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Fig, 1. Autoxidation mechanism of wmsaturated fatty acid,
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Table 1. GC~MS Analysis of Isomeric Hydroxyoctadecanoate from Autoxidized Fatty Acid Methyl Es-

ter
FAME Py Relative percent™*
8~-0OH 9-OH 10-0H  11-OH 12-0H 13-0OH 15-0H 16-OH
18:1  200~461 27 23 23 21
18:2 261~1,249 50 5C
18:3  212~495 31 1 12 46
Table 2 GC-MS Analysis of Autoxidized Mixtures of Oleate(01): Linoleate (Lo): Linolenate (Ln)
Mixtures v Temp Relative percent Hydroperoxides , %2
01:Lo:Ln C 8OH 9-OH 10-OH 11-OH 12-0H 13-OH 16~0H {1} Lo Ln
0112 200 50 - 36.3 - - 3.8 432 16.6 - 64 36
491 60 421 - - 38 367 176 - 62 38
1,197 60 - 441 - - 34 381 14.4 - 68 32
0:3:1 401 80 - 383 - - 41 345 23.1 - 52 48
1,238 80 - 410 - - 5.2 388 15.0 - 64 36
0:9:1 340 80 - 35.2 - ~ 0.1 3689 27.9 - 68 32
1,708 80 - 479 - -~ 1.6 46,6 3.8 - 90 10
1:0:1 120 60 5.2 29.3 5.3 4.8 88 121 36.5 24 - 76
574 60 6.0 273 5.7 45 5.5 B.4 413 15 - 85
763 60 6.7 295 5.5 5.8 3.0 9.4 35.0 24 - 76
101 552 80 5.3 21.2 29 31 56 - 135 484 4 - 96
1,181 80 9.7 213 8.6 82 11t 84 327 22 - 78
G:0:1 536 80 24.5 24.0 207 246 1.2 1.3 3T N - 9
1,353 80 25.8 209 209 242 09 0.9 8.2 89 - 11
[ERES 114 60 2.6 35.7 20 2.3 50 281 244 9 39 52
563 60 31 4190 2.1 23 36 325 15.4 g 57 34
1071 680 33 414 22 2.3 31 335 14.2 g 60 3

a) Assuming that 12-OH+ 16-OH=5.5% in autoxidized linolenate (Table i) and that 10~-OH+ 11~
OH =50% in autoxidized oleate{1). Ln-hydroperoxide ={12-0H+16-0Hs + 0565 01 -hydropero-
xides = (10-OH + 11-OH) x 2. Lo~hydroperoxides = 100~ (Ln-00H +01~-00H),
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Table 3. Quantitative Changes of Monohydroperoxides at the Autoxidation of Methyl Linoleate

] . . . Produced Ratio of
Tem;?éa)mre incubat(lg?) time monchydroperoxides geometrical isomers
(wt %) cis~trans: trans~trans

37 48 1t 60 :40

96 24 46 :5]

144 14 44:58

60 12 12 43:57

24 23 35:65

90 3 16 32:68

MHP 7F 44 5r#sl o] BiEgo) A7) B Folvh = triolein{TO), trilinolein(TL), trililinolenin(TLn)
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Table 4 Ratio of Geometrical Isomers at the
Degradation of Monohydroperoxides

Monohydroperoxides Ratio of
Day content geometrical isomers
(wt %) cis~trans: trans—trans
0 100 686134
2 43 51:49
4 11 39:61
5 2 16:84
5

