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Abstract: Purified and oven-dried pulp oil of the African pear, Dacryodes Edulis was photoxidized in 
the presence of methylene blue as sensitizer to study the chemical changes caused by photoxidation in 
vegetable oils. The reaction was monitored by thin layer chromatography and oxidation was observed 
after ten hours of irradiation. Qualitative chemical analysis of the reaction mixture by reaction with 
triphenylphosphine, potassium iodide/starch indicator/thiosulphate solution and iron (II) sulphate/ 
thiocyanate indicates the formation of peroxy compounds. Chromatographic separation of the 
oxidation reaction mixture and the triphenylphosphine-reduced reaction mixture on silica gel isolated 
the reaction products. Chemical and spectroscopic (IR, NMR) analyses of the isolated oxidation 
products indicate hydroperoxides were the reaction products. The infra-red spectrum of the oxidation 
product showed additional absorptions at 3441.14 and 811.12  and 967.91 cm-1( absorption bands due 
the hydroperoxyl group and trans fatty acids)  which were absent in the spectrum of the unoxidized oil. 
On the other hand, the absorption band at 3007.59 cm-1 earlier observed in the spectrum of the 
unoxidized oil was no longer observed in the spectrum of the isolated oxidation product. Similarly, the 
proton NMR spectrum of the oxidation product showed reductions in the absorption peaks of the 
protons due to easily oxidizable groups in the structures of the triacylglycerol chains; olefinic protons-
5.2-5.6, allylic protons 1.8-2.1 and bis-allylic protons 2.7-2.8 ppm. Also additional peaks were 
observed in the spectra of the isolated reaction products at 5.6-5.8, 6.8-7.0 and 7.4-8.0 ppm. 
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INTRODUCTION 

 
Oils and fats together with carbohydrates and proteins constitute the major classes of foods in human 

nutrition. Vegetable oils are nutritionally important as a result of their high content of unsaturated fatty acids 
and fat-soluble vitamins compared to animal fats. Despite this, the major drawback in the utilization of oils is 
their susceptibility to oxidation (Park et al 2010). 

The oxidation of oils involves a reaction between various reactive oxygen species (ROS) and the multiple 
bonds in the acyl chains of the triacylglycerols (TAGs) in the oils. The initial (primary) products of this reaction 
are hydroperoxides, which decompose to give a host of secondary products (aldehydes, ketones alcohols, 
hydrocarbons etc) which impart offensive odours and flavours to the oil, decrease its nutritional quality and 
safety (Pignitter and Somoza, 2012; Halvorsen and Blomhof, 2011). As a result, oxidation renders deteriorated 
oils less acceptable to consumers and its attendant economic losses. Some of these products are also implicated 
in the development of certain diseases when deteriorated oils are consumed. 

Photosensitized oxidation of vegetable oils takes place when oils containing sensitizers are exposed to air 
and light (Min and Boff, 2002). Some vegetable oils contain natural sensitizers such as chlorophyll, pheophytin 
and porphyrins. Such oil samples yield singlet oxygen in the presence of visible light that can initiate dye-
sensitized photoxidation that leads to a gradual deterioration of the oil during storage. 
 
Dacryodes Edulis: 

Dacryodes edulis is an evergreen fruit tree indigenous to the gulf of Guinea, although it is cultivated in most 
parts of Tropical Africa mainly for its fruit which yields oil from the pulp and the seeds. The fruit is rich in 
nutrients such as lipids, vitamins and proteins (Omoti and Okiy 1987; Kinleka and Bezard, 1993). The fruit 
yields a high content of fixed and essential oils (Ajibisen, 2011). 
 
Pulp oil of Dacryodes Edulis: 

Various authors have put the oil yield of the pulp to be between 30-60%, allowing it to be classified as an 
oil fruit. Available literature seems to suggest that the yield may depend on a number of factors such as the 
origin, the ripening condition of the fruit (Bezard et al 1991) and the type of solvent used for extraction. 
Ikhuoria and Maliki (2007) using chloroform to extract the pulp oil reported 23.3% yield. On the other hand, 
Akpabio et al (2011) using petroleum ether (60—80 oC) reported 56.5% yield.Kinkela et al (2006) reported that 
yields of the pulp oil could be as high as 70% in rare cases. 
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Fatty Acid Composition of Pulp oil: 

The fatty acid composition also varies depending on the location and variety. The average composition is as 
shown in Table 1 

 
Table 1: Fatty Acid Composition of Pulp oil of Dacryodes Edulis. 

