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Abstract 

Edible oils are regarded as an important component of the diet because they are source of 

energy, essential fatty acids, and also provide characteristic flavors and textures to foods. The 

purpose of this research study was to determine the qualities of edible cottonseed, peanut and 

soybean oils processed in Ethiopia and predict their shelf-life using ASTM. The AOAC 

method of Analysis was employed in the determination of the physical and chemical 

characteristics of the oils. The result obtained for edible soybean, peanut and cottonseed oils, 

respectively were; specific gravity at 20/20
O
C: 0.929, 0.943 and 0.922, refractive index at 

20
O
C: 1.48850, 1.48508, and 1.48565, photometric color index: 5.262, 15.908 and 216.316, 

insoluble impurities: 0.001, 0.004, and 0.013% (w/w), moisture content: 0.210, 0.219 and 

0.220% (w/w), peroxide value: 1.299, 2.398, and 3.396meq O2/kg of oil, iodine value: 

136.740, 97.536 and 101.112grams of iodine absorbed/100g oil, Saponification value: 

210.345, 210.779 and 208.411mgKOH/g, unsaponifiable matters: 0.169, 0.069 and 0.383% 

(w/w), and acid value: 0.420, 0.630 and 0.561mgKOH/g. Fatty acid profiles were also 

determined by GC-MS as methyl esters. The results showed that the predominant fatty acid in 

edible soybean and cottonseed oils was linoleic acid 42.807 and 41.587%, respectively while 

oleic acid (46.252%) was major fatty acid in edible peanut oil. The shelf-life of edible oils 

was tested applying ASTM. The oils were subjected to three different elevated temperatures: 

35, 45 and 55
O
C in acceleration chamber and hydrogen peroxides formation were monitored 

for six successive weeks. The evaluation was performed graphically (fitting of experimental 

data to a linear equation) after completion of the experiments. Accordingly, the model that 

best fitted the experimental data corresponds to a zero order kinetic model for all edible oil 

investigated. Arrhenius relation was applied to model that effect of temperature on the rate 

constant of peroxide formation. Combining the kinetic model identified and the rate constant 

model equation, a general shelf-life model equation that could help to predict the shelf-life of 

oils studied at any temperature was developed. Employing predictive model developed, the 

shelf-life of the domestic edible oils was determined at room temperature (25
O
C) and 

amounts 36.9 weeks for soybean oil, 42.1 weeks for peanut oil and 37.8 weeks for cottonseed 

oil. The result obtained for most physicochemical quality parameters of the edible oils 

considered were within the standard range indicated by Ethiopia Standard Agency. From 

fatty acid profile analysis it can be concluded that edible soybean, peanut and cottonseed oils 

are an excellent source of essential fatty acid omega-6 (linoleic acid) and omega-9 (oleic 

acid). Comparatively edible peanut oil had longer shelf-life than edible soybean and 

cottonseed oils. The shelf-life of properly refined edible oils is typically 12 – 18 months at 

ambient temperature. From shelf-life assessment, all edible oils investigated scored lower 

shelf-life. So, to minimize the oxidation of edible oils and maximize the shelf-life, it is 

recommended to use: antioxidants, sequestering agents and selection of appropriate 

packaging material (colored glass bottle). Besides, FFAs are more susceptible to oxidation 

than the glycerol esters of these fatty acids. Therefore, any increase in the acidity of the oil 

must be absolutely avoided during refining of the oil. 

 

Key words: accelerated shelf-life determination, edible oil quality parameters and oxidation.
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Chapter One 

Introduction 

1.1 Background 

Food (eaten or drunk) is one of the few universal resources that all humans need to survive. 

The basic function of food is to keep us alive and healthy. It is important to understand the 

composition of foods and changes that occur when foods are grown, harvested, stored, 

prepared, processed and eaten; so that foods can fulfill their basic function (Mudambi et al., 

2006). Food Quality is the most important characteristics that determine the consumer 

acceptability and willingness to purchase. The quality of foods is largely determined by the 

nature of the raw material used, processing condition, and storage conditions and shelf-life. 

The fact that foods are diverse, complex and active system in which microbiological, 

enzymatic and physicochemical reactions are simultaneously taking place, make their age 

limited (Kenneth et al., 1997). Consequently, foods are perishable by nature and food quality 

is always in a dynamic state continuously moving to reduced levels until reaching the quality 

level that discriminates products that are still acceptable for consumption from those that are 

no longer acceptable. This quality level is generally defined as the acceptability limit beyond 

which the product becomes unsuitable for consumption due to legal, nutritional, or sensory 

criticisms (Kramer and Twigg, 1968). 

 

Since near past, global food and food material production, processing and marketing has been 

transformed from primarily being supply driven towards meeting consumer demands for 

quality, safety, convenience, and choice. Goods are bought and sold according to a 

specification and there is a need to check that the specification is being met. Consequently, 

analytical procedures for oils and fats are driven partly by the desire to identify and quantify 

materials being examined in the research laboratory and partly by commercial demands. Oils 

and fats are recognized as essential nutrients of our daily diet and contribute significantly to 

the regulation of different body functions. Numerous physical and chemical parameters are 

used to assess their quality (Nielsen, 2003). 

 

Lipids occur in nearly all foods and food raw materials with the major classes being 

triglycerides (Steele, 2004). They are widely distributed in nature and are found in almost 

every natural food. Some plants store fats in their seeds, oil seeds and nuts are good example. 

Edible cottonseed, soybean and peanut oils are common in both Ethiopian and the rest world 
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oil market. Edible oils and fats are an essential commodity classified under lipid categories of 

macronutrients. However, these diverse groups of organic substances are prone to oxidation. 

Edible oil quality is largely determined by: physicochemical characteristics due to its nature 

and processing procedure, and the environmental factor when it stays in the market shelf. 

Lipid oxidation has been recognized as the major problem affecting edible oils and fat; it 

causes deteriorative changes in the chemical, sensory and nutritional properties of oil. 

Besides, oxidation of lipids constitutes an important reaction that limits the shelf life of fats 

and oil, and many foods containing lipids (Steele, 2004).  

 

Even though, proper care is taken during preparation, packaging, and storage of every food, 

they are wholesome only for a certain period. So, shelf-life dating of foods is a mandatory 

requirement of all processed foods. It provides a guide to consumer in food purchase. This 

requires a valid and reproducible shelf life study (Kramer and Twigg, 1968). The shelf life of 

a product begins from the time the food is prepared or manufactured. The period is dependent 

on many factors including the types of ingredients, manufacturing process, type of packaging 

and how the food is stored (NZFSA, 2005). An acceptable shelf-life for a product is one that 

allows its desired end of shelf-life parameters to be maintained (sensory, physicochemical, 

functional, microbiological properties). Since the end of shelf-life parameters is different for 

every product, the test procedure for conducting a shelf life study will be unique for each 

product. Shelf life is a complex concept that is dependent on the nature of the food product 

under consideration, the preservation technologies applied, and the environmental conditions 

to which the food product is exposed (Eskin and Robinson, 2001).  

 

Autoxidation is the main cause of edible fats and oils quality deterioration (Farhoosh, 

2007). Oil shelf life is principally affected by its susceptibility to autoxidation, which is 

determined in large part by its fatty acid composition (Broadbent and Pike 2003; Merrill et 

al., 2008). In the course of the Autoxidation reaction a series of compounds are formed, 

causing off-flavors and rancidity, loss of nutritional value and finally consumer rejection 

(Alonso et al., 2004). Autoxidation reaction consists of three main stages: initiation (involves 

abstraction of a hydrogen molecule from an unsaturated fatty acid, forming an alkyl radical), 

propagation (begins when oxygen adds to the alkyl radical and forming a high energy peroxyl 

radical, which can then abstract hydrogen from another molecule and continues the oxidation 

cycle), and termination (occurs when two radical species combine, forming a non-radical) 

(Nawar, 1996). 
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There are two test methods for conducting a shelf life study; direct method and indirect 

method (NZFSA, 2005). The direct method also known as real time shelf life study involves 

storing the product under specific conditions for a time longer than its expected shelf-life and 

checking it at regular intervals to see when it begins to spoil. Two indirect methods allow for 

shelf life prediction without conducting a full-length storage trial, and are useful for products 

with a long shelf life. These are: predictive model (calculate shelf-life based on information 

from a database that predicts bacterial growth under specific conditions), and accelerated 

shelf life study (involves deliberately increasing the rate, at which a product will spoil, 

usually by increasing the storage temperature) (Robertson, 2010). 

 

1.2 Statement of the problem 

There were many reasons for the push to study the physicochemical characteristics and 

evaluation of shelf-life of local edible soybean, peanut and cottonseed oils. Because, they are 

important in daily use as cooking, salad, foods and in various food industries (e.g. biscuit). 

Edible oil qualities analysis and shelf life testing is an important part of the quality 

maintenance in the edible oil industry, because for processer the concept represent how much 

effective are the implemented quality programs and process control, and  the time period for 

which top edible oil quality can be guaranteed respectively. 

 

Even though Ethiopia has oilseed production potential, both oil commodity production and 

edible oil processing industry in Ethiopia remain to a large extent underdeveloped. 

Consequently, to meet the national edible oil demand the country has been importing edible 

oils since long ago. On the other hand the cheap imported palm oil has put the local edible oil 

industry under additional pressure. Hence, the Ethiopia government is aiming to achieve self-

sufficiency in edible oil by 2015. The recently released five year GTP underscores the 

importance of the agro-processing industry, which includes edible oil sector. This brought 

considerable investment opportunities in the edible fat and oil processing sector of the 

country (MFED, 2010).  

 

However, the sector has diverse and significant constraints. Issues and priorities of immediate 

and particular concern to the sector include: low production and poor quality raw materials, 

inadequate facilities (storage, transportation, post harvest handling and packaging), lack of 

finance, and outdated edible oil processing technology are all challenges that need to be 
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addressed in order to become competitive (Newkirk, 2013). Weak linkage among the edible 

oil value chain’s actors, and lack of research studies that supports the activities done along 

edible oil value and supply chain also constitute major obstacles.  

 

Besides, quality problem in finished products has been among the major challenges of the 

manufacturing sector in Ethiopia as identified through industry level survey (AACCSA, 

2014). However, quality is a dynamic and complex attribute of food that influences the 

degree of acceptability. Edible oil quality must be measured and maintained to ensure that 

products function as designed (O’Brien, 2009).  As far as, access to a secure supply of safe 

food is a human right. Nutritional product characteristics on food product labels require 

accurate analysis to identify the original values and to ensure compliance with regulations. 

Edible oil quality analyses are also needed to determine the cause of product failures 

identified by quality evaluations of finished products or as a result of customer complaints. 

Also, investigative analyses are frequently required in oils and fats processing to identify 

product quality defects.  

  

The stability of edible oil is important to understand for quality and safety reasons. 

Nutritional and toxicological effects of lipid oxidation in foods have attracted much interest 

recently (Frankel, 1996). The most susceptible to oxidation are those oils which are rich in 

polyunsaturated fatty acids. Thus, one nutritional effect of oxidation is to reduce the essential 

fatty acid content of edible oils. However, a more serious problem of lipid oxidation is 

associated with toxicological effects of lipid oxidation products. Since, oxidative rancidity is 

a free radical chain reaction; lots of free radicals are formed, which can pose a major threat to 

health by damaging our body at cellular level (Holt, 2011). Excess free radicals can cause 

premature aging, heart disease, cancer, chronic fatigue syndrome and a host of other 

conditions (Alonso et al., 2004). Fatty acid peroxides have been shown to accelerate all three 

phases of atherosclerosis: initiation-endothelial injury, progression–accumulation of plaque, 

and termination – thrombosis (Kubow, 1990).  

 

All the aforementioned points are issues and priorities critical to achieving the edible oil self-

sufficiency potential of Ethiopia as far as “the quality and stability of edible oil are the main 

factors that influence its acceptability and market value”. It was why the need to know the 

physicochemical properties and shelf-life of domestic edible cottonseed, peanut and soybean 

seed oils was considered in this study.   
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1.3  Objectives  

1.3.1 General objective 

The general objective of this research was to characterize cotton; peanut and soybean seed 

oils processed in Ethiopia and predict their shelf-life by using accelerated shelf life testing 

method (ASTM). 

 

1.3.2 Specific objectives  

The specific objectives of this thesis were to: 

 Evaluate the physical characteristics of edible cottonseed, soybean and peanut 

oils (Specific gravity, refractive index (RI), color, and insoluble impurities). 

 Asses the chemical characteristics of edible cottonseed, soybean and peanut oils 

(moisture content & volatile matters (MCVM), peroxide value (PV), iodine value 

(IV), saponification value (SV), unsaponifiable matters, acid value (AV) and 

fatty acid profile). 

 Determine the oxidative reaction kinetic parameters (reaction order and rate 

constant) of edible cottonseed, soybean and peanut oils. 

 Quantify the thermodynamics properties (activation energy (EA) and temperature 

acceleration factor (Q10)) for oxidative deterioration of edible cottonseed, 

soybean and peanut oils. 

 Develop shelf-life prediction model and predict the shelf-life of theof local edible 

cottonseed, soybean and peanut oils at room/ambient temperature. 

 

1.4  Scope of the study 

Edible oils are one of the most important and widely used processed foods in Ethiopia. The 

investigation areas of this study were: identification of quality parameters of edible oils and 

fat, and applying these parameters to the evaluation of the qualities of edible cottonseed, 

soybean and peanut oils processed in Ethiopia and determination of the shelf-life of these 

domestic edible oils through the application of ASTM. 

 

1.5 Significance of the study 

The primary and ultimate goal of food industries is to create food products that satisfy 

customers’ needs with some proceeds that go to the firm as profit. It is with more customer 
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satisfaction that a higher demand for products arises.  Quality is related creating satisfied 

customers, facilitating volume purchase and repeated purchase (Fantahun et al., 2004).  

 

To design an effective solution to prevent the development of oxidative reactions in local 

edible oils, knowing the nature of these reactions and how they are affected by controllable 

chemical and physical factors is essential. This goal can be achieved through study of 

reaction kinetics as well as mechanism and energy aspects of oxidative reactions of the local 

edible oils. So, the study has a contribution in the effort of edible oil production and 

commercialization in Ethiopian from quality and safety point. It also provides a scientifically 

valid data on the physicochemical characteristics and the stability of edible cottonseed, 

soybean and peanut oils manufactured here in Ethiopia. 

 

Although, many studies have been conducted on the quality and safety of food, the study 

which was conducted on the quality of local edible oils is less. Therefore, this study will 

serve as a source of information for planning, as a baseline for health professionals, trade and 

transportation office and different stakeholders serving in food to make possible intervention 

in improving the level of oil quality and stability. Besides, this study has also the following 

significances: 

 To fill knowledge gap: contribution to scientific community. 

 Provides required research in the Ethiopian edible oil value chain as per the Ethiopia 

government strategy requirements for domestic industry promotion. 

 Provides information to policy makers and regulation bodies 

 In contrast to oil seed production in Ethiopia, oil seed processing is under developed, 

this study also used as an input factor to promote the development of the edible oil 

processing sector, help in the evaluation of extraction, refining, commercialization 

and the utilization of local edible oils and to verify the commitment of local edible oil 

industry to the standardization. The study also used to create awareness about edible 

oil quality requirement to new edible oil factories emerging in the future.  

