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ABSTRACT

Trilinolein, a triglyceride containing linoleic acid as the only acid moiety in the glyceride molecules has been isothermally treated
at 250 °C, 275 °C and 300 °C in sealed glass ampoules. The products formed during the thermal treatment at each temperature
have been analysed both by infrared spectrophotometry and gas chromatography. In infrared spectroscopy the samples were
analysed by transflectance technique using a single reflectance attenuated total internal reflectance crystal and a lead glycine
sulphate detector. Second derivative profiles of the infrared spectra of the heated samples were obtained for the analysis of the
peaks. The fatty acids in remaining triglyceride samples after infrared analysis were subjected to derivatisation into methyl
esters. The methyl esters were then subjected to GC analysis. The second derivatives of the infrared profiles of the heated samples
show that the thermally induced 9c12c fatty acid undergoes isomerisation. The peak intensity at 969 cm-1 due to =CH trans
bending vibration increased with heating time while the peak intensity at 3004 cm -1 due to =CH cis stretching vibration
decreased indicating the isomerisation of 9c12c fatty acid. The identification and quantification of 9c12t, 9t12c and 9t12t isomers
were carried out by GC and used in the determination of kinetic parameters for the isomerisation reaction. The results of the
isomerisation show that the formation of 9c12t and 9t12c are equally probable during thermal induction. Furthermore, the
isomerisation reaction followed a first order reaction with an activation energy of 39.00 + 1.00 kcal mol -1

KEYWORDS:

INTRODUCTION

Plants, animals and micro-organisms contain fatigs in the form of triglycerides. The nature dhelir
chemical transformations play very important ralegshe biochemical processes in living systems. figy
acids found in the glycerides of biological systarasy from saturated to mono and polyunsaturattg &cids
ranging from 12 to 20 carbon atoms and foundisitonfigurations. These unsaturated fatty acids isiz@énto
more stablérans configurations during extraction process [1], foglnation [2], heating [3,4], deep frying [5],
deodorization [4,6,7] and radical catalisation [&] review on the formation and propertiesrains fatty acids
has been published Hpikowska [9].

The impact of the nature of fatty acids on heafflects has aroused interest in research on fatts aand
their transformations in different processes anstesys. There have been numerous articles published
various aspects of fatty acids in the literatur4,7,10-22]. However, there has been very litttgk done on
the cis-transisomerisation of linoleic acid. One report pubidhby Leon-Camachet al [7] and one report
published by Mateost al [4] deal with the study ofis-transisomerisation of linoleic acid during industrial
deodorisation and physical refining processes. réperts deal witltis-transisomerisation of linoleic acid and
reported a zero order reaction for the isomerisatéaction. Gercar and Smidovnik [3] studied thengetrical
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isomerisation of linoleic and linolenic acid in hed soybean oil and Henat al [6] studied the geometrical
isomerisation of fatty acids during deodorizatidhvegetable oils. These two studies reported a @rder
reaction for the geometrical isomerisation.

The determination of kinetic parameters for thetransisomerisation of linoleic acids in trilinolein is
interesting and will reveal whether the matrix suniding the linoleic acid moieties play a part ffeeting the
kinetic parameters for the isomerisation reactidhe parameters determined for the thermally induced
isomerization also would give researchers those arkointerested in the chemistry and changes tgiacg
with the linoleic acid in chemical reactions somued on the possible products formed at a particular
temperature.

Trilinolein is a triglyceride containing three dileic acid (9c12c) units and thermal induction rdfriolein
leads to the isomerisation of 9c12c fatty acid i@d2t, 9t12c and 9t12t fatty acids. Apart fromseheisomers
of Conjugated Linoleic Acids (CLA) and isomers daghe migration of double bonds in linoleic actds also
be formed [14,15]. The study of isomerisation kitetfor the cis-trans isomerisation of linoleic acid in
trilinolein therefore requires the precise detemtion of the concentrations of the remaining linolacid
(9c12c) in the trilinolein samples or concentrasiaf the 9¢c12t and 9t12¢ and 9t12t fatty acid issnfiermed in
the heated samples.

