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GC-MS Identification of Degradative Products from
Catalytical Oxidation of Lutein
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Abstract; Various kinds of degradation products can be formed from catalytical oxidation of lutein, which were identified by gas
chromatography and GC-MS analysis. As results, the generated compounds are mainly identified as low-boiling-point oxygen-con-
taining compounds such as ketones, aldehydes, alcohols, as well as alkenes and aromatic hydrocarbons. Among them the most
important compounds are isophorone, B-ionol, dihydroactinidiolide, a-cyclocitral,B-cyclocitral , a-ionene, etc. From the pathway
proposal, oxygen- containing compounds may be formed from degradation of hydroperoxides owing to the catalytic oxidation of
lutein, accompanied with oxidation and dehydration of hydroxyl group. Alkenes and aromatic hydrocarbons may be formed directly
from degradation, cyclization and dehydrogenation of lutein.
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GC 437 AL %% 4 Shimadzu GC 2104 7Y FID A5 I #§ &5 M 5 BE 260 °C, #FF£ R B 280 °C, 3% 4 K
0.25 mm x30 m x0.25 wm TRX-5(AHYF SE-54) A % LM+, #1iE 50 °C ,{HE 10 min, L 4 C/min
THEZ 170 C, FHLL 5 C/min THEZE 260 °C ,fE 7 20 min, 2 2o R IE— 05 715 % 4 kg 19
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GC-MS 237 : GC #4531 #% K Angilent 6890 % GC , FID 4 M %8 46 i 5 B 260 °C , 7 #F Y5 B 280 C
EER S 0.25 mm x30 m x0.25 wm HP-SMS (44 T SE-54) £ 35 F 4145 4% , ¥ I 50 °C , i i& 10 min,
Ph 4 C/minFHR E 170 °C, B UL 5 C/minFH i £ 260 °C, 18 i 20 min, 25 H S . MS #4r: {X2% H
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Fig. 1 TIC of oxidative degradation

