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Abstract. A comprehensive study was carried out to investigate the extent of changes in sunflower oil under auto-, 
and -photo-oxidation conditions. Freshly prepared refined, bleached and deodorized (RBD) samples of Sunflower 
oil (SFO) were subjected to auto- and photo-oxidation. The free-fatty acid (FFA) contents of the auto- and-photo- 
oxidized samples increased from 0.056 to 0.290% and from 0.056 to 0.369%, respectively. The relative increase in the 
values of RI (40oC), Peroxide value, P-anisidine, conjugated dienes, conjugated trienes of the auto- and- photo- 
oxidized samples were found to be 1.4635-1.4671 and 1.4635-1.4672, 0.85-7.09 and 0.85-17.3 meq/kg, 1.45-10.03, 1.45-
17.16, 0.09-15.5 and 0.09-19.3, 0.15-13.4 and 0.15-15.5, respectively. The iodine values were found to decrease from 
139-127.5 and 139-123.3 for auto- and- photo- oxidized samples, respectively. From the results of various 
investigated parameters, it was concluded that the oxidative deterioration level of the photo-oxidized SFO samples 
is more as compared to that of auto- oxidation. Based on this study, it is proposed that efforts should be made to 
minimize the hazard of photo-oxidation during the transportation and storage of such oils. 
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Introduction 
 
Lipid oxidation may be the primary cause of 
deterioration in quality of food products. It can 
seriously interfere with the efficiency of processing 
steps and therefore, leads to potential economic losses 
(Min & Lee 1998). Lipid oxidation also produces reactive 
oxygen species (ROS), which have been implicated in 
carcinogenesis, inflammation, early aging and 
cardiovascular diseases (Siddhuraju & Beeker 2003). 

Lipid peroxidation is considered a principal mean of 
deterioration in the quality of food stuffs. It not only 
imparts rancid and undesireable flavours to fat 
products. (Pezzuto & Park 2002). 

 Warm ambient temperatures encourage the onset of 
oxidation in a silent way. There are a number of 
shopkeepers and wholesale dealers in developing 
countries who store their oils and fat supplies in open 
air and light for publicity and also for the lack of storage 
space. It is thus very important to evaluate the effects of 
photosensitized oxidation of lipids on quality of oils and 
fats. The primary objective of the present work was to 
investigate the changes in physical and chemical 
characteristics of sunflower oil samples exposed to auto 

and photo oxidation protocols and to compare the 
results of both oxidative alterations. 

Auto-oxidation proceeds through the free radical 
chain reaction through the attack on the double bond at 
room temperatures. Peroxide is the main product that 
gives rise to objectionable flavor in food products. 
Photo-oxidation on the other hand is a much faster 
reaction that involves the attack at double bond through 
a singlet 1O2 species. (Lawson 1997).  

In case of photo-oxidation, it has been postulated 
that the double bond within a fatty acid molecule may 
be capable of capturing outside source of energy, such 
as heat and light, to reach a critical excitation level 
(Howard and Leonard, 1982).  Upon reaching the critical 
excitation level, the double bond may break thus giving 
rise to a free radical species, which may in turn generate 
more free radicals.  

Auto-and photo-oxidation, which are natural 
oxidation and chemical degradation processes of edible 
oils, also result in rancidity of food items, whereby these 
processes convert fatty acid esters of oils into free fatty 
acids. Furthermore, the free fatty acids also give rise to 
smell that is observed in many vegetable oils over time. 
(Anwar et al. 2003). 
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Material and methods 
 
Refined, bleached and deodorized (RBD) sunflower oil samples 
(SFO) were used. The samples were collected and stored in 250 
ml translucent PET bottles under controlled setup. Sunflower 
oil was selected due to its high use in food as it is a rich source 
of linoleic acid and it easily can undergo rancidity due to high 
degree of unsaturation (Shahidi et al. 1992) 

Two sets, each of seven samples were separately subjected 
to auto-oxidation (at ambient temperature in dark) and photo-
oxidation (exposure to sun light for 10 hours daily) for a period 
of seven weeks. The analysis was carried out on weekly basis 
during May and June 2007. All the chemicals and reagents used 
were of E.Merck, Germany. 

The degree of auto- and photo-oxidation of the stored oil 
samples was assessed by the measurements of Refractive index, 
Color changes, Free fatty acid content(FFA), Peroxide value 
(PV), Iodine value (IV), Para-anisidine value (PAV), 
Conjugated diene and triene values. 

