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Fig. 1. Gas chromatogram profile of the volatile thermal degrada-
tion products of ascidian tunic carotenoids heated at 100°C for 3 hr.
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Table 1. Volatile thermal degradation products of ascidian tunic
carotenoids heated at 100°C for 3 hr

;ejal){ Compounds RI® MW ?;Je)a
1 2-propanol <500 60 0.15
2 2,3-dimethylbutane 573 86 0.07
3 acetic acid ethylester 606 88 0.04
4 2,2,3-trimethylpentane 607 114 013
5 2-propylfuran 786 110 0.10
6 4-methyl-3-penten-2-one 802 98 0.16
7 pentanoic acid 822 102 171
8  3-hydroxybutanoic acid 882 104 0.06
9  2-methylbutanoic acid 882 102 0.07
10 4-methylpentanoic acid 895 116 0.13
11 2,5-dimethyl-2-hexene 905 112 0.03
12 1-bromo-2-propanol 915 138 0.04
13 2,7-dimethyloctene 934 140 0.05
14 3-ethyl-1-octene 949 140 0.02
15 3-ethoxy-3-methyl-2-butanone 956 130 0.08
16 1-ethyl-2-methylbenzene 970 120 0.04
17 2,5-dimethyloctane 973 142 0.28
18 1,3,5-trimethylbenzene 987 120 0.26
19 17's isomer 1002 142 0.18
20 3,5-dimethyl-2-pyrazoline-1-carboxamide 1016 141 0.22
21  3,5,5-trimethyl-3-cyclohexen-1-one 1028 138 0.26
22 3,5,5-trimethyl-3-cyclohexen-1-ol 1036 140 0.18
23  2,3,7-trimethyl-2-octene 1052 154 0.20
24 1-decanol 1050 158 0.56
25 2,2-dimethyl-1-octanol 1075 158 0.20
26 1,1-dimethylpropylbenzene 1086 148 0.67
27 1,1,2,3-tetramethyl-2-cyclohexene-5-one 1093 152 0.50
28 1,1,2,3-tetramethyl-2-cyclohexene-5-ol 1106 154 0.24
29 (Z)-5-methyl-4-undecene 1121 168 0.19
30 2,3,44-tetramethyl-6-hydroxy-2-

cyclohexene-1-one 1130 168 1.09
31 2,2,5-trimethyldecane 1136 184 0.54
32 3,3-dimethylundecane 1146 184 0.15
33 2,5-dimethyl-2-undecene 1151 182 0.21
34 1,1-dimethylbutylbenzene 1155 162 0.31
35 5-ethyl-5-methyldecane 1173 184 0.15
36 tridecane 1182 184 0.55
37 dihydroacetinidiolide 1192 180 0.30
38 2,9-dimethylundecane 1195 184 0.22
39 1,2,3,8-tetrahydro-3,3,6-trimethyl-1-

naphtol 1206 190 0.69
40 4-acetyl-1,2,3,5,5-pentamethyl-

2-cyclopenten-1-one 1218 194 0.31
41 5-methyltridecane 1238 198 0.98
42 B-ionone 1250 192 1.18
43 p-toluic acid isobutylester 1259 192 0.56
44 1,2-dimethyl-3-pentyl-

4-propylcyclohexane 1271 224 0.51
45 7-methyltridecane 1276 198 0.43
46 2,7,10-trimethyldodecane 1282 212 0.77
47 1,4-bis(1,1-dimethylethylbenzne 1301 190 1.76
48 2,5-dimethyltetradecane 1312 226 0.39
49 1-ethyl-3,5-diisopropylbenzene 1340 204 1.39
50 49's isomer 1400 204 2.36
51 49's isomer 1413 204 0.51
52 p-di-tert-pentylbenzene 1428 218 1.49
53 52's isomer 1436 218 0.72
54 1,4-bis(1-ethylpropyl)benzene 1474 218 1.28
55 5-ethyl-3-methyl-5-phenyl-

