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Abstract

Palm oil and olive oil samples were subjected to methylene blue sensitized photoxidation in 10% methanol in
dichloromethane in order to compare their oxidative stabilities using duration for oxidation to be observed and
extent of product formation. Progress of the reaction was monitored by thin layer chromatography (TLC) which
indicated that products were formed in the palm oil after 13 hours of irradiation and 10 hours for the olive oil.
Chemical analysis of the reaction mixtures with triphenylphosphine (TPP) and potassium iodide/ starch
indicator/thiosulphate solution indicate that peroxy compounds are formed during the sensitization. TLC results
indicate that the TPP-reduction products showed lower R¢ values than their precursors suggesting that alcohols
are obtained from hydroperoxides. TLC also shows a dark polar spot indicating the formation of
triphenylphosphine oxide. Column chromatographic separation of reaction mixtures on silica gel isolated
reaction products for both oils. The proton NMR spectra of the unoxidized oils samples and their reaction
products show that the major components of the oils are triacylglycerols. The spectra of the reaction products
showed reductions in intensities in the peaks due to the protons of olefinic (5.2-5.4ppm), allylic (1.9-2.0 ppm)
and bis-allylic (2.2-2.3 ppm) groups, indicating that oxidation preferentially affected these double bonds systems
in the structures of the triacylglycerols. Additional peaks were observed at 5.7-5.8 ppm and 7.0-7.3 ppm in the
spectra of the palm oil and at 5.6-5.7 ppm and 6.8-8.0 ppm in the spectra of olive oil. The reduction in peaks and
heights of new peaks observed were more pronounced in the spectra of the olive oil indicating its higher
abundance in unsaturated fatty acids and a corresponding lower oxidative stability.
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Introduction

Oils and fats are valuable natural products to man on account of their energy value, nutrient content in human
nutrition and numerous industrial applications. Despite their usefulness, one major problem in the handling and
utilization of these products is their ease of oxidation.

The oxidation of edible oils is influenced by energy input such as light or heat, composition of fatty acids in the
constituent triacylglycerols, type of oxygen available and the presence of minor components in the oil such as
metal ions, pigments and antioxidants (Daugan et al 2011; Saber-Tehrani et al 2013). Generally, lipid oxidation
can proceed by either autoxidation or photosensitized oxidation depending on the type of oxygen that reacts with
the oil. In autoxidation, atmospheric oxygen is the oxidant while in sensitized oxidation singlet oxygen is the
oxidizing species. Singlet oxygen which is more energetic than triplet oxygen is generated in the presence of
light, triplet oxygen (?02) and a sensitizer (Lhotakova et al 2013, Kruft and Greer, 2011; Min and Boff, 2002).

In the utilization and storage of oils, oxidation reactions are important as it affects palatability, nutritional quality
via the destruction of essential fatty acids and some fat-soluble vitamins and the formation of toxic compounds.
The initial products obtained are unstable and decompose to give various low molar mass compounds that are
responsible for off-flavours and undesirable odours encountered in oxidized oils. As a result, oxidation renders
oils less acceptable to consumers or for industrial use especially as a food ingredient.

The stability of oils to oxidation is an important indicator in determining oil quality and shelf-life (Choe and Min,
2006). Resistance to oxidation can be expressed as the period of time necessary to achieve the critical point of
oxidation such as sensory change or a sudden acceleration of the oxidative process. Several authors have
observed that the oxidative stability of vegetable oils depend on the fatty acid composition as well as the TAG
composition and structure. Neff et al (1992) examined the oxidative stability of soya bean oil in relation to TAG
composition and structure. It was noted that the oxidative stability of the oil was dependent on the fatty acid
composition of the constituent triacylglycerols (TAGs) as well as the triacylglycerol (TAG) structure, that is, the
position occupied by the fatty acids in the glycerol moiety. Their studies show that oxidative stability of oils
decreased with increase in the amount of easily oxidizable fatty acids such as linolenic and linoleic acids and
increased with increase in the amount of oleic and saturated fatty acids. Some of the oxygenated decomposition
products are implicated in degenerative diseases such as aging, membrane damage, heart disease and cancer; as a
result the study of lipid oxidation has received great attention recently.
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The aim of the present study is to access the oxidative stabilities of palm oil and olive oil as edible vegetable oils,
based on their ease of oxidation and structural changes in the constituent triacylglycerols as monitored by
changes in their proton NMR spectra after being subjected to an accelerated oxidation process.

