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Effects of Riboflavin-photosensitized Oxidation on the
Formation of Volatile Compounds in Oleic Acid Model Systems

Seung-Ok Yang, Pahn-Shick Chang, and Jae-Hwan Lee*
Department of Food Science and Technology, Seoul National University of Technology

Formation mechanisms of light-induced volatile compounds were studied using riboflavin-photosensitized oleic
acid model systems. Volatile compounds in model systems with 4000 ppm riboflavin at 35°C under light or in
the dark for 39 hr were isolated and identified by a combination of solid phase microextraction (SPME), gas
chromatography (GC), and mass spectrometry (MS). Total volatiles in oleic acid with riboflavin under light for
13, 26, and 39 hr increased by 90, 190, and 270%, respectively, compared to those in oleic acid without
riboflavin under light. Total volatiles in samples without riboflavin under light or samples with riboflavin in the
dark were not significant in tested conditions (p > 0.05). Riboflavin did not act as a photosensitizer when it was
dispersed in oleic acid. Heptane, octane, heptanal, octanal, nonanal, and 2-nonenal were significantly increased
in riboflavin-photosensitized samples compared to those in samples without riboflavin (p <0.05). Light-induced
volatile compounds including heptanal and 2-nonenal from oleic acid could be explained using singlet oxygen
oxidation, the formation mechanism of which were not understood using triplet oxygen oxidation. These results
will help to understand volatile formation in oleic acid containing foods stored under light.

Key words: volatiles, riboflavin, singlet oxygen, oleic acid, photosentizied oxidation

NoOE
Ak(lipidsy AHE FEE R 7 AR AE4
it Frg AlFete dge FHEICHD). =3t e A
A ol HF A Ts) A e AEH dA9e
Lats @F FezEE $£AE ST BEs ARk
7 A A8 AAAFE 2o BuHI lvk2). 2
U Bxs} Aol thE St AFS 9o 4% d oy

2], Bl SOl BeHalal Aot Adst] {A ”ﬁ]r&m'@)
A EAfste At 4h %%‘“"Ji(mplet oxygen)?} o
it (singlet oxygen)Z Ve d], dFPAAE ’\LZBMV\
Hr} Z¥z} 229 35keal/mol H& oANUAE 2= 'A¥a} 5o
ATH4,5). BFikao] ofst AF sk 'AF o F2
Aehe b A8 dFeakae ZdElA] 408 7F & A
ol d guje] FHell whel 50-700X10° secEet A5 ol
ZA%S 7k FEE ene reaction, 1,2 cycloaddition, 1.4

*Corresponding author: JaeHwan Lee, Department of Food Science
and Technology, Seoul National University of Technology, Nowon-
gu, Gongneung-2-dong, Seoul 139-743, Korea

Tel: 82-2-970-6739

Fax: 82-2-976-6460

E-mail: jhlee@snut.ac.kr

717

cycloaddition 59 W& do7Itl6). YFIFita A 7|3
= 713 wol A7d Foke 7144 (photosensitizersys ©]-8-3F

P28 7)o (7-9) Wk ARG O3 FFArL] 0y
N4 gt Bk 93 dHe] /14 e 2EACSen,

ground state)’} ¥ ANHAE FrohE EE *}bﬂ o] dF 7
BA AR ('Sen*, excited state)Z HEE T} o ouiA] AdE|A
Sen*y= oA S dle] el ﬂuorescence ‘%’P“}O}Oq =
'Senz HEE 7L} intersystem crossing® 3 EE A5 @
FA (Sen®)7h Hr}. Sent= HEEtAe] Fo] wek 2

WS Belth At wEvh 92 A, ohEF
st SEEREYE At A48 AAste] AR 2y
2} Z(free radicalys AA7]= type 1 ¥HE-5 Shoh. ool
AEatd E2A AldE B3 oA vh-g(physical energy
transfer)g E‘?SH AFZBIAAE A 24 E A A=
type 11 93-S St} T3 *Sen*i= phosphorescence® 2HiFslw
A 1A e 2] 'Sen® HAEHETH(10,11).

AFAE T A Vg Be BEe T2 A o=
HERR! BRl 2B EE(riboflavin)®} &2 Ax(chlorophyll) 5°]
Aol ﬂi%a}m o 7 8-dimethyl-10-(1'-D-ribityl) isoallox-
azine S}ETZ2E ZH 9lov -/} el 74} 017 mg/100 g
#} 3.5 mg/100 g U‘%E]Oi 1 EH(12). E]E~E‘r‘ﬂ1° Hlo] zAb
of B9k 3}l excitation?} emission®] I ZFz} 4459} 515

[e]
=

SR



718 =4

nme |tk HRZTHS type [} type [T §HS FAJol] 885}
w YElE D&} hydroxypyridin®] #-3l, —rTroﬂ’ﬂ A el
29} ‘sunlight flavor'E f38k= dimethyl disulfide®] %4 5
of Folshz Rz BIHAUTHI3,14). I fRII A4
= AFekAel 28] 1.01x10"° M sec”! £E2 FalEe A
o7 BEAKIS,16).

