
hydrocarbons as marker for detecting post irradiation of
imported meat and fish. J. Korean Soc. Food Sci. Nutr.,
26, 109-115 (1997)

Kim, K.S,, Kim, E.A,, Lee, H],, Yang, ].S. and Byun,
M.W.: Quantitative comparison of radiation-induced
hydrocarbons from irradiated beef, pork and chicken.
Korean J. Food Sci. Technol., 31, 301-307 (1999)
Patterson, R.L.S. and Stevenson, M.H.: Irradiation-
induced off-odour in chicken and its possible control.
British Poultry Science, 36, 425-441 (1995)
LeTellier, P.R. and Nawar, W.W.: Primary radiolytic
fragmentation in tricaproin. J. Agic. Food Chem., 20,
129-134 (1972)

Nawar, W.W. : Reaction mechanism in the radiolysis of
fats: a review. J. Agric. Food Chem., 26, 21-25 (1978)
Hansen, T.J., Chen, G.-C. and Shieh, ].J.: Volatiles in
skin of low dose irradiated fresh chicken. J. Food Sci.,
52, 1180-1182 (1987)

Watanabe, K. and Sato, Y. : Some alkyl-substitued py-
razines and pyridines in the flavor components of
shallow fried beef. J. Agric. Food Chem., 19, 1017-1019
1971)

Borenstein, B. and Bunnell, R.H. : Carotenoids: properties,
occurrence and utilization in foods. Food Res., 15, 195-
276 (1966)

Pippen, E.L., Mecchi, E.P. and Nonaka, M. : Origin and
nature of aroma in fat of cooked poultry. J. Food Sci.,
34, 436-442 (1969)

Jo, C. and Ahn, D.U. : Production of volatile compounds
from irradiated oil emulsion containing amino acids or
proteins. J. Food Sci., 65, 612-616 (2000)

Ho, C.T. and Chen, Q. : Lipids in food flavors. In Lipids
in Food Flavors, Ho, C.T. and Hartman, T.G. (eds.),
American Chemical Society, Washington, DC, p.2-14
(1993)

(20001 9¢ 30d A+)