Materials and Methods

Extra virgin olive oil, a product of Andalucia, Spain was purchased from a local supermarket in Port Harcourt,
Rivers State, Nigeria and the palm oil was obtained from Swali market in Yenagoa, Bayelsa State, Nigeria.
Hexane (60-80°C), ethyl acetate, and methanol were purchased from BDH, dichloromethane was purchased from
Sigma Aldrich. Silica gel, (Kieselgel 60 Merck, and silica gel 60 — 200 mesh, Burgoyne Bisrbridges, India;
Methylene blue (M & B).The palm oil was purified before use. The oil samples were stored in a freezer prior to
usage.

Irradiation/Analysis of Photoxidized Mixtures.

The oil samples were photoxidized in the presence of methylene blue and the resultant reaction mixtures
analyzed for their peroxy content by reaction with TPP and potassium iodide/thiosulphate solution as in our
previous work (Fekarurhobo et al 2013). Each reaction mixture was concentrated by evaporation under a fan to a
small volume and chromatographed on silica gel column. The column was eluted with 3% ethyl acetate in
hexane. The fractions collected were analyzed by thin layer chromatography for their product content.

Spectral Analysis

The proton Nuclear Magnetic resonance (NMR) spectra of the oil samples and their isolated products were run
on a Varian Mercury 200 NMR spectrophotometer.

RESULTS AND DISCUSSION

Initial oxidation was observed for palm oil after 13 hours of irradiation, while for olive oil oxidation was
observed after 10 hours. The duration for oxidation to be observed is an indication of their oxidative stabilities.
This observation is in line with the fatty acid compositions of the oil samples under study; olive oil contains 90%
oxidizable fatty acids and should oxidize faster than palm oil which contains 54% oxidizable fatty acids (Poiana
and Mincone, 2004). Henna Lu and Tan (2009) made similar observations while studying the storage stability in
virgin coconut oil (VCO) and extra virgin olive oil (EVOO). These authors observed that VCO with less
oxidizable fatty acids was more resistant to oxidation than EVOO that contains the polyunsaturated fatty acid,
linolenic acid. Smith et al (2007) while studying the oxidative stability of high oleic acid sunflower oil obtained
from genetically modified sunflower demonstrated that the high oleic acid sunflower which contains 5.5%
linoleic acid was more thermally stable compared to the regular sunflower oil which contains 71.6 % linoleic
acid. The authors also observed that the high oleic acid oil showed better thermally stability than most
conventional oils such as soya bean, corn and peanut oils.

Potassium Iodide/Starch Indicator Test:

The photoxidation reaction mixtures of both oils reacted with potassium iodide to give brown solutions which
on addition of starch indicator turned blue-back. Further addition of thiosulphate solution turned the reaction
mixture colourless. A variation of this reaction was used by Asakawa and Matsushita for the determination of
peroxide values lipids. (Asakawa and Matsushita, 1980).

Triphenylphosphine Test:

The reaction mixture reacted rapidly with the triphenylphosphine giving products as indicated on the thin layer
chromo-plates.

Chromatographic Separations

The chromatographic separations of the photoxidized and triphenylphosphine reduced reaction mixtures gave
oxidized and reduced products. The isolated oxidation products also reacted with the test reagents, potassium
iodide/Starch indicator/thiosulphate solution and triphenylphosphine indicating their peroxy nature.

Thin layer Chromatographic Analysis of the Reaction Mixtures

The plates show that the spots in the reaction mixtures are more than those in the corresponding controls and also
have lower Ry values. This indicates that the reaction mixtures contain more substances, suggesting that reaction
products are formed. The fact that the products were slower running on the TLC plates implies that they had
incorporated oxygen into their molecular composition in the course of the reaction. Thin layer chromatographic
analysis of the reduction reaction mixtures (Figure 1) showed that the oxidation products reacted with
triphenylphosphine, showing that they were oxidation products.
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Figure 1: TLC Plates of the Unoxidized Oils and Reaction Products.
The oxidation products are likely to be hydroperoxides derived from the reaction of unsaturated triacylglycerols
of the oil with 'O, in ‘ene’ reactions such as the one in scheme 1 as isolated alkenyl bonds are known to do.
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Scheme 1: Reaction of Singlet Oxygen with Unsaturated Triglyceride
Marmesat et al 2009, Maduelosi et al 2012,Steenhort-Slikkerveer et al 2000 and Vasilecu et al 2013, had
similarly explained the formation of hydroperoxides in the oxidation reaction of vegetable oils. The reducibility
of the oxidation products by reaction with triphenylphosphine further alludes to their peroxy nature. The
observation that the reduction products had lower R¢ values (on TLC) than their precursors suggests that alcohols
had been formed from hydroperoxides in the reactions. The reduction of hydroperoxides of triacylglycerols to

