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Abstract
The work dealt with relationship between exposing the sunflower seeds to the ultra violet radiation of the sun and the oxida-

tive spoilage of the produced oil. The standards used were the acid and peroxide values compared with the recommended codex 
for edible sunflower oil [1]. The main analytical technique used was The Gas Liquid Chromatography (G.L.C.). The standard 
fatty acids used to construct the (G.L.C.) chromatogram were the Palmitic. (16:0), Stearic (18:0), Oleic (18:1) and Linoleic (18:2) 
acids. Percentage areas under the peak for each of the four acids were used as a comparative quantitative analysis. Commercial 
sunflower seeds were subjected to the U.V. radiation of the sun. With increase the exposure time the acid value was found to 
increase, while the peroxide value was found to increase gradually in the beginning of the exposure, sharp increase then fol-
lowed the ratio of methyl Linoleate versus methyl Oleate was found to decrease gradually with increase of the exposure period. 
Methyl Palmitate and methyl Stearate were affected considerably. The maximum period of time for exposure of the seeds to U.V. 
radiation of the sun was found to be six months beyond which the produced oil was found to be inedible. The results found were 
discussed and suitable conclusions were drawn. 
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Introduction
Fatty Acids

Fatty acids are carboxylic acids with a long hydrocarbon 
chain. Fatty acids (FA) differ from one another in:  Length of the 
hydrocarbon tails. Degree of unsaturation (double bond). Position 
of the double bonds in the chain 

Unsaturated and Saturated Fatty Acids 

Unsaturated Fatty Acids contain at least one double bond 

Generally unsaturated fatty acids are in the cis conformation 
double bonds [1].

Nomenclature of Fatty Acids  

Most fatty acids have 12 to 20 carbons. Most chains have 
an even number of carbons (synthesized from two-carbon units). 
For IUPAC nomenclature carboxyl carbon is C-1. For Common 
nomenclature the prefixes α,β,γ,δ, ω are used . Carbon farthest from 
carboxyl is ω. Double bonds are generally cis. Position of double 
bonds indicated by Δn, where n indicates lower numbered carbon 
of each pair. Shorthand notation (total # carbons: # double bonds, 
Δ double bond positions) (Table 1). Example: (20:4Δ5,8,11,14)
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Table 1: Commonly used fatty acids.

Omega3 and Omega 6 fatty acids 

Omega-6 fatty acids (also referred to as ω-6 fatty acids or n-6 fatty acids) are a family polyunsaturated fatty acids that have in 
common a final carbon-carbon double bond in the n-6 position, that is, the sixth bond, counting from the methyl end. Omega-3 fatty 
acids-also called ω-3 fatty acids or n-3 fatty acids are Polyunsaturated Fatty Acids (PUFAs) with a double bond (C=C) at the third carbon 
atom from the end of the carbon chain [2].

Lipids 
Lipids are molecules that   can be extracted from biological tissue with a nonpolar solvent.  Lipids are essential components of 

all living organisms. Lipids are water insoluble organic compounds. They are hydrophobic (nonpolar) or amphipathic (containing both 
nonpolar and polar regions) [3].

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwjptsPd4f_YAhXFcRQKHfrvD9oQjRx6BAgAEAY&url=https://glossary.periodni.com/glossary.php?en=omega-3+fatty+acids&psig=AOvVaw0sK2HqnwjSl7CvP26MqxmF&ust=1517404320471548
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Triglycerol
Fatty acids are important metabolic fuels (2-3 times the 

energy of proteins or carbohydrates). Fatty acids are stored as 
neutral lipids called Triacylglycerol (TGs). TGs are composed of 3 
fatty acyl residues esterified to a glycerol (3-carbon sugar alcohol) 
TGs are very hydrophobic, and are stored in cells in an anhydrous 
form (e.g. in fat droplets).

Sunflower Oil 
Sunflower oil is the non-volatile oil compressed from the 

seeds of sunflower (Helianthus annuls). Sunflower oil is commonly 
used in food as a frying oil, and in cosmetic formulations as an 
emollient. The world’s largest sunflower oil producers now are 
Ukraine, Russia and Argentina.

Analysis of the Oil and Fats 
Generally carried out on the oil sample these are test for 

unsaturation (iodine number), average molecular weight of the 
acid components of the oil (saponification value), average acid 
content of the sample (acid value) and average oxygen content 
of the sample (peroxide vale) in addition to a fully lipid analysis 
which is conducted through various forms of chromatography and 
spectroscopy.  

Rancidity of the Oil
Rancidity is the obnoxious flavor and odor due the exposure 

of the fat to light, air, heat or moisture for long period of time. 
Rancidity of the oil is either hydrolytic or oxidative. Hydrolytic 
spoilage is due hydrolysis of the fat with the liberation of the 
volatile fatty acids whereas oxidative spoilage is due to oxidation 
of the unsaturated fatty acid fragment of the ester to produce 
aldehyde, ketone or acids [4].