Both infrared spectrometry and gas chromatograpéng used in achieving this. IR spectroscopy has be
the method of choice for the determination of tétahs content in food fats. Quantification of the totiens
content in isolated trans fatty acids was basetherntensity of absorption of the C-H deformatidgloration at
969 cm' [21,16]. The use of infrared spectroscopy in dateing the concentrations @fans and CLA fatty
acids can be found in Chrisgy al [12] and Christy [15].

Gas chromatography involves saponification andvdgsation of the fatty acids in the thermally umed
trilinolein samples and separation of the methy¢msusing a high resolution capillary column tisasuitable
for the separation afis andtransisomers.

2. Experimental:
2.1 Sample preparation and heating:

Trilinolein was purchased from Sigma-Aldrich. Tyicerides of the 9¢11t and 10t12¢c were purchasma fr
Larodan AS, Sweden.

The heating experiments were carried out at #50275°C and 300°C in glass ampoules. Several glass
ampoules of length 4 cm were made from glass tuliss0.5 mm internal diameter and a wall thicknegd
mm. Propane—oxygen flame was used to melt oneeoktlyes of the glass tubes. Fifteen glass tubes we
injected with about 0.5 mL portions of trilinoleirsing a plastic syringe. The other end of the gtampoules
were melted and sealed by using propane—oxygereflaime sealed glass tubes were then kept in a trexdiéer
and placed in a chromatographic oven set at a tempe of 250C. The metal beaker was placed deep inside
the oven. The glass tubes were removed at reguf@r intervals and the cooled samples were usedhdn t
infraored and gas chromatographic analysis. The saoeedure was followed for samples heated at’27and
300°C.

2.2 Infrared spectroscopic measurements and datariment:

Each glass tube was cut open at one end andiarpoftthe sample was used to measure the repegisent
infrared spectrum. A PerkinElmer Spectrum One FTplectrometer equipped with a Harrick single reéflace
attenuated total internal reflectance (ATR) accesaod lead glycine sulphate detector was usedeasuring
the infrared spectra. The accessory requires onhiralayer of sample on the crystal to acquire itifeared
spectrum.

Each sample was spread on the ATR crystal usiadlimt side of a capillary glass tube. A back gbu
spectrum was scanned in the range of 4000-60Dlefore the application of the sample. A total ®fstans at
a resolution of 4 cihwere then measured on each sample. The ATR cryatalashed with acetone and dried
after each measurement. The same procedure wastedger all samples heated at 2t5and 300°C. The
sample tubes were resealed and kept in dark fovadisation and further analysis by gas chromatplgya

All the infrared spectra measured on the samplesewsaved in absorbance format. Each infrared
absorbance spectrum was transformed into theimskederivative profiles by using the software of thizared
instrument and saved for further analysis. Secoedvative profiles of the infrared spectra of theated
samples in the region 1000 ¢rto 900 crit were used for the identification and quantitativelysis of the of
transand conjugated linoleic acids in the heated sasnple

2.3 Derivatisation:

The trilinolein samples remaining in the test wiladter infrared analysis were subjected to dasaton.
Each glass tube containing the sample was cut apboth ends and the sample was pressed using #ovai
into a pre weighed test tube. Then the total weidthe test tube with the sample was measuredt83teube
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was then added 1 mL of magaric acid (hepta decawit) in methanol (0.25 mg/ mL) as internal staddand

1 mL of 0.5 M methanolic NaOH solution. The tedtda containing the mixtures were then placed iraew
bath set at a temperature of &5 for ten minutes. After cooling, each test tubesvealded 1 mL of BF
methanol and kept in the water bath again for Suteis at 65C. Again after cooling each of the test tubes was
added 1 mL of n-heptane and 1 mL of saturated Na@ition. Then the tubes were shaken well to aid
separation and dissolution of the Fatty Acid Methgters (FAMES) in the heptane layers. Each ofdketubes
was then added more saturated NaCl solution umilheptane layer came up in the test tube. Theubss
were allowed to stand for a few minutes and thetdreplayers in each of the test tubes were addétea
amount of anhydrous MgSOThe heptane layers in the tubes were carefulyhdeawn by using plastic
syringes and filtered through 45 um acetate filiate 1mL gas chromatographic vials. The samplesew
diluted using heptane and the vials were keptdar& place before gas chromatographic analysis.

