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Abstract

To select the irradiation-induced marker components from volatile flavor compounds in irradiated chicken, and
complement the extraction problems of liquid liquid continuous extraction (LLCE) method, the volatile compounds
of irradiated (0, 1, 3, 5 and 10 kGy) chicken were analyzed by Purge and Trap (P&T) and gas chromatography/mass
spectrometry (GC/MS) methods. A total of 119 compounds were detected in irradiated chicken, and these com-
pounds were composed mainly of 7 aldehydes, 22 ketones, 8 alcohols, 30 esters, 36 hydrocarbons, 8 aromatic com-
pounds and 8 miscellaneous compounds. Among these, only 21 compounds were detected in both LLCE and P&T
methods, and the 98 others were detected in only P&T method. Among volatile compounds detected in irradiated
chicken, only 3 compounds such as hexene (r=0.96, p<0.01), propanol (r=0.93, p<0.05) and 1,3-bis(1,1-dimethylethyl)
benzene (r=0.96, p<0.05) were newly selected as marker compounds in irradiated chicken by P& T method, which
showed significant and high positive correlation coefficient in the change of relative concentration according to

the increment of irradiation dosage.
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Table 1. Analysis conditions of P&T method for volatile flavor
compounds of irradiated chicken

Part name Condition Part name Condition
Line temp 200°C  GC cycle time 0.00 min
Valve temp 200'C  Cryo standby 100°C
Mount temp 50°C  CryoFocus temp -150°C
MCS line temp 100"C Inject time 1.00 min
PurgeRdy temp 40°C Cry Inj temp 200"C
Purge temp 40°C Desorb preheat 220°C
TurboCool temp 20'C  Desorb time 5.00 min
Sample heater On Desorb temp 225°C
PrePurge time 1.00 min Sample drain Off
PreHeat time 1.00 min Bake time 20.00 min
Sample temp 50°C Bake temp 205°C
Purge time 30.00 min BGB On
DryPurge time 5.00 min Delay 2,00 min
GC start DesEnd  MCS bake temp 180°C
Cryo focuse On
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Table 2. Volatile flavor compounds in irradiated chicken by P&T method