A S wAshs dFehitae BXgAA AT

73

sl Boldel I BAL AU, B A9 BraAY
O B TR 4EE 99T SE UGS 2op) ) 3 @
[e]

G AN P2
9 e—;%—wm S wAEe AwdRe e AAEe
fatty

ac1d)—r7ﬂ]7 ]' =]

=z

a4

ir jo

i
ol
=25

i)

w, boopol O o
oL
box
=2
2y g
N o
)
2l so
i
ko
ol
ol
=
=

S~
(o9} mm Bt
Nt 2
4z
)
oft

>
tlo
re
4
o
b4t
T

pal
|
|_I_:I_
0 T
iy

=

Z R EE], 99% 294}, hexane, heptane, heptanal, octanal %
0 :@P&%C Sigma Chemical Co.(St. Louis, MO, USA)&4-
B FAU3FA T Teflon-coated rubber septum, aluminum cap,
10mL A 5%, 0.75mm -3-2lliner, 65pum polydimethylsiloxane/
divinylbenzene(PDMS/DVBYZ Supelco Inc.(Bellefonte, PA, USA)
oA U8k

QE"A} E%AIAE‘" le

R ZES 4000 ppm TEE 1g 28
o} E]EEE}H 4000 ppm& FFol =<1
(wiw) BIE&Z 42 AlEE 10mL A|&H
T2A g EEHR0] ”ﬂﬂxl |
Fob YU TRAEN ], wiwE 7H2Z
S airtight 2718 7H57] $18] aluminum cap>} rubber sep-
wme o|gste] LEAHOY dRE NEE ¢FUEsY
ol g3t A=siict. Ztzhe] ABEES X]'iﬂ A=k WL E
40 A2K(100 cmX 60 em, 0] 60 cm)el H3L 0, 13, 26, 39 A
7F Bt Asidh 8 SHat EUL/\]E Z FRZep
A7 g gle] A} oo up} Zhzte] AEE da A7 g

BEZ) A7} /\LL(WRD) SLE x1x} g]y_#a]. 271 A
BE(WORD), ¥ 24} 2] g Hl 237t /\LL(WORL)
o) zAb A fEZ Frt ’\LL(WRL)E ek o
ZFAp el o] 73ei= 1,330 Lux(Tenmars Electronics Co., Taipei,
TaiwamR &M &= 35°CATH 2 AEE 378 68l
Ll =T e =

[l I o ST Y =
F g 2ga 1

of Azatrt. iz
g A AT B EF
b ZHEn), ZE A

tilo

L

ey EE F
g EF FF 21 Lee 5(18,19)9) 21E o] &3]
solid phase microextraction(SPMEYH-& ©]-83l &3t} ¢
FARTE A A AEEE M7 5% FL dhe] WA
7 headspacel 3 =29 HIYS o|FEF ST AR
WE 30°C g5z :

Fa4eks) A A 37 @A) 5 3 (2005)

E& A1A 3087 WAAIF T Flame ionization detector(FID)7F
X%l gas chromatograph(Shimadzu GC-17A, Kyoto, Japan)E
o]-&-5to] SPME fiber2 ¥ 324 =2 & Eelsioitt.

Fluy 23 22| =d
E—El Z71& Lee 5(18,19)01 ¢Jall wzkms} A& o] el
= & Aol AgeA A8kl AHE Skt SPME
fibere &2 A 24E 5 WERE F2T F 9
tial ® 3 E 65um PDMS/DVBE A4 84 tH20). Gas chro-
matography®] =722 0.75mm 47 injection liner, FID, HP-
530 m><0.32m ID, 0.25mm film) gas chromatographyZ &
ARESFATE. Gas chromatography < Bo] ex AL 2=
40°CollA] 287F HFR] & 6°CAES] £ 2 160°CTHR] ZF7F A
7131 160°ClA 220°C7FA) 10°CA2] £=2 Z7HZT Injec-
tore} detector?] 2= ZH2F 2503} 300°CO|UTL carrier gast
A2 flow rate:= 1.0 mL/min®| At} Splitless modeZ ©)-&
319932 SPME fibere injectorthollA] 287+ W] &b},

Fud 232 3

g 2o $4L gas chromatography(Agilent technology
6890, Palo alto, CA, USA)mass spectrometry(Agilent technol-
ogy 5973, Palo alto, CA, USAYE AF&3ISith 3RS 2
2712 GCFIDRZY} Fdsl FYUSPME fiber, 5% column
9 U o8 2 WE 27E AMEsIT) Carrier gasE @ F
]-*‘lébi"’ flow rate= 1.0 mL/min®] 21t} Mass spectrometry
&Zﬂ% 70eVet 220°C ion source &= ANt z+
o] F4& NIST Mass spectra library?} FEEZE 2
timeS

ol-g&-3titt.