2.4 Preparation of reference standard:

A mixture of fatty acid methyl esters ranging fr@@i6-C18 was prepared from the methyl esters ¢f fat
acids. Then a mixture of Methyl esters of Conjeddtinoleic Acids was prepared by a procedure desdrin
Christy [14,15]. These two mixtures were mixed artdtal reference standard of fatty acids was pezba

2.5 Gas chromatographic analysis:

The gas chromatographic analysis of the samples waried out by using a Perkin Elmer gas
chromatograph with an auto injector. A 120 m TRATE-FAME, capillary column with 0.25 mm internal
diameter coated with 0.25 pum thick 70 % cyanopramlysilphenylene-siloxane stationary phase wasl use
the separation of the methyl esters of the fatig Bomers.

A temperature program with initial temperature 1%D with equilibration time of 2 minutes, then
temperature gradient’C / min up to 180C with equilibration time of 4 minutes and temparatgradient £C
/ min were used to bring the final temperature @ %2C. The temperature was held at 2@0for 30 minutes.
Each sample had 66 minutes run time.

The peak identification was carried out by compghe retention times of the FAMEs in the refeeenc
standard. The chromatographic peaks in the 30-30timie interval were integrated and the peak avesre
used in the calculation of kinetic parameters.

2.4 Methodology of the Isomerisation kinetics:

The kinetics parameters were determined by coriegi¢he isomerisation as a single reaction oftyipe A
— B + C where A is the linoleic acid and B and Caa@sisomers formed during the thermal induction. For an
n™ order chemical reaction the reaction rate k camilien as the rate of change in the concentratfoth®
reactant.
d[A)/dt = —k[A]" (1)

If the concentrations of the reactant during tiemal induction can be determined at a time t ftoenstart
of the reaction, then the equation can be intedrieconcentrations [A]to [A]..

And the result becomes
{IA] 7} p0"/(1-n) = K[ty (2)
{IA 1= [A™H(L-n) = -kt 3)

The result is valid for™ and higher order reactions. If the reaction is%brder then the integration of
equation 1 gives the relationship

In{[A] « /[A]o} = -kt (4)
and for a reaction of zeroth order the result bee®
[Al:— [Alo = -kt (%)

The equations clearly show that the determinatadnthe kinetic parameters require the precise
determination of the concentrations of the reactdreaction time t. For a reaction of first ordee reaction
rate for the reaction at temperaturgcéin be determined by graphics using equation 4eQ@ne rates of the
reaction k, k, and k are determined for three different temperaturg&50°C), T»(275°C)and £(300°C) then
the activation energy for the reaction can be datezd by graphics using the Arrhenius equation (6).
k= Aexp (-E/RT) (6)

Here A is the Arrhenius constant, i the activation energy for the reaction, R is ¢fas constant and T is
the temperature of the reaction.

Ink =In A -EJ/RT @)
Ink =In A- (Ea/R) (1/T) (8)

During thermal induction 9c12c fatty acid moietiestrilinolein isomerise into triglycerides contég
9cl2t, 9tl2c, 9t12t fatty acids and the relatiopdhetween the concentration of the 9cl2c fatty atithe
unreacted fraction and time can be investigatedktermine the rate and activation energy for thenerisation
reaction.
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RESULTSAND DISCUSSION

3.1 Infrared spectroscopy of fatty acids:

General band assignments for the infrared absmpin triglycerides are given in Table 1. Infrasgctra
of glycerides containing unsaturated fatty acids similar except small changes in the cis =CH cliag
absorption in the region 2960- 3010 ¢handtrans =CH bending absorption in the region 930-1010'cm
Changes in these two absorptions indicate the igeat®mn taking place in the fatty acid molecul@he
identification and quantification of the isomerisatin fatty acids have been discussed in thelasgtioy Christy
et al [12,13].