 In order to promote public education and public safety regarding the product they 

purchase, and a better informed citizen as it is the right of all customers and 

consumers to know. Consumers need meaningful and honest information so that they 

can make an informed choice. Since, knowledge of oil allows the assessment of the 

quality of the products on the market. 
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Chapter Two 

Literature Review 

2.1 Nature and sources of edible oils and fats 

Fats and oils have been used for food and a variety of other applications since prehistoric 

times. Glycerol esters of fatty acids, which make up to 99% of the lipids of plant and animal 

origin, have been traditionally called oils and fats. Edible oils and fats are a principal 

component of the diet. They are enjoyed in the diet due to their flavor, mouth feel, 

palatability, texture, and aroma. They have also been found to have a major role in human 

nutrition. Fats and oils are the highest source of energy among the three basic energy food 

nutrients, carriers for fat soluble vitamins, and many contain fatty acids essential for health 

that are not manufactured by the human body (Vaclavik and Christian., 2008; Fakhri and 

Qadir, 2011). Edible fats and oils are widely distributed in nature and are found in almost 

every natural food. They can come from both plant and animal sources. Hence, fats and oils 

may be of vegetable, animal, and marine origin. Some plants store fat in the seeds, for 

example, oil seeds and nuts. That is why oilseeds and nuts are rich sources of oils and are 

used in the commercial manufacturing of oils (Frank, 2008).  

 

Glyceride formation involves elimination of water. The kind of glyceride formed is indicated 

by the prefix attached to the word glyceride. When three fatty acids in a glyceride are of the 

same kind, the fat is a simple glyceride. If the fatty acids are different, the fat is a mixed 

glyceride. The arrangement and specific type of fatty acids on the glycerol determine the 

chemical and physical properties of oils and fats. Liquid fats better known as oils are liquid at 

room temperature. They contain a high proportion of unsaturated fatty acids. Oils such as 

corn, soya bean, cottonseed and safflower contain a fairly large proportion of polyunsaturated 

fatty acids. Fatty acids are composed entirely of carbon, hydrogen and oxygen atoms. They 

differ from one another in their chain length and the degree of saturation. There are short 

chain fatty acids with a chain length of 10 or fewer carbon atoms and Long chain fatty acids 

have a chain length of 12 to 18 carbon atoms (Mudambi et al., 2006). 

 

2.2 Edible oil processing practices  

Throughout the world, processing of fats and oils practically always includes some type of 

purification to remove impurities, such as gums, free fatty acid (FFA), pigments, metal 
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complexes, and other undesirable materials. The choice of processing equipment and 

techniques can depend on: source oils handled, quality of raw materials, available manpower, 

maintenance capabilities, daily processed oil requirements, available financial resources, 

proximity of crude fats and oils, product marketing philosophy, governmental regulations, 

and a number of other considerations. Edible fats and oils have been separated from animal 

tissues, oilseeds, and oil-bearing fruits for thousands of years. Edible fats and oils have been 

separated from animal tissues, oilseeds, and oil-bearing fruits for thousands of years. Fats and 

oils extraction and processing consists of a series of unit processes in which both physical 

and chemical changes are made to the raw materials (O’Brien, 2009).   

 

Figure-2.1: Typical fats and oils processing sequence (O’Brien, 2009). 

 

In general, extraction of oils and fats are done using three main ways, namely rendering 

(wet/dry), mechanical pressing and using a solvent extraction (Kiple and Ornelas, 2000). 

Rendering method is the oldest method used by humans, and often referred to as a traditional 

method (Ketaren, 1986). Large-scale oil development started when a mechanical pressing 

method was applied, and reached its peak 120 years ago when solvents were initially 

introduced for oil extraction (Matthaus, 2008). 
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2.2.1 Trends in edible oil refining  

Fat/oil has become an integral part of human diet according to Food and Agriculture 

Organization (FAO, 2003). The increase in oil production which began with the application 

of solvent extraction method made the access to these commodities easier. Currently, edible 

oil products generally undergo a process of purification by using these methods; degumming, 

neutralizing, bleaching and deodorizing to produce uniformity in good quality oil. At this 

stage, the minor components are either physically or chemically separated because it is 

considered as impurities and will destabilize the oil in the next usage (Mc-Williams, 2001). 

 

According to Greyt and Kellens (2000), degumming process was intended to remove the 

phosphatides and mucilaginous material from crude oil by means of washing with water, 

dilute acid or sometimes dilute NaOH. Gunstone (2004) also mentioned, that phospholipids 

are powerful emulsifying agents, and that if not removed, will increase the refining losses and 

decrease the oil oxidative stability due to its ability to carry pro-oxidants associated metals. 

Neutralization process utilizes alkaline compounds to produce soap stock so that it can be 

separated from the oil body. Soap stock contains free acid in the form of sodium salt, which 

is mixed with triacylglycerols and phospholipids. This byproduct will then be acidified again 

to get the fatty acids that can be used for the soap manufacture or animal feed additives 

(Febrianto and Yang, 2011). 

 

The next stage, namely bleaching is a process that is aimed to eliminate color substances that 

are not desired in the oil. This process is done by mixing the oil with a small amount of 

adsorbent or can be done chemically (Ketaren, 1986). However, the process in addition to 

using the adsorbent, i.e. hydro-bleaching or chemical bleaching is not utilized on edible oil 

refining (Greyt and Kellens, 2000). The final process, which is deodorization, 

is designed to produce oil with a bland flavor, odor and good shelf life. This process usually 

undergoes high temperatures between 170-250ºC under reduced pressure to volatilize the 

oxidation products responsible for oil off-flavors (Gunstone, 2004). 

 

2.3 Quality parameters of fats and oils 

Edible fats and oils are an integral part of the human diet, being consumed in a variety of 

forms. Different parameters are used to assess the quality of edible fats and oils. For both, the 

identification and the determination of the quality of a fats or oils, the lipid chemistry defines 
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a series of characteristic values in which the reagent uptake is used to quantitatively estimate 

the selected functional groups or calculate the constituents of fat or oil (Belitz, et al., 2009). 

There are many tests (described in the following subsection) designed to measure physical 

and chemical properties of oils. Apart from the purpose of quality control, tests are carried 

out to find out the origin and properties of a given oil, to know whether the oil will meet the 

set specifications which include the mentioned qualities and to get technical information and 

determine the availability of contaminants. These tests give technicians much valuable 

information to enable them assess given oil by considering the earlier mentioned factors 

(Fakhri and Qadir, 2011).  

 

2.3.1 Physical Characteristics 

2.3.1.1 Specific Gravity  

Density may not seem an exciting physical property to many technologists, but it is very 

important in the trading of oils since shipments are sold on a weight basis but measured on a 

volume basis. These two values are related by density, so it is important to have correct and 

agreed values for this unit (Gunstone, 2004). The density of a substance compared with water 

is called specific gravity or relative density (density in relation to water); this is a ratio 

without units. Specific gravity compares the density of a substance to the density of a 

reference substance. Density or specific gravity of edible oils is the ratio of the weight of a 

volume of oil to the weight of an equal volume of water at the same temperature. Typically, 

for solids and liquids, this reference substance is water at 4
0
C, which has a density of 

1.00g/ml. This is a ratio without units. It is important to note that two temperatures are 

involved and the value is meaningless unless both figures are cited (Shahidi, 2005). 

 

2.3.1.2 Refractive index (RI) 

The RI of an oil is defined as the ratio of the speed of light in air (technically, a vacuum) to 

the speed of light in the oil (Nielsen, 2003). Since the RI is a constant for a particular liquid at 

a given temperature, it can be used to help identify substances, check for purity, and measure 

concentrations (Kenkel, 2003). So, RI is important physical property of liquids. The 

refractive index of an oil is defined as the ratio of the speed of light in air (technically, a 

vacuum) to the speed of light in the oil. The refractive index is characteristics of each kind of 

fats and oils, and the values vary with degree and type of unsaturation, oxidation, heat 

treatment, temperature of analysis, and the fat/oil content (free fatty acids content). RI is 

related to the amount of saturation; RI decreases linearly as iodine value decreases. RI also 
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used as a measure of purity and means of identification, since each substance has a 

characteristic RI. Samples are measured with a Refractometer at 20
0
C for oils and at specified 

higher temperature for fats, depending on the temperature at which the fat is completely 

liquid (Nielsen, 2003). 

 

2.3.1.3 Color 

The color of crude and refined vegetable oils is an important contributing factor in the 

determination of their market value (McNicholas, 1935). Oils and fats from different sources 

vary in color. But, if refined oil is darker than expected, it is indicative of improper 

refinement or abuse. Two methods for measuring the color of fats and oils are the Lovibond 

method and the Spectrophotometric method. In the Lovibond method, oil is placed in a 

standardized glass cell and visually compared with red, yellow, blue, and neutral color 

standards. Results are expressed in terms of the numbers associated with the color standards. 

For Spectrophotometric method, the sample is brought to 25-30
O
C, placed in a cuvette, and 

absorbance read at the following wavelengths: 460, 550, 620, and 670 nm. Then, the 

photometric color index is calculated (Nielsen, 2003). The color of fats and oils is the most 

commonly evaluated using Lovibond method. On Lovibond color scale, the color of edible 

soybean, peanut and cottonseed is equal and amounts 2.0. The Spectrophotometric method 

(AOCS Method Cc 13c-50) is undergoing revision, though specifically developed for testing 

the color of cottonseed, soybean, and peanut oils (Wan, 1995). 

 

2.3.1.4 Impurities 

Foreign material in incoming crude edible oils or incorporated during processing must be 

removed by filtration or another process to produce an acceptable finished product Most of 

the trading rules for edible oil products have specific limits for the various non-fatty 

materials. Analysis for these materials during processing is part of good process control. The 

non-fatty impurities analytical methods are identified by the predominate contaminant in 

most cases. Impurities present in fats and oils are contaminates that must be removed during 

processing to prevent an adverse reaction or an undesirable appearance (O’Brien, 2009). 

Meal, dirt, seed fragments, and other substances insoluble in kerosene or petroleum ether are 

the impurities identified by AOCS Method 3a 46 (AOCS, 1998). 
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2.3.2 Chemical characteristics 

2.3.2.1 Moisture contents and volatile matters (MCVM) 

Moisture content of oils and fats is the loss in mass of the sample on heating at 105
0
C under 

operating conditions specified in AOAC, (1998). The low moisture content of the oil is 

advantageous in terms of storage stability since the lower the moisture content, the better the 

storability and suitability to be preserved for a longer period (Orhevba and Efomah, 2012). 

 

2.3.2.2 Peroxide value (PV)  

Several stages of oxidation are recognized and tests are available for each stage (Gunstone, 

2004). Hydrogen peroxides are considered to be the most important primary products 

obtained from lipid oxidation. The classical method for quantification of hydrogen peroxides 

is the determination of PV (Nollet and Toldra, 2009). The PV is the most common method 

used to evaluate the oxidative quality of oils and fats (Hahm and Min, 1995). The procedure 

is described by IUPAC Standard Method 2.501, by AOCS standard method Cd 8–53, and by 

AOAC Official Method 965.33. Indeed, PV have been correlated with sensory response, and 

a scale of “acceptability” has been developed where fresh oils have PVs of <1, cut-off values 

for industrial use is 5, and oils with 10meq hydrogen peroxide/kg lipid are considered rancid 

(Hu and Jacobsen, 2016).  For a product to have acceptable shelf life the PV should be less 

than 1.0 meq/kg fat at the point of use (Blumenthal 1996). For soybean oil, a PV of 1.0 or 

less indicates freshness; 1 to 5 PV, low oxidation; 5 to 10 PV, moderate oxidation; >10 PV, 

high oxidation; and >20 PV, poor flavor. These quality estimates are specific for soybean oil, 

and higher or lower PVs may be acceptable for other oils (O’Brien, 2009). 

 

2.3.2.3 Iodine value (IV)  

Oils and fats contain saturated and unsaturated acids, and many of their properties depend on 

the ratio of these two acid types. A common practice is to determine calculated IV from the 

fatty acid composition using AOCS Recommended practice Cd 1c-85 (Nielsen, 2003). 

Traditionally, average unsaturation has been measured as the IV based on reaction with 

iodine monochloride or other mixed halogen under controlled conditions (Gunstone, 2004; 

AOAC Official Method 920.159).  

 

One of the most commonly used methods for determining the iodine value of lipids is "Hanus 

method". The IV or iodine number is a measure of degree of unsaturation in relation to the 

amount of fat or oil. It is directly proportional to the degree of unsaturation and inversely 



13 
 

proportional to the melting point. The higher the amount of unsaturation, the more iodine is 

absorbed; therefore, the higher IV, the greater the degree of unsaturation. The halogen uptake 

by fat or oil is affected by the contents of oleic (IV=89.9), linoleic (IV=181) and linolenic 

(IV=273) acids (Belitz, et al., 2009). IV is used to characterize oils, to follow the 

hydrogenation process in refining, and as an indication of lipid oxidation, since there is a 

decline in unsaturation during oxidation. The IV is a good estimate of lipid stability because 

fats with larger proportions of saturated fatty acids are less likely to undergo autoxidation. An 

increase in IV indicates high susceptibility of lipid to oxidative rancidity due to high degree 

of unsaturation (Nielsen, 2003). 

 

2.3.2.4 Saponification value (SV) 

Saponification is the process of breaking down or degrading a neutral fat into glycerol and 

fatty acids by treatment of fat or oil with alkali. The amount of alkali required to hydrolyze 

(saponify) a fat is a measure of the average chain length of the acyl chains, though this value 

is affected by unsaponifiable material also present in the oil. This parameter can be reported 

as SV or SE. These are inversely related by the expression: SE = 56100/SV. With increasing 

chain-length, SE, but SV falls. Typical SV for some common oils include: cottonseed 189 - 

198, soybean 189 - 195, sunflower 188 - 194, groundnut 187 – 196 and rape 182 – 193. High 

values are associated with the two lauric oils and the lower values with oils rich in C16 and 

C18 acids (Gunstone, 2004). In common practice, the calculated SV is determined from the 

fatty acid composition using AOCS Recommended Practice CD 3a-94 (Nielsen, 2003). 

 

2.3.2.5 Unsaponifiable matter 

When a natural fat or oil is hydrolyzed, it gives fatty acids (soluble in aqueous alkali), 

glycerol (soluble in water) and other material (insoluble in aqueous alkali). The latter can be 

extracted with an appropriate organic solvent and is described as unsaponifiable material. 

Unsaponifiable material is normally less than 2 % of the total oil though sometimes it will be 

higher. Disregarding a few exceptions, fats and oils contain an average of 0.2–1.5% 

unsaponifiable compounds. Most fats and oils consist of triacylglycerides which differ in 

their fatty acid compositions to a certain extent (Gunstone, 2004; Belitz, et al., 2009).  

 

The term “unsaponifiable matter” in oils and fats refers to those substances that are not 

saponifiable by alkali hydroxides but are soluble in the ordinary fat solvents, and to products 

of Saponification that are soluble in such solvents. Unsaponifiable matter is calculated as the 
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difference between the amount of materials, which are unsaponifiable by the procedure 

described below, soluble in diethyl ether and insoluble in water. They are isolated from a 

soap solution (alkali salts of fatty acids) by extraction with an organic solvent. In order to 

determine the unsaponifiable matter in oils and fats, they are first saponified, and then the 

unsaponifiable, which consists mainly of hydrocarbons and the higher alcohols cholesterol or 

phytosterol is extracted with ether or petroleum ether, the ether evaporated and the residue 

weighed as unsaponifiable (Belitz, et al., 2009). 