Fatty acid %   Composition 
Palmitic  acid 51.62 
Stearic acid 3.42 
Oleic   acid 20.83 
Linoleic   acid 23.24 
Linolenic  acid 0.39 
Lauric       acid 0.12 
Myristic     acid 0.37 

Source: This compositional distribution puts the saturated fatty acids at 55.53% and the unsaturated fatty acids at 44.46%. 
 
Sample Collection And Preparation: 

The pear fruits were bought from a local market in Port Harcourt, Rivers State, Nigeria. The fruits were 
cleaned, cut open and the seeds were removed. The pulp was sliced into small pieces and milled. The oil was 
extracted from the milled pulp with petroleum spirit (Analar grade, May and Baker 60-80 oC) using a soxhlet 
extractor. The extract was desolventized with a rotavapor and purified by passing it through a dry-packed silica 
gel column. The oil was dried in a hot air oven at 105oC for two hours and stored in a freezer for use. 
 
Experimental: 
 

MATERIALS AND METHODS 
 
Pear pulp oil, dichloromethane, methanol, methylene blue, triphenylphosphine, potassium iodide, starch 

indicator, iron (II) sulphate, ammonium thiocyanate and 0.1M sodium thiosulphate solution. 
 
Irradiation: 

2.0 g of the oil sample was dissolved in 100ml of 10% methanol in dichloromethane. The reaction mixture 
was transferred into an impinger and 5mg of methylene blue was added. The impinger was immersed in an ice-
water bath and oxygen gas bubbled in. The setup was externally irradiated with a 200-watt flood light. The 
reaction was monitored by thin layer chromatography (TLC). A similar reaction mixture was made up and 
placed in a dark cupboard to serve as control. 
 
Qualitative Detection Of Peroxides In The Reaction Mixture: 

The irradiated reaction mixture was analyzed for its peroxy content by reaction with the following reagents: 
triphenylphosphine, potassium iodide/ starch indicator and iron (II) sulphate/ammonium thiocyanate. 
 
Triphenylphosphine: 

1 cm3 of the photoxidized reaction mixture was transferred into a sample bottle and a few crystals of 
triphenylphosphine (TPP) were added. The sample bottle was kept in the dark for two hours and the reaction 
was monitored by thin layer chromatography. 
 
Potassium Iodide And Starch Indicator: 

A few crystals of potassium iodide were added to 1 cm3 of the reaction mixture in a sample bottle and the 
sample bottle was kept in a dark cupboard for two hours. A few drops of starch indicator were added, allowed to 
stand for two minutes. Any colour change was noted. Finally, 0.5ml of sodium thiosulphate solution was added 
and further colour change(s) was noted. 
 
Iron (II) Sulphate And Ammonium Thiocyanate: 

A few crystals of iron (II) sulphate were added to 1 cm3 of the reaction mixture in a sample bottle and kept 
in the dark for two hours. At the end of two hours a few crystals of ammonium thiocyanate were added. Any 
colour change was noted. 

The control reaction mixture was also reacted with the above reagents.  
A second set of the oil sample was irradiated and reduced in the cold with triphenylphosphine. 
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Column Chromatographic Separations: 
The irradiated reaction mixture was concentrated by evaporated under a fan to a small volume and 

chromatographed on a silica gel column. The column was eluted with 3% ethyl acetate in hexane. The 
separations were monitored by thin layer chromatography. 
 
Spectral Analysis: 

Fourier Transform Infra-red (FTIR). 
The FTIR spectra of the initial oil and its reaction products were acquired on a Perkin-Elmer Spectrum 100 

Spectrometer, interfaced with a personal computer operating under Windows NT. The spectra were recorded 
from 4000-450 cm -1. A drop of the sample was deposited between two discs of sodium chloride pellets, 
avoiding the presence of air. The frequency value of each band was obtained automatically by using the label 
peak command of the instrument software. 
 
Proton NMR Spectra: 

The proton NMR of the unoxidized oil and the reaction products were recorded on a Varian Mercury 200 
Spectrometer operating at 199 MHz. A small amount of the sample was mixed with deuterated chloroform and 
small portion of tetramethylsilane (TMS) was used as internal reference. The acquisition parameters are as 
follows: - Relaxation delay 1.000 sec, number of scans 16, pulse width 50.4, acquisition time 1.994 sec and a 
total acquisition time of 49 seconds. 