RI, IV, PV and FFA measurements were made following 
the standard AOCS methods (AOCS 1989). 

RI was measured at 40ºC, using a Refractometer 
(Bellingham and Stanley Ltd, London.No.922313, England). 
The color of the oil was determined by a Lovibond Tintometer 
(Tintometer Ltd; Salisbury, U.K), using l-in. cell. Specific 
extinction at 232 and 268 nm was determined using a 
spectrophotometer to determine conjugated dienes and trienes 
respectively (Hitachi, U-2001, Model 121-0032, Tokyo, Japan. 
Spectrophotometer). Oil samples were diluted with iso-octane 
to bring the absorbance within limits (0.2-0.8). The specific 
extinctions were calculated following the standard IUPAC 
methods (IUPAC 1987). For the determination of p-anisidine 
value, the absorbance of fat solution (Abs) was noted at 350 nm 
with Spectrophotometer (Hitachi, U-2001, Model 121-0032 
spectrometer), Tokyo, Japan. Para-anisidine value was 
calculated following the standard IUPAC method (IUPAC 
1987) 

Student t-test was applied to determine the statistical 
significance of the results. Data was analyed by GraphPad 
Prism 3.0 (GraphPad  Software, Inc.San Diego, USA). 

 
 

Results and discussions 
 

In the present study, physical and chemical parameters 
were used as an indicator for assessment of quality of 
auto-and photo-oxidized oil samples. 

The following parameters were studied: 
i.) Refractive index; 
ii.) Color changes; 
iii.) Free fatty acid (FFA) 
iv.) Peroxide value (PV); 
v.) Iodine value (IV); 
vi.) Para anisidine value (PAV); 
vii.) Conjugated diene and triene values. 

The data regarding the changes in various 
characteristics during oxidation has been presented and 
discussed as follows: 

 

A). Physical characteristics: 
The physical characteristics studied in this investigation 
were refractive index and color changes. 

The refractive indices of auto- and photo-oxidized 
oil samples are shown in Table 1. 

 
 

Table 1.  Relative increase in RI (40oC) of Auto- and photo- 
oxidized oil samples. 

 

Duration Auto oxidized 
sample 

Photo oxidized 
sample 

1st week 1.4635±0.0002 1.4635±0.0001 

2nd week 1.4635±0.0001 1.4635±0.0002 

3rd week 1.4637±0.0002 1.4640±0.0001 

4th week 1.4640±0.0003 1.4641±0.0003 

5th week 1.4650±0.0002 1.4650±0.0002 

6th week 1.4651±0.0004 1.4660±0.0003 

7thweek 1.4660±0.0003 1.4672±0.0002 
 

Non-significant. 
Control: 1.4635± 0.0002 

 
 
The refractive index of the original samples of 

sunflower oil was found to be 1.4635±0.0002. After 
applying auto- and photo-oxidation conditions, the RI 
values were found to be 1.4660±0.0003 and 
1.4672±0.0002, respectively. The statistical analysis 
showed that the changes between the refractive index 
values were not noticeable (Anwar et al. 2003). 

The color changes of auto-and photo-oxidized oil 
samples are shown in Table 2. 

 
 

Table 2. Change in colors of auto- and photo-oxidized oil 
samples. 

 

Auto-oxidized sample Photo-oxidized 
sample Duration 

Y R Y R 

1st week 20.0±1.0 2.0±0.2 20.0±1.0 2.0±0.1 

2nd week 20.0±1.0 2.0±0.1 20.0±2.0 2.0±0.2 

3rd week 20.0±1.5 2.0±0.1 20.1±1.0 2.0±0.1 

4th week 20.1±1.5 2.1±0.2 20.1±2.0 2.1±0.3 

5th week 20.1±1.5 2.1±0.3 20.2±1.5 2.2±0.2 

6th week 20.1±1.5 2.1±0.2 20.2±1.5 2.2±0.3 

7thweek 20.2±2.0 2.2±0.1 20.2±1.0 2.2±0.2 
 

Non Significant. 
Control:  2.0 R ±0.120Y±1.0    R=Red, Y=Yellow 

 
 
The color of the original sample of sunflower oil was 

found to be 2.0R, 20y. Statistical analysis showed that 
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changes in discoloration due to oxidation were non-
significant.  

 
B). Chemical characteristics: 
The free fatty acid changes in auto- and photo-oxidized 
oil samples are given in Table-3. 