their corresponding alcohols had been observed by Nakamura and Maeda (1991) and the reaction can be
illustrated as in Scheme 2.
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Scheme 2: Reduction of Triglyceride Hydroperoxide with Triphenylphosphine Spectral Analysis

The proton NMR spectrum of the palm oil (unoxidized) , Figure 4 show the following signals: - a multiplet
between 5.26 -5.40, a group of two multiplets between 4.10-4.30, a multiplet between 2.70-2.80, a doublet
centred at 2.10, a triplet at 2.3, a singlet between 1.5-1.7, a singlet at 1.2 and a triplet centred at 0.85 (0.895,
0.885 and 0.883) ppm.

Similarly the proton NMR spectrum of the unoxidized olive oil, Figure 2 show chemical shifts in the region 1.0
-5.5 ppm. The major peaks are similar to those observed in the spectrum of palm oil: a multiplet between 5.2-5.4,
multiplets between 4.2-4.3, 2.7-2.8, 2.0-2.1 and 1.9-2.0, a singlet at 1.7, 1.3 and a triplet at 0.80 ppm. Both
spectra are typical of those of triacylglycerols, the major constituents of oils and fats.

The observed peaks in the spectra were assigned to specific groups in the structure of the triacylglycerol in
comparison to existing literature (Carneiro et al 2005; Guillen and Ruiz, 2005; Guillen et al 2003; Sacchi et al,
1997; Vlahov, 1999). 5.2-5.4 ( olefinic ), 1.9-2.0 ( allylic group of unsaturated acyl groups), 2.7-2.8 ( bis-allylic
group ), 4.2-4.3 ( 1,3 of glyceryl group), 2.0-2.1 (methylene group alpha to carbonyl), 1.7 ( methylene group beta
to carbonyl), 1.3 ( methylene envelope of all acyl groups) and 0.85 ppm terminal methyl group.

The spectra of the oxidized and reduced products are similar to those of the unoxidized oils but with reductions
in intensities in the peaks due to the protons of easily oxidizable groups (olefinic, allylic and bis-allylic groups):
the triplet at 2.2-2.3 ppm, the multiplet between 5.26-5.40 ppm and the multiplet between 2.7-2.8 ppm. Also
additional peaks are observed between 5.7-5.8 ppm and between 7.0-7.3 ppm in the spectrum of the palm oil and
between 5.6-5.7 ppm and between 6.8-8.0 ppm in the spectrum of the olive oil. The new peaks are more
pronounced in the spectra of the triphenylphosphine-reduced products. The peak at 5.6-5.7 ppm is assignable to
olefinic protons of hydroperoxydienes (Sacchi et al 1997), while those at 6.8-8.0 ppm which were not baseline
resolved may be due to a combination of a hydroperoxydienyl and hydroperoxyl protons. Similar results were
obtained by Wasasundara and Shahidi (1993) while monitoring the oxidative stability of canola and soya bean
oils by proton NMR. Guillen and Ruiz (2005) also observed a similar reduction in peak intensities while
monitoring the oxidation of vegetable oils by proton NMR. These authors noted that the intensities of peaks due
to bis-allylic protons diminish faster than those due to olefinic protons. Also that as the intensities of these peaks
gradually diminish, peaks due to hydroperoxides and conjugated dienes were observed. Schnitzler et al 2013,
while monitoring the thermal oxidation of sesame oil samples noted a similar reduction in the peak intensities
due to olefinic, allylic and bis-allylic protons. The authors noted that the reductions affected the bis-allylic
protons more than the allylic and olefinic protons.