Oxidative Spoilage of the Oil 

Oxidative of olefinic compounds by atmospheric oxygen 
is important in the development rancidity and off - flavor of the 
edible fat. This process needs activation; the first isolable oxidative 
products are hydro peroxides which undergo further reaction 
to furnish more extensively oxidized derivatives of the original 
alkene followed by fission of the carbon chain and formation of 
high molecular weight polymers [5].

Anti-Oxidation 

The best naturally occurring antioxidants are the lard prop 
lies and the citric acid respectively, α- tocopherol alone if used as 
antioxidant, increase the rancidity of the oil, mixture of antioxidants 
were found to be effective in Inhibiting oxidation. Prepared 
antioxidants were also determined, examples are Propyl Gallate 
(PG), Butylated Hydroxyl Anisole (BHA), Ascorbyl Palmitate 
(AP) and Tertiary Butyl Hydro Quinone (TBHQ).AP was found to 
be the most effective one PG and TBHQ were effective in inhibiting 
oxidation degradation for long periods of storage, however The 
antioxidant activity of dichloromethane extract from ginger was 
evaluated during 6 months of storage of refined sunflower oil at 25 
and 45 C [6] (Table 2).

Character Draft codex

Refractive density 0.918 -0.923

Refractive index 1.407-1.460

Saponification value 188-194

Acid number KOH/g 4 max

Iodine value Waj”S 110-143

Perioxide value mL equivalent/ Kg 10 max

UNsaponification matter g/kg 15 max

G.L.C. range of fatty acid composition

14:0 ˂ 0.5

16:0 5 - 10

16:1 ˂ 1

18:0 1 - 10

18:1 14 - 65

18:2 20 - 75

18:3 ˂ 0.7

20:0 ˂ 1.5

20:1 ˂ 0.5

22:0 ˂ 1.5

24:0 ˂ 0.5

24:1 ˂ 0.5

Table 2: Characteristics and recommended codex of edible sunflower oil [7].

Methods
Sunflower seeds obtained from Arab company for plant oil 

(Khartoum) were subjected to the U.V. radiation of the sun adapting 
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storage conditions of the seeds in the oil producing companies or 
mills, a sample of 60 g of the seeds were extracted and analyzed 
for acid value and peroxide value in addition to the G.L.C. analysis 
of the methyl ester of the oil. This step was repeated at a time 
interval of 90 days.  The maximum period of time beyond which 
the value for acid and peroxide value become out of the range of 
the recommended codex values for edible oil and fats was found.  
G.L.C. Analysis for the methyl ester of the extracted oil was applied 
before and after exposure to the U.V. radiation for a maximum 
period of time after which the oil become inedible.

 Extraction of the Oil
The seeds (60 g) were crushed and extracted using a soxthlet 

apparatus with a n- hexane as a solvent. The homogenous solution 
was filtered through a fluted filter paper (what man no.1) and 
the solvent removed in vacue   at 37ºC, the residual oil was then 
analyzed.

Peroxide Value
2g of the oil was dissolved in 12ml of CHCl3, 18 ml of 

glacial acetic acid was added together with 0.5 ml of saturated 
solution of KI. The flask was quickly stoppered and shaken for 1 
minute and kept away from light for exactly 15 minutes. 30 ml of 
distilled water was then added and the liberated iodine was then 
titrated with a standardized solution (0.002 N) of Na2S2O3 using a 
starch as an indicator. The peroxide value was then estimated as ml 
equivalent of active oxygen per kilogram of the oil [8].  Duplicate 
determinations were carried out together with a blank test. Peroxide 
value = {( V sample - V blank) x N x 1000}/ wt of the sample.

Acid Value
2g of the oil was dissolved in 50 ml of 1:1; V/V of ethanol 

(95%) and diethyl ether.  2ml of phenolphthalein indicator was 
added, this solution was titrated with KOH (0.1 M).  Acid value = 
titration volume x 5.61/ wt of the sample [9].

Methylation of Free Acids and Oil
7.00 ml of BF3 etherate solution was transferred into a 25 ml 

volumetric flask and the solution was completed by the addition 
of dry methanol. 0.2 g of the oil was refluxed with (5-7) ml of this 
solution at 80 OC for 1 hour. This solution was transferred into 
a separator funnel, 5 ml of saturated NaCl solution was added, 
the flask then rinsed with n-hexane (2x 10 ml) and added to the 
separator funnel contents whilst shaking vigorously in order to 
extract the methyl ester, the solvent was then removed.  The methyl 

esters were kept in a refrigerator at 0OC for further analysis. 

