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Volatile Compounds in the Oxidation of Unsaturated Fatty Acids
Caused in Off-flavor of Porcine Liver by HS-SPME

Sung Im Im' and Sung Hee Choi*

Department of Food Science and Nutrition, Dongeui University
'Dongeui Food Research Institute, Dongeui University

Headspace solid-phase microextraction(HS-SPME) was used to isolate the off-flavor volatile compounds, which
are formed during the oxidation of porcine liver and unsaturated fatty acids in porcine liver induced by iron.
Three fibers for HS-SPME method development were tested, and the polydimethylsiloxane/divinylbenzene(PDMS/
DVB) fiber was selected as providing the best detection of analyzed compounds. In the oxidized arachidonic acid,
the major compounds identified were hexanal, 1-octen-3-one(metallic), (Z)-4-heptenal, (E)-2-octenal, 1-octen-3-
ol(mushroom), (Z)-2-nonenal (cardboard-like), and (E,E)-2,4-decadienal(fatty, oily). In the oxidized linolenic acid,
the major ones were (E E)-24-heptadienal(fishy), (E,E)-3,5-octadien-2-one and (F,Z)-2,6-nonadienal. Moreover,
those of the oxidized porcine liver with iron were hexanal, 1-octen-3-one, (Z)-4-heptenal, (E,Z)-2.4-decadienal and
(E,E)-2,4-decadienal. These results showed that the fishy and metallic off-flavor in porcine liver were due to the

oxidation of unsaturated fatty acids in porcine liver.

Key words: HS-SPME, PDMS/DVB, porcine liver, arachidonic acid, linolenic acid, off-flavor
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AREBI7F Jojupr] 4, W2 AEe] Wslrh dojupA|
Suy 7h AR - B AAC JoM= A AR
e AEElE 7t ARl 2, BMEA % AUt
2oh =3, B YAE Td vtest 84 @01 AR
(character impact compounds)®] FEAjsk= AlES!

H oo ety o 3YES ¥4 sheetd "o
2}, Fdgaiol YA BlEE EXEiA AgoR
& EARE YANE ERE AES A%E 2 g¥ol 7
2 Aee A3 de YAE JehA =, o] dA

Uehe 4R 5558 495 A2 2dst "ok
olg|3t ojuloA BRI AslAdEe] ez, £

B8 e A 5dd AR #8L e slead
Z(headspace) JYAAAAES X3, £4
Az} 7ke- o]u|ol| A, headspace FUAIARS 1 ARFA9
W3l glo] TEHeR X, 1 #¥E {AT A= &
A 7bsdt o]l - Em, wAtmho| A2 3E R (solid-phase
microextraction, ©]3 SPMEZ}3H¢| headspace %244 %S
Fa, Hdke 7 SARVIeEA Baudoe] 9o,

B AFe b2 bl §eE EXSPAl arachidonic,
linolenic, linoleic 2 oleic acidS ©]&3}e] A o]} 4hie]
EA 8}, stshtgo 2 AEE Atel v ES FESS
2 7 g xRk 2ke] B33 (off-flavon @ A3
sbo] #HAFS st Eg 3F g el ¥ X3
At Absl gk AAI o) headspace 3RS SPMEY)

F GC-MSol|A #&Agte g $718 3 H53
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B A#o) ARgdt BX 3P4kl arachidonic acid(5, 8,
11, 14-eicosatetraenoic acid from porcine liver, 99% pure)
2 Sigma Chemical Co.(St. Louis, MO, USA), linolenic
acid(9, 12, 15-octadecatrienoic acid, 99% pure), linoleic
acid(9, 12-octadecadienoic acid, 99% pure), oleic acid(9-
octadecenoic  acid)> Wako Pure Chemical Industries,
Ltd.(Osaka, Japan)AlEF-S AME-atach. 7zt EXSA|HH4E 100
mgell SlEHE 1 mLE 7H) B2 olgh-a-89s Ve
2, 02mlA AR A\AE 73 Ak
A s, gAY & A AFsisd HE @sA
2 A FeCl, - 4H,0, Sigma Chemical Co., St. Louis, MO,
USA) 178 ug(A3H% 50 ugye A-8-3

10mi/min (60 min) Teflon tube (2mm o.d. X Imm i.d.}

S m—

@,
r d Teflon tube (0.8mm o.d. X 0.5mm i.d.)
0, Vial (14mm X 45mm)

gas — [ Water bath (37°C)

i

Sample

Fig. 1. Apparatus for the oxidation reaction.