Irradiation dose (kGy)
Compound 0 1 3 ) 10

RII] 2 el ) 13! adl 1) 2) ~ ;’ - N ~y3)
Mean~ 5D Mean™ SD Mean™ SD Mean™ SD Mean™  SD
Aldehydes (7)
Acetaldehyvde <600 2.01 1.19 277 031 268 071 191 0.0 - -
2-Methyl-2-butenal 741 278 410 872 228 12.73 1.37 1474 220 16.18 431
= 2-Methyl-2-pentenal (isomer) 818 4059 27.38 50.59 1393 6426 15.09 7383  10.80 7438 2154
Benzaldehyvde %62 8.30 5.14 1233 1.9 14.00  10.01 2433 12.08 3200 1384
% QOctanal 1001 10823 40.04 20827 1582 25693 1168 1921 7125 24961 85.88
* Nonanal 1101 93.79 24.05 12443 2486 18049 1482 8242 31.84 10834  49.63
* Decanal 1203 76.79 7.80 2989 1.08 1945 353 - - -
Ketones (22)
2-Propanone <600 28027 14751 32386 49.00 23962 221.95 33468 4818 24960 18877
2,3-Butanedione <600 351 0.23 - - - - - - -
2-Butanone 601 14.24 8.61 262 231 26.91 045 2364 1.53 2876 0.55
* 4-Methyl-2-pentanone 738 974 498 1397 216 14.79 212 1571 137 17.01 4.63
5-Hexen-2-one 774 3134 1675 4277 436 48.14 7.04 4880 535 5228 1210
4-Methyl-3-penten-2-one 798 99.18 6526 12216 2802 13078 3854 17357 17.15 - -
2-Methyl-3-hexanone 33 3017 31.09 3989 937 61.00 873 2380 o4 62.56 15.37
5-Methyl-2~-hexanone 6 2923 1659 4507 225 46.53 761 4885 470 20.23 10.05
4-Heptanone 870 391 1962 5213 726 5226 259 5673 812 60.89 14.32
3-Heptanone W4 3152 1743 4635 660 49.94 6.1 4966 561 3070 1233
= 2-Heptanone 838 117.72 60.15 162.16 1773 18646 1931 130,04 2162 20615  47.04
Cvclohexanone 893  46.15  20.50 3806 556 41.51 0.90 49.28 402 47.10 7.67
2-Methyl-3-heptanone 93 9342 5263 13598 2539 14241 1362 13513 1822 14953 3315
2-Methylcyclohexanone 949 8.41 456 9.81 0.58 13.05 1.56 13.00 172 14.35 259
3- Methylcyclohexanone 951 3125 1554 33.74 300 46.98 2.60 4643 531 50.23 8.20
4-\ethvlcvclohexanone W7 2297 1179 1776 13.37 3459 3% 3413 318 37.83 6.1
% 6-Nethyl-5-hepten-2-one 98 41.09  20.02 5207 308 63.18 7.18 5829 851 67.17 18.25
Cyclopentanone 1014 3538 20.28 110.76 6453 8360 1054 5350 17.85 79.18 1961
3-Qcten-2-one 1038 12.69 8.09 1540 699 23.31 5.48 1600 1242 18.15 1.24
Acetophenone 1069 1170 616 1767 034 15.07 517 2123 980 2393 11.84
5-Nonanone 1071 2755 162 29.10 076 38.49 2.00 3436  8.33 39.81 11.02
Fenchone 1092 3Ha57 2199 3630 167 51.04 3.30 4915 10.33 61.04 10.07
Alcohols (8)
Ethanol <600 18.51 6.37 59.72 6573 20.36 9.11 11.28 49 11.14 10.44
Propanol <600 - - - - 208 067 327 051 4.08 1.27
2-Butanol 605 432 375 270 019 304 026 366 0.5 2.45 1.88
2-Methyl-2-butanol 637 262 1.47 207 005 217 081 199 04 3.63 242
Butanol 660 - 2161 1197 2255 b24 2086 241 20.99 4.44
3-Pentanol 701 561 3.19 966 1.94 13.43 1.61 1380  1.18 17.69 4.61
4-Methyl-2-pentanol 757 - - - - 1775 222 17.60 3.83
Pentanol 766 - - - - 925  3.04 1478 297 13.08 4.30
Esters (30)
Ethyl acetate 614 2048  61.70 3843  37.39 23.82 5.65 2204 194 31.00 19.71
Isopropy] propanoate 752 241 1.49 3.87 0.33 4,18 0.71 367 047 1.22 1.36
Ethyl isobutvrate 7 5.29 4.37 4,74 1.13 - - : - -
Methyl 2-methylbutanoate 775 2492 1948 2304 412 16.24 525 2345 860 20.61 4.90
Diethyl carbonate 734 2803 1808 3953 565 4360 801 5052 6.34 .14 12.09
Ethyl butanoate 800 11.09 6.16 1920 421 18.41 272 1962 1.9 19.64 205
Propvl propanoate 808 2443  14.10 3759 799 39.22 6.99 39.10 561 42.96 10.22
* Butyl acetate 813 10.13 6.80 1545 2.4 1628 384 1949 118 18.27 444
Isopropyl butanoate 840 1118 6.31 16.37 310 1630 224 1656 1.09 15.40 3.53
Ethyl 2-butanoate 842 3827 2155 3583 800 61.15 7.85 6232 660 70.08 15.93
Methyl tiglate 865 16.75 8.67 2332 310 2477 326 2562 279 28.79 6.67
Allyl buyrate 832 2363 1467 RBH2 197 3710 5.00 3934 480 42.34 9.67
Propyl butanoate 896 6329 3952 9765 1324 101.01 11.20 9.14 1426 11046 2689
Ethyl pentanoate 898 8958 4686 13232 2278 15127 1871 13635 1349 15414 4010
Butyl propanoate 906 5039 31.16 7587 1667 8160 11.76 80.31  9.37 86.11 20.78
Amyl acetate 912 4266 26.00 65.04 14.21 71.02 1043 71.27 761 75.62 17.23
Methyl hexanoate 922 14.37 8.65 19.99 4.51 21.23 2.52 2154 244 23.37 6.92

