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Lipid Oxidation at Low-Intermediate Moisture Content*

II. The correlation between the common lipid oxidation
measurements and the volatile compounds

Yoshikiyo Mizusamma**, Koz0 Takama** and Koichi ZAMA**

Abstract

The volatile compounds appearing in the process of oxidation of mackerel oil
were studied in a model system consisting of egg albumin. Propanal, one of the
major volatile components, was identified by GC-MS analysis. A high correlation
coefficient was obtained between propanal formation and COV, Oxodiene value,
and COP ratio. At the same time, the formations of some major hydrocarbons,
not identified, are also highly correlated with COV. It can be concluded that the

measurements of the volatile compounds formed, especially propanal, would be
a useful index of lipid oxidation.
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EL, FTMGills? i3, Bk 5 AOERMERS & LT 9% DILEWEREL T3,

HERBERSICIABORERBL 3 4D, Tz “RBV” ELUTHRL W L OMBFEEL, —HKE
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LD &5, BREBILOBEL L CHRERTH 5EBIVE = VILEHOBEES EBINB L E
b5, ThbdORSOBEERRS DAV S N TV AERLIEEE OHEIENH S bitiud, BHOD
B (BIer%b) EOMREICERL, SRNFHED b FBN T IESTTERICZZ bDEBEL LN B,

FRFFETI, K~ PEKROTEEBCETRL AR L b &3 2 ERMHE L BILORER s b8 30
B2z oy, Fr2OKNEECHBUIEL I RAl-20 0 BRAEFVRERAY, 20~y
F 2ot~ 2 4 2 DIE SRRSO E & POV, COV, TBA s k¢ COP ffi ® B DT B
Meff-1 '
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(1) REOME FH? LFEROAM-2 L 2 BBEEETFVREBRMYL, ~v FRR—=IF 245
WRELTI0mI BEZA7 7 2aAR 2 5g MU0, 8L TBAERMERE L TO05g D
BRE222Y o —% 5 v HRBRECERLU 23D, 725 i POV, COV, COP ffifll2d 1 DiE
EHEAE LT I10mlAZAT 5 XaRSBMLIbOZNENE 0, 0.32 BLIF 0.75 DATEHKC
FEL, 20°C REEL 12, ‘

(2) BMREBRFSO/WTE ~v FRR— 24 20 HHE Table L iRTEHT X 35 22w b
¥5 7k 5 T 120

Table 1. GLC analysis of volatile compound

Instrument :  Hitachi Model 063 Gas Chromatograph

Column packing : 109, Polyethylene glycol 20 M
80-100 mesh Chromosorb W
(Gas-chro Kogyd Co., Ltd.)

Column : 3mm id. X 2m Glass tube
Carrier gas N, : 40 ml/min

Column temp. : 70°C

Injection temp. :  150°C

Detector temp. :  150°C

Detector :  FID

Sample size :  Head space gas 100 ul

(3) GG-MS §#fi2 GC-MS (FxZu<w &5 7-vRXR2 bv) 434, BIr RM 4% GC-
MS %2{Ef L, Table 2 IRTEBIRE 5 TFo12,

Table 2. GC-MS analysis of volatile compound

Instrument :  Hitachi Model K53 Gas Chromatograph-
RM4 Mass Spectrometer

Column packing : 109 Polyethylene glycol 20 M
80-100 mesh, Chromosorb W

Column :  3mm id. X 2m Stainless steel tube
Column tmep. : Room temp.

CH-V : 80eV

MR : 1-300

DG : 10

Sample size :  Head space gas 10 ml
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(4 TBA EOAFE Vyncke® DFHBICEL, REOMAM- 2L 27 KBEEF VK 0.5¢ 1T,
10ml @ 7.5% TCA ¥ (0.1% W/V BATF® S n ¥ (PG) +0.1% W/V EDTA 24) %A
THEDF AXU 4%, WBL, WK 5mlic 0.02M TBA R 5ml 2N, FEEART T 40408
T, HKF T 10 2EIMAE, 538nm KB ARMELWEL, ZOKEERE 1% H OWRE
EUTHRRL I,

(6) RM-Y-NIHBAGETAERNSOERMAEH HREO I5{EED 7+ v TERFL 3EH
HUT:Db, BE» 3610 I5/EO2F Vv ~FT3EBHE2IT-12. HBHBEZEEL, Boh
1TEREMEEEEE LI,

(6) POV QRE HLEMBSITRBRIED HE-> THEL 2.