L 34

{ 10 20
Time in

Fig, 2. High performance liquid chromatography of
isomers of methyl hydroxylinolepate, oco-
iumn packing : Partisil - 5;eluting solvent :
0.75% ethanol in hexane ; rate of solvent
flow: 4m//min, Structures of isomers 1 13
~cis ~trans » 2, 12—cis ~trans : 3, 12—trans -
trans 4, 13~trans~irans . 5, 16=cts~trans .
8, U-cis~trans | 7,16 ~trans~irans + 8,9~
trans ~ trans,
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Table 5. The Isomeric Compositions of Methyl Hydroxy QOctadecanoate Obtained from MHP of Unsa-

turated TG
G : Peroxide Percent’ composition
value(meq/kg) §-OH o-OH 10-OH 11-OH 12-OH '13~-0OB 14-OH 15-0H 16-0OH
670 217 24 20 29 - - - - -
TO 1,300 26 22 22 38 - - - - -
1,600 25 22 22 31 - - - - -
51 - 49 - - - 51 - - -
170 - 48 - - - 52 - - -
T 230 - 53 - - - 47 - - -
2,500 - 53 - - - 47 - - -
89 - 37 - - & 11 - - 46
390 - 39 - - 7 8 - - 46
TLN 540 - 38 - - 7 g - - 4
940 - 39 - - & 9 - - 44
Table 6. The Isomeric Compositions of Methyl Hydroxy Octadecanoate Obtained from Autoxidized
Soybean Oil and Soybean Oil TG
PV (meq/kg) ’Percent composition
§-OH 9-0OH 10~0H 11-OH 12-0H 13~-OH 14-CH 15-OH 15-OH
Soybean oil
19 2 39 (5) tr, 10 39 - - 5
64 1 44 2 tr, & 41 - - 6
93 1 46 2 tr, 4 40 - - 7
110 1 47 2 tr, 3 41 - - 8
210 1 46 3 tr, ) 41 - - 4
4702 3 45 3 1 3 41 - - 4
1,400® 2 47 2 2 tr 46 - - i
Soybean oil TG
26 5 45 3 3 (4 37 - - {4)
58 4 46 3 3 {3) 39 - - (3}
140 3 49 2 2 tr, 41 - - 3
480° 3 48 1 2 tr, 44 - - {2

tr, : Trace amounts (less than 1%). Percent in Parentheses : g-cleavage ions of the isomers were
detected incompletely in the mass chromatogram,
a: MHP fractions of oxidized oil were used for the determination of isomeric composition,
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Fig. 3. The proportion of unsaturated fatty acy!
group of soybean oil to the formation of
hydroperoxy tatty acid components

st M:18:2: 1182

The proportion of each acyl group was caleulated
as follows :18:3=(12-OHy+(16-0H}3+0.78 x(16-OH)
+0.19 % (16-0OH)

181 2==10 x ((13-OH) ~0.19% (16 - OH)} +{(13~0H) -
019 % (16-0H))

18:1=100-(18:3+18:2)

0.78 » {16~0H) : 9~OH from 18:3,

0.19 % (16-0OH) : 13~-0H from 18:3,

1.0% ((13-0Hy~019x(16~-0H)) : 9-OH from 18:2,
(13-OH) ~0.19 x (16~-OH) : 13-OH from 18:2
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Fig, 4 HPLC of TL-MHP

Operation conditions .were as follows: A,
column packing of Zorbax SIL, eluting sol-
vent of 10% isopropanol in hexane, flow
rate of 1.0m//min; and B, column packing
of Zorbax ODS, eluting solvent of acetoni-
trile and isopropanol {(3:1) and flow rate of
1amf/min, Peaks were identified to be as
follows : A~1, g-13~-hydroperoxy - (¢ ~t) iso-
mer ; A-2, g~13~hydroperoxy - (¢ -t) isomer
; A-3 and A-4 2 mixture of g~ (¢ -t) and 13
~hydroperoxy - (U ~t) isower ; A-5, §-9-hy-
droperoxy - {t ~t) isomer ; A-§, g ~9-hydro-
peroxy ~ (t —t) isomer : B -1, 13-hydroperoxy
~{t~t)isomer ;, B-2 a mixture of 9-hydro-
peroxy (c-1t) and 13-hvdroperoxy- {c—t)
tsomery 1 B -3, g~hydroperoxy - {t~t) isomer,
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Fig, 5 Relationship between Peak Ratio of TG
MHP on HPLC and Peroxide Value of Oxi-
dized Vegetable Qil

A soybean oil, A commercial salad oil,
sami c¢il, (& peanut oil, () corn oil,
oil,