The spectra of the oxidation products in the present work indicate a similar reduction in intensities in the peaks
due to the protons of olefinic, allylic and bis-allylic groups. Figure 5, the expanded spectra of the oxidized
product of palm oil confirms that oxidation affects the bis-allylic protons more than other oxidizable groups. The
peak due to the bis-allylic protons is almost unobservable. The reductions were more prominent for the olive oil
(more unsaturated) than for the palm oil. This can be attributed to the fact that palm oil is more saturated than
olive oil and also contains more antioxidants in the form of carotenoids and the E vitamins ( tocopherols and
tocotrienols) than olive oil. These antioxidants exhibit singlet oxygen quenching activities thereby rendering it
more resistant to singlet oxygen oxidation. Correspondingly, the new peaks observed were more prominent in
the spectra of the olive oil compared to those of palm oil. A similar observation was made by Guillen and Ruiz
(2005) that intensities of signals due to hydroperoxides and conjugated diene protons are higher in the spectra of
polyunsaturated oils than in oils rich in oleic acyl groups. Palm oil contains 43% of MUFA and 11% of PUFA
while olive oil contains 78% of MUFA and 12% PUFA. Therefore olive oil oxidizes faster than palm oil under
similar conditions.

Park et al (2010) similarly observed that the polyunsaturated fatty acids are affected more than monounsaturated
fatty acids in both thermal and sensitized oxidations. These authors subjected soya bean oil to both thermal and
methylene blue sensitized photoxidation. The results showed that the relative percentage of linoleic and linolenic
acids decreased by 0.87 and 0.65% respectively after 60 minutes of thermal oxidation. On the contrary the
relative percentage of oleic acid increased by 1.3%.
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Neff et al (1997) while studying the resistance to oxidation of canola oil used normal and modified varieties of
the oil observed that oxidative stability decreases with the presence of readily oxidizable fatty acids such as
linoleic and linolenic acids. Similarly, Lee and Choe (2013) while investigating the effect of fatty acid
composition of oils in chlorophyll-sensitized oxidation of oil/water emulsions demonstrated that oxidation rate
was higher for sunflower oil or soya bean oil whose polyunsaturated fatty acid content was higher compared to
canola oil or olive oil.

Conclusion

Methylene blue is a well-known Type II sensitizer and can generate singlet oxygen upon visible light irradiation.
Due to its electrophilic nature, singlet oxygen attacks TAGs containing olefinic systems and the higher the
electron density in the acyl chains the faster will be the attack. This is observed in the present work as the
duration for oxidation is shorter for olive oil (contains more unsaturated fatty acids) than for palm oil. Also the
reduction of peaks due to the oxidizable groups in the proton NMR spectra and the new peaks are more
prominent for olive oil than palm oil, confirming that palm oil is more stable to oxidative degradation than olive
oil.

References

AOCS; American Oil Chemists Society, Official Methods of Analysis (2004). Amer Oil Chem Soc Campaign,
USA.

Asakawa, T and Matsushita, S (1980): A colorimetric micro-determination of peroxide values utilizing
aluminum chloride as the catalyst. Lipids: 15 (11) 965-967.

Carneiro P.LB., Reda S.Y. and Carneiro E.B.B., (2005) '"H NMR Characterization of seed oils from Rangpur
lime (Citrus limonia) and Sicilian lemon (citrus limon). Ann. Magn. Reson. 4 (3) 64-68.

Choe, E; and Min D.B. (2006) Mechanisms and factors for edible oil oxidation. Comp. Rev. Food Sci. and Food
Safety. 5: 169-186.

Daugan, E.M.A., Abdullah, A and Abdullah, H (2011): Natural Antioxidants, Lipid profile, Lipid peroxidation
Antioxidant enzymes of different vegetable oils Advanced Journal of Food Science and Technology: 3 (4) : 308-
31e.

G. K. Fekarurhobo, S.S. Angaye and F. G. Obomanu (2013); Methylene Blue-Sensitized Photoxidation of Olive
Oil: Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 4(3): 394-401.

Guillen, M.D and Ruiz, A. (2005) Study of Proton Nuclear Magnetic Resonance of thermal Oxidation of oils
Rich in Oleyl acyl Groups. JAOCS, 82 (15) 349-355.

Guillen, M.D, Ruiz, A, Cabo, N, Chrinos, R and Pascual, G (2003) Characterization of Sacha Inchi (Plukenetia
Volubilis L.) oil by FTIR Spectroscopy and 'H NMR .Comparison with Linseed oil. JAOCS 80 (8) 755-762.
Kruft, B.I. and Greer, A (2011): Photosensitization Reactions In Vitro and In Vivo. Photochemistry and
Photobiology. 87: 1204-1213.