Table 1: Some of the infrared band assignments of trigldest

. Functional group and mode of
Frequency (cr) vibration
3025 =CHtrans stretching
3004 =CHcis stretching
2953 CH (CH;) asymmetric stretch
2924 CH (-CH,-) asymmetric stretch
2854 CH (-CH,-) symmetric stretch
1746 -C=0 ester Fermi resonance
1653 -C=C-cis stretching
1465 -CH (-CH,-, CH;) bending
1377 -CH (CHs;) symmetric bending
1238 -C-0O, -CH- stretching, bending
1161 -C-0, -CH- stretching, bending
1118, 1097 -C-O stretching
967 =CHtrans bending
944, 984 Conjugated =CI_-| bending for
all c,t andt,c isomers
088 Conjugated _=CH bending for
all t,tisomers

Some mid infrared spectra and the second derevgiiofiles of the infrared spectra acquired witke th
samples subjected to thermal induction of trilimolat 250°C are shown in Figures 1 and 2 respectively. The
changes in intensities at 3004 ¢and 967 ciiare not very clear in the raw spectra shown in Eigdowever,
these changes are amplified and become cleardreirsécond derivative spectra shown in Fig. 2. I8mi
observations were made with samples heated at@¥3@0°C. The changes taking place in the regions above
clearly indicate the isomerisation process and igewan easy and quick way to check on the progoéss
isomerisation. Kinetic parameters determined ferifomerisation reaction in this work have beeretam the
GC data.

0.25

— Pure trilinolein
— After 4 days
0.20 After 9 days

967 cm-1
0.15

3004 cm!

0.10

0.05

4000 3000 2000 1000 500

Wavenumber cm-1

Fig. 1. Infrared spectra of three trilinolein samplestadat 250C.

3.2 Gas chromatography:

Gas chromatograms obtained with trilinolein samgleermally treated at 250 and 3D are shown for
three different heating times in Figures 3 andspeetively. The gas chromatograms clearly shovidimation
and increase in the concentratiortrains isomers 9c12t and 9t12c¢ with respect to the 9¢d@wer. Formation
of a small amount of 9t12t is also evident. Theranother interesting feature in the chromatograntisat the
almost equal formation of the 9c12t and 9tt2ms isomers during heating. However, one can easitytbat
the 9t12c isomer is slightly high in concentratidimis was observed in each and every chromatogfatineo
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samples analysed after heating in this work. Tas also observed in the mixture of 9c12t and 9td@mers
formed during the thermal induction of trilinoelaida triglyceride containing 9t12t fatty acid. Reador this
very small difference in concentration is not velgar. It is possible that steric hindrance mayalfactor in
this. The formation of almost equal concentratiohshe transisomers indicate that the opening of the double
bonds at position 9 or position 12 in the radica&cimanistic pathway have equal probabilities (Fig. The
formation of 9t12t takes place either from the isoisation of isomer 9t12c or 9c12t. Here, the opgrmf the
double bond at position 12 in 9t12c or at posioin 9c12t isomer. The isomerisation can take ptaosugh a
di-radical mechanism leading to 9t12t isomer (Bignd 6).