 
 

Table 3. Relative increase in FFA % of auto- and photo- 
oxidized oil samples. 

 

Duration Auto oxidized 
sample 

Photo oxidized 
sample 

1st week 0.077 ± 0.002 0.090 ± 0.003 

2nd week 0.095 ± 0.001 0.138 ± 0.001 

3rd week 0.140 ± 0.003 0.197 ± 0.002 

4th week 0.198 ± 0.001 0.275 ± 0.002 

5th week 0.239 ± 0.003 0.310 ± 0.004 

6th week 0.282 ± 0.004 0.344 ± 0.003 

7thweek 0.290 ± 0.002 0.369 ± 0.002 
 

t-test significant  
Control= 0.056±0.001 

 
 
The formation of free fatty acids might be an 

important measure of rancidity of foods. FFAs are 
formed due to hydrolysis of triglycerides and may get 
promoted by reaction of oil with moisture (Freja et al. 
1999). 

The free fatty acid (FFA) value of the original sample 
of sunflower oil was found to be 0.056± 0.001. The 
changes in FFA values of auto-and photo-oxidized oil 
samples were found to be 0.290+0.002 and 0.369+0.002, 
repectively. The statistical analysis of the data showed 
that the changes in free fatty acid due to oxidation were 
significant. The FFA results are in accordance with the 
results of Tian et al. (2000). Changes in FFA values for 
sunflower oil (SFO) samples were statistically 
significant showing the phenomenon of lipid oxidation 
(Anwar et al. 2007). 

The changes in peroxide values of auto- and photo-
oxidized oil samples are presented in Table-4. 

Peroxide value is a widely used measure of the 
primary lipid oxidation indicating the amount of 
peroxides formed in fats and oils during oxidation 
(Ozkan et al. 2007). 

In the case of the original sample of sunflower oil the 
peroxide value was found to be 0.85±0.01. PV value is 
the measurement of hydroperoxide products which are 
produced as a result of primary oxidation products of 
oils (McGinely 1991).  The data showed a considerable 
increase in peroxide values of samples of sunflower oil 
after subjecting the oil samples to auto- and photo-
oxidation conditions. Such increase in peroxide values 

had been reported by Neff et al. (1994), Liu & White 
(1992). The statistical analysis showed that the data for 
all the values of sunflower oil are significant. 

The iodine value changes of auto- and photo-
oxidized oil samples were shown in Table-5. Iodine 
value is the measure of unsaturation of fats and oils and 
expresses the amount of absorbed iodine (Haryati et al. 
1998). 

 
 

Table 4.  Relative increase in PV (meq kg-) of auto- and photo-
oxidized oil samples. 

 

Duration Auto oxidized 
sample 

Photo oxidized 
sample 

1st week 1.10 ± 0.02 4.55 ± 0.20 

2nd week 2.56 ± 0.03 7.31 ± 0.50 

3rd week 3.48 ± 0.04 9.80 ± 0.50 

4th week 4.34 ± 0.02 11.5 ± 1.00 

5th week 5.60 ± 0.03 14.7 ± 1.00 

6th week 6.35 ± 0.02 15.7 ± 1.50 

7thweek 7.09 ± 0.02 17.3 ± 1.00 
 

t-test significant 
Control=0.85± 0.01 

 
 

Table 5. Relative decrease in IV of auto- and photo-oxidized oil 
samples. 

 

Duration Auto-oxidized 
sample 

Photo-oxidized 
sample 

1st week 138.0 ± 2.0 134.4 ± 2.0 

2nd week 136.0 ± 2.5 133.0 ± 2.0 

3rd week 135.0 ± 2.5 130.5 ± 2.5 

4th week 134.1 ± 3.0 126.0 ± 2.5 

5th week 133.5 ± 4.0 125.5 ± 2.0 

6th week 132.6 ± 3.5 124.0 ± 3.0 

7thweek 127.5 ± 2.5 123.3 ± 2.0 
 

t-test significant 
Control= 139± 2.5 

 
 

The decrease in iodine value is an indicator of lipid 
oxidation (Naz et al. 2004). The iodine value of the 
original sample of sunflower oil was found to be 139 ± 
2.5. The observed data regarding the changes in iodine 
values of sample undergoing photo-oxidation were 
more pronounced than samples undergoing auto-
oxidation. These results were in accordance with the 
results of Hendl et al. (2001). Statistical analysis showed 
that changes in iodine value for all samples of sunflower 
oil were significant. It is therefore, an evidence of phot-
oxidative deterioration of SFO. 
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The p-anisidine value changes of auto- and photo-
oxidized oil samples were shown in Table-6. 
 