O=F=

10mi/min {30 min)

L— Water bath (37°C)

i

Fig. 2. Apparatus for the headspace sampling by SPME.
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SPME fibere] 84

SPME% fused silica fiber(®)3} fiberg} $h= H/de] o
7, fiber 2R 2 FE24 wAERESARH Vst A
o ojs) HAe BAAEHC] AT uphy, X3
ulAko] headspace B AR E I wFY P A
T3 fiberE A7) Y8l 3FF PR B fiber
2 ARg-3I9it. 2, polydimethylsiloxane/divinylbenzene(65 mm
PDMS/DVB), polydimethylsiloxane/carboxen(75 mm PDMS/
Carboxen), polydimethylsiloxane(100 mm PDMS)2| SPME
fiber(Supelco, Bellefonte, PA, USA)E AF&3he] headspace
FAPHNE 2R, $59 A 2 peak UEE HESIA
o}, &9 fiberes WEA 2740 ulgl, 250-270°C(GC F+Y
T exelA 3087) aging3l] background’}t & EvES
7VFast AR F ARtk



HS-SPMEZ ©]-8-3F 7o) vl &3 3

7 3 2t SZSIX|Ho| headspace 3|WA] AMSPUME

4 ¥ 8
23, w59 7+ 8 7+ BEFAEAE headspace I)HA A
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+ GCQ(Finnigan MAT)O|™, columne CP-WAX 52CB(30
mX025um id. X025 film thickness; Chrompack, Nether-
lands), column %+ 60°C(4 min)ol|Al 200°C(2°C/min)e] ™,
GC FUT* 25 140°CE AAsIGth MSe] BXzHoR
carrier gasv= helium, linear velocitys 40 cm/sec, ionization
mode EI multiplier %2 1500V, ionization voltagei=
70eV, mass range 25-450 m/z= QT AR BAY
<, library search system(GCQ library search system: NIST
mass spectra data base, 1996%1), The Wiley/NBS Registry
of Spectral Data, Eight peak Index of Mass Spectra®l] 2|%h
AN F 9o ule} X522 (Wako Pure Co., Japan, Sigma
Chemical Co., USA, Aldrich Chemical Co., USAYS 453}
o MS Spectra® #R13le] T3t sddEe] HTF
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S O E AL 2 4 9l =, arachidonic acid®] AFsHAYA
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3l7] Wi E-o)9Y PDMS/Carboxendl] S&H 313y Eo0] B A3
o] 2700 YoM dAsHA EHEHA e Fo] 2 YUl
ol Aog AZHUTy. 28X, PDMS/DVBY PDMS/Car-
boxenoll 4l AZE# butanoic acid 2 pentanoic acid’} PDMS
oM HE HEEA LUt} ol A=A PDMS fiber?)
A, =40 At gisiM e 2stEo] R4 Flo] ¢
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Fig. 3. Comparison of different SPME fibers for arachidonic
acid analysis.
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Table 1. Headspace volatile compounds of unsaturated fatty acids in porcine liver during oxidation purged with O, gas

Peak t

Estimated conc. (ng/mg)”

No.D (i) Compound” " 5 c 5 DY
1 4.14 Hexanal 6.4 18.1, ms, std
2 5.59 1-Penten-3-ol 0.7 ms, std
3 6.48 Heptanal 0.3 ms, std
4 10.39 Octanal 0.8 ms, std
5 11.02 1-Octen-3-one 02 32 ms, std
6 11.57 (Z)-4-Heptenal 35 40 ms, std
7 15.39 Nonanal 6.0 ms, std
8 17.13 (E)-2-Octenal 24 6.4 ms, std
9 18.34 1-Octen-3-ol 03 96 ms, std
10 19.16 Heptanol 0.1 ms, std
11 19.22 (E.Z)-2 4-Heptadienal 6.0 ms, std
12 20.46 (E.E)-2,4-Heptadienal 5.1 ms, std
13 21.14 Decanal 0.1 ms, std
14 21.23 (£)-2-Nonenal 0.6 0.3 ms, std
15 22.19 (E,Z)-3,5-Octadien-2-one 0.8 ms
16 24.57 (E, E)-3,5-Octadien-2-one 0.7 ms
17 25.50 (E,Z)-2,6-Nonadienal 04 ms, std
18 29.00 Octanol 0.3 ms, std
19 3144 (E,E)-2,4-Nonadienal 0.2 ms
20 35.25 (E.Z)-2.A-Decadienal 0.2 35 ms, std
21 35.53 Nonanol 0.1 ms, std
22 3732 (E,E)-2,4-Decadienal 0.8 1.4 ms, std
23 37.58 (E,7Z)-3,5-Undecadien-2-one 0.5 ms
24 40.07 Hexanoic acid 23 ms, std
25 41.47 (E, E)-3,5-Undecadien-2-one 0.3 ms