 Gas Liquid Chromatography (G.L.C.) 
 Preparation of Standard Chromatogram
Standard chromatogram was based on four different fatty acids 
palmitic and srearic as saturated fatty acids, oleic and linoleic as 
unsaturated fatty acids. Their methyl esters were injected separately 
and their retention times were determined, equal amount of the 
fatty acids then mixed and esterified (3.4), the methyl esters of the 
mixture were then injected and their retention times were compared 
with the pure methyl esters of the acids above. The conditions of 
the G.L.C. analyses (injection and column temperature, N2 flow 
rate … etc) were kept constant throughout [10].
G.L.C. Analyses of Methyl Esters of the Sunflower Oil Sample
A sample of the oil was injected in a G.L.C. under identical 
conditions of the standard chromatogram. Different methyl esters 
of the acids were identified comparing the Retention Time (R.T.) 
in the mixture with those in standard chromatogram as well as 
calculating the areas under the peaks. Changes accompanied 
exposure of the seeds to the U.V. radiation of the sun estimated by 
comparing the areas under the peaks of the fatty acids before and 
after exposure periods (Table 3).

Number Parameter Condition

 1. Column

Glass column: length :1.5 ml 
meter

                         Internal diameter : 
4 ml meter 

Support Chromos orb Q, Mish range : 
80- 100

Liquid phase 10% carbowax 

Temperature Injection: 200ºC
Oven       : 165ºC

Detector Flame ionization detector FIT 
(250ºC)

Recorder Chart speed : 300 mm / h

Carrier gas N2 flow rate : 40 ml / min

Table 3: Gas liquid chromatographic conditions for the separation of fatty 
acids methyl esters.

Results
Table 4.1:   Variation of acid, peroxide values with time of exposure 
of 60 g of the seeds to the U.V. radiation of the sun.
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Figure 4.1: Variation of acid value with time of exposure to the U.V. radiation of the sun.

Figure 4.2: Variation of peroxide value with time of exposure to the U.V. radiation of the sun.
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Figure 4.3: The four fatty acids standard chromatogram.

Table 4.2:  Retention time range of the four standard fatty acids.
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 Figure 4.4: G.L.C chromatogram for the methyl ester of the extracted sunflower oil before exposure to the U.V. radiation of the sun.

Figure 4.5: G.L.C chromatogram for the methyl ester of the extracted sunflower oil after exposure to the U.V. radiation of the sun for six months.
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 Table 4.3: variation of the % area under the peak of the stearic, palmitic, oleic and linoleic methyl ester with respect to time of exposure to the U.V. 
radiation of the sun.

Discussion
The main issue of this work is to establish proper storage   conditions for longest period of time for sunflower seeds without any 

deterioration in the organoleptic properties and/or the edibility of the produced oil. The seeds were subjected to the U.V. radiation of the 
sun adopting storage conditions usually maintained in industry, changes accompanying the acid value, peroxide value for the extracted 
oil were determined and compared with the recommended codex for edible sunflower oil.  Concerning the acid value, it is found that 
there is a gradual increase with increase the storage time (from the 1st month to the 12th) when the seeds were subjected to the radiation 
of the sun (Table 4.1). On oxidation of unsaturated, epoxides result, these are reactive intermediates i.e. there are further cleavages of 
the carbon chain and ring opening to form aldehydes, which are intern easily oxidized to acids and per acids. This explains the increase 
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of the acid value versus the time of storage under the sun (figure 
4.1). Concerning the peroxide value, there is a gradual increase in 
the peroxide value versus  the period  of storage under the U.V. 
radiation of the sun in the 1st  six months ( Table 4.1)   , followed 
by sharp increase  (figure 4.2 ) .This may be explained in terms 
of enzymatic  action of an oxidizing enzymes and / or through 
analysis of biologically bound Fe , Zn, Cu and  Mn .On exposing 
the seeds to the U.V. radiation for different periods of time  ,change 
in  the percentage of each of the four fatty acids was detected.  
This percentage is estimated by calculating the percentage area 
under the peak for each of the four fatty acids separately. The 
ratio, percentage linoleic / oleic is used to estimate this change. 
This ratio decreased with increase of the exposure period (0.87 
before exposure, 0.79 after exposure for 6 months), this can be 
explained in terms of the number of double bonds found in each 
acid, linoleic consists of two double bonds   in the carbon chain 
thus it is susceptible to oxidation rather than Oleic which consists 
of only one double bond (Table 4.3). 

Conclusion
The data so obtained were compared with the recommended 

codex for edible sunflower oil from which we conclude that 
storing sunflower seeds under the U.V. radiation of the sun for a 
period of time of six months will produce an oil of a considerable 
diversity from the recommended codex standards, then such oil is 
then considered to be   inedible.
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