The procedure and conditions of HPLC analysis
of each oxidized oil were the same as descri-
bed in the legend to Fig, 4.
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Fig, 6. Effect of interesterification against auto-
xidative stability of TL and Tla mixtures
SeTL O TL and Tla mixture @ Al
1rp:erester1f1ed TL and TLa mixtures,

TG (100 mg) was autoxidized in the dark
at 50°C. Autoxidative extent was deter-
mined by measuring PV after intervals of
time,
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Fig, 7. GLC of interesterified mixtures of TCo,
TCy, TP, and TL (mole weight)

A:CoCGoCo; B: CoCoCy; C: CoCyCy;
D: CyCyCy/i E: CoCoP ; F: CyCyL and
G: CoCyL and CyCyP; H: CyCyL; 1: CyPP:
J:CoPL; K:Coll and CyPL; L:CyLL;
M:PPP; N:PPL; O:PLL:P:LLL, Co:5:0;:
Cy: 8:0; P:16:0; L:1g:2

Conditions : (.35mx 3mm columns packed with 3%
Dexsil oa Chromorsorb W (g0 ~80mesh),. Program-
ed temperature {200~-340°C at 4°C/min), injection

and detection temperature: 370°C. Carrier gas :
N,. Flow rate : 60m{/min,

BRI AR

7

£

Cp

30

Min

Fig, 8 HPLC of synthesized TG obtained by in-

teresterification of TP, TO, and TL

A:CCC,BILCC; C:0CC; D:LLC; E:LOC:
FeLLi; G:COO: H:LLO:; [:LOO: J:
000, C:capric acid; Q:olee acid; L g
noleic acid, Operation conditions : column (25
cmx 4. 5mm) packed with Zorbax ODS; elu-
ting solvent : aceton and acetonitril (841 36) :
flow rate: 0.7m{/ min,

Table 7. The Remnant Linoleic Acid Residues in TL when Saturated TGS were Incubated TL#

Remnant LA (%)

TGY A B

¢ 5 17 22hrs 0 24 3.0 4.2days
TL# 100 948 81.7 658 100 98.2 82.6 74.0
™ 100 98.2 77.6 62.0 106 88.0 78.0 67.9
TP 100 97.3 76.7 613 100 710 55.8 290
TS 100 94.3 742 593 i 100 23.6 16.6 117

: TG mixtares of TL and saturated TG incubated at 37%C or 73°C and the amounts of remnant

linoleic acid (LA) residues in TL were determined after intervals of elapsed time,
b : The mixtures of TL and saturaed TGS (1:1, W/W),
A : incubated at 73°C, B : incubated at 37°C.
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Table 8. Relative Amounts of LalL.NLa and PLNP when two Glycerides were Incubated®

Relative amounts®

TG
G 0 2 3 4 7 15days
Lal.NLa 4550 48.60 5112 51.82 56.00 70.82

PLNP 51.50 51.40 48.88 4812 44.00 2918

a : Autoxidation was carried out at 37°C in the dark,

nation of the oxidized TG,

c}(Table 8). ofei#} HlAL MiHe B Y mIf
o glotd & of g4 vlA sbeAE Felien Yk
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Fig, 9. Autoxidative stability of synthesized TGs
A:PLNP B:PPLN C:PLP D:PPL  E:
PPQO, F:POP, Autoxidation was carried out
by means of incubation at 37°C in the dark,
The extent of oxidation was determined by
analyeis of the peroxide value, P:16:0, 0:
18:1, L:18:2 LN:183
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Fig, 10.- Lipase hydrolyzed products
of TLMHP on TLC
Esxperimental systems ;[ : hydro.
lysis products of TLMHP [¥: hy.
drolvsis products of TL and au.

thentic samples : ] ¢ linoleic acid
and linoleic acid monohyvdroperoxi-
des, [i: 2-monolinoleoylglycerol,
v+ MG and MGMHP,

Developed with hexane: ethylether
racetic acid (60:40:0.75, v/v),
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