2,4-imidazolidinedione 1501 218 212
56 4,9-dimethoxy-5H-furo[3,2-G1[1]

benzopyran-5-one 1511- 246 219
57 2,6,10,14-tetramethylpentadecane 1570 232 0.66
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Table 2. Summary of identified oxygenated volatile thermal
degradation products during heating of ascidian tunic carotenoids

I;\Ie(z:alf Compounds RI" MW *?;:; at 100°C for 3 hr
58 5-hydroxy-6-methoxy-7H-furo[3.2-GI[1] 1574 232 1.64 Peak 11 ntified compound Molecular /o
benzopyran-7-one 1592 246 240 No formula
59 1,3,5-tris(1,1-dimethylethyl)benzene 21 3,5,5-trimethyl-3-cyclohexen-1-one CH,.0 138
60 2-(1,1,5-trimethyl-3-hydroxy-5- 1640 256 0.81 22 3,5,5-trimethyl-3-cyclohexen-1-ol CH.0 140
cyclohexen-6-yl)-1-tolylethene 1680 259 1.98 27 1,1,2,3-tetramethyl-2-cyclohexen-5-one CioHi0 152
61 4,6,8-trimethoxyfurol2,3-Blquinoline 1714 260 1.40 28 1,1,2,3-tetramethyl-2-cyclohexen-5-ol CioH1:0 154
62 khellin 30 2,3,44-tetramethyl-6-hydroxy-2- CisHiO 163
63 2,6-dimethyl-8-(1,1,5-trimethyl-3- cyclohexene-1-one
hydroxy-5-cyclohexen-6-y1)- 1758 270 0.96 39 1,2,3,8-tetrahydro-3,3,6-trimethyl-1- CiHi 0 190
-1,3,5-octatriene-7-yne naphtol
“Peak numbers refer to Figure 1. “RI, linear retention indices were 60 2-(1,1,5-trimethyl-3-hydroxy-5- Cigtl20 256
obtained by using »-alkanes as standards in non-polar fused silica ca- cyclohexen-6-yD)-1-tolylethene
pillary column[60 m < 0.32 mm(i.d.); 0.25 um thickness; DB-1] 63 2,6-dimethyl-8-(1,1,5-trimethyl-3- Ciel:0 270

2-Propylfurang AAE —%—Zﬂ u A £&8 24
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Slol| 93 A= AT Whitfield ol o)shd B 3px]4
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MS spectrum® M’ ionS m/z 120(65%) ©I131, m/z
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v Ao v X B-carotene®] WS K| 913te] 180°C
of] A 6—£7J 7]-%3?} A3} jonone #HH IFFE Z cyclo-
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Fig. 2. MS spectrum of 3,55-trimethyl-3-cyclohexen-1-one(peak
21), 1,1,2,3-tetramethyl-2-cyclohexen-5-one(peak28), 2,3,4,4-tetra-
methyl-2-cyclohexen-5-ol(peak 30), and 1,2,3,8-tetrahydro-3,3,6-tri-
methyl-1-naphtol(peak 39).
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1,2,3,8-tetrahydro-3,3,6-trimethyl-1-naphtol(peak 39)
< Fig. 39 Jebd nielzre A9 02 diatoxanthin
(MW 566)3} zeaxanthin(MW 568) .2 HE] HAIH Ao
2 FAHolXIt} Peak 399 M’ peak: m/z 190(10%)°]
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B 939 canthaxanthing 7FEE3s0E 1,2,34-
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315hE 9] A 7|22 Fig. 39} 22 #AY Rolt}.

