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Abstract 

 

Today, a wide range of edible oils are available in the market but no single edible oil is 

able to meet recommendations given for healthy oil. So, blending of different edible oils is 

an emerging mechanism to develop a healthier and stable edible oil so as to satisfy 

consumer needs. Blending is an economical way of modifying the physicochemical 

characteristics besides enhancement of oxidative stability. Thus, in this study blends of 

sesame, niger and flax seed oil in different proportions were evaluated for various 

physicochemical parameters: density, viscosity, refractive index, accelerated oxidative 

stability, saponification value and peroxide value were determined using standard method 

using digital analytical balance, Brookfield RHEO meter DV3T instrument, Krusi 

Optronic, 892 professional Rancimate apparatus, AOAC official Method no. 920.160 and 

titration with Na2S2O3 solution, respectively. The density, viscosity, refractive index, 

saponification value and accelerated oxidative stability value ranged: 0.921(N12F81S7)-

0.957(N8F20S72) g/mL; 46.2(S100)-63.6(F100) centipoise; 1.473(F100)-1.482(S100); 

171(N34S66)-177(N47F53) mg of KOH/g of oil; 0.874(F100)-4.697(S100) hours, respectively. 

Similarly, the peroxide value after 15, 45 and 75days of storage time were found in the 

range: 1.493(N34S66)-3.186 (F100), 2.469 (S100)-5.01(N12F81S7) and 3.493(S100)-7.778(F100) 

meq O2/kg, respectively. It was concluded that the flax seed oil has low stability was 

enhanced by addition of either of niger or sesame oil separately and by addition of sesame 

and niger oil at the same time. The best stability was seen at N8F20S72 with the mixing ratio 

of niger, flaxseed and sesame seed oil. The sensory evaluation based on the 9-hedonic scale 

were done and the results showed that wthe overall acceptance of the tested parameters 

was better in using tertiary (N8F20S72) blended oils followed by the binary blended (N34S66) 

and single flax seed oil (F100). Further study in chemical composition analysis for blended 

and none-blended oils (niger, sesame and flaxseed oil) and other types of oil which are not 

included in this study are highly recommended. 

 

 

Key words:  Viscosity, Refractive Index, Saponification Value, Accelerated Oxidative 

Stability, Blending of oil, Edible oil. 
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CHAPTER 1. INTRODUCTION 

 

1.1.   Background 

 

Oils and fats are used for cooking and frying as well as in food formulations (Hashempour-

Baltork et al., 2016; Dimberu et al., 2015). The widely consumed edible oils in worldwide 

are sourced from either oilseeds or vegetables such as sunflower oil, rice bran oil, palm 

olein oil, soybean oil, mustard oil, coconut oil, groundnut oil, sesame oil, flax oil and niger 

oil. Among these sources of oils, oilseeds are leading suppliers of superior quality and 

specialty vegetable oils to nutritional products, natural food and premium snack foods 

worldwide. They are primarily used for the extraction of edible oils. In addition to the oils 

extracted from oilseeds, oilseed cake or the meal obtained after extraction of oil is largely 

used as cattle feed or fertilizer. The defatted meal is a rich source of protein and, if suitably 

processed, has a great potential as food for human consumption (Deme et al., 2017; Goyal 

et al., 2014). 

 

Some oilseeds are consumed as such and, though in small amounts, contribute to the daily 

intake of several nutrients (Deme et al., 2017; Bekhit et al., 2018). Niger seed (Guizotia 

abyssinica L.f.), flax (Linum usitatissimum), sunflower (Helianthus annuus L.) and sesame 

(Sesamum indicum L.) are major oil seed crops cultivated in the world and used for edible 

oil sources, although other oilseed are used as sources of oil (Deme et al., 2017; Goyal et 

al., 2014; Peiretti and Tassone, 2015).  

 

Different types of oils extracted from different oilseeds can have different chemical 

composition that can determine their quality. The quality of the oil that comes from 

different sources depends on different physical properties (such as odor, color, density and 

viscosity), chemical properties (such as oxidative stability, shelf life and ability to produce 

toxic chemicals during frying) and nutritional values (such as fatty acid and antioxidants 

amounts) of oils. Among these properties, oxidative stability of the oil and nutritional 

values are the prominent properties of the oil under consideration while taking about the 
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reported to document the physical and chemical improvement of blended flax seed, sesame 

seed and niger seed oil in Ethiopia. 

 

Therefore, the main goal of the present study was to evaluate the physicochemical 

properties of oil obtained by blending niger seed, sesame and flax seed