0.30 b)

0.10 T Pue
trilinolein

0.00 —— After 2 days

-0.101 —— After 3 days

—— After 5 days
-0.30
—— After 9 days

-0.50

9290 970 950 930

In (1/R)"

0.05 -
0.00- _;‘lﬁolein
0.05 - —— After 2 days
- ——After3 days
015~ ——After 5 days

70.25: ——— After 9 days

3010 2960

Wavenumber cm~!
Fig. 2: Second derivative profiles of the spectra showign 1 in the regions 1010-930 and 3010-2960 cm
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Fig. 3: Gas chromatograms of fatty acid methyl esteraénhieated trilinolein samples at %0

The peak areas in the chromatograms were intejeatd the percentages of the individual isomerewer
calculated. The percentages of the remaining oféiim in heated samples were used to construct the
concentration plots used in the determination nékt parameters.

The concentration evolution plots for heatedrdlein samples are shown in Fig. 7. The relatigmskhow
that the reaction is not a zeroth order reactidotsHor In (A/Ao) against time are shown for the same in Fig. 8.
Linear correlations indicate that the reaction ifirst order reaction. The reaction rates deterahifrem the
correlations in Fig. 8 were used in determining #uéivation energy for the isomerisation reactiénplot
showing the correlation between Ink and 1/T is sihawFig. 9. Excellent linear correlation leadsateelatively
precise activation energy for the isomersationtieac
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Fig. 4. Gas chromatograms of fatty acid methyl esterénhieated trilinolein samples at 3t
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Fig. 5: A di-radical mechanistic pathway for the formatimfrtrans isomers from linoleic acid.
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Fig. 6: Activation energy diagram for the reactions shawhig. 5.

The kinetic parameters determined in this work @mesented in Table 2. The order of the isomedgati
reaction is in contrast to the reaction order fug tsomerisation reaction of 9c12c fatty acids dibke oils
reported by Leon-Camactet al [7] and Mateot al [4]. However, the result is in agreement with teports
of Hennonet al [6] and Gercar and Smidovnik [3]. The activatiemergy determined is in the same range
reported by Leon-Camaclet al [7] and Gercar and Smidovnik [3].
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Fig. 7. Concentration ratio of linoleic acid in the heasasnples plotted against time.

Table 2: Kinetic parameters for the isomerisation reaction.

k, Reaction Activation
Isomer Temp?C) Rate(1/s) Energy
k*10 * (kcal mol*)
18:2(9c12c) 256C 0.017
18:2(9c12c) 278C 0.083 39.00£1.00
18:2(9c12c) 306C 0.459
p9 05 1 15 2 25 3 35
£
300°C
1
&
-1.8
0 5 10 15 20 25 30
= 0%
s 1
. B @ 275 °%C
3 *
_E -2 *
0 20 40 60 80 100
&
1
250 °C
2
%
1.8 Time (s)/10*

Fig. 8: A plot of In(A/A.) vs time.

Conclusion:
Kinetic parameters for the thermally induced isdeaion of 9cl2c fatty acids in trilinolein havedn

determined in this work and reported for the finste.

The isomerisation reaction follows a first ordarekics as in the thermally induced isomerisatibAmfatty
acids in triolein [13]. The order of the reacti@ems to differ from the work reported by Leon-Cahweet al
[7] and Mateost al [4]. However, the first order reaction kinetidstioe isomerisation is in agreement with the

reports of Hennoet al [6]and Gercar and Smidovnik [3].
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Fig. 9: A plot of In k vs 1/T.

The activation energy for the cis-trans isomeigsabf 9c12c fatty acid in trilinolein is 39.00 £0D kcal
mol . The activation energy determined in this workinishe same range as the values reported by Leon-
Camacheet al [7] and Gercar and Smidovnik [3].

The double radical mechanism that describes tiraasisation of 9c12c fatty acids clearly showsehaal
formation probabilities of 9t12c and 9c12t isomdise formation of 9t12t requires higher activaterergy and
this will be reported in the future.

Infrared spectroscopy provides an easy way tolchigcon the isomerisation progress by monitoring th
peak at 967 cth Quantification of totatransand CLA isomer concentrations based on the peakseiregion
900-1000 cm-1 has been already reported by Cretsay [12].
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