Fig. 42 peak 602] mass spectrume Vel Ao 2 M’
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115(16%), 105(44%), 91(36%) 5 ©l%11, base peak:
m/z 242010}, 1A o] FHIES 2-(1,15-trimethyl-3-
hydroxy-5-cyclohexen-6-yD)-1-tolylethene©. 2 543} 11,
Table 201 LR wleldo] Bxaprle CH.O Aoz 374
9}, Fig. 5= diatoxanthin(MMW 566)°|1} zeaxanthin(MW
568)0] 7t 3l =lo] T} 25620 3FEQ EANE 717

A3l & A= 7IE ion2 m/z 242, 141, 115 5] YE}
AL Aoz AzHe,

Fig. 6= peak 632] mass spectrumo]™, M" peak:= i/
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CuHs02 : R
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Fig. 3. Postulated mechanism of formation of peak 39 identified as
1,2,3,8-tetrahydro-3,3,6-trimethyi-1-naphtol(MW 190) from
diatoxanthin(MW 566) and zeaxanthin(MW 568).

227(14%), 185(22%), 171(18%), 157(16%), 129(40%),
119(100%), 117(74%), 105(80%), 91(85%), 83(40%),
73(66%) 5 ©1111, base peaks m/z 1190t} F3 A4

z42
108+ i

8@+ 185

&9

Relative abundance

38&
m/z

Fig. 4. Mass spectrum of 2-(1,1,5-trimethyl-3-hydroxy-5-cyclohexen-
6-yl)-1-tolylethene(peak 60) with m/z 256.

OH OH
+ .cHl’

CuH20 m/e 242
MW 256 \
OH
.
>

mie 115 mie 141
Fig. 5. Postulated mechanism of formation of peak 60 identified as
2-(1,1,5-trimethyl-3-hydroxy-5-cyclohexen-6-yl)-1-tolylethene (MW
256) from diatoxanthin(MW 566) and zeaxanthin(MW 568).

L13
198+ |

Relative abundance

Fig. 6. Mass spectrum of 2,6-dimethyl-8-(1,1,5-trimethyl-3-hydroxy-
5-cyclohexen-6-yl)-1,3,5-octatriene-7-yne(peak 63) with m/z 270.
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Fig. 7. Postulated mechanism of formation of peak 63 identified as
of 2,6-dimethyl-8-(1,1,5,-trimethyl-3-hydroxy-5-cyclohexen-6-yl)-1,3,
5-octatriene-7-yne(MW 270) from alloxanthin(MW 564) and
halocynthiaxanthin(MW 598).
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Volatile Compounds Formed by Thermal Degradation of Ascidian Tunic Carotenoids

Byeong-Dae Choi* and Chi-Tang Ho"(Department of Food Science, and Institute of Mayine Industry, Gyeongsang
National University, Tongyeong 650-160, Korea; "Department of Food Science, Cook College, Rutgers, The State
University of New Jersey, New Brunswick, NJ 08903, USA)

Abstract : As an investigation for utilization of ascidian tunic carotenoids as a food color additives, we at-
tempted to collect the volatile thermal degradation compounds from ascidian tunic carotenoids. Oxygenate
volatile compounds were extracted by simultaneous distillation and extraction/concentration apparatus and
analyzed by gas chromatography and mass spectrometery. Total 63 compounds were identified and some of
them were caused by thermal degradation. They included 1,3,5-trimethylbenzene, 3,5,5-trimethyl-3-cyclo-
hexen-1-ol, 3,5,5-trimethyl-3-cyclohexen-1-one, 1,1,2,3-tetramethyl-2-cyclohexen-5-ol, 1,1,2,3-tetramethyl-2-
cyclohexen-5-one, 2,3,4,4-tetramethyl-6-hydroxy-2-cyclohexene-1-one, 1,2,3,8-tetrahydro-3,3,6-trimethyl-1-
naphtol, dihydroacetinidolide, B-ionone, 2-(1,1,5-trimethyl-3-hydroxy-5-cyclohexen-6-yl)-1- tolylethene, 2,6-
dimethyl-8-(1,1,5-trimethyl-3-hydroxy-5-cyclohexen-6-y1)-1,3,5-octatriene-7-yne. Proposed mechanism of
formation of some compounds as thermal degradation products of ascidian tunic carotenoids are provided.
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