Ethyl propenoate 941 37.68 8.49




P&TH el o3 7] e] whabd o #Hwbd 2Ap2d 79 %1

Table 2. continued

Irradiation dose (kGy)

Compound 0 1 3 5 10

D

R Mean® SD" Mean” SD¥ Mean” SD” Mean” SD? Mean”  SD”

Ethyl tiglate 972 85.86 36.09 9791 1561 10520 965 97.07 1677 10739 2765
Ethyl hexanoate 996 43450 27653 34078 5150 39359 1144 327.11 569 43246 162.39
3-Hexenyl acetate 1004 08.13 5565 18044 3893 18311 1270 16760 820 21144  53.02
2-Hexenyl acetate 1013 2122 182 8.18 10.39 8743 12.72 6293 1558 8402 1494
Methyl heptanoate 1022 5308 3622 11267 16.17 8149 1594 49.81 1.60 5523  24.16
Hexyl tiglate 1023 - - - - - - - - 4577 6.81
Isoamyl butyrate 1055 272 1.67 415 326 334 1.46 5.18 1.03 321 1.14
Amyl butyrate 1089 6.81 433 785 030 957 0.30 899 1.78 6.37 3.56
Propyl hexanoate 1091 1774 12.20 21.16 360 22.85 1.92 1943 482 2718  11.63
Ethyl heptanoate 1093 1219 759 1297 065 61.94 7784 1270 281 13.08 3.08
Methyl benzoate 1097 802 540 763 035 1472 448 11.76 3.30 7.77 552
Methyl octanoate 1120 460 310 423  0.38 535 028 4.26 1.00 3.72 0.86

Hydrocarbons (36)

2,3-Dimethylbutane <600 334 2.87 177  0.89 - - 4.09 1.86 -~ -
2-Methylpentane <600 3686 33.24 1292 503 20441 2862 24.85 19.78 10.90 5.89
3-Methylpentane <600 2359 2153 772 372 236 204 1752 1328 7.51 3.85
Hexene <600 - - 33 124 6.35 1.18 10.17 2.40 13.63 591
Hexane 600 10393 66.12 7957 1182 12086 49.59 9447 4651 99.14  50.02
2.4- Dimethylpentane 621 272 224 - - - - 2.39 1.69 - -
Methylcyclopentane 623 196.78 18568 60.74 29.14 1853 2621 340.08 328.77 66.12  32.83
Cyclohexane 656 11420 107.59 4497 1931 3749 5514 90.75 54.65 6352 2837
2-Methylhexane 6058 2747 23.36 97 356 - - 2301 1151 - -
3-Methylhexane 668 4255 36.34 16.48 707 789 437 3553 18.09 16.61 8.09

Dimethylcyclopentane (isomer) 679 2673  23.06 952  4.07 3.69 3.31 19.39 1048 870 4.30
Dimethylcyclopentane (isomer) 682 1899 16.04 851 266 3.22 3.66 16.51 812 8.63 348
Dimethylcyclopentane (isomer) 686 3758 3057 2258 659 - - - - - -