] r—ln: m{o
E 1%

retention
SHXzE|

programe ©]-&3dte] BARREA & Fofxrt Qe
ZHIH! Duncan’s multiple range testd ©|-83l p<0.05
S [ B Rk o)
2oty
& 3 27 4y

SPME WHog il Filste] ofs SHile i E
AR FEAPES B gas chromatograme Fig. 13} 2t}
SPMEFERI0] Aitolut A& FA]oA eSS FA8hs
v AHdg BARolgks A oln] oy AFAlse] o8] 1
3 =19TH19.20).

glo] AL Fo REAEA 2REER HUt A5 9%
A9 Ed "3** @2 Fig. 29 At} ]‘ﬂ“\@}oﬂ ojsf st

Fededel 4L Ads A=E ST 5 e £2 7
o

B2AM AREEo] 2hrh(18-20). a]yra}jol T8 A7t ofyd
Agolle Wel 2AL f70l BAGle] LA Ede] e ﬂ%

ol

Kl

27l HE feHel Aozt YlAthp> 0.05)Fig. 2). ol
44 Bl g Zepdl e AE gt Ul gk AQol= a

BEEWIo] ZAFA A 7158 R E3ke vt
Yol zAtolE) glREeh =8 Frt A ge] A
22 13, 26, 39417t B]RZEH B gz B8]
90, 190, 270% Z7}3kicl. kA we] zAbt 9 FR=
4l F7E AlEY, He] 2APL gl glEEEe Hr)r AEe

Wl

o m{n.ﬂ

AN



mV

Time (min)

Fig. 1. Representative gas chromatogram of volatile compounds
from riboflavin photosensitized oleic acid.
Peaks with numbered arrow are listed in Table 1.
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Table 1. Major volatile compounds identified from oleic acid model systems for 39 hr at 35°C with or without light and riboflavin in
electronic counts (x10°)

Retention time

No. Volatile compounds (min) 0 hr sample WORD" WORL?” WRD? WRLY
1 Hexane®' 2.79 5.996° 6.193 6.309 6.931 2.880
2 1-Heptene 3.89 0.974 0.863 0.858 1.277 0.317
3 Heptane 4.06 2.610 2.991 3.655 3.113 27.132
4 Octane 6.16 6.262 7.433 7.743 6.766 39.786
5 Heptanal 8.89 0.674 1.832 1.740 1.423 3.675
6 trans-2-Heptenal 10.54 nd.” nd. nd. nd. 0.104
7 1-Heptanol 10.98 0.198 0.308 0.287 0.271 0.536
8 Unidentitied 11.12 0.249 1.439 1.255 0.957 3392
9 Octanal 11.80 1.740 3.555 2.836 2.642 5.714
10 Unidentified 12.99 n.d. n.d. n.d. n.d. 0.053
11 trans-2-Octenal 13.49 0.194 0.291 0.262 0.232 0.615
12 1-Octanot™® 13.98 0.081 0.435 0.390 0.296 1.161
13 Nonanal 14.78 0.815 1.912 1.530 1419 3.987
14 2-Nonenal 16.43 0.047 0.113 0.105 0.086 0.503
15 Octanoic acid 16.75 0.033 0.049 0.071 0.040 0.188
16 Decanal™® 17.61 0.079 0.182 0.132 0.134 0.268
17 2-Decenal™® 19.08 0.329 1.051 1.038 0.821 4.651 .
18 2-Undecenal™® 21.60 0.137 0.430 0.466 0.357 1.993

"Oleic acid model system without riboflavin stored in the dark.
M0leic acid model system without riboflavin stored under light.

%0leic acid model system with riboflavin stored in the dark.
Y0leic acid model system with riboflavin stored under light.

Solatiles were identified with a combination of mass spectrometry and retention time of standard compounds.

9Average of triplicate in electronic counts.
"Not detected.
$Vplatiles were tentatively identified with mass spectrometry only.
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Fig. 2. Changes of total volatile compounds in oleic acid model
systems with or without addition of riboflavin stored under light
or in the dark for 39 hr at 35°C.
@ with riboflavin solution under light, <>: with riboflavin solution
in the dark, A: without riboflavin solution under light, A: without

riboflavin solution in the dark, @: with riboflavin not in solution
under light, O: with riboflavin not in solution in the dark.
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Fig. 3. Changes of heptane, octane, and nonanal from oleic acid
model systems with or without addition of riboflavin stored
under light for 39 hr at 35°C.

WORL and WRL are oleic acids with or without addition of
riboflavin, respectively.
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Fig. 5. Suggested formation mechanisms of 2-nonenal and heptanal from oleic acid using singlet oxygen oxidation.
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