 

2.3.2.6 Acid value (AV) 

FFAs in oils and fats are formed when triglycerides are hydrolyzed. Thus, AV is one quality 

parameter of oils and fats. It is defined as the number of milligrams of KOH necessary to 

neutralize the free fatty acids present in 1g of fat or oil. The amounts and types of fatty acids 

present in oil contribute to its functional properties. Measure of fat/oil acidity reflect the 

amount of fatty acids hydrolyze from triacylglycerols. Free acids present in crude oils are 

largely removed during the refining processes and the acid value should be below 0.1%. Oils 

with AV content exceeding 1% are commonly designated as crude oils (Gunstone, 2004; 

Belitz, et al., 2009). In refined fats, a high acidity level mean a poorly refined fat or fat 

breakdown after storage or use (Nielsen, 2003). However, if a fat seems to have a high 

amount of FFAs, it may be attributable to acidic additives (example: citric acid added as a 

metal chelator) since any acid will participate in the reaction. In addition to FFAs, acid 

phosphates and amino acids also can contribute to acidity. AV is an important fat quality 

indicator during each stage of fats and oils processing. It is a measure of deodorizer 

efficiency and a process control tool. High AV results for deodorized oils indicate a poor 

deodorization. The deodorized oil AV level that has become standard in the United States is 

0.05% maximum, but most internal standards require a 0.03% maximum (O’Brien, 2009). 

 

2.3.2.7 Fatty acid contents  

Fatty acid composition analysis provides information beneficial for all aspects of product 

development, process control, and marketing because the physical, chemical, and nutritional 

characteristics of fats and oils are influenced by the kinds and proportions of the component 

fatty acids and their position on the glycerol radical (O’Brien, 2009). That is why the level of 

free acid is an item in most specifications for crude and refined oils. The acyl residues of an 

acylglycerol are released as methyl esters and are analyzed as such by gas chromatography 

(Belitz, et al., 2009). 
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2.4 Spoilage of edible fats and oils 

All food products are originated from either plant or animal sources. Hence, they are 

composed of biological raw materials which make them active system. Biological products 

inherently spoil and deteriorate over time. This spoilage and deterioration cannot be 

completely stopped; however, it is the desire of food processors to slow this rate of 

deterioration as much as possible during formulation, processing, packaging, storage and 

handling (Steele, 2004). Numerous changes take place in foods during processing and 

storage. Chemical, physical and microbiological changes are the leading causes of food 

deterioration. Chemical spoilage of food products is due to reaction or breakdown of the 

chemical components of the food, including its proteins, lipids, and carbohydrates. The rate at 

which the chemical reactions take place depends on many factors: water activity, 

temperature, pH, and exposure to light or oxygen. The most important chemical changes are 

associated with enzymic action, oxidative reactions, particularly lipid oxidation, and non-

enzymic browning that causes changes in appearance. Lipid spoilage most often occurs due 

to oxidation reactions or action of lipolytic enzymes and other hydrolytic reactions. One of 

the major pathways of the edible fats and oils deterioration is oxidation (Man and Jones, 

1994). 

 

2.4.1 Lipid oxidation 

Lipid oxidation is a combination of various chain reactions, consisting of three phases: 

initiation, propagation and termination which take place at the same time excepting the initial 

step. During the initial phase, in the presence of initiators, unsaturated lipids lose hydrogen 

radical to form lipid-free radical. In the propagation stage, the alkyl radical of an unsaturated 

lipid (R•) containing a labile hydrogen reacts very rapidly with molecular oxygen to yield 

peroxide radicals. This reaction is always faster than the hydrogen transfer reaction with 

unsaturated lipids to form hydro-peroxides that are considered the primary products of lipid 

oxidation: The newly formed hydroperoxyl radical can so forth abstract hydrogen from an 

adjacent unsaturated fatty acid because the reaction goes through 8–14 propagation cycles 

before termination. Hydrogen peroxides are considered to be the most important initial 

reaction products that are obtained from lipid oxidation; they are labile species, of very 

transitory nature, which undergo changes and deterioration with the radicals. Their breakage 

causes secondary products such as pentanal, hexanal, 4-hydroxynonenal, and MDA. In the 

last stages of oxidation, the radical species react with one another and self-destruct to form 
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non-radical products by different mechanisms. The radical reaction stops when two radicals 

react and produce non-radical species (Leo and Fidel, 2009). 

 

2.5 Principles and practice of shelf life determination  

Consumers are concerned with how long a food will last in their home before it goes bad, 

manufacturers are concerned with how long a product can stay on the shelves, and 

government agencies are concerned with how long the food will maintain its labeled 

attributes. This is because; shelf-life is both an important concept and an important property 

of today's food products. Therefore, accurate prediction of shelf life has a very important 

place in the food industry and requirement for food labeling and specifications (Pike, 2003). 

 

To attain knowledge of a food's expected shelf-life, one must understand the series of 

biochemical and physicochemical reactions taking place in any given food, and identify the 

mechanisms responsible for spoilage. Selecting an appropriate, reliable approach to modeling 

quality loss of a food product is an important first step in estimating shelf-life (Steele, 2004). 

That is why Shelf-life predictions are based on fundamental principles of food quality loss 

modeling, primarily kinetic modeling of different deterioration mechanisms that occur in 

food systems. There are several established approaches utilized for gathering of shelf-life data 

of food products. A shelf life study is an objective, methodical means to determine how long 

a food product can reasonably be expected to keep for, without any appreciable change in 

quality. The two main methods used are: direct and indirect (NZFSA, 2005). 

 

2.5.1 Direct method  

This is the one most commonly used also know as real time shelf-life determination. It 

involves storing the product under preselected conditions for a period of time longer than the 

expected shelf life and checking the product at regular intervals to see when it begins to spoil. 

The exact procedure is unique for each product (NZFSA, 2005).  

 

2.5.2 Indirect method 

Indirect methods attempt to predict the shelf life of a product without running a full length 

storage trial; hence, they can be useful for products with long shelf lives. The two most 

common indirect methods are: accelerated storage and/or predictive microbiological 

modeling to determine a shelf life (NZFSA, 2005). 
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2.5.2.1 Accelerated shelf life studies 

Fats and oils deteriorate rather rapidly by autoxidation of their unsaturated acyl residues. A 

number of analytical methods have been developed to determine the extent of such 

deterioration and to predict the expected shelf life of a fat or oil (Belitz, et al., 2009). 

Determining the shelf-life of edible fats and oils is a tedious and time consuming when 

analyzed at ambient conditions. Thus, it is necessary to use accelerated aging test. Since, the 

rate of the reaction increase exponentially with temperature, the shelf-life of edible fats and 

oils are conducted at higher temperatures (Farhoosh, 2007). 

 

The general desire to obtain an early answer to the shelf-life question coupled with 

competitive and commercial pressures has required an indirect and invariably quicker way of 

determining shelf-life. The trial period is shortened by deliberately increasing the rate of 

deterioration. This is usually done by increasing the storage temperature. The results are then 

used to estimate the shelf-life under normal storage conditions (NZFSA, 2005). In theory, 

accelerated shelf-life testing is applicable to any deterioration process that has a valid kinetic 

model. The process may be either biochemical, chemical, microbiological or physical (Steele, 

2004). In practice, most accelerated tests have been done on deterioration processes that are 

chemical in nature. The basic idea is that the rate of a shelf-life limiting chemical reaction is 

increased at an elevated storage temperature. The end of shelf-life is thereby reached much 

quicker and the data obtained can be extrapolated to provide an estimate of the shelf-life at 

normal or ambient storage conditions, usually by using the Arrhenius relationship. ASTM 

applies the principles of chemical kinetics to quantify the effects that extrinsic factors such as 

temperature have on the rate of deteriorative reactions. We must always keep in mind that 

there is a limit to how high a product’s temperature can be raised during its accelerated 

storage. This is because exposure of a food to a too high temperature can cause qualitative 

changes that will never occur under ambient conditions (Gordon, 2010). 

 

2.5.2.2 Predictive modeling 

Predictive models are mathematical equations which use information from a database to 

predict bacterial growth under defined conditions. Predictive models can be used to calculate 

the shelf-life of a food. Information on the changes that occur in the product when it 

deteriorates the properties of the product and packaging is required for the calculations. Most 

predictive models are specific to particular types of organisms. Some examples of predictive 

modeling systems are the United States Department of Agriculture (USDA) Pathogen 
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Modeling, Growth Predictor and FORECAST (a paid service by Campden and Chorleywood 

Food Research Association (CCFRA)). Models are useful as a first step in the evaluation of a 

product’s shelf life. However, information from modeling programmes needs to be verified 

by challenge testing or a shelf life trial (NZFSA, 2005). 

 

2.6 Kinetics of food deterioration 

Use of the chemical kinetic approach to model changes in food quality was suggested by 

Kwolek and Bookwalter (1971). The kinetic approach and the Arrhenius relationship that 

describes the influence of temperature on the reaction rate constants were also promoted by 

Saguy and Karel (1980). An alternative way of expressing temperature dependence which has 

been extensively used by the food industry is the Q10 approach. Lai and Heldman (1982) 

developed methods to determine the value of the activation energy of food quality losses 

from shelf life data at known temperatures. 

 

Chemical kinetics involves the study of the rates and mechanisms by which one chemical 

species converts to another. The rate of reactions is determined by monitoring the 

concentration of either the reactants or the products of the reactions.  Applying fundamental 

chemical kinetic principles, the rate of food quality change may in general be expressed as a 

function of composition, environmental and packaging factors (Saguy and Karel, 1980). 

 

𝑑𝑄

𝑑𝑡
= 𝐹 𝐶?? ??, 𝐸𝑗 , 𝑃𝑖 …………..……………Equation-2.1 

Where: Ci - are composition factors, such as concentration of reactive compounds, inorganic 

catalysts, enzymes, reaction inhibitors, pH, water activity, as well as microbial 

populations, Ej - are environmental factors, such as temperature, relative humidity, 

total pressure and partial pressure of different gases, light and mechanical stresses and 

Pi - are packaging factors, such as permeability 

 

However, the problem with this kinetics expression is that, food is a physicochemical system 

of high complexity involving numerous physical and chemical variables and coefficients 

which in most cases are impossible or impractical to quantitatively define (Labuza, 1985). 

Excluding the effect of the environmental and packaging factors, by assuming them constant, 

at the most probable level or judging it negligible within their expected variation, a simplified 

reaction scheme that expresses the effect of the concentration of the reactants is developed 

(Kenneth, et al., 1997). A general form of kinetic model is obtained by considering the 
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following chemical reaction. Because, basically a lot of reactions are actually reversible 

having the following form.  

𝛼𝐴 + 𝛽𝐵 

𝑘𝑓
  

𝑘𝑏
  

 𝛾𝐶 + 𝛿𝐷 …………..……………Equation-2.2 

𝑟 =
−𝑑 𝐴 

𝛼𝑑𝑡
=

−𝑑 𝐵 

𝛽𝑑𝑡
=

+𝑑 𝐶 

𝛾𝑑𝑡
=

+𝑑 𝑑 

𝛿𝑑𝑡
= 𝑘𝑓 𝐴 𝛼 𝐵 𝛽 − 𝑘𝑏  𝐶 𝛾  𝐷 𝛿………Equation-2.3 

 

Since, these equations are unsolvable because of too many unknowns, therefore simplifying 

procedures are used. For the majority of food degradation systems either kb is negligible 

compared to kf, or for the time period of practical interest they are distant from equilibrium, 

i.e., [C] and [D] are very small, this allowing us to treat the reaction as an irreversible 

reaction. In most cases, the concentration of the reactant that primarily affects overall quality 

is limiting, the concentrations of the other species being relatively in large excess so that their 

change with time is negligible (Labuza, 1984). Therefore, the quality loss rate equation can 

be expressed in terms of specific reactant. 

 

𝑟 =
−𝑑 𝐴 

𝑑𝑡
= 𝑘𝑓 𝐴 𝑛…………………………Equation-2.4 

Where: n - is an apparent or pseudo order of the reaction and     

kf  - is the apparent rate constant. 

 

In practice food quality attribute degradation and/or shelf-life loss can be represented either 

by loss of desirable quality factors A (e.g., nutrients, characteristic flavors) or by formation of 

undesirable factors B (e.g., oxidation products, discoloration) (Kenneth et al., 1997). 

Therefore, the rates of loss of desirable quality factor A and/or the formation of undesirable 

factor B can be expressed as follow according to the above simplified general kinetic model. 

  

𝑟𝐴 =
−𝑑 𝐴 

𝑑𝑡
= 𝑘 𝐴 𝑚  ………..……..…………… Equation-2.5 

𝑟𝐵 =
𝑑 𝐵 

𝑑𝑡
= 𝑘 , 𝐵 𝑚

,
……………….……………Equation-2.6 

 

The quality factors [A] and [B] are usually quantifiable chemical, physical, microbiological, 

or sensory parameters which are the characteristic of the particular food system. 
Accordingly, rate of food quality change can be written in a general quality function. 

 



20 
 

±
𝑑[𝑄]

𝑑𝑡
= 𝑘[𝑄]𝑛……………….……………Equation-2.7 

 

In order to solve this equation or obtain shelf-life equation, the reaction rate kinetic parameter 

should be determined. The parameters are: Reaction order (n) and Reaction rate constant (k). 

Methods for kinetic parameters determination: Differential method, and Fit of experimental 

data to a linear equation. 

 

In the history of the fundamental thermodynamic reasoning, models that describe temperature 

effect on reactions has been developing. The most prevalent and widely used model is the 

Arrhenius relation. Food quality loss reactions described by the aforementioned kinetic 

models have also been shown to follow an Arrhenius behavior with temperature (Kenneth et 

al., 1997). Therefore, the influence of temperature on the reaction rate can be described by 

using the following Arrhenius relationship. 

 

𝑘 = 𝑘𝐴𝑒𝑥𝑝
 −  

𝐸𝐴
𝑅𝑇

 
 …………………..………… Equation-2.8 

Where:  kA is Arrhenius equation constant, EA is the activation energy, the excess energy 

barrier that factor A needs to overcome to proceed to degradation products (or B to 

form), R is the ideal gas constant, and T is the temperature (absolute scale). 

 

In practical terms it means that if values of k are available at different temperatures and lnk is 

plotted against the reciprocal absolute temperature, 1/T, a straight line is obtained with a 

slope of –EA/R. Usually, the reaction rate is determined at three or more temperatures and k 

vs. 1/T is plotted in a semi-log graph or a linear regression fit and Equation-2.9 is employed 

(Hills and Grieger-Block, 1980). 

 

ln 𝑘 = ln 𝑘𝐴 −
𝐸𝐴

𝑅
 

1

𝑇
  ……………..…………… Equation-2.9 

 

2.7 Shelf-life of edible fats and oils 

Due to the nature of foods as physicochemically and biologically active systems, food quality 

is a dynamic state continuously moving to reduced levels. Therefore, for each particular food, 

there is a finite length of time after production to2 retain a required level of organoleptic and 

safety qualities under stated conditions of storage. This period of time can be generally 

defined as the shelf-life of the food product (Kenneth et al., 1997). Autoxidation is the main 
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cause of edible fat and oil quality deterioration and its reaction rate determines the shelf life 

of the products. The shelf-life of properly refined edible oils is typically 12 – 18 months at 

ambient temperature (Farhoosh, 2007). Standard margarine has a shelf life of 6–12 months, 

provided that the product is refrigerated during distribution, marketing, and home storage. 

The period will be shorter for low-fat, high-moisture products and for those which are salt-

free (Wan, 1995). 

 

2.8 Quality management and assurance in fat and oil processing  

Edible fats and oils processing involves a series of processes in which both physical and 

chemical changes are made to the raw material. Control of these processes at satisfactory 

economic levels requires a quality staff and a system to maintain and improve quality. 