UPeak numbers in Fig. 4. ZAll identifications not confirmed by retention indices are considered to be tentative. “Estimated conc. with respects to
the internal standard (cyclo-hexanol). *Compounds identified on the basis of the following criteria: ms; mass spectra were consistent with those
of Wiley/NBS and generated libraries, std; GC retention time were confirmed with that of standard sample. A: Oleic acid+FeCl,, B: Linoleic

acid+FeCl,, C: Linolenic acid+FeCl,, D: Arachidonic acid+FeCl,

A A E] Ae F53E 23 vk 3 oily

[e]
o
90} mEtA SPMEH S 23X

& JAE /A= Flo]
slxubate] 2kslE A E headspace FUAAARS T F
Ao gk whioz AlAjEQh Fg 45 3 ol &4

EE3 A HPAL headspace 1A At E S ol
2uiES Yehllar Sldh, vjaAl agke] AlE(A, B, C
2 DyollA headspace FLAEAES 8702 FHsio] 4
Z3st= Aol 7i5siodvh. SPMEYA fojz 7+ F7Y &
GCEA A doxE 13 A9 YASAT. GC-MS HlolE
a4 2 o) wiae) o) 49 7 SSHES Table 19 W
BRI

Arachidonic acid®} headspace 39/ M3IHE: Fig 4
o) (Dl # ol &A3l arachidonic acid 3)¥H3 AHEHAY
REL) oleIRMEIYNORAM 12480 AFHULH, °]
52 F2 9 akanal, alkenal, 24-dienal, A=, ¥3&
2 ) ukatol ittt LHlS|E/E hexanalS H)F-81S] enalF-2
(Z)-4-heptenal, (E)-2-octenal, (E)-2-nonenal, dienal®%] (E,E)-
2 4-nonadienal, (E.Z)-2,4-decadienal % (E,E)-2 4-decadienal 9]
7EFYT. 1 2], l-octen-3-one, l-octen-3-ol, (E,Z)-3,5-

undecadien-2-one, (E,E)-3,5-undecadien-2-one 32!  hexanoic

acid =olQtt. o1 &9 flavorst HAY HA 7k (threshold
=T)2, hexanal(green - grassy’”, T =4.5 ppb’?), (E)-2-nonenal
(cucumber + cardboard-like!>!”, T = 0.08 ppb"?”), (E.Z)-2,6-non-
adienal(cucumber>'?, T=0.01 ppb'®) 522 C, & o ¢
gslEss PURACIA AAE AAEE sjatEe] WAdEL
2 WAe] AR 0.01-45ppbs! Ao ® HITH o] ATk
B3}, (Z)-4-heptenal(T = 0.04 ppb )& WEle] BHFH o o
Fool AdEE Ao WA e C o dds=RF
ol (E2Z)-2A-decadienal(T =20 ppb®),  (E,E)-2,4-decadienal
(T =0.5 ppb@) 2%k sjabgol] EAlsh, PUFAS] R84t
3o o8] F7hEE Aol RIEe] JYrp!P. HEFh arachidonic
acid®] AW EZ chicken flavor: BA3E AR
(E,Z.2)-2,4,7-tridecatrienal = A20] <= ou, 2 2
3o SPMERC.E2E AEHA o). @A, 8 A=Y 1-
octen-3-one(0.005 ppb™®)y& FA1F 9] 2tslel] s BAHEH=
S (metallic flavor)™ YABFE B E] itk o5 ¢
Oiles 2 AES e AR WaAlel FH WA
2815 arachidonic acidolA] A HE E83 BHFHE Azt
ozt

Linolenic acid®] headspace #&A AFSIAAdE: Linolenic
acid®] headspace A At Ee] FAROEAE, I-



HS-SPMEZ ©]&-3
2 (A)
"
c
O
L d
=
c
L
- 8
g i l 12\ "
)
[t
T 1 4 H T ¥ ¥ T 1
S © 5 20 B 0 B 4O
z (B)
n
c
Qi
£ 1S
c &
[} 8
= P 9 u nm
= 0
-
[>)
'_
L] T T T T 1 T T
5 15 20 B 3P B0
= (C)
o 12
2 n
[
R
E
=
o 2 15 ”
i Si6,
]
-
(=]
*—
T L T T | 1] T
5 0 s % P B N

y

.

Total lon intensit

56 ©
l\ N 18, u
7
® P
L bt b LB b
T T T 1 T T T

5 10 [ 20 2 30 35 40
Retention Time(min)

Fig. 4. Total ion chromatogram of headspace volatile
compounds of FeCl, added unsaturated fatty acids using
SPME (Purged with O, gas).