- - - 2145 699 5351 1211 4927 1698

Heptene 689 -
Heptane 697 5761 3894 4024 861 3837 1228 80.79 1472 86.03 31.18
Methylcyclohexane 720 13553 118.09 5756 2471 1704 2398 12006 5245 6468  29.17
2,5-Dimethylhexane 725 378 339 227 014 - - 4.05 1.85 - -
2,4-Dimethylhexane 728 571 539 387 027 - - 6.22 2.96 3.70 1.64
Ethylcyclopentane 730 2552 2096 1036 398 4.81 5.19 289 177 13.05 6.24
1,2,4--Trimethylcyclopentane 735 887 741 486 188 1.62 1.77 868 343 547 225
1,2,3-Trimethylcyclopentane 743 658 568 425 062 - 4.82 347 350 1.23
2,3- Dimethylhexane 755 453  4.03 296 042 - - 5.03 1.96 - -
2-Methylheptane 760 2445 2031 1331 341 557 359 25.17 7.49 13.14 6.33
4-Methylheptane 762 776 682 403 093 258 1.78 7.68 2.50 4.07 153
Cyclopentane 766 - - - - - 11.72 427 - -
3-Methylheptane 768 1572 14.43 654 141 3.01 233 16954 539 10.38 513
* QOctene 788 964 578 937 192 14.73 0.23 1894 1.12 21.88 7.36
1-Ethyl-2-methylcyclopentane 789 604 539 373 044 - - 6.10  2.01 444 1.30
* Octane 797 4539 30.39 2911 3.03 - - - - 21218  66.63
2-Octene 812 - - - - - - - - 383 1.26
2,6- Dimethylheptane 825 3.38 2.32 - - - - 3.30 0.27 - -
* Ethylcyclohexane 832 635 523 381 098 - - 6.67 0.96 5.94 2.69
* Undecane 1096 1090 4.1 1630 437 1764 16.17 11.38 293 2315 178
* Dodecane 1195 1225 12.75 1024 125 8.03 2.69 1852 17.81 28.58 6.56
* Tridecane 1297 7299 45.09 13.48 093 10.72 3.16 2215 23.79 2951 11.15
* Tetradecane 1393 28422 30.73 3096 546 1788 962 1934 781 1873 1.26
Aromatic compounds (8)
= Toluene 764 40369 26145 17256 69.71 7743 1087 261.83 86.09 24806 129.07
* Ethylbenzene 861 26.72 1373 16.88 666 8375 146.07 2487 345 18.88 8.08
* Xylene 868 4997  23.04 3417 1051 7412 2579 43.37 754 3470 1576
= Styrene 891 4,82 1.92 782 256 9325 154.78 - - - -
Anisole 917 76.11 4142 10599 1538 11232 1154 10761 1635 11803 2776
Bromobenzene 933 824 551 1058 3.83 752 1.00 692 091 5.02 1.02
* C3-Alkylbenzene (isomer) 1025 771 520 - - - - - - -
1,3-Bis(1,1-dimethylethyl) 1258 - - - - - 6.74 1.97 12.78 9.66

benzene
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Table 2. continued
Irradiation dose (kGy) -
Compound N 0 1 3 5 10
RI ; , 5 . 5 B eqn D e
Mean” SD”  Mean” SD” Mean® SD” Mean” SD Mean™ sp*
Miscellaneous compounds (8)
Chloroform 616 837 6719 1934 383 1826 353 1262 1.55 12.33 2.76
Tetrahydrofuran 626 573 2.67 609 043 757 019 6.38 037 7.59 1.62
2-Methoxypyridine 879 43,61 23.77 56.47 305 6738 853 6882 997 76.14 1561
2-Ethyl-6-methylpyridine 963 490 3.05 454 082 553 104 - - -
2-Methoxy -3-methylpyrazine 971 4794 26.20 4663 11.54 7544 16.24 7274 999 78.09 864
* Limonene 1030 9.75 5.46 2981 17.31 1650 294 - - -
1,8-Cineole 1034 102.62 6265 13617 486 14234 3254 14548 27.34 168.41 43.94
2,3-Dihydrobenzofuran 1084 22.89 14.17 2156 314 3158 3.02 3176 589 33.22 5.38

YRetention index.

®Mean concentration (ng/g) of 3 times analyses by Purge and Trap (P&T). Concentration of each compound was calculated as a
relative content to TMP concentration put in sample (136.2 ng/g) (factor=1).

¥Standard deviation.
Not detected.