Effective quality control of edible fats and oils at attractive economic levels requires the 

cooperative activities of all concerned, including technical service, product development, 

quality assurance, sales, plant operations, and quality control (O’Brien, 2009). The basic 

quality functions for each of these areas include:  

 

Technical service interfaces with customers and product development to identify the product 

attributes necessary to provide the required functionality before the sale and to lead to 

resolution of quality complaints after the sale. Product development responsibilities are 

twofold: develop products that can be produced consistently and most economically by plant 

operations to provide the required functionality identified by technical service, and identify 

new products or processes that are functionally and/or economically superior to competitive 

products. Quality assurance is responsible for developing and implementing an integrated 

sequence of special controls for materials, processes, and products based on the quality 

aspects of customer requirements, product design, and manufacturing process requirements to 

ensure timely shipment of products with the proper quality at a minimum cost. Sales 

interfaces with the customers on a routine basis and is usually the first to be aware of a new 

requirement or product deficiency, thus sales has the responsibility for involving the quality 

support areas necessary to satisfy customer needs (O’Brien, 2009). 
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2.9 Concluding remarks 

The quality and stability of edible oil are the main factors that influence its acceptability and 

market value. Therefore, analyses of the physical and chemical quality parameters of edible 

oils are very important because they can give information about the composition. There are 

different factors affecting the chemical composition and physical properties of oil. In 

addition, oils have diverse applications in foods and food preparation as well as industrial 

products. Therefore, it is not feasible to describe the quality of these materials by a single 

chemical or physical factor. Lipid oxidation is a major cause of the deterioration of oils, 

leading to the loss of nutritional value and alteration of sensory properties. Thus, the degree 

of oxidation and the potential for deterioration are important quality parameters of edible oils, 

and one of the most important tasks for a manufacturer of edible oils to control the lipid 

oxidation process in order to promote oxidative stability and shelf-life. The most important 

characteristic of oils is their continued transformation in the whole time. Use of the chemical 

kinetic approach to model changes in food quality was suggested by different scholars. A 

common practice employed to evaluate the shelf life of a given food product is to determine 

changes in selected quality characteristics over a period of time. Usually, physical and 

chemical analytical methods and the sensory test are used to assess the oxidative stability and 

shelf-life of oils. Food companies may need shelf-life data and sensory data in a short period 

of time. Because of this, accelerated storage tests to predict shelf-life of oils is required. With 

ASTM determination of the shelf-life of oils is using rate constant obtained at high 

temperatures because, temperature plays a major role in causing changes in food quality 

during storage. So, extrapolation mechanism is needed in order to predict the actual shelf-life. 

Arrhenius equation is most commonly utilized relation.  
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Chapter Three 

Research Methodology 

3.1 Raw material collection 

Generally the basic materials required for this study were classified into three categories: raw 

materials or ingredients, analytical equipments, and chemicals and reagents. Edible 

cottonseed, soybean and peanut seed oils were the raw materials of this project study. They 

were obtained from domestic edible oil processing factories. All edible oil samples were 

refined, bleached and deodorized (RBD), and have no antioxidant intentionally added. After 

collection, they were kept at 4
O
C until analysis to control their deterioration. 

 

3.2 Framework experimental activities  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 
 

 

 

Figure-3.1: Framework of the experimental studies 
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3.3 Experimental site 

The experimental activities of this study were conducted in the following two laboratories; 

Food science and Nutrition laboratory at Ethiopia public health institute and JIJE Analytical 

Testing Service Laboratory. The quality parameters: RI, insoluble impurities, SV, and 

unsaponifiable matters for all edible oil considered were analyzed in JIJE Analytical Testing 

Service Laboratory. The rest experimental activities of both physical and chemical edible oil 

quality parameter testing and including the accelerated shelf-life testing activities were 

conducted in the Food science and Nutrition laboratory at Ethiopia public health institute. 

 

3.4 Experimental design and statistical data analysis 

The three types of edible oils (soya, peanut and cottonseed) were collected directly from the 

production plant in Ethiopia. Design of experiment chosen for this research study was a 

Randomized Complete Block Design. The main objective of blocking and randomizing were 

to eliminate unwanted sources of variability, and to minimize/prevent systematic and 

personal biases from being introduced into the experiment when the experiments were 

conducted. 

 

All determinations were carried out in duplicate and then, the collected data were subjected to 

analysis of variance. Analysis of variance was performed using the principles of ANOVA. 

One way ANOVA test was performed for physicochemical characteristics levels of 

significant difference. The statistical software SPSS version 20 was employed for ANOVA 

while Microsoft office excel-2007 for regression analysis. Significant differences between the 

means physicochemical characteristics were determined by Duncan’s multiple range tests. P-

values less than 0.05 level of probability were considered statistically significant. The readings 

are reported in terms of mean ± Standard deviation (SD). The analyzed data was summarized 

and presented by using tables and graphs (mean plot graph provided in appendix). 

 

3.5 Analysis of oil physical quality parameters 

3.5.1 Specific Gravity 

AOAC Official Method 920.212 which is Pycnometer method was applied in this research to 

determine the specific gravity of the edible oil samples (AOAC, 1998). Pycnometer of 30ml 

capacity (Kimble Glass No. 15123-50) was cleaned by filling with chromic acid cleaning 

solution and letting stand for 3hr. Then, emptying the Pycnometer and rinsing thoroughly 
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with water; it was filled with recently boiled water previously cooled to 20°C, and place in 

constant temperature bath at 25°C. After 30 min, the water level was adjusted to proper point 

on Pycnometer and stoppered; removed from bath, wipe dried with clean towel, and 

weighted. Proceeding, Empting the Pycnometer, it was rinsed three times with alcohol and 

then ether, and dried in drying oven to completely remove ether vapor, and then cooled and 

empty Pycnometer weight was measured. Continuing, the clean, dry Pycnometer was filled 

with toil sample previously cooled to 20°C, then placed in constant temperature water bath 

for 30min at 25°C, oil level was adjusted to proper point on Pycnometer, and stoppered. 

Finally, the Pycnometer was removed from water bath, wipe dried with clean towel, and 

weighted. Subtracting the weight of empty Pycnometer from its weight when filled with oil 

and divide difference by weight of water obtained in similar manner at 25°C result specific 

gravity at 25/25°C. Accordingly, the following Equation-3.1 was applied to calculate the 

specific gravity of the edible oil samples. All determination was performed in duplicate. 

 
 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑡
25

25
°𝐶  𝑆𝐺25

25 =
𝑊1− 𝑊2

𝑊3− 𝑊2
…………………………Equation-3.1 

 

Where: W1 – weight of Pycnometer containing oil, W2 – weight of empty Pycnometer and  

W3 - weight of Pycnometer containing water. 

 

3.5.2 Refractive index 

The RI of oils samples was obtained by measuring the Brix value at 20
O
C using E-line 90-44-

806 Refractometer (Nova Analytical Company, 2008). Then, the corresponding RI reading 

was taken from Brix to RI conversion table provided in the appendix. To take the Brix 

reading, first the measurement prism of the Refractometer; where the sample placed; was 

opened and thoroughly cleaned with diethyl ether, and dried with clean tissue. Finally, after 

the oil sample was applied, the prism was closed to take the Brix reading at 20
O
C through 

eyepiece. The borderline (light/dark demarcation line) viewed through the eyepiece indicate 

the Brix value reading across the Brix scale (Nova Analytical Company, 2008). The 

measurement prism was cleaned between each successive Brix measuring run. The same 

procedures were repeated for duplicate. 
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Figure-3.2: (a) E-line 90-44-806 Refractometer, (b) The borderline (light/dark demarcation 

line) viewed through the eyepiece as taken by smart phone camera through the eyepiece 
 

3.5.3 Color 

The spectrophotometric method AOCS Method Cc 13c-50 was applied to measure the color 

of edible oils samples investigated in this study (AOCS, 1998). The edible oil samples were 

placed in a cuvette (quartz cuvette 10x10mm), and using UV visible spectrometer (CECIL 

INSTRUMENTS, Serial-121 427) absorbance read was taken at the following wavelengths: 

460, 550, 620, and 670 nm. Then, the photometric color index was calculated applying 

Equation-3.2 provided below (AOCS, 1998). 

 

𝑃𝐶𝐼 = 1.29𝐴460 + 69.7𝐴550 + 41.2𝐴620 + 56.4𝐴670  ……………………...Equation-3.2 

Where: PCI - Photometric color index and A - Absorbance read at the following wavelengths: 

460,550, 620, and 670nm. 

 

3.5.4 Insoluble impurities  

Gravimetric method, AOCS Method 3a 46 was applied in this thesis work to determine the 

weight fraction of insoluble impurities in the edible oil samples (AOCS, 1998). The 

gravimetric analysis methods proceed with the following steps: 1) about 50g±0.005weight of 

test portion was obtained from each edible oil sample on analytical balance (Model PGW 

253i and Serial No.AE440138, China), 2) about 50ml of kerosene was added and heated on 

water bath (BUCHI Waterbath B-481) to dissolve the oil, 3) the analyte was thoroughly 

separated on prepared oven dry filter paper (WHATMAN No. 4 filter papers with 7cm 

diameter) from the sample matrix by laboratory assembled vacuum filtration system using 

Rotary high vacuum pump (Model GF6090 and Serial No. FFG63198), and 4) the residue on 

filter paper was washed with five 10ml portion of hot kerosene allowing each portion to drain 
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before adding the next, 5) then, the residue was thoroughly washed again with petroleum 

ether to remove all kerosene, 6) the filter paper with its content (residue left from filtration 

and after successive washing with kerosene and petroleum ether) was dried at 105
0
C±1

0
C in 

drying oven (Serial No. 880-566) to constant  weight, and 7) finally, the filter paper was 

withdrawn from the oven and cooled to room temperature in Desiccators (PYREX, France) 

and weighed. Duplicates were determined for all edible oil samples in the same manner. 

Employing Equation-3.3, the data obtained were then used to calculate the desired results 

(AOCS, 1998). 

 

% 𝐼𝑛𝑠𝑜𝑙𝑢𝑏𝑙𝑒 𝑖𝑚𝑝𝑢𝑟𝑖𝑡𝑖𝑒𝑠 =  
𝑤𝑒𝑖𝑔 𝑡 𝑜𝑓  𝑖𝑛𝑠𝑜𝑙𝑢𝑏𝑙𝑒  𝑖𝑚𝑝𝑢𝑟𝑖𝑡𝑖𝑒𝑠

𝑠𝑎𝑚𝑝𝑙𝑒  𝑤𝑒𝑖𝑔 𝑡 (𝑔)
∗ 100…………………Equation-3.3 

  

Figure-3.3: Laboratory assembled filtration system in determining soluble impurities 

 

3.6 Analysis chemical quality parameters 

3.6.1 Moisture content and volatile matters  

Moisture content was analyzed by air oven method of AOAC Official method 925.09 

(AOAC, 1998). About 5g of a representative sample was weighed on analytical balance 

(Model PGW 253i and Serial No.AE440138, China) into a dried moisture dish which empty 

weight was measured previously and dried in drying oven (Serial numbered: 880-566) for 

30minutes at 105°C. This procedure was repeated until a constant weight was determined. 

The same procedures were repeated for duplicates. Then, loss in weight was calculated as the 

moisture and volatile matter applying Equation-3.4. 

 

% Moisture and volatile matter =  
W 1−W 2

W 1
 100……………..………Equation-3.4 

Where: W1 – weight of dried moisture dish containing test portion; W2 – weight of empty 

dried moisture dish 
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3.6.2 Iodine value  

Hanus method was employed to determine the IV of edible oil samples. The lipid to be 

analyzed was weighed and dissolved in a suitable organic solvent, to which a known excess 

of iodine bromide is added. Some of the IBr reacts with the double bonds in the unsaturated 

lipids, while the rest remains: R-CH=CH-R + IBr(excess)  R-CHI-CHBr-R + IBr(remaining). The 

amount of IBr that has reacted is determined by measuring the amount of IBr remaining after 

the reaction has gone to completion (IBr(reacted) = IBr(excess) – IBr(remaining)). The amount of IBr 

remaining is determined by adding excess potassium iodide to the solution to liberate iodine: 

IBr(remaining) + 2KI  KBr + KI + I2, and then titrating with a sodium thiosulfate (Na2S2O3) 

solution in the presence of starch to determine the concentration of iodine released: I2 + starch 

+ 2Na2S2O3 (blue)  2NaI + starch + Na2S4O6 (colorless). 

 

Table-3.1: Weight of oil test portion for IV determination as per Expected IV 

 

Expected IV                  

   (g of I2 /100g of oil) 

Sample weight  

in ± 0.001 (g) 

<5 3.000  

5 to 20 1.000  

21 to 50 0.400  

51 to 100 0.200  

101 to 150 0.130  

151 to 200 0.100  

Source: Wrolstad, et al., (2005). 

 

Accordingly, about 0.255g weight of each oils sample was measured using analytical balance 

(Model PGW 253i and Serial No.AE440138, China) and transferred into separate 250mL 

conical flask with glass stopper. Weight of the samples test portion/sample size was based on 

expected IV as it is given in Table-3.1 above. To dissolve the oil then, 10ml of chloroform 

was added into each flask containing. Proceeding, after about 30ml of Hanus solution was 

pipette into the flaks and closed with glass stopper, then the solution in the flasks were left in 

dark area for about 30minutes with shaking continuously. The Hanus solution was prepared 

by dissolving 18.2g of iodine in 1L of glacial acetic acid and then adding 3ml of bromine 

water for increasing the halogen content. Next, about 10ml of 15% KI solution was added to 

each flask and then shacked. Finally, about 100ml of distilled water was poured to the flasks 

and the content of flasks were titrated against 0.1 N Sodium thiosulfate solution till yellow 

color formed, then, about 0.5ml starch solution (1% concentration) was added and blue 

solution was formed and then titration was continued till the blue color is disappeared and the 
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content of flask become colorless. The above procedure was repeated for duplicate and blank 

determination. Data obtained from titration was used to compute the IV of oil samples using 

Equation-3.5.  

IV =
 𝐵−𝑆 ∗𝑁∗126.9

𝑊
  ……………………………..............Equation-3.5 

Where: IV - gram of iodine absorbed per 100g of sample,  B - volume of titrant for blank,        

S - volume of titrant for sample, N - normality of Na2S2O3 (mol/1000ml),                     

126.9 - molecular weight of iodine (g/mol) and W - sample mass (g) 

 

3.6.3 Saponification value 

In the study, AOAC Official method 920.160 was used to determine the SV of the oil 

samples (AOAC, 1998).  Using analytical balance (Model PGW 253i and Serial 

No.AE440138, China) about 5g weight of each oil sample was measured into separate 250ml 

round bottom flask with taper 29/30 using dropper or pipet. Then, about 50ml alcoholic 0.5N 

KOH was pipeted into the weighed sample in the flask using volumetric pipet. Next the flask 

was connected to the condenser and boiling was commenced for about 30min in water bath. 

After the fat saponified completely, the flask was cooled to room temperature and the content 

was titrated with 0.5N HCL, using phenolphthalein as indicator. Blank determination was 

also conducted using the same apparatus, reagent and procedure.  

 

 

Figure-3.4:  Saponification process using laboratory assembled system 

 



30 
 

As per the procedure described and pictorially presented above, excess KOH was added to 

the samples and the solution were heated to saponify the fat. The unreacted potassium 

hydroxide was back-titrated with standardized HCl using phenolphthalein as the indicator and 

the saponification value was calculated by Equation-3.6. 

 

SV =
 B−VS  ∗N∗56.1

W
 …………………………………………Equation-3.6 

Where: SV - mg KOH per g of sample, B = volume of titrant (ml) for blank, S - volume of 

titrant (ml) for sample. N - Normality of HCl (mmol/ml), 56.1 - molecular weight of 

KOH (mg/mol) and W - sample weight (g). 