(7} COV QRE RBR & KU OFHEILHE - THEL 12,

(8) COP f{fi (Conjugable oxidation products (assay)) ®BIE Parr & Swobodal® DFHik
WHBEL TRIEL 77, $/2bbHMIBED 0.03~0.1g % 5ml @ iso-octane-ethanol (FIEHIE T K. K.
BUSSG) 1:1(V/V) RERL1:DB, 20 1ml T2 3D 1I0mIF A 27 T X3 THEL, FhF
h0”, “R”, “D” L L1z, “O” i2i% 0.5ml D iso-propanol (FI¥cHisKT % K. K. #SSG) % A
72D 5 ethanol T 10ml iEERL 12, “R? Rz FHARILA YRS MY o (b TE K K. §
15%) % AEFIL YEIE L 77 iso-propanol #VE (I#%) © 0.5ml %A, 60°C T 30 A ERMEHEH
L, ethanol T 10ml iIERL 72, “D” 11X 0.5ml @ I #E% %, 60°C 30 SEEEEINE, BHE,
209 (W/V) Filg (FodiRT¥ K K. SSG) %&1r ethanol ZA¥ED 2ml %A, FH 60°C 304
FINR, BHL 7205 ethanol T 10ml KEEL 77, ZD L HiclL THI: “0”, “R”, “D” OZhF
DN T 268,275 B L2 301 nm iK1 AWM B RPEL 72, Oxodiene fH, COPff, COP Hiid¥k
E- Wi ) ﬁtﬁb 720

Oxodiene value = (Ag75° —Agzs™) +2.0W
COP value = { (Azss” —Azes®) + (As1” —As01®) } +2. OW
COP ratio = (Ase1” —As01™) + (Ases” —Azes™)

HU, W: REEERRE (9

BRESUVER

(1) #FERMRSHOERE propanal OFEE KHHEE% 0, 0.32 3 X0 0.75 & FEEL 72 Kt
20°C PP iC Il 3 o ¥ 2= 2 X ROMTRER % Fig. 1 1R T, FEYROERE, T4bbig
EDEITIAE S THRT 2EE Y~ 212 No. 1, No.2, No. 5, No.7 8L No. 17 Th 3, 1R
i3 L F Porapak Q & 7 2 2 1z GC 4497 (AL 063 BA X v< b 57, 2mX3mm X5~
VA5 A, 715 ABEE 150°C, N ¥ 40ml/min, FID) 5, No.1, No.2 iZESFORIAKETH
%, No. 1 it methane, ethane, propane HEDRAHS, Z 72 No.2 i3 ethylene, pentane £DEERIS &
HEEIN 5, No.5iZ propanal ORFEFR (Rt) & —FL, No. 78X No. 17D Rt & —F§ 34&
SRR 5, & {2 No. 17 @ Rt i3 n-hexanal & n-heptanal ORI AIEL, 74057 REAE
THIEEREDS 2RI BIM7 VT e F T 5 L HEEINS, 77, No. 14 2R E OHEED 5 n-hex-
anal EHEEINB Y, CORGEBED TEITD B, HBEVIETTORBHCIGRL THERT 55
ATk (Fig.1)o n-hexanal 139 7 —VBHIEHEE (0-6) %2#Rks & 3 5EED BISREED -
UTEDHNBH51D 130 0 L BRI (0-3) 2XEERSE TIAHKBED S I3 XEAR
Pz h B trRFCTFERINS,

propanal & #EZ 3N % No.5 13, GC-MS HiTO#ER, Fig. 2 WHRT X 58 m/e58 (M), m/e57
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Fig. 1. Gas chromatogram of volatile components produced from model system during
storage at 20°C.