(A) Oleic acid (B) Linoleic acid (C) Linolenic acid (D)
Arachidonic acid

penten-3-ol, (E,Z)-2 4-heptadienal, (E,E)-2 4-heptadienal,
(E,Z)-3,5-octadien-2-one, (E,E)-3,5-octadien-2-one, (E,Z)-2,6-
nonadienal®] 2T}, 1-Penten-3-0l(T = 400 ppb! )y Hoo) 4|
Asd AE®og AMx xaH AHolgldr] Bolxgozm v}
g HAEHE AEelu®™. 9 AEU (E2)-3,5-octadien-2-
one, (E.E)-35-octa-dien-2-one, C,2) LHSI={He (E2)-24-
heptadienal, (E,E)-2,4-heptadienal> 21X 38k sj|4bEof =25}
™, PUFAS] Agatste) olg] Frtete Zlozm Hozns,
(E,Z)-2,4-Heptadienal 2 (£ E)-24-heptadienal> Z59} X
AX oz WAty HlFuWE =74 e FEEFE
oM FrelsEls Bl =d@EA wiiEe] . B,
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Fig. 5. Total ion chromatogram of headspace volatile
components of FeCl, added porcine liver using SPME (purged
with O, gas).
(A) Porcine liver (B) Porcine liver+FeCl,. Peaks: (1) hexanal (4) 3-
octanone (5) 2-octanone (6) 1-octen-3-one (7) (Z)-4-heptenal (8)
hexanol! (9) nonanol (11) (E)-2-octenal (24) (E,Z)-2,4- decadienal
(25) (E,E)-2,4-decadienal (26) hexanoic acid

(E,Z)-3,5-Octadien-2-one, (E,E)-3,5-octadien-2-one, (EZ)-24-
heptadienal 2 (E E)-2,4-heptadienal> Hoj2] 2] A% A 5}A]
A Zrlel=s AoE BIEe] o, 3|, (EZ2)-2,6-
nonadienal® cucumber-likeZ VER)H @, -FAe] A5t
2 YA EE grassy flavor SFEE dA ATHO.
Linoleic acid & oleic acid®] headspace 324 ASI8A4
E: Linoleic acid®] headspace $12H4 AV & 2=, hexa-
nal, l-octen-3-one, (Z)-4-heptenal, (E)-2-octenal, (E)-2-none-
nal, 1-octen-3-ol, (E,Z)-2,4-decadienal ¥ (E,E)-2,4-decadienal
o] #el=9ir}. Hexanal, octenal @ 2,4-decadienate Ao
¥4 linoleic acid®] 2F3} HAAER RIHO] U
(E,Z)-2A-decadienal 3 (E,E)-2,4-decadienal ©FA-, HEHA
460 2 AsE [inoleic acid 9] UFF EHPLETE
Uzl Aow B A9 arachidonic acid®] 23} 34873
2zr EXH9H Oleic acid®] headspace 3|4 AtshgAg
B2 heptanal, octanal, nonanal ¥ decanal®] Ztl|s| =2}
4=579] heptanol, octanol 2 nonanol®] &7 = UTH.

7+e] headspace A AP E: ol FHE X3
Aukakel Al AbslAAd o) 7hel Wi B3] Fhod
= AL wrh wekE sy) el 7kl R Ak
QE} v)aske 2] Bedth mEbs, o) A 7‘}
] headspace WA A ES AESE 2ol &8,
zapAuRke] At B 7k BalE A el 44’%/‘32
Agsth @ o] 243} 7+9] headspace Fd A3
HE Auyrt Ax e #4379 Y EF3E

Ehli= Ao| #olgeir}. o= A oL Zsle] arachidonic

acid 2 linolenic acidollA] A== F43 9 vl B35
o) PAHe) AHAFL AAEIL Utk Fig. 55 B ol F
A5k 7ke] AFs) WS AAE-S SPMEW <8 EF g head-
space 304 A3RAEL) o) RIARWEIYE YEF

o 7 setEe] §AA7S GCol g Xeh YHSOM, GC-
Ms dlolEe] si8s BREAe A el ola 7 8

BS =AEAT. FoARESR US| =+ hexanal, nona-
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nal, (Z)-4-heptenal, (E)-2-octenal, (E)-2-ponenal, (E,Z)-2,4-
decadienal & (E,E)-2,4-decadienal, #A&F+, 3-octanone, 2-

octanone % 1-octen-3-one, YIZ-EFE hexanol, I-octen-3-ol,
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