 

3.6.4 Unsaponifiable matter 

AOAC Official method 933.08 which is ether extraction method was used to determine the 

unsaponifiable matter of oil samples (AOAC, 1998). About 2 – 2.5g weight of each oils 

sample were measured using analytical balance (Model PGW 253i and Serial No.AE440138, 

China)  into separate 250ml round bottom saponification flask with standard taper 29/30 

outer joint. Then, 25ml alcohol and 1.5ml of 0.5N aqueous KOH solution were added to each 

flask and the respective condensers were connected to each flask to start saponification by 

boiling in water bath. The saponification process was continued for 30min, at the end while 

warm the alcoholic soap solution of each oil samples in saponification flask were transferred 

into separate 250ml separator funnel using total of 50ml distilled water for each. The 

saponification flask were rinsed with 50ml ether and added into the respective funnel and the 

separator funnels was shacked vigorously and left undisturbed for layers to separate and 

clarify. Then, the lower layer was drained and the top layer (ether layer) poured through top 

into the second separatory funnel containing 20ml distilled water.  The pouring edge was 

rinsed with ether while adding the rinsing into the second separatory funnel. 

  

In the same manner to above, the remaining soap solution was extracted with two 50ml 

portions ether. Then, the ether extract was combined with 20ml distilled water and shacked 

gently. The content of separatory funnel left undisturbed to let the layers separated. The 

bottom aqueous layer was drained. Following, the funnel content was washed with 20ml 

distilled water shacking vigorously, and allowed the layers separate and the bottom aqueous 

layer drained. Proceeding, the ether solution was washed with 20ml of 0.5N aqueous KOH 

solution shacking vigorously. Then, the ether solution was washed successively with 20ml 

distill water until washings was no longer alkaline to phenolphthalein. Continuing, then the 

washed ether solution was quantitatively transferred to crucible dish previously dried in 
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drying oven (Serial numbered: 880-566) for more than 1hr at 100
O
C and cooled in 

Desiccators (PYREX, France), and weighed. The separatory funnel and its pouring edge were 

rinsed with ether and the rinsing was added to the main solution. Next the content of crucible 

dish was heated to dryness on water bath to evaporate nearly all ether. Finally, the  residue 

was dried in drying oven for 30min at 100
O
C, cooled in desiccators, and weighed. Drying, 

cooling and weighing were repeated after each drying period till change of weight was less 

than 1.5mg (achieved at two drying period). The above all procedures were simultaneously 

carried out for blank determination. Data obtained was used to calculate percentage of 

unsaponifiable matters applying Equation-3.7 in the following (AOAC, 1998). 

 

%𝑈nsaponifiable matters =
weight  of  sample  residue −weight  of  blank  residue

weight  of  sample   g 
∗ 100……Equation-3.7 

 

3.6.5 Acid value 

Non-aqueous titration method was employed in the study to analyze the AV of the edible oil 

samples. The weight of test sample shall be taken based on the expected AV given in the 

following table (FSSAI, 2012). 

 

Table-3.2: Weight of oil test portion for AV determination 

 

Expected AV               

(mg KOH/g of oil) 

Weight of test 

portion (g) 

Accuracy of weighing              

of test portion (g) 

<1 20  0.05  

1 to 4 10  0.02  

4 to 15 2.5  0.01  

15 to 75 0.5  0.001  

>75 0.1  0.0002 

Source: Food Safety and Standard Authority of India, (2012). 

 

Because, the oil samples are edible and their expected AV is less than one, so, using 

analytical balance (Model PGW 253i and Serial No.AE440138, China) about 20.01g weight 

of each oil sample were taken into 250ml separate conical flask. Next, about a total 160ml 

ethanol 95% (v/v) purity was measured into another flask and while heating the ethanol to 

boiling, 0.5ml phenolphthalein indicator 1% solution was poured into the flask, and then 

while the temperature was still hot, the blend ethanol and phenolphthalein was carefully 

neutralized with 0.1N KOH solution. Proceeding to next step, about 50ml freshly neutralized 

ethanol was pipette into each conical flask containing the test portion and mixed thoroughly 
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to dissolve the contents. Finally, each prepared oil sample test portion was directly titrated 

with 0.5N KOH solution using 0.5ml phenolphthalein 1% solution as an indicator. Analysis 

was performed in duplicate for all edible oil samples. Then, using the data obtained from 

titration, and Equation-3.8, AV of each edible oil sample was calculated. 

 

𝐴𝑉 =
56.1∗𝑉∗𝑁

𝑊
…………………………….…………..Equation-3.8 

Where: AV – Acid Value, 56.1 – Molecular weight of KOH (g/mol), V – Volume in ml of 

standard KOH used, N – Normality of the KOH and W – Weight in g of the sample.  

 

3.6.6 Fatty acids profile 

The fatty acid compositions of edible oil samples were determined as methyl esters after 

trans-esterification according to AOAC Official Methods 969.33 (AOAC, 1998). Analyses of 

fatty acids and fatty acids methyl esters  were carried out using a 7820A Network GC System 

equipped with a HP- 5MS (30 m x 0.25mm, 0.25µm film thickness) capillary column and 

with a 5977E Network MSD mass spectrometer, operated  in electron-impact ionization 

mode. GC-MS analyses were carried out in split mode (split ratio 1:50), using helium as the 

carrier gas (1mL/min flow rate). The injector temperature was fixed at 250 °C. The sample 

volume injected was 1μl. Oven temperature was held at 150 °C for 2min and then 

programmed at 5 °C/min to a final temperature of 280 °C, where it was maintained for 5 min. 

It is known that individual fatty acids can be identified by GC because of their different 

retention times. Major retention times were selected and the systematic names and CAS no. at 

the respective major peaks were converted to their corresponding common name from 

literature. For comparative purpose, area percentage was calculated considering only the peak 

area of selected major peaks. Besides, percentages of saturated and unsaturated fatty acids 

were calculated on the basis of fatty acid contents determined for all edible oil samples 

investigated.  

 

3.7 Measure of oxidative deterioration  

Oils and fats react with oxygen; the process is complex and usually undesirable.  There are 

several chemical and physical methods to assess the quality of oils and fats, and fat-

containing foods. Some of these methods are: PV, AV, TBA (Thiobarbituric Acid), HV 

(Hexanal Value), HP (Headspace Profile), FFA, TOTOX values, and chromatographic 

analysis. PV is probably the most used one in which concentration of peroxides is determined 



33 
 

as a measure of the extent of oxidation. It serves as a good tool for the measurement of a 

degree of oxidation (Wsowicz, et al., 2004).  

 

3.7.1 Peroxide value  

The widely used iodometric titration method, AOAC Official Method 965.33 was used in this 

thesis work to determine PV of oil samples in characterizing their oxidative deterioration 

(AOAC, 1998). The method is based on the titration of iodine released from KI by oil 

hydroperoxides in the oxidize oil/fat. The amount of iodine liberated is proportional to the 

concentration of hydroperoxides in the sample. Released iodine is assessed by titration 

against a standardized solution of sodium thiosulfate using a starch solution as the indicator 

(Nollet and Toldra, 2009). The principle is that, KI, dissociates in saturated acidic solution 

(chloroform:acetic acid 3:2 v/v) to provide a source of electrons (Reaction-1), which then 

reduce lipid hydroperoxides (LOOH) to hydroxyl derivatives (LOH) (Reaction-2). In the net 

reaction (Reaction-3), reduction of one hydroperoxide (LOOH) releases one I2 (iodine). The 

released I2 is then quantitated by titration with sodium thiosulfate (Reaction-4) (Hu and 

Jacobsen, 2016). 

 

 

 

As per the above principle, PV analysis was done in duplicate for all edible oil samples by 

iodometric titration method. Accordingly, using analytical balance (Model PGW 253i and 

Serial No.AE440138, China) about 5.00 (± 0.05)g weight of oil sample was dissolved in 

30ml 3:2 v/v Acetic acid-chloroform solution and then 0.5 ml saturated KI solution was 

added and left to stand for 1min with occasional shaking for reaction to take place. Next, 30 

ml water was added to stop the reaction and extract the molecular iodine into an aqueous 

phase for titration with sodium thiosulfate. Finally, about 0.5 ml starch 1% solution was 

added as an indicator and then immediately titrated by using 0.1N sodium thiosulfate 

solution. During titration, the starch solution used as indicator was form a blue–purple 
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complex with free iodine molecules. Transition from purple to clear marks the end point of 

the reaction when all the iodine has been reacted; this was used to identify the end point of 

titration commenced. The same procedure was repeated for duplicates. The raw data collected 

from titration was used in the Equation-3.9 to calculate PV. The PV of oil and fat is 

expressed as mill equivalent of hydroperoxides per 1000 grams of oil/fat or mill equivalent of 

oxygen/kilogram of oil (Hahm and Min, 1995). 

𝑃𝑉(meq )/1000 g sample =
 𝑆 – 𝐵 ∗𝑁∗1000

g of  sample
 …………..……………Equation-3.9 

Where: S - titrant volume for sample, B - titrant volume for blank and N = Normality of 

sodium thiosulfate solution 

 

3.8 Shelf-life assessment   

3.8.1 Monitoring hydrogen peroxides formation as a measure of shelf-life prediction 

The behavior of hydrogen peroxides formation can be used to monitor the extent of oxidative 

deterioration of the edible oils and predict their shelf-life (Hosseini, 2014). Accordingly, the 

edible oil samples were subjected to a preselected constant elevated temperature in 

acceleration/environmental chamber (model VC
3
4060/VC

3
7060, shown in Figure-3.5) for 

several weeks to speed up the oxidative deterioration kinetics. Then, extent of oxidative 

deterioration was monitored by chemical testing method and data obtained were then 

modeled to obtain the parameters describing/predicting the oxidation kinetics employing the 

fundamental kinetic principles and Arrhenius relation.  

 

 

Figure-3.5: Acceleration/Environmental chamber 
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Accordingly, to start oxidation, using analytical balance (Model PGW 253i and Serial 

No.AE440138, China) from each edible oil investigated, about 70ml sample was measured 

(Alonso et al., 2004 ),  and poured into separate open Petri dish having a 15cm diameter and 

1.9cm depth; in such way six Petri dishes containing the oil sample were prepared for all 

edible oil investigated. The temperature of environmental chamber (Figure-3.5) was set at 

three different 35, 45, and 55
O
C; then, the Petri dishes were placed in the chamber and. All 

edible oil samples were tested at the indicated temperature for six successive weeks. 

Oxidation progress was followed by measuring PV at specified time intervals; in this study a 

week (7days) interval was considered. PV was measured in duplicate applying the titration 

method, AOAC Official Method 965.33 (AOAC, 1998), and the data collected was subjected 

to mathematical manipulation to model the shelf-life equation. Kinetic approach and the 

Arrhenius relationship were applied to develop the required model equation. Saguy and 

Karel, (1980) on their study had recommended kinetic approach and the Arrhenius 

relationship for modeling the quality deterioration during food processing and storage.  

 

A change in the quality of lipids can be measured by the appearance or disappearance of one 

or more quantifiable indices, symbolized by A (Steele, 2004). Applying the general kinetic 

principle, the rate of appearance or disappearance of A could be represented by the following 

Equation-3.10. Here in the study, the considered quantifiable index of quality was PV; so, A 

represents appearance of peroxides or peroxide formation. 

𝑟𝐴 = −
𝑑𝐴

𝑑𝑡
= 𝑘[𝐴]𝑚  ………………………………Equation-3.10 

Where: k - is the rate constant and m is the apparent order of reaction. Then when m amounts  

0, 1 and 2 the rate equation becomes as follows. 

 

𝐴 = 𝐴𝑂 − 𝑘𝑡, 𝑚 = 0 ……………………………..Equation-3.11 

𝐴 = 𝐴𝑂𝑒−𝑘𝑡 , 𝑚 = 1 …...………………………….Equation-3.12 
1

𝐴
=

1

𝐴𝑂
− 𝑘𝑡, 𝑚 = 2………………………………..Equation-3.13 

 

Both reaction order and reaction rate constant were determined using graphical method (fit of 

experimental data to a linear equation). In order to establish the order of reaction (m) at each 

acceleration temperatures (35, 45 and 55
O
C), both the value of A (PV) and the corresponding 

value of the natural logarithm of A (PV) was plotted as a function of time. Then, the order of 

reaction was obtained by linear regression. Among the two plots, the best plot which 

describes (fits the experimental data) the degradation kinetics of the oils investigated was 
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selected based on the linear regression coefficient (R
2
) to identify the reaction order and 

obtain the individual rate constant at the specified temperature of accelerated investigation. 

 

Once, the order of degradation reaction identified, the second kinetic parameter required was 

the rate constant (k). The Arrhenius relation (Equation-2.8), derived from thermodynamic 

laws and statistical mechanics principles is the most widely used to describe the effect of 

temperature on the rate of several reactions of quality loss (Steele, 2004). This method was 

applied to develop the mathematical model that represents the rate constant of degradation 

kinetic for edible oils investigated. Accordingly, to model the effect of temperature on the 

rate constant of peroxide formation, lnk (values of k which was estimated at 35, 45 and 55
O
C) 

was plotted against the reciprocal of temperature (1/T) in a semi-log graph. A straight line 

was obtained with a slope of -EA/R from which the activation energy was calculated. Thus the 

oxidation characteristics could be compared to each other. These could be further related to 

other quality parameters, peroxide value, which was varied over the storage period of the 

edible oils.   

 

Finally, the reaction order and rate constant determined was substituted into the appropriate 

quality function (either zero, first or, second order reaction equation which would identified) 

to model the shelf-life equation with respect to temperature which describe the deterioration 

behavior of oils investigated. 
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Chapter Four 

Result and Discussion 

4.1 Physical characteristics  

4.1.1 Specific gravity  

The specific gravity of local edible oils studied is shown in Table-4.1, it was determined by 

using a specific gravity bottles at a temperature of 20
O
C. For edible soybean oil determined 

specific gravity was amount 0.929±0.016 while the specific gravity of peanut and cottonseed 

oils were 0.943±0.012 and 0.922±0.012 respectively. When compared to each other, there 

was no significant difference among oils investigated. This could be attributed to the similar 

fatty-acid composition, similar total solid content and similar moisture content. The Ethiopian 

standard agency on the compulsory Ethiopian standard specified a specific gravity amount 

ranging from 0.9090 – 0.913 for refined peanut oil and 0.918 – 0.926 for refined cottonseed 

oil at 20
O
C, respectively (CES-16, 2014; CES-19, 2014). On the basis this of this standard 

values, the specific gravity result obtained in the study for edible peanut oil was above the 

upper bound of the standard value. However, the specific gravity determined for edible 

cottonseed oil was within the standard value range. On the other hand, the specific gravity of 

oils obtained in this study was comparable to that reported by Gunstone (2008) for refined oil 

from soybean (0.919 – 0.925), peanut oil (0.914–0.917) and cottonseed oil (0.918 – 0.926).  

 

Table-4.1: Specific gravity of edible soya bean, peanut and cottonseed oils 

 

S/N Edible oil type Specific gravity at 20/20
0
C 

1 Soya bean  0.929
a
 ± 0.016 

2 Peanut  0.943
a
 ± 0.012 

3 Cottonseed  0.922
a
 ± 0.012 

Results are average value of duplicates ± SD; Means with the 

same superscript not differ significantly at P < 0.05. 

 

4.1.2 Refractive index 

The RI of local edible soybean, peanut and cottonseed oil samples were measured at 20
O
C. 

As shown in Table-4.2 determined RI values were: 1.48850±0.000, 1.48508±0.000 and 

1.48565±0.000 for edible soybean, peanut and cottonseed oils respectively. There was no 

significant difference between the RI of edible peanut and cottonseed oil. However, RI of 

edible soybean oil was significantly different from the rest edible oils investigated. The RI of 

oils and fats is sensitive to their composition. In fats RI increases with increasing chain length 
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of fatty acids in the triglycerides or with increasing unsaturation. A study by Ngassapa and 

Othman, (2001) found that oils of different types exhibited different RI. Besides, Gunstone, 

(2002) stated RI is parameter that relates to molecular weight, fatty acid chain length, degree 

of unsaturation, and degree of conjugation. This makes it an excellent spot test for uniformity 

of compositions of oils and fats (Fakhri and Qadir, 2011). Based on this literature review, the 

higher RI value of soybean oil could be attributed to difference in composition and its higher 

degree of unsaturation. In the determination of IV, edible peanut and cottonseed oils had no 

significant difference but significantly lower than the IV for soybean oil. This implies the 

degree of unsaturation in edible peanut and cottonseed oils lower; accordingly, lower RI 

value would expected and it was obtained. 