(M-1), m/e29 (B#EY —2) 25, m/e29it CoHst 4 A BLX7L Y I 442> (H-C=0M
REIL L OTH Y, M-1 BEBICHEL T3 L ik 7 v e FEOKBRERIERL T3
2rTEOTHH, KO L 57 fragmentation E-SNTWH 3 EERINS,
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Fig. 2. Mass spectrum of Peak No. 5.

Table 3. Correlation coefficients of TBA-V, POV, cov, COP-V, O-V and COP ratio
with propanal increase in mackerel oil-eqg albumin model system at 20°C

r
Aw
TBA-V y POV ooV COP-V 0.V COP ratio
Blank 0.930 0.858 0.934 0. 442* 0.979 ~0.953
<o | Hemin 0.6356* 0.817 0.972 0. 735* 0. 996 —0. 965
Cut+ 0. 770 0. 901 0.931 0.601* 0. 954 —0.916
Fe+++ 0.764 0.968 0.913 0.487* 0.963 —-0.873
Blank 0.698 0. 690* 0.913 0.976 0. 899 —0.931
0.32 | Hemin 0.301* 0. 895 0.602* 0. 781 0. 539* —0.561*
: Cut++ 0. 446* 0. 493* 0. 990 0.924 0.931 -0.865
Fet+++ 0. 364* 0. 330* 0. 960 0. 902 0. 999 ~0.895
Blank 0.706 0.879 0. 899 0. 983 0.941 —0.933
o5 | Hemin 0. 759 0.816 0.961 0.995 0.908 —0.984
: Cut+ 0.816 0. 429* 0. 743* 0.851 0. 746* —0.822
Fet++ 0.763 0.931 0.952 0.952 0.8560 —0.872

* Insignificant at 959, deficience level.

TBA-V: Thiobarbituric acid value, POV: Peroxide value, COV: Carbonyl value,
COP-V: Conjugable oxidation products value, O-V: Oxodiene value, COP ratio:
Conjugable oxidation products ratio

(2) propanal & EZMER(LIEME OEBME LRSS, FETHEL /2 propanal (No.5 ¥~
s R4y L TBAJE, POV, COV, COP {, O (Oxodiene) fiiis L7* COP H.& OFB%R® 51t b,
BB BLEEORMN 2G5 120K, D WRL L ERROEBE2 &8 T 5 8% 2HANL,
Awm0, 0.32 3 X0 0.75 D7 W ENOKMEEIRICT 5 BN ELERNL 2.

s DR 6 RD I FKITEIERICTIS T 5 propanal & TBA {f, POV, COV, COP {&, O
1B L COP & DIEIBRE R KD 1285R % Table 310RT, T * HIOEEIX, TR L ERE5%
PLED LD TH b, propanal OAERE & OHBIMSENC & 2R T3, #-T, BERRE Aws
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Table 4. Correlation coefficients of tncrease of several volatile conponents
(No. 1, No. 2, No. 7 and No. 17) with COV in mackerel oil-eqg
albumin model system during storage at 20°C.

T
Aw
No. 1 No. 2 No. 7 No. 17

Blank 0.892 0.761 0. 595* 0.857

~0 Hemin 0.937 0.860 0.768 0.936
Cutt 0.955 0.930 0.677* 0.980

Fet++ 0.961 0.926 0.776 0.955

Blank 0.834 0.830 — 0.986

0.32 Hemin 0. 805 0. 708* - 0.841
) Cut+ 0. 937 0.951 - 0.954
Fet++ 0.981 0.962 — 0.859

Blank 0.963 0.931 — 0.923

075 Hemin 0.988 0.990 — 0.972
Cut+ 0.995 0. 997 — 0. 995

Fet++ 0.942 0.952 — 0.918

* Insignificant at 959, deficience level.

Table 5. Correlation coefficients of increase of several volatile components
(No. 1, No. 2, No. 7 and No. 17) with propanal increase tn mac-
kerel oil-egg albumin model system during storage at 20°C.