Lee, Y and Choe, E (2013); Effects of fatty acid composition and beta-carotene on the chlorophyll
Photosensitized Oxidation of water/oil emulsions affected by phosphatidyl choline. Journal of Food Science: 78
(1): C31—C35.

Lhotakova, Y, Plistil, L, Moravkova,A, Kubat, P, Lang, K, Forstova, J and Mosiger, J. (2012): Virucidal Nano
fiber Textiles Based on Photosensitized Production of Singlet Oxygen. PLos ONE 7 (11) e4226. Doi 10 .
1371/journal pone. 0049226.

Maduelosi, N.J. Obomanu, F.G. and Fekarurhobo, G.K. (2012). Dye-sensitized Photo-oxidation of Some
Vegetable Oils. JETEAS 3 (5): 740-742.

Poiana, M and Mincione, A (2004): Fatty acids evolution and composition of olive oils extracted from different
cultivars grown in calibrian area. Grasas y Aceites 55 (3) 282-290.

Marmesat, S; Morales, A; Velasco, J; Ruiz-Mendez, M.V. and Dobarganes, M.C. (2009); Relationship between
changes in peroxide value and conjugated dienes during oxidation of sunflower oils with different degree of
unsaturation. Grasas Y Aceites ; 60 (2); 155-160.

Min, D.B. and Boff, J.M (2002). Chemistry and Reactions of Singlet Oxygen in Foods.Comprehensive Reviews
in Food Science and Food Safety. 1: 58-72.

Nakamura, T and Maeda, H (1991) A Simple Assay for Lipid Hydroperoxides Based on Triphenylphosphine
Oxidation and High Performance Liquid Chromatography. Lipids: 26; 765-768.

Neff, W.E., Mounts, T.L. and Rinsch, W.M. (1997);Oxidative Stability as Affected by Triacylglycerol
composition and Structure of Purified canola oil Triacylglycerols from genetically modified normal and high
stearic and lauric acid canola varieties. Lebensmittel-Wissenschaft und-Technologie-Food Science and
Technology: 30; 793-799.

22



Journal of Natural Sciences Research Www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) JLEN
Vol3. No., 2013 NSTE

Park, Y.W, Jeoug, M.K. , Chan UK. Park and Lee, J.H. . (2010). Distribution of Triacylglycerols and Fatty
acids in Soyabean oil with thermal oxidation and methylene blue Photosensitization. J. Amer. Oil Chem Soc. 88:
373-3-88.

Saber-Tehrani, M Givianrad, M.H., Aberroomand-Azar ,P, Waqif-Husain, S and Jafari-Molanadi, S.A. (2013)
Chemical composition of Irans Pistacia atalantica Cold-pressed oil. Journal of Chemistry.

Sacchi, R, Addeo, F and Paolillo, L. (1997). 'H and “C NMR of Virgin Olive oil: An Overview. Magnetic
Resonance in Chemistry (35) S133-S145).

Scnitzler, E, Fonseca, F.A. and Carneiro, P.I.B. (2013); Thermal Oxidation kinetic of Sesame oil (Sesame
Indicum L.) by Proton NMR. Journal of Microbiology, Biotechnology and Food Science. 2 (6) 2411-2413.
Steenhorst-Slikkerveer, L, Louter, A, Janssen, H and Bauer-Planck, C (2000) Analysis of Nonvolatile Lipid
Oxidation Products in Vegetable Oils by Normal-Phase High-Performance Liquid Chromatography with Mass
Spectrometric Detection; JAOCS 77; 837-845.

Wasasundara, U.N and Shahidi, F (1993); Application of NMR Spectroscopy to assess oxidation stability of
canola and soya bean oils. Journal of Food Lipids: 1 :( 1); 15-24.

Vasilescu, [; Eremia, S.A.V.; Radoi, A; Gabriel-Lucian, R and Simona-Carmen, L (2013); Lipid hydroperoxides
determination on a ferrocene methanol modified electrode. Analytical Methods: 5; 2013-2019.

Vlahov, G (1999): Application of NMR to the study of olive oils. Progress in Nuclear magnetic Resonance
Spectroscopy. 35: 341-357.

APPENDIX:

51d Frofcn paressiors

Saag e AmcwsOL

Figure 2 : Proton NMR Spectrum of Unoxidized Olive Oil.
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Figure 3 : Proton NMR Spectrum of Isolated Oxidized Product of Olive Oil.
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Figure 4 : Proton NMR Spectrum of Unoxidized Palm Oil.
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