 
RESULTS AND DISCUSSIONS 

 
Thin Layer Chromatographic Analysis Of The Reaction Mixtures: 

The plates showed more components in the reaction mixture compared to that of the control. This indicates 
that the reaction mixture contains more substances, suggesting that reaction products were formed during the 
photoxidation process (Figure 1). 

 

 
Fig. 1: TLC Plates of Unphotoxidized oil and the reaction products. 

 
Qualitative Detection of Peroxides in the reaction mixture: 

The irradiated reaction mixture reacted with the test reagents (TPP, KI/starch indicator and FeSO4/ 
thiocyanate). The results indicate that oxidation products are formed in the photoxidation reaction, since the test 
reagents are reducing agents. Triphenylphosphine reacted rapidly to give products as indicated by TLC analysis 
(Figure 1). The amount of triphenylphosphine oxide (TPPO) produced has been used as the basis of peroxide 
value determination of oxidized oils using methods such as electron-ionization spectrometry (Mochida and 
Nakamura, 2006), measuring the absorbance of TPPO produced using FTIR at 532 cm-1 (Yu, et al, 2007) and 
UV-Visible spectroscopy to measure the absorbance at 240 nm, which is a measure of the amount of 
hydroperoxide present in the oxidized oil (Talpur et al, 2010).The photoxidation  reaction mixture reacted with 
potassium iodide to give a brown solution which on addition of starch indicator turned blue-black, the addition 
of sodium thiosulphate solution turned the reaction mixture  colourless. This series of reactions is the basis of 
the AOCS iodometric determination of peroxide value of oxidized oils (AOCS, 1998). It is adapted here as a 
qualitative test for peroxides. In the reaction with iron (II) sulphate and ammonium thiocyanate, after the 
incubation period and subsequent addition of the thiocyanate crystals, a blood-red colour was observed. This 
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reaction is the basis for the International Dairy Federation (IDF) method of peroxide value determination of 
oxidized oils. (IDF, 1998, Hernero-Mendez etal, 2001, Khodaparast, et al 2008). 
 
Chromatographic Separations: 

The chromatographic separations of the photoxidized and the triphenylphosphine-reduced reaction mixtures 
isolated two oxidized and the corresponding reduced products labeled: PPO-1, PPO-2 and PPO—1R and PPO—
2R, respectively. The isolated oxidation products also reacted with the test reagents; TPP, 
KI/starch/indicator/thiosulphate solution and iron (II) sulphate/ ammonium thiocyanate, indicating their peroxy 
nature. 

 
Spectral Analysis: 
Ftir: 

The FTIR spectrum of the initial oil  showed the following absorption bands: 3472.32 cm-1 due to carbonyl 
ester overtone,  3007.59 cm-1 due to cis- olefinic double bonds, 2924.31 and 2853.75 cm-1 due to symmetrical 
and unsymmetrical vibrations of methylene groups,1746.88 cm-1 due to C=O stretch of the ester carbonyl group, 
1163.13 cm-1 due to C-O-C stretch of esters,1377.54cm-1 due to symmetrical bending vibrations of methyl 
groups, absorption band at  721.47 cm-1 due to C-H out of plane vibrations of saturated carbon –carbon bonds 
(Guillen et al 2003; Liang et al 2013; Rohman and Che Man 2013). These absorption bands are in agreement 
with the structures of triacylglycerols bearing unsaturated fatty acids (Gomez, et al 2011). The high frequency 
of the cis-olefin double band absorption indicates the oil has higher proportion of polyunsaturated fatty acids 
compared to monounsaturated acids. The FTIR spectra of PPO-1 and PPO-2 did not showed the absorption band 
at 3007.59 cm-1, rather additional bands were observed at 3444.62, 811.21 and 967.91 cm-1. The absence of the 
absorption band due to the cis-olefin double bonds in the spectra of the reaction products may be due to their 
degradation and/or isomerization to trans double bonds during the oxidation process. Guillen et al 2005 
similarly observed a gradual change in this band while monitoring the oxidation of sunflower oil by FTIR. 
Similar results were obtained by Le Dreau et al 2009 when these authors monitored the aging of jojoba oil by 
FTIR. The absorption bands at 811.21 and 3444.62 cm-1 are due to the O-O stretch and the O-H stretch of 
hydroperoxides, while the band at 967.91cm-1 is due to CH stretch vibrations of isolated trans olefins (Guillen 
and Cabo 1997).These absorption bands confirm the presence of hydroperoxy groups in both PPO-1 and PPO—
2 and trans fatty acids formed during the sensitization process. Similar observations were made by Guillen et al 
(2000) while monitoring the oxidation of oils by FTIR. The formation of trans fatty acids have also been 
observed by Park et al (2010) while monitoring methylene blue photoxidation of soya bean oil by high 
performance liquid chromatography (HPLC).The FTIR spectra of PPO-1R and PPO—2R are similar to those of 
their oxidation counterparts except for the absence of the absorption bands at 811.21 cm-1. This can be 
accounted for by the removal of the peroxy linkage during the TPP reduction.  