T
Aw
No. 1 No. 2 No. 7 No. 17

Blank 0. 962 0.815 0.129* 0.892

~0 Hemin 0. 986 0.911 0.548 0.946
Cut++ 0. 964 0.876 0.198* 0.950

Fet++ 0. 985 0.933 0.533 0,954

Blank 0.975 0.965 - 0.832

0.32 Hemin 0. 780 0.884 — 0. 750
. Cut+ 0. 886 0.885 — 0.889
Fot++ 0.982 0.967 — 0. 905

Blank 0. 993 0.970 - 0. 955

015 Hemin 0.931 0,940 — 0. 900
. Cut+ 0.735 0.649 - 0.656
Fet++ 0. 560 0.984 - 0.920

* TInsignificant at 959 deficience level.

0 DFRITBTid, propanal DARREIL COV, O i L COP b & #&» THIEME L, F2POV
ELRREOMEEDD B EERLTIN S, Aw=0.32 8 L 0.75 DBELiCi3, POV ® TBA fiL
OFEBEME , & X Aw=0.32iT3317 5 TBA fE& ORET COFEMIIEE TH 55, COV, COP
&, O L8 COP e OHBERFE L, KOEEHED BOPE&BOEECHHL S TEVIEED
»2bDICOV, Ofix LN COP L TH B L L HFED NI,
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IEERRLOT - HEERIEBR{LHONE HEHTHD, POV RIEHEL T3 I HEEL S COV
L OMEPIEE TAHBEYTH Y, propanal £FREN COV © O LAV ERT LI, B
BRRLOF - ZEBRBCBU IBBBELTERTH AL EERL TV S,

(3) propanal &< hOTEERMMKS & COV S LT propanal & OEMM ERHERDT
@ propanal PIEEBLOF - HHIERCBY s BAREL L T, FEHCBRMERTHEL 5 585
Th D EIXT TRz, T2, [FRFIC propanal DIIH T, #EZBHERRS & L T No. 1, No. 2, No. 7
B LU No. 17 dREBEHEOER T E-> THERT 5. #-T, hb6WMAPDERE L propanal D
B FRCBERIC s h B35 C L MEL SN, propanal DARK & BEEDREY - 72 COV & Lh
5D E E ODEEEIDONT BN L . T48bb, Aws0, 0.32 B X075 B B XRER
PR ORBHTET TR 2 ARE L, FRRCRIEL 72 COV & OMEME% R 12§55 % Table 4 i
7T [FIKEIT propanal ARE & DA% R Table 5 iT5RT, FrH *EI2 5% U LDOEBRETH 3
LERFTIDTHH, No 7 2RROTMORES TREWICED TEWHE#ED D 3 T & 2 RL T
%, DT i, No.7 BIREBILOETICES Ty FRR—2 47 2B - KL IZELTH,
AR L O REZRESMETH 2 DB T 5 D, KOFEHERCL T, L HALEIMIH
K35 400, d30RKOFECRERVEETH 5 L BHEIN, BILOBELIZIHE
750, Labuza$ 1 2 kov o — X#EE  (microcrystaline cellulose) & Y YV /L~ FDBEEF NV
FTC, Aw~0(dry), 0.1, 0.32iC#3 T, hexanal & heptanal DREMVER(LEE LTS & LT
B, b ORSIRAKICE HYEEINPTL, Aws0dry) TR LERBOZNIEZ BDH TN
P8, DT I No7DEREEEUL TS, CDTE LY, No.1, No. 2, No.17 it propanal & [
IS EBRILDF « BRI T AERMUEEE U TED THRAREDBOHRESTH 2L EALLNS,

AAREOMEDERYME IMEEOREE 2R ORI ZPEELTARFEND b, DL
LIIBRDO—ER TH % propanal DAERERPEERET AL I ->TRAETRD I, IbHIT
REAEIBOEF—F A a7 5 A LRERTYS Y~ No. 1,28X10°17 % [ JIET 5 2
EREST, —BEEEOEOERUEERLE LB TRZEELILNS,

# b iz, GC-MSAMMTICHRAT 3 5 12 RFRFMERICEHEKRAMBBIRT F RO R
To

X B
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