*This compound was detected in both P&T and LLCE methods (17).
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EA 7 o= & Aol g etk 422 = LLCEH
o &) &l A= 79 t] - retention index(RI) 800 o] 42| #3t
EFEo] AEFHAUR ubd, P&TH eIl 2]l 4]:= RI 800 ol 3}
73 &ol Vet e, A gl shghEFUL 't
Falok Wbl AR Havlo A AEE 'heha
259 2% LLCEY ol 9 sjA = F 62%e] &A1 v,
P&TH ol ol s) A= 3650] A& &= o1 5 29%°] RI 800
osle] whslAaFoict w3k LLCER Sl 2lal 4= &= A
29t hexened} heptene©] ZH7F 1 kGy e} 3 kGy Al ol A7
v 7A&5 7] Aagez A ghaz| o] whabAl FababE & o)k
RI 800°]&}e}l #wbA A E42] 7HeAS A8k 2, RI
800 o] Atell A &= 2-octene®] 10 kKGyell A &= ek a+H o
2= LLCEHel 93] cyclohexanol(RI-885) 2 2-ethyl:
1-hexanol(RI=1026) 2% 7to] &= ¢t P&TH ol 2l &) 4] +=

e

o}-)l ﬂ}{ﬁ



P&TH e 2% &
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A &, LLCEWoll 2l = A E577) 55, A ~el 23145
F7F 1380l AER07) v, P&TH o] 2 siA &= A EF 2%,
ol 28| 2338 F 30% 0] AEH 22 B2 Aol & e
Wodch Al at & A g A A EF1= LLCEH ol v) 8 v}k
HHEe] A EE o) BR OkGy2] 2ol A = 7] &5 o)
EAEAZE YAl n, o AH 235 EFol A= ethyl
propenoate ¥ hexyl tiglate 22| 10 kGyel4 A&= )

o—l 2= 1:-]]

AP AL S 9 A AR (EA RS T
at7] glafl -4l Zh mhab A zab ey o) wheb 2418 gharo)
A AER 119%2] LA shhEF 270 kGy)el A 7
25 A 9 A FH o} 22 7 #) hexene, hep
tene, 2-octene, propanol, butanol, 4 methyl-2-pentanol, pen
tanol, ethyl propenoate, hexyl tiglate & 1,3-bis(1,1-dimeth
ylethyl)benzene & & 10F0) A¥= ol slxgh o] & 2
octene, ethyl propenoate 2 hexyl tiglate 2] %52 10
kGy—°/] FAEEe g7 s Al o]t AZFEe] TR EAg

FA et opetA 9 359 AYES ALY 759
p:].zg-goﬂ o &l vhA}A FALAd ekw) gker W3} 712) 3 At A
Y AATAE T8t i (Table 3). 2 23} propanol(r=0.93),
hexene(r=0.96) % 1,3 -bis(1,1-dimethylethyl)benzene(r=0.96)
T 3% A EA ] E2 of(+)9] AR S Yeh gl o,
£-3] hexene p<0.01 %ol 4], propanol % 1,3-bis(1,1
dimethylethyl)benzene< p<0.05 54 F2lHal Aoz
vebgo}. opebA propanol, hexene % 1 S*bls(l,l—dlmeth-
ylethyDbenzene 5 32 34 33122 vl A4l ek
o whet ghefFol frojH o2 -2 oFo ARA (r>0.90)8 71A)
o F7bsh= A g bl SgtEelglon, A A 2 2 P&T

Table 3. Statistical data obtained from the linear regression
equation Y=a*X +b as applied to the analysis of volatile flavor
compounds in irradiated chicken by P&T method

Y =axX+hb
Compound RI
a b r
Propanol <600 042 008 093
Hexene <600 137 125 096**
Butanot 660 129 1198 053
Heptene 689 561 351 086
4-Methyl 2 pentanol 77 208 082 085
Pentanol 766 146 1.89 082
13-bis(1,1 dimethylethyd 1258 139 -1.38 096"
benzene

*p<0.05, **p<0.01.
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