  

Literature indicated RI range of 1.466 – 1.470 for soybean oil, 1.460 – 1.465 for peanut oil 

and1.458 – 1.466 for cottonseed (Gunstone, 2008).  The Ethiopian Standard Agency has 

specified a RI range of 1.460 – 1.465 and 1.458 – 1.466 for both refined peanut and 

cottonseed oils, respectively (CES-16, 2014; CES-19, 2014). RI determined for oils analyzed 

in the study was not comparable to their corresponding literature values. The percentage 

deviation was 1.37 and 1.34% respectively. 

 

Table-4.2: Refractive index of edible soya bean, peanut and cottonseed oils 

 

S/N Edible oil type RI at 20
0
C 

1 Soya bean  1.48850
b
 ± 0.0002 

2 Peanut  1.48508
a
 ± 0.0002 

3 Cottonseed  1.48565
a
 ± 0.0002 

Results are average value of duplicates ± SD; Means with the 

same superscript not differ significantly at P < 0.05; Means 

with a different superscript differ significantly at P < 0.05. 
 

4.1.3 Color 

Appearance is the manifestation of the nature of edible oils through visual attributes of which 

the color is one. The color of oil is one of the most important physical indicators for the 

determination of oil quality (Kim et al., 2015). It is important quality parameter of edible oil, 

both in the refining process and marketplace. The color of edible soybean, peanut and 

cottonseed oils were determined by spectrophotometric method and the results were 

summirized in Table-4.3. as observed from the table there was a significant difference in 
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photometric color index among the oils investigated. Edible soybean oil had the lowest color 

index, while edible cottonseed oil had the highest photometric color index.  

 

Table-4.3: Color of edible soya bean, peanut and cottonseed oils 

 

S/N Edible oil type Color 

1 Soya bean  5.262
a
 ± 0.217 

2 Peanut  15.908
b
 ± 0.021 

3 Cottonseed  216.316
c
 ± 0.204 

Results are average value of duplicates ± SD; Means with a 

different superscript differ significantly at P < 0.05. 

 

4.1.4 Insoluble impurities 

The insoluble impurities analysis result for domestic edible oils were presented in Table-4.4. 

As indicated in the table, insoluble impurities amounting 0.001±0.001, 0.004±0.003 and 

0.013±0.001 were obtained for edible soybean, peanut and cottonseed oils, respectively. 

There was no significant difference between the soybean and peanut oil. An exception was 

edible cottonseed oil that contained a significantly higher amount of insoluble impurities than 

the other oils. The Compulsory Ethiopian Standards indicate maximum insoluble impurities 

amounting 0.05% (w/w) for both refined peanut and cottonseed oil (CES-16, 2014; CES-19, 

2014). Compared to the specified standard value, percentage insoluble impurities determined 

for both edible peanut and cottonseed oils were below the permitted maximum limit declared 

by Ethiopian Standard Agency.  

 

Table-4.4: Insoluble impurities of edible soya bean, peanut and cottonseed oils 

 

S/N Edible oil type 
Insoluble impurities 

% (w/w) 

1 Soya bean  0.001
a
 ± 0.001 

2 Peanut  0.004
a
 ± 0.003 

3 Cottonseed  0.013
b
 ± 0.001 

Results are average value of duplicates ± SD; Means with a 

different superscript differ significantly at P < 0.05; Means 

with the same superscript not differ significantly at P < 0.05. 
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4.2 Chemical characteristics 

4.2.1 Moisture content and volatile matters  

Low moisture content of the oil is advantageous in terms of storage stability since the lower 

the moisture content, the better the storability and suitability to be preserved for a longer 

period (Orhevba and Efomah, 2012). In the study, moisture content and volatile matters of 

the edible oils determined is shown in Table-4.5 for each oils studied. Accordingly, the 

moisture content and volatile matters for edible soybean, peanut and cottonseed amounts: 

0.210±0.014, 0.219±0.000 and 0.220±0.008% (e/w) respectively. There was no significant 

difference among the oils investigated. As specified by Ethiopian standard agency on the 

Compulsory Ethiopian Standard, the moisture content and volatile matters of refined peanut 

and cottonseed oils is 0.2 %(w/w) (CES-16, 2014; CES-19, 2014). Therefore, the moisture 

content and volatile matters determined in the oils is comparable to the values specified by 

the Ethiopian Standard Agency.  

    

Table-4.5: Moisture content and volatile matters of edible soybean, peanut and 

cottonseed oils 

 

S/N Edible oil type 
Moisture content & volatile 

matters at 105
O

C  % (w/w) 

1 Soya bean  0.210
a
 ± 0.014 

2 Peanut  0.219
a
 ± 0.000 

3 Cottonseed  0.220
a
 ± 0.008 

Results are average value of duplicates ± SD; Means with the same 

superscript not differ significantly at P < 0.05. 

 

4.2.2 Peroxide value  

The peroxide value which is used as an indicator of deterioration of oils was found to be 

1.299±0.139, 2.398±0.003 and 3.396±0.278meqs of O2/kg of oil for edible soybean, peanut 

and cottonseed oils respectively, indicating that the oils are fresh. This is because, the PV is 

used as an indication of quality and stability of oils and fats, and generally fresh oils usually 

have peroxide values well below 10meq/kg (Vidrih et al., 2010). Of the three oils studied PV 

of edible soybean oil was significantly lower than PV of peanut and cottonseed oil. Studies 

using soybean oil indicate that peroxide levels ranging from 1.0-5.0 meq/kg signify low 

oxidation; 5.0-10.0 meq/kg signify moderate oxidation; and 10.0meq/kg and above signify 

high levels of oxidation (AOCS, 1998). Accordingly, determined PV of all oils investigated 
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was between the ranges 1.0 – 5.0meq/kg implying that low oxidation had occurred in the oils 

studied. The result obtained for both edible oils in the study were in agreement with the 

Ethiopian standard value (PV = 10 meq/kg) mentioned (CES-16, 2014; CES-19, 2014).    

 

Table-4.6: Peroxide value of edible soya bean, peanut and cottonseed oils 

 

S/N Edible oil type 
Peroxide value 

(milli-equivalents of O2/kg of oil) 

1 Soya bean  1.299
a
 ± 0.139 

2 Peanut  2.398
b
 ± 0.003 

3 Cottonseed  3.396
c
 ± 0.278 

Results are average value of duplicates ± SD; Means with a different 

superscript differ significantly at P < 0.05. 

 

As shown in Table-4.6 that a PV value of 10meqs of O2/kg of oil, the upper limit for 

unrefined oils, and a PV of 7meqs of O2/kg of oil, the upper limit for refined oils were not 

exceeded in the oil samples investigated in this research. In comparison, among the oils 

considered in the study, edible soya bean oil had on average a significantly lower PV 

amounting 1.299meqs of O2/kg of oil while edible cottonseed oil had a higher PV amounting 

3.197meqs of O2/kg of oil. As compared to soybean oil, the rate if higher peroxidation found 

in both peanut and cottonseed oils could be related to the kind of treatment to which the oils 

were subjected, FFAs and degree of unsaturation on the fatty acids that make up the oil. 

There was no significant difference between peanut and cottonseed oils. 

 

4.2.3 Iodine value 

The IV which gives the degree of unsaturation in oils was found to be 136.740±2.031g of 

iodine absorbed/100g of oil for edible soybean oil, 97.536±3.592g of iodine absorbed/100g of 

oil for edible peanut oil and 101.112± 3.454g of iodine absorbed/100g of oil for edible 

cottonseed oil. The average IV determined for soybean oil was significantly higher than the 

other oils investigated, suggesting that the unsaturated fatty acid content of soybean oil was 

high. Because, the IV is an index of unsaturation; the higher the IV, the more unsaturated 

fatty acid are present in a fat and/or oil (Scrimgeour, 2005; Fakhri and Qadir, 2011). There 

was no significant difference between the IV of peanut and cottonseed oils; this implying that 

both oils had nearly equal unsaturated fatty acid content and degree of unsaturation. A study 

by Ngassapa and Othman, (2001) stated oxidative and chemical changes in oils during 
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storage are characterized by decrease in the total unsaturation of the oil. This could contribute 

to the reduced IV of peanut and cottonseed oil. 

 

As seen in Table-4.8, differences in mean IV value existed between the oils. This value 

classifies edible soybean and edible cottonseed oils as non-drying whereas edible peanut oil 

as non-drying. Because, Duel (1951) proposed that iodine value above 100g of iodine 

absorbed/100g of oil makes an oil to be classified as drying while below 100g of iodine 

absorbed/100g of oil as non-drying.  

 

Table-4.7: Iodine value of edible soya bean, peanut and cottonseed oils 

 

S/N Edible oil type 
Iodine value 

(g of iodine absorbed by 100g oil) 

1 Soya bean  136.740
b
 ± 2.031 

2 Peanut  97.536
a
 ± 3.592 

3 Cottonseed  101.112
a
 ± 3.454 

Results are average value of duplicates ± SD; Means with a different 

superscript differ significantly at P < 0.05; Means with the same 

superscript not differ significantly at P < 0.05. 

 

The Compulsory Ethiopia Standard indicate IV range from 80 – 106 and 100 - 123g of iodine 

absorbed by 100g oil for refined peanut and cottonseed oils, respectively (CES-16, 2014; 

CES-19, 2014). In the study the determined IV for both edible peanut and cottonseed oils 

were within the standard range declared by the Ethiopian Standard Agency. From the 

literature the IV edible soybean range from 124–139g of iodine absorbed/100g of oil, while 

that of peanut and cottonseed oils range from, 86–107 and 100–115g of iodine absorbed/100g 

of oil, respectively (Scrimgeour, 2005). The IV of all oil determined in the study fell within 

the range cited in the literature.   

 

4.2.4 Saponification value 

The study determined the SV of the local edible oils under investigation and is shown on 

Table-4.8. It was found that 210.345±0.451mg of KOH/g of oil for edible soybean, 

210.779±0.450mg of KOH/g of oil for edible peanut oil and 208.411±0.538mg of KOH/g of 

oil for edible cottonseed oil. Even though there was no significance difference between 

soybean and peanut oils, as compared to cottonseed oil, both oils had higher SV. The 

presence of high molecular weight fatty acid and their longer chain could contributed to the 
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higher SV of soybean and peanut oils while, the presence of low molecular weight fatty acid 

and their shorter chain attributed to the lower SV of cottonseed oil. Because, SV is an 

indication of the average molecular weight and hence measures the average chain length of 

fatty acids which make up oil and/or fat (Scrimgeour, 2005; Ngassapa and Othman, 2001). 

  

Table-4.8: Saponification value of edible soya bean, peanut and cottonseed oils 

 

S/N Edible oil type 
Saponification value 

(mg of KOH/g of oil) 

1 Soya bean  210.345
a
 ± 0 .451 

2 Peanut  210.779
a
 ± 0.450 

3 Cottonseed  208.411
b
 ± 0.538 

Results are average value of duplicates ± SD; Means with a 

different superscript differ significantly at P < 0.05; Means with 

the same superscript not differ significantly at P < 0.05. 

 

All the samples had highest SV value as compared to FAO and WHO (1993) standards. On 

the Compulsory Ethiopia Standard, the SV specified for refined peanut and cottonseed oils 

amount 187 – 196, and 189 - 198mg of KOH per g of oil, respectively (CES-16, 2014; CES-

19, 2014). However, the SV of these oils determined in this study was higher than the upper 

bound of the standard range. From previous studies the SV values of edible oils amounts: 189 

– 195 g of KOH/g of oil for soybean oil, 187 – 196g of KOH/g of oil for peanut oil and 189 – 

198g of KOH/g of oil for cottonseed oil (Scrimgeour, 2005). Compared to the literature 

values SV determined for the oils investigated in this work was higher. 

 

4.2.5 Unsaponifiable matter 

Table-4.9 summarizes unsaponifiable matters of edible soybean, peanut and cottonseed oils. 

Accordingly, unsaponifiable matters amounting 0.169±0.034, 0.069±0.032 and 0.383±0.032 

% (w/w) was found in soybean, peanut and cottonseed oils, respectively. There is no 

significant difference between soybean and peanut oils. The highest value of unsaponifiable 

matters was found in edible cottonseed oil. A study by Shahidi, (2005) suggested that the 

content of unsaponifiable matters is varied in different oils depending on the extent of oil 

refining. 
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Table-4.9: Unsaponifiable matters of edible soya bean, peanut and cottonseed oils 

 

S/N Edible oil type 
Unsaponifiable matters  

% (w/w) 

1 Soya bean  0.169
a
 ± 0.035 

2 Peanut  0.069
a
 ± 0.032 

3 Cottonseed  0.383
b
 ± 0.032 

Results are average value of duplicates ± SD; Means with the 

same superscript not differ significantly at P < 0.05; Means 

with a different superscript differ significantly at P < 0.05.   

 

Unsaponifiable matters in refined peanut and cottonseed oil is specified by Ethiopian 

Standard Agency. Accordingly, 0.8 and 1.5% (w/w) tolerable maximum unsaponifiable 

matters allowed in refined peanut and cottonseed, respectively (CES-16, 2014; CES-19, 

2014). Compared to these standard values, unsaponifiable matters determined for both oils 

were accebtable. In general, unsaponifiable matters are resent in edible oils at less than 2% 

(Shahidi, 2005). Reports showed that unsaponifiable matters is about < 1.5 for soybean, < 1 

for peanut oil and < 2 for cottonseed oil (Belitz, et al., 2009; Scrimgeour, 2005). In view of 

this study, the unsaponifiable matters determined for the oils investigated were comparable 

the values in literatures. 

 

4.2.6 Acid value 

The acid value is a measure of the free fatty acids in oil. The higher the acid value the higher 

the free fatty acid which also means decreased oil quality (Lideya et al., 2015). The AV of 

edible oils considered in this study was summarized in Table-4.11; determined AV values 

were 0.420±0.0004, 0.630±0.0990, and 0.561±0.0003g of KOH per g of oil for edible 

soybean, peanut and cottonseed oils respective. Among the oils studied, edible soybean and 

cottonseed oils nearly shows the same AV or didn’t differ significantly. This could be due to 

either a similar refining technologies may applied in the respective oil company or low FFA 

content in raw materials prior to processing. Edible peanut oil had the higher AV than the rest 

oils and significantly different. Natural variation in moisture content and the variation in 

refining and deodorization process could attribute for the significant difference.  

 

Compulsory Ethiopia Standard specifies AV amounting 0.6 mg of KOH per g of oil for both 

edible peanut and cottonseed oils, respectively (CES-16, 2014; CES-19, 2014). The results 

obtained in the study were comparable to the standard. According to the Codex Alimentarius 
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Commission (1999) the recommended maximum AV limits for refined plant oils is 0.3 % and 

the limiting value for unrefined oils is 3%. The investigation was revealing that the AV 

values of edible oils studied were above the limiting value for refined oils (0.3%) as indicated 

in the Codex Alimentarius Commission standard. Israel, (2008) on his study stated that AV 

represents FFA content due to enzymatic activity and is usually indicative of spoilage and its 

maximum acceptable level is 4mgKOH/g of oil, below which the oil is acceptable for 

consumption. As compared to the study, all edible oil samples had lower AV value.  