products of lutein
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Table 1 Identification of oxidative degradation products of lutein by GC-MS
R R E IR ]/ min L& 4 B AT MXST B
No R, compounds formula Jite My kinds
1 3.114 1-(3-Z AT H) Z R 1-(3-ethyleyclobutyl) ethanone CgH 0 126 fil 2% ketone
2 3.354 1,2,4,4-PU B30 % 4% 1,2 ,4,4-tetramethylcyclopentene CoH ¢ 124 ik alkene
3 3.485 2,2- " H R IR % 2 ,2-dimethyleyclopentanone C,H,,0 112 filil 2 ketone
4 3.559 o— _—H 7K o-xylene CgH 106 F5 1% aromatic
5 3.971 K %€ unidentified 114
6 4.178 p- " H 2K p-xylene CgHy, 106 F5 F& aromatic
1,5- -7 -5 WK [4.1.0] Béke
7 4.971 ’ C¢H,,0 126 it ethe
? 1,5-dimethyl-7-oxabicyclo[ 4. 1.0 ] heptane g fit ether
S—AE-3- (1-FIEZ K IE) R 4 ,
. C,oH 7S
8 5.611 5-methyl-3-( I -methylethenyl ) -cyclohexene 106 136 s alkene
6.566 6-H FL-2- B¢ fi] 6-methyl-2-heptanone CgH,,0 128 i 2 ketone
10 7.246 6-H 3 -6- Jifii -2~ 6-methyl-6-hepten-2-one CgH,,0 126 fifl 2 ketone
3-I X H-1,5,5- = ALIR O 4
11 .34 T C,H 1 ikt alkene
8.349 3-methylene-1,5 ,5-trimethylcyclohexene 1oe 36 ke alkene
12 8.480 2,4 ,4- =H FIF L E 2,4 ,4-trimethylcyclopentanone CgH,,0 126 fii] 2% ketone
13 10.332 1,2,3-=H % 1,2,3-trimethylbenzene CoH,, 120 7 1% aromatic
1-(4-F-3-FF O A-1-3%) 2 . ,
14 10. C,H,,0 13 1% k
0.589 1-(4-methyl-3-cyclohexen-1-yl) ethanone o 8 B ketone
15 10.744 1-(2,2- —H IR LK) L 1-(2,2-dimethyleyclopentyl) ethanone CoH,,0 140 fii] 2% ketone
16 11.321 2,2,6- =HFIF R 2,2,6-trimethyleyclohexanone CoH,,0 140 fiil 2% ketone
2,2,5,5- 04 B 5 -3 -3 R -1 - i . )
1 12. 161 o CoH,,0 I 1% ke
7 6 2,2,5,5-tetramethyl-3-cyclopenten-1-one o 38 fH% ketone
18 12.961 S JR B isophorone CoH,,0 138 fifl 2 ketone
19 14.241 3,4, 4-=HE-2-FK -1~ 3,4,4-trimethyl-2-cyclohexen-1-one CoH,,0 138 il 2% ketone
20 14.659 2,5- " HEIKZ W 1-(2,5-dimethylphenyl ) ethanone CoH 0 148 fii12% ketone
21 15.076 A% unidentified 154
(5E)-6-H 3 -5-T-Jf -4 .
22 15.402 C,H50 154 2k ketone
(5E) -6-methyl-5-nonen-4-one 10718 FIZ% ketone
23 15.624 2,6- " F R 3R O 2 ,6-dimethylcyclohexanol CgH 0 128 i alcohol
24 16.042 a-HFP R a-cyclocitral CoH 0 152 fi¥ aldehyde
(5E)-5,9- W1 3-5,8-3% — -2 S
i ’ C,H,,0 S
% 16.728 (5E)-5,9-dimethyl-5,8-decadien-2-one 127720 180 B2 ketone
1,6,6- = F B8-S ¢ WUIR[3.2. 1 ] ¥4 -2 ,
2 17. 6 €M 160 1 % ke
6 7.796 1,6,6-trimethyl-8-oxabicyclo[ 3.2. 1 ] octan-2-one 1071672 68 FHZE ketone
2- 5 -5 36 AR BLIR[3.1.0] 2 k-1 - I
27 17.848 C,H,O 168 ¢ aldehyd
2-isopropyl-5-methyl-6-oxabicyclo[ 3. 10 ] hexane-1-carboxaldehyde 10eT R aldehyde
5= 5 4 3 ~6- L 35— e —3— He—2 B
2 18.711 C,H, ;0 1 = alcohol
8 8 5-isopropyl-6-methyl-5-hepten-3-yn-2-ol s 66 i aleoho
29 20.763 B-A I HERE B-cyclocitral C,oH,60 152 i aldehyde
2,6,6-=HI-1-FFCH-1-2 8 .
,0, C, H,0 >
30 22.203 2,6,6-trimethyl-1-cyclohexene-1-acetaldehyde e 166 RE aldehyde
(2E)~1-(2,6,6- = 2~ 1-FF T Hfi—1~3£) -2 T His—1 -4 ‘
31 22.2383 ’ C5H,,0 192 2% k
(2E)-1-(2,6,6-trimethyl-1-cyclohexen-1-yl) -2-buten-1-one 13720 A% ketone
32 23.220 4,8- " HH-1,7-F " J5-4-1 4 ,8-dimethyl-1,7-nonadien-4-ol C,H,,0 168 i alcohol
33 24.077 JI 34 FEL I cinerolone CoH,,0, 166 fisfii alcoholic ketone
34 25.558 1,1,6- =M %-1,2- "% 1,1,6-trimethyl-1 ,2-dihydronaphthalene CHye 172 F5%& aromatic
35 25.701 a5 221 a-ionene C3H g 174 J5 K2 aromatic
36 30.044 B-4 % L[ B-ionol C;H,,0 194 fi alcohol
37 31.193 T AWMEBE N EE dihydro-actinidiolide C,H,0, 180 KW R furanone
4,6,10,10- P I 35— 428 = FR[4.4.0.0(1,4) ] 52— ff5 -7 )
38 31.564 A ’ C5H,,0 208 % alcohol
4,6,10,10-tetramethyl-5-oxatricyclo[4.4.0.0(1,4) ] dec-2-en-7-ol 132072 A alcoho
39 35.371 4-F AL -B- LW £l 4-0x0-B-ionone C;H 50, 206 fii12% ketone
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Table 2 Comparison of identified oxidative degradation products of lutein and gB-carotene

/B3] Ul et/ % B-WE MR Lo f4il/ %

types lutein rate B-carotene rate
il 2 ketones 18 47.4 23 41.1
525 aldehydes 4 10.5 10 17.9
fiE2% alcohols 5 13.2 8 14.3
IR il furanone 1 2.6 3 5.4
Ik alkenes 3 7.9 3 5.4
F5 4% aromatic hydrocarbons 5 13.2 6 10.7
iz 2% acids 0 0.0 1 1.8
FE2 esters 0 0.0 2 3.6
Bt ethers 1 2.6 0 0.0
K E BB total identified 37 56
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Fig.2 Main oxidative degradation pathway of lutein and major oxidative degradation products
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