 
Table 6. Relative increase in Para-anisidine value of auto-, and 

photo-oxidized sunflower oil. 
 

Duration Auto-oxidized 
sample 

Photo-oxidized 
sample 

1st week 1.51± 0.01 1.56± 0.01 

2nd week 2.68± 0.01 3.73± 0.02 

3rd week 3.81± 0.02 5.84± 0.02 

4th week 4.85± 0.01 8.92± 0.01 

5th week 7.95± 0.01 11.97± 0.01 

6th week 9.98± 0.02 15.04± 0.02 

7thweek 10.03± 0.02 17.16± 0.02 
 

t-test significance 
Control= 1.45± 0.01 

 
 

The p-anisidine values increased from 1.45±0.01 to 
10.03±0.02 and 17.16±0.02, respectively. The results 
indicate that p-anisidine values were observed to 
increase with an increase in storage time under both 
auto- and photo-oxidation conditions. In case of photo-
xidation, the changes in para-anisidine values were 
found to be more prominent. It can thus be concluded 
that light is a strong agent for causing oxidative 
deterioration of oil samples. Statistical analysis also 
shows that results were significant. 

The changes in conjugated diene values of auto- and 
photo-oxidized oil samples are given in Table-7.  
 
 
Table 7.  Relative increase in conjugated diene (ε1%1cmλ232) 

values of auto- and photo-oxidized samples. 
 

Duration Auto-oxidized 
sample 

Photo-oxidized 
sample 

1st week 3.1 ± 0.1 3.9 ± 0.2 

2nd week 4.5 ± 0.2 7.0 ± 0.2 

3rd week 6.5 ± 0.2 9.3 ± 0.4 

4th week 8.4 ± 0.4 12.5 ± 0.5 

5th week 9.3 ± 0.2 15.1 ± 0.5 

6th week 13.0 ± 0.5 17.2 ± 1.0 

7thweek 15.5 ± 0.3 19.3 ± 1.0 
 

t-test significant 
Control= 0.09± 0.01 

 
 

Conjugated diene (CD) and conjugated triene (CT) is 
a good measure of oxidative state of oils (McGinely 
1991). 

The conjugated diene values of the original sample 
of sunflower oil was found to be 0.09± 0.01.  It was 
observed that the values of conjugated dienes increased 
in all the oil samples.  The results were in accordance 
with the Yildiz et al. (2001). Statistical analysis showed 
that the results  were significant. 

The conjugated triene value of the original 
sunflower oil sample was found to be 0.15±0.001. The 
data is presented in Table-8. 

 
 

Table 8.  Relative increase in conjugated triene (ε 1%1cmλ268) 
values of auto- and photo-oxidized samples. 

 

Duration Auto-oxidized 
sample 

Photo-oxidized 
sample 

1st week 1.9 ± 0.1 3.3 ± 0.1 

2nd week 3.5 ± 0.2 5.4 ± 0.3 

3rd week 4.3 ± 0.1 6.1 ± 0.2 

4th week 5.0 ± 0.3 6.4 ± 0.2 

5th week 6.1 ± 0.5 7.3 ± 0.4 

6th week 7.5 ± 0.3 8.1 ± 0.2 

7thweek 7.9 ± 0.2 10.5 ± 0.3 
 

t-test significant 
Control= 0.15±0.001 

 
 

An increasing trend in values was observed. 
Statistical analysis showed that results were significant 
Yildiz et al. (2001). 

 
 

Conclusion 
 
The results observed during the study show that 
prolonged storage of SFO oils at ambient (35 – 40oC) 
temperatures can lead to oxidative deterioration of oil 
samples.  As most of the regions of the country where 
this study was carried out (Pakistan) boast hot and 
humid environment, process of lipid oxidation may be 
more pronounced. Shopkeepers in this part of the world 
are also used to storing the oil products in open air and 
light conditions which may also promote both auto and 
photo oxidation of oil and oil products. The results 
show that photo-oxidation is more pronounced than 
auto-oxidation. Lipid oxidation products make the oil 
unfit for human health, therefore in order to minimize 
the oxidation phenomenon, some antioxidants should 
be added to increase the storage and shelf-life of oils 
and oil products. Better packing and storage conditions 
can also lead to an improvement in the oxidative 
stability of vegetable oils and other related products 
containing fats and oils.   
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