 

Table-4.10: Acid value of edible soya bean, peanut and cottonseed oils 

 

S/N Edible oil type 
Acid value 

(mg of KOH per g of oil) 

1 Soya bean  0.420
a
 ± 0.0004 

2 Peanut  0.630
b
 ± 0.0990 

3 Cottonseed  0.561
a
 ± 0.0003 

Results are average value of duplicates ± SD; Means with a 

different superscript differ significantly at P < 0.05; Means 

with the same superscript not differ significantly at P < 0.05. 

 

The AV determination measures the amount of hydrolytic activity that has occurred in the oil. 

As shown in Table-4.10 determined AV value for edible peanut oil was significantly higher 

than for edible soybean and cottonseed oil. This means that either the amount of hydrolytic 

activity that had occurred in the edible peanut oil was higher than that had occurred in edible 

soybean and cottonseed oils or the refining technology employed for FFAs removal in edible 

peanut oil factory was not as effective as in edible soybean and cottonseed oils factory; in 

other way the edible oil factories may differ in the refining technology applied to remove 

FFAs. Besides, the higher AV of peanut oil might be due to the high FFAs content in the raw 

material prior to processing.  

 

It is reported that oils with low free fatty acid (low AV) usually have high SV. As per the 

study’s results, this was valid theory for edible soybean and cottonseed oil. As shown in 

Table-4.8 and in Table-4.10, in comparison to edible cottonseed oil, edible soybean oil had 

higher SV amounting 210.345±0.451mg of KOH/g of oil and lower AV which amounts 

0.420±0.0004mg of KOH/g of oil while, edible cottonseed oil had lower SV amounting 

208.411±0.538mg of KOH/g of oil and had higher AV which amounts 0.561±0.0003mg of 

KOH/g of oil. The same was true when peanut oil was compared to edible cottonseed oil (or 
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vice versa). However, the inverse relationship between AV and SV was invalid when edible 

peanut oil compared to edible soybean oil (or vice versa).  

 

4.2.7 Fatty acids profile 

Determining the oils composition is important not only because of the fatty acid contents and 

the pattern of glyceride distribution, but also because the physical character and end-use 

performance of oils are directly related to composition (O’Brien, 2009). Oils and fats are now 

characterized mainly by their fatty acid composition. The GC-MS results summarized in 

Tables-4.14 qualitatively describes the fatty acids composition of edible soybean, peanut and 

cottonseed oils. The fatty acid profile of the edible soybean oil was as follows: palmitic 

(15.489%), linoleic (42.807%), oleic (37.668%), and margaric (4.035%). Determined fatty 

acid composition of edible peanut oil includes: Myristic (3.902%), Palmitoleic (2.506%), 

Pentadecanoic acid (22.464%), Linoleic (13.139%), Oleic (46.252%), and Stearic (11.737%).  

The edible cottonseed oil fatty acid profile was: Myristic (1.200%), Palmitic (29.524%), 

Linoleic (41.587%), Oleic (24.855%), and Stearic (2.835%). 

 

We can also observe that the higher percentage peak area was registered for the linoleic acid 

42.807% and 41.587%, which is the most important fatty acid; essential fatty acid both in 

edible soybean and cottonseed oils, respectively. Based on this, the predominant fatty acid 

both in edible soybean and cottonseed oil were linoleic. In edible peanut oil, higher 

percentage peak area was obtained for Oleic (46.252%); implying that being the major fatty 

acid in peanut oil. 

 

Forero et al., (2012) on their study about calculation of thermo-physical properties of oils and 

triacylglycerols has found the fatty acid content of soybean oil which comprises: Palmitic 

(11.3%), Oleic (23%), Linoleic (53.4%) and Linolenic (5.96%). As shown in Table-4.10 for 

edible soybean oil, the fatty acid profile determined was comparable to the literature.  
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Table-4.11: Typical fatty acid profile of edible soya bean, peanut and cottonseed oils 

 

Edible oil 

type 

Major 

peaks 

(RT) 

% 

peak 

area 

Systematic 

name 

Common 

name 

Degree 

of saturation 

% of total 

saturated 

Soybean 

18.917 15.489 Hexadecanoic acid Palmitic (16:0) S 

50% 
21.710 42.807 9, 12 - Octadecadienoic acid Linoleic (18:2) PUFA 

21.810 37.668 9 - Octadecenoic acid Oleic (18:1) MUFA 

22.260 4.035 Heptadecanoic  Margaric (17:0) S 

Peanut 

16.294 3.902 Tetradecanoate  Myristic (14:0) S 

33.33 

18.622 2.506 9 – Hexadecenoic acid Palmitoleic (16:1) MUFA 

18.906 22.464 Pentadecanoic acid  --- (15:1) MUFA 

21.694 13.139 9, 12 - Octadecadienoic acid Linoleic (18:2) PUFA 

21.803 46.252 c-9 - Octadecenoic acid Oleic (18:1) MUFA 

22.239 11.737 Methyl stearate  Stearic (18:0) S 

Cottonseed 

12.678 1.200 Tetradacanoate  Myristic (14:0) S 

60 

14.938 29.524 Hexadecanoic acid Palmitic (16:0) S 

17.501 41.587 9, 12 - Octadecadienoic acid Linoleic (18:2) PUFA 

17.587 24.855 9 - Octadecenoic acid Oleic (18:1) MUFA 

18.004 2.835 Methyl stearate Stearic (18:0) S 

S - Saturated (no double bond), MUFA – Mono-Unsaturated Fatty Acids (with one double bond), PUFA – Poly-Unsaturated Fatty 

Acids (with more than one double bond). 
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The fatty acid profile provides information on oil nutritional quality. The content of fatty 

acids as well as the ratio between unsaturated and saturated fatty acids is important parameter 

for determination of nutritional value of certain oil. It is known that the excessive 

consumption of saturated fatty acids is related to the increase of the plasmatic cholesterol and 

the obesity (Kostik, et al., 2013). Saturated fatty acid content of edible soybean and 

cottonseed oil were amount nearly half of the total fatty acids content (saturated and 

unsaturated fatty acids). However, in edible peanut oil, the saturated fatty acid content was 

less than one fourth of total fatty acids content. On the other hand in respect of total 

percentage of essential fatty acids (linoleic), edible soybean and cottonseed oils had 

comparable linoleic content, and were superior to the amount in the edible peanut oil. 

 

4.3 Shelf-life determination and kinetic analyses    

Taking hydrogen peroxides formation into consideration, kinetic analyses were attempted to 

examine deterioration behavior of edible soybean, peanut and cottonseed oils, and the effect 

on the shelf-life the oils was also investigated from a quantitative viewpoint. Accordingly, it 

was proceeded to determine the parameters of the kinetic model and Arrhenius relation that 

fit better the experimental data. Primarily, the apparent order of reaction for the formation of 

hydrogen peroxides was determined through a linear regression analysis. Figure-4.1 shows 

the behavior of the formation of hydrogen peroxides within the edible soybean, peanut and 

cottonseed oils studied at 35
O
C, 45

 O
C and 55

 O
C, respectively.  

 

As could be observed from the figure, during the early stages i.e initiation stage, lipid 

peroxidation starts at a slow rate, in consequence, the level of hydrogen peroxides produced 

remains low until free radicals formed. This can be theoretically interpreted as the reaction 

between the radical, formed during the induction time, and the unsaturated fatty acid. Once 

the free radicals formation happened, as observed in all the oxidative deterioration mode of 

the edible oils, the reaction rates were increased exponentially. A sudden increase observed in 

PV was related to the propagation stage of the oils oxidation process. The graph of hydrogen 

peroxide formation at 55
O
C for edible soybean and cottonseed oils were declining nearly for 

the last two weeks. These different patterns of the curves correspond to thermal 

decomposition of hydrogen peroxide into secondary oxidation products. 
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 (a).     

   (b).    

   (c).     

Figure-4.1: Hydrogen peroxides formation profile in edible (a) soybean, (b) peanut and (c) cottonseed oils at 35, 45 and 55OC. 
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Most of the reactions responsible for food quality loss have been classified as zero, first and 

second order (Cunha and Oliveira, 2000). These kinetic equations are specific for each food 

and for each temperature studied (Steele, 2004). The model equation that represents the 

oxidative deterioration of the edible oils studied was established based on the coefficients of 

linear regression (R
2
).  

 

As shown in Figure-4.10, the experimental data for hydrogen peroxide formation in the 

edible soybean, peanut and cottonseed oil verses time was plotted, including the 

corresponding values of natural logarithm as well. For edible soybean oils studied at all tested 

temperature, the coefficients of linear regression (R
2
) for zero order plot was more close to 

one than coefficients of linear regression (R
2
) for first order plot. Similar relationships were 

also observed at 35, 45 and 55
O
C for all edible oils studied. Accordingly, the linear regression 

analysis indicated that the kinetic model that best fitted the experimental data corresponds to 

a zero order model for all edible oil investigated, since [PV] Vs time shows a good fit to 

linear equation. The following Equation-4.1 represents the kinetic model which was 

identified for the oxidative deterioration of edible soybean, peanut and cottonseed oils at 

every temperature studied, which was identical to Equation-3.11 that represents the kinetic 

model for zero order reaction. 

 

𝑃𝑉 = 𝑃𝑉𝑂 − 𝑘𝑃𝑉𝑡 ………….…………………..Equation-4.1 

Where: kPV - is the rate constant for hydroperoxides formation (meq. O2/Kg-week),                     

t - is the reaction time and PVO represents the peroxide value at time zero of reaction. 

 

Oxidation of edible oils is the most important reactions that cause deterioration of the quality 

of the oil (Gonabad et al., 2015). Taking the decaying linear characteristics into 

consideration,  determined coefficients of linear regression (R
2
) and the rate constant (kPV) for 

zero order kinetic models of edible soybean, peanut and cottonseed oil at every temperature 

studied was mentioned in Table-4.12. The reaction rate constant, was determined for each 

temperature from the slope of the line obtained from zero order plot. The result emphasizes 

the effects of temperature on the rate of hydrogen peroxide formation during the lipid 

peroxidation of each edible oils studied. As could be seen in Table-4.12, the value of rate 

constant became higher with an increase of the storage temperature, for all oils investigated. 
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Table-4.12: Kinetic parameters of hydrogen peroxides formation in edible soybean, 

peanut and cottonseed oil. 

 

Edible oil 

type 

Temperature 

(
O

C) 

Linear correlation 

coefficient (R
2
) 

Reaction 

order 

Rate constants kPV 

(meq. O2/kg-week) 

Soybean oil 

35 0.973 Zero  1.644 

45 0.991 Zero 12.77 

55 0.956 Zero 61.57 

Peanut oil 

35 0.987 Zero 1.323 

45 0.987 Zero 6.563 

55 0.990 Zero 43.61 

Cottonseed oil 

35 0.993 Zero 1.374 

45 0.977 Zero 11.50 

55 0.952 Zero 59.85 

 

Temperature is the main environmental factors that influence the rate of quality loss (Tan et 

al., 2001). This fact was confirmed by the development of Arrhenius model. From data of 

kinetic model of zero order, Arrhenius plot was drawn, ln(kPV) Vs 1/T for all local edible oils 

considered in the study to determine the entity of dependency between the oxidative reaction 

constant and temperature. Figure-4.11 shows the Arrhenius plot for edible soybean, peanut 

and cottonseed oils, respectively. For these calculations, it was taken into account the values 

of the rate constant of formation of hydrogen peroxides (kPV) that were obtained from kinetic 

models of zero order in each temperature tested. This was because, with the results obtained 

at 35˚C, 45˚C and 55˚C was possible to extrapolate the rate constant value and shelf-life of 

oil at any other temperature.  
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(a).  

(b)  

(c).  

Figure-4.2: Effect of temperature on the rate constant of hydrogen peroxides formation in 

edible (a) soybean, (b) peanut and (c) cottonseed oils at 35˚C, 45˚C and 55˚C. 
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model (Equation-2.9), the coefficient –EA/R represent the slope of Arrhenius plot while lnkA 

represents the intercept. Having the values of these variables could help to develop the rate 

constant equation by substituting the corresponding values in the Arrhenius equation, 

(Equation-2.8). Accordingly, the following Equation-4.2, Equation-4.3 and Equation-4.4 

were developed for rate constant of the oxidative deterioration reaction of edible soybean, 

peanut and cottonseed oil, respectively. With these equations for the corresponding edible 

oils, the corresponding rate constant could be predicted at any temperature. 

𝑘 𝑓𝑜𝑟  𝑒𝑑𝑖𝑏𝑙𝑒  𝑠𝑜𝑦𝑏𝑒𝑎𝑛  𝑜𝑖𝑙  = 𝑒 60.10−18350 
1

𝑇
  

……..…………Equation-4.2 

𝑘 𝑓𝑜𝑟  𝑒𝑑𝑖𝑏𝑙𝑒  𝑝𝑒𝑎𝑛𝑢𝑡  𝑜𝑖𝑙  = 𝑒 57.53−17643 
1

𝑇
  

…………..……Equation-4.3 

𝑘 𝑓𝑜𝑟  𝑒𝑑𝑖𝑏𝑙𝑒  𝑐𝑜𝑡𝑡𝑜𝑛𝑠𝑒𝑒𝑑  𝑜𝑖𝑙  = 𝑒 62.40−19116 
1

𝑇
  

…………..……Equation-4.4 

Where: k – rate constant and T- temperature in Kelvin (K) 

 

Zero order reaction was already the identified kinetic model equation (Equation-4.1) for 

oxidative deterioration of edible soybean, peanut and cottonseed oil. Substituting the rate 

constant model equation developed (Equation-4.2, Equation-4.3 and Equation-4.4) into the 

kinetic model equation, Equation-4.1 and rewriting for time, the following general shelf-life 

prediction model; Equation-4.5, Equation-4.6 and Equation-4.7 were developed for edible 

soybean, peanut and cottonseed oils, respectively. These shelf-life equations could help to 

predict the shelf-life of the corresponding edible oils at any temperature. 

𝑡𝑠 (𝑓𝑜𝑟  𝑒𝑑𝑖𝑏𝑙𝑒  𝑠𝑜𝑦𝑏𝑒𝑎𝑛  𝑜𝑖𝑙 ) =
𝑃𝑉𝑂−𝑃𝑉

𝑒
 60.10−18350  

1
𝑇
  

………………....…… Equation-4.5 

𝑡𝑠 (𝑓𝑜𝑟  𝑒𝑑𝑖𝑏𝑙𝑒  𝑝𝑒𝑎𝑛𝑢𝑡  𝑜𝑖𝑙 ) =
𝑃𝑉𝑂−𝑃𝑉

𝑒
 57.53−17643  

1
𝑇
  

 …………......…..…… Equation-4.6 

𝑡𝑠 (𝑓𝑜𝑟  𝑒𝑑𝑖𝑏𝑙𝑒  𝑐𝑜𝑡𝑡𝑜𝑛𝑠𝑒𝑒𝑑  𝑜𝑖𝑙 ) =
𝑃𝑉𝑂−𝑃𝑉

𝑒
 62.40−19116  

1
𝑇
  

 ………….…....…… Equation-4.7 

Where:  ts - shelf-life, PV – Peroxide Value of oil at the end of shelf-life, PVO – Initial 

Peroxides Value, and  T – Temperature in K 

 

The concentration of hydrogen peroxides in edible fats and oils has been regulated by 

legislation. As indicated in the Compulsory Ethiopia Standard for edible peanut and 

cottonseed oils, the agency declared a maximum PV of 10meq Oxygen/Kg both in edible 

peanut and cottonseed oils (CES-16, 2014; CES-19, 2014). For this reason and as general 

rule, this value was set as the limit to determine the shelf-life of the edible soybean, peanut 

and cottonseed oils at 25˚C.  
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Based on the coefficient of linear regression (R
2
), the experimental data was fit to Arrhenius 

linear model. Thus, activation energy (EA) was calculated. Besides, the rate constant (kPV25) 

and shelf-life of edible oils investigated were calculated at ambient temperature (25
O
C) and 

the result was summarized in Table-4.13. The factor of acceleration (Q10), for the formation 

of hydrogen peroxides was also calculated and mentioned in table as well. A value close to 1 

within the coefficient of linear regression (R
2
) indicates that Arrhenius model is applicable to 

experimental data obtained, and that the activation energy (EA) remains constant within the 

range of temperature studied (Piedrahita, et al., 2015).  