 

 

 
Fig. 2: FTIR of oxidized pear oil PPO 1 
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Fig. 3: FTIR of   Pear  pulp oil.(PPO) 
 

1H Nmr: 
The 1H NMR spectra of the initial oil and those of the isolated reaction products are typical of those of 

triacylglycerols, the major components in vegetable oils. The spectrum of the initial oil showed the following 
absorption peaks: Olefinic protons, 5.2-5.6ppm, allylic protons 1.8-2.1 ppm, bis-allylic protons 2.7-2.8ppm, 
glycerol protons(1,3) at 4.2—4.4 ppm, glycerol protons(2) at 5.2 ppm , methylene protons alpha to carbonyl at 
2.2-2.3 ppm, methylene protons beta to carbonyl at1.5-1.7 ppm, and protons of the methylene envelope at 1.2 
ppm.(Vlahov, 1999, Guillen and Ruiz, 2005, Carneiro et al 2005). 

 

 
 

Fig. 4: Proton NMR of pear pulp oil. (PPO). 



Aust. J. Basic & Appl. Sci., 7(8): 194-201, 2013 
 

199 

PPO—1: 
The spectrum of PPO—1, the first oxidation product, is similar to that of the initial oil with reduction in the 

peaks of the proton due to the easily oxidizable groups; olefinic, allylic and the bis-allylic protons. In addition, 
new peaks are observed at 5.6-5.8 ppm, 6.8-7.0 ppm and 7.4 –8.0ppm, due to the presence of hydroperoydienes 
and hydroperoxy groups. This observation is in agreement with Sacchi et al, 1997, while monitoring the 
oxidation of olive oil by changes in the proton NMR of the oil. 

 

 
 

Fig. 5: Proton NMR of PPO-1 
 

PPO—2: 
The spectrum of PPO-2 (not shown) the second oxidation product is similar to that of PPO-1.Similar 

reductions in the peaks due to the easily oxidizable groups is observed; olefinic peaks at 5.2—5.6; allylic 
protons at 1.8—2.1 ppm. The bis-allylic peak (2.7—2.8) ppm is hardly visible, with additional peaks at 6.8-7.4 
ppm (multiplet), and 5.8—6.0ppm.These were confirmed by the spectrum of the reduced product, PPO—2R, the 
reduced analogue. (Sacchi et al 1997). 

Methylene blue is a known Type II sensitizer of singlet oxygen in the presence of light and triplet oxygen 
(Min and Boff, 2002). Singlet oxygen is known to react with olefinic double bonds to produce hydroperoxides. 
The photosensitization process during the irradiation of the reaction mixture had generated singlet oxygen which 
reacted with the acyl groups of the triacylglycerols to produce the hydroperoxides. Using oleic and linoleic 
residues as substrates, the reaction can produce both diene and non-diene hydroperoxides as shown in scheme 1. 

 
SCHEME 1: FORMATION OF HYDROPEROXIDE VIA ENE REACTION 
 

 
 



Aust. J. Basic & Appl. Sci., 7(8): 194-201, 2013 
 

200 

 
 

Conclusion: 
The experimental results from both chemical of the oxidation reaction mixture and spectroscopic evidence 

show that exposure of the African pear pulp oil to light in the presence of a sensitizer produces hydroperoxdes in 
the triacylglycerol structures in the oil. The FTIR spectra of the isolated oxidation reaction products showed new 
peaks at 3441.14, 811.12 and 967.91 cm-1 and the absence of the peak at 3007.79 cm-1 confirm the formation of 
hydroperoxides and the degradation of olefinic bonds during the irradiation process. This is further confirmed 
by the reduction of peaks associated with the olefinic, allylic and bis-allylic groups and formation of new peaks 
due to hydroperoxides  in the NMR spectra of the reaction products.The results show that the oil is highly 
susceptible to sensitized photoxidation. The authors therefore suggests that for an extended shelf-life of this oil, 
it should be purified to remove of all chromophoric impurities and stored away from light. 
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