 

By comparing the assumed rate constant obtained from storage temperatures of 35, 45 and 

55
O
C, the activation energy was calculated from the Arrhenius plots of each edible oil 

sample. As mentioned in Table-4.13 the determined activation energy amounts 152.569, 

146.857, and 158.938 kJ/mol.K for edible soybean, peanut and cottonseed oils, respectively. 

According to the Arrhenius principle, oil with a high EA value oxidizes faster at high 

temperatures, while oil with a low EA value oxidizes faster at low temperatures (Saldana and 

Monteagudo, 2013).  

 

Based on this, edible soybean oil had highest oxidation rate compared to edible peanut and 

cottonseed oil. This could be attributed to the highest degree of unsaturation. From IV 

analysis, edible soybean oil had the highest value 136.740±2.031grams iodine absorbed/100g 

oil followed by edible cottonseed oil having IV amounting 101.112±3.454grams iodine 

absorbed/100g oil and edible peanut with IV of 97.536±3.592 grams iodine absorbed/100g 

oil. Also the values of the EA were in a reasonable order, i.e. EA edible peanut oil< EA edible 

cottonseed oil < EA edible soybean oil. Souza et al., (2004) was investigated the oxidation 

kinetics of sunflower oil in the temperature range of 380 – 550
O
C and determined the kinetic 

parameters using four different methods, for the study temperature range of 380 – 480, on 

average calculated EA was amount 293.923 kJmol
-1

. Activation energy values obtained at 

25
O
C for all edible oils considered in this study were much lower than the value determined 

for sunflower oil.  
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Table-4.13: Parameters of Arrhenius model for the formation of hydrogen peroxides in 

edible soybean, peanut and cottonseed oils. 

Edible oil type R
2
 EA (kJ/mol) 

kPV25
0

C 
(week

-1
) 

Shelf-life 

(week) 
Q10 

Soybean oil 0.996 152.569 0.235 36.953 7.369 

Peanut oil 0.995 146.857 0.181 42.115 6.838 

Cottonseed oil 0.997 158.938 0.179 37.816 8.010 

R
2 - 

linear regression coefficient, EA - activation energy in kJ/mol, kPV25
0

C rate constant 

for hydrogen peroxide formation at 25
O
C, and Q10 -  temperature acceleration factor.  

 

The presence of double bonds increases the oxidation rate and would increase the reaction 

rate constant (Campo et al., 2007). The predicted kPV25
0
C values of lipid oxidation for all 

edible oils studied were presented in Table-4.13. It was amounts 0.235, 0.181 and 0.179 

week
-1

 for edible soybean, peanut and cottonseed oils, respectively. The higher reaction rate 

constant belongs to edible soybean oil; it could be attributed to higher percentage of 

polyunsaturated fatty acids in the oil in comparison with edible peanut and cottonseed oils. A 

study by Tan et al., (2001) on the evaluation of oxidative stability of vegetable oils by 

isothermal differential scanning Calorimetry determined the rate constant at four different 

temperature for soybean and peanut oils, at 110
0
C the corresponding rate constant were 

amounts 0.804 and 0.784 week
-1

 respectively. Rate constant values obtained at room 

temperature (25
0
C) for all edible oils investigated were much lower than the literature value. 

 

Determined shelf-life for edible oils at room temperature (25
0
C) is shown on Table-413; it 

was 36.953, 42.115 and 37.816weeks for edible soybean, peanut and cottonseed oils, 

respectively. Compared to soybean and cottonseed oil, peanut oil has longer shelf-life. The 

shelf-life of properly refined edible oils is typically 12 – 18 months at ambient temperature 

(Farhoosh, 2007). As compared to the literature the shelf-life of edible oils determined in this 

research was lower. Studies using soybean oil indicate that peroxide levels ranging from 1.0-

5.0 meq/kg signify low oxidation; 5.0-10.0 meq/kg signify moderate oxidation; and 

10.0meq/kg and above signify high levels of oxidation (AOCS, 1998). The PV of edible oils 

determined fall within the moderate oxidation range. This could attribute to lower the shelf-

life of edible oils considered.    
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The magnitude of the temperature effect on the oxidation rate of edible soybean, peanut and 

cottonseed oils was evidenced by Q10 values. The effect of temperature on the reaction rate of 

oil oxidation is expressed by a number called Q10. This number is determined as the ratio of 

the reaction rate constant at temperatures with 10
O
C differences (Taoukis et al., 1997). As 

shown in Table-4.13 Q10 value for edible soybean, peanut and cottonseed oils were 7.369, 

6.838 and 8.010, respectively. In general a higher Q10 number implies that a smaller 

temperature change is needed to induce a certain change in the rate of lipid peroxidation 

(Farhoosh et al., 2008). Based on this, the rate of hydrogen peroxide formation in edible 

peanut oil was slower than in edible soybean and cottonseed oils. Farhoosh et al., (2008) 

determined this number for refined canola, soybean, sunflower, and corn oils containing 

antioxidants as 13.2, 18.2, 15.2, 10.2 and 2.08 respectively. Low Q10 value of oils 

investigated as compared to the mentioned oils could be attributed to fatty acid composition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



60 
 

Chapter Five 

Conclusion and Recommendation 

5.1 Conclusion 

All triglycerides have identical glycerol; components that leave glycerol, the fatty acids 

contribute to the different properties. Three aspects can differentiate the fatty acid 

components: chain length, the number and position of the double bond, and the position of 

the fatty acids with regard to the glycerol. Variations in these characteristics cause a large 

portion of the chemical and physical quality parameters differences experienced within edible 

oils investigated. Accordingly, the oils also differed in their predicted shelf-life.  

 

In the research, the various physicochemical characteristics (specific gravity, RI, color, 

insoluble impurities, MCVM, PV, IV, SV, AV and Unsaponifiable matters) of local edible 

soybean, peanut and cottonseed oil were studied. Except for SV and specific gravity, the 

result obtained for all physical and chemical quality parameters of edible soybean, peanut and 

cottonseed were within the standard range indicated by Ethiopia Standard Agency; it could be 

concluded that the edible oils included in the research have acceptable levels of quality 

parameters. Therefore, the study may be used as a quality standard reference along the 

Ethiopians’ edible oil supply chain. Fatty acid profiles of all edible oil considered were 

comparable to those mentioned in the literature. Fatty acid profile analysis showed that, the 

predominant fatty acid in edible soybean and cottonseed oils was linoleic acid 42.807 and 

41.587%, respectively while oleic acid (46.252%) was major fatty acid in edible peanut oil. It 

can be concluded that edible soybean, peanut and cottonseed oils are an excellent source of 

omega-6 (linoleic acid essential; fatty acid) and omega-9 (oleic acid).  

 

Concerning the shelf-life studies based on data obtained from monitoring peroxides 

formation, the established kinetic model was identical for all oils investigated implying similar 

behavior. In conclusion edible soybean, peanut and cottonseed oils have similar mechanism of 

deterioration (peroxide formation). Besides, monitoring peroxides formation could be used to 

compare various oils and to predict their respective shelf-life. Relative to edible soybean and 

cottonseed oils, the shelf-life of edible peanut oil was better. Thus, edible peanut oil has a 

longer hypothetical stability and is more suitable for frying.  
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5.2 Recommendation 

As understood from the study, processing does not remove all chances of edible oil 

deterioration and rancidity, but it prolongs the life of the oils. Therefore, besides the 

processing commitment, additional cooperative and comprehensive efforts should be applied 

along the supply chain to assure the quality of the edible oils and maximize their shelf-life. 

One of the most important tasks for a manufacturer of edible oils/fats and oils/ 

fats-containing foods is to control the lipid oxidation process in order for those 

foods to have an acceptable oxidative stability and shelf-life over a certain period of storage 

time. The shelf-life of properly refined edible oils is typically 12 – 18 months at ambient 

temperature (Farhoosh, 2007).  

 

From shelf-life assessment, all edible oils investigated scored lower shelf-life. So, to 

minimize the oxidation of edible oils and maximize the shelf-life, it is recommended to use: 

antioxidants (prevent rancidity by donating a hydrogen atom to the double bond in a fatty 

acid and preventing the oxidation of any unsaturated bond), sequestering agents (bind metals, 

thus preventing them from catalyzing autoxidation), and selection of appropriate packaging 

material example colored glass jars or wraps because, the rate and magnitude of many of 

quality changes can be minimized with suitable packaging systems designed to aid 

control of the major influencing extrinsic deteriorative factors, namely, moisture, 

oxygen, light, temperature, and aroma transfer. Besides, the releases of FFAs are responsible 

for the development of the undesirable rancid flavor.  Furthermore, FFAs are more 

susceptible to oxidation than the glycerol esters of these fatty acids. Therefore, any increase 

in the acidity of the oil must be absolutely avoided. 

 

Linoleic acid has potential health benefits, such as cancer prevention, atherosclerosis, weight 

control, and bone formation (Bell, 2006). From fatty acid profile analysis, linoleic acid was 

the predominant fatty acid both in edible soybean (42.807%) and cottonseed oil (41.587%). 

Therefore, local edible soybean and cottonseed oils are recommended. According to 

Compensation theory “incorporation of compensation effect in kinetic interpretation, helps to 

explain whether the variations on activation energy values have physical meaning or they are 

caused by either variations of process conditions or complexity of the reaction systems” The 

compensation effect can be evaluated by plotting lnk, against 1/T. The point of concurrence, 

where the different lines intercept, corresponds to lnkiso and 1/Tiso (kiso is the isokinetic rate 
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constant and Tiso is the isokinetic temperature), which indicates the existence of the 

compensation effect (Saldana and Monteagudo, 2013). Therefore, further investigation is 

required and recommended to research for the compensation effect in the deterioration 

mechanism of edible oils investigated. 
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Appendixes 

1. Brix to Refractive Index Conversion table 

 

Source: Nova Analytical Company, (2008). 
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2. Brix reading for edible oil considered during RI determination 

S/N Edible oil type Duplicates Brix reading at 20
0
C 

1 Cottonseed C-1 78.0 

C-2 78.1 

2 Peanut P-1 77.8 

P-2 77.8 

3 Soybean S-1 `79.2 

S-2 79.3 

 

3 ANOVA tables 

ANOVA 

Specific Gravity 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 
.000 2 .000 1.132 .430 

Within Groups .001 3 .000   

Total .001 5    

 

ANOVA 

Refractive Index  at 20
0
C 

 Sum of 

Squares 

df Mean Square F Sig. 

Between 

Groups 
.000 2 .000 198.657 .001 

Within Groups .000 3 .000   

Total .000 5    

 

ANOVA 

Photo Metric Color Index 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 
62905.600 2 31452.800 3056.966 .000 

Within Groups 30.867 3 10.289   

Total 62936.467 5    
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ANOVA 

Insoluble Impurities 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 
.000 2 .000 19.517 .019 

Within Groups .000 3 .000   

Total .000 5    

 

ANOVA 

Moisture and Volatile Matters  

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between Groups .000 2 .000 .935 .483 

Within Groups .000 3 .000   

Total .000 5    

 

ANOVA 

Peroxide Value 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 
4.404 2 2.202 68.381 .003 

Within Groups .097 3 .032   

Total 4.501 5    

 

ANOVA 

Iodine Value 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 
1879.409 2 939.705 97.353 .002 

Within Groups 28.958 3 9.653   

Total 1908.367 5    
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ANOVA 

Saponification Value 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 
6.355 2 3.178 13.688 .031 

Within Groups .696 3 .232   

Total 7.052 5    

 

ANOVA 

Unsaponifiable matter 

 Sum of 

Squares 

df Mean Square F Sig. 

Between 

Groups 
.103 2 .051 48.097 .005 

Within Groups .003 3 .001   

Total .106 5    

 

ANOVA 

Acid value 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 
.046 2 .023 6.996 .074 

Within Groups .010 3 .003   

Total .056 5    

 

4 Fatty acid Chromatograms from GC-MS analysis: (a) edible soybean oil, (b) edible 

peanut oil, and (c) edible cottonseed oil. 

a). 

 

b). 
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c). 

 

 

5 Peak list for edible soybean oil 

Peak Start RT End Height Area Area % 

1 6.24 6.321 6.52 141022.21 1092326.14 1.19 

2 13.237 13.479 13.573 89024.34 928472.83 1.02 

3 13.573 13.641 13.726 219300.11 978365.09 1.07 

4 16.269 16.305 16.384 599456.94 1207435.37 1.32 

5 16.721 17.005 17.206 441263.76 6961194.68 7.61 

6 18.135 18.377 18.449 292938.66 2272343.71 2.48 

7 18.848 18.916 19.01 13953852.95 33088726.75 36.18 

8 21.634 21.701 21.755 32820499.21 91444389.25 100 

9 21.755 21.809 21.984 20237160.81 80465561.58 87.99 

10 22.189 22.253 22.441 2192742.55 8619417.11 9.43 
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6 Peak list for edible Peanut oil  

 
Peak Start RT End Height Area Area % 

1 10.95 10.99 11.03 5640731.2 9489298.42 1.36 

2 12.309 12.349 12.43 18669143.67 27963390.27 4.01 

3 13.574 13.628 13.735 22319892.63 37547128.59 5.38 

4 14.865 14.906 14.973 4358837.46 8131666.28 1.17 

5 15.592 15.619 15.711 9384881.2 14396580.94 2.06 

6 15.955 15.996 16.036 5234241.56 8585936.13 1.23 

7 16.238 16.292 16.373 32967062.45 58846795.58 8.44 

8 17.113 17.167 17.261 5125775.12 14834926.18 2.13 

9 17.471 17.516 17.668 16797773.09 34539318.17 4.95 

10 18.566 18.62 18.714 14939428.92 37782904.65 5.42 

11 18.822 18.902 19.064 147512323.8 338745097.3 48.57 

12 19.683 19.737 19.817 8392358.39 20295520.82 2.91 

13 19.965 20.006 20.073 4173384.87 12265396.26 1.76 

14 20.073 20.113 20.365 1528637.07 7349991.3 1.05 

15 20.411 20.463 20.584 2282135.08 7458291.68 1.07 

16 21.607 21.688 21.742 69471773.25 198129828.9 28.41 

17 21.742 21.796 21.93 220935677.1 697468569.7 100 

18 21.93 21.957 22.159 8813800.22 49246620.82 7.06 

19 22.159 22.24 22.32 57394671.8 176999409 25.38 

20 22.32 22.361 22.509 7657689.29 28018061.26 4.02 

21 25.189 25.281 25.429 4651625.81 17706058.59 2.54 

22 28.297 28.389 28.581 3845930.7 16133214.76 2.31 

                       

7 Peak list for edible cottonseed oil 

Peak Start RT End Height Area Area % 

1 4.396 4.423 4.733 90322.57 846896 1.63 

2 5.563 5.634 5.807 95907.57 634940.41 1.23 

3 12.627 12.672 12.766 897182.85 1494916.99 2.88 

4 14.65 14.69 14.754 254471.14 557967.97 1.08 

5 14.88 14.933 15.094 18248836.13 36787946.61 70.99 

6 17.427 17.489 17.543 19500888.65 51818954.73 100 

7 17.543 17.584 17.758 9363092.99 30969785.92 59.77 

8 17.92 18.001 18.149 964358.6 3532402.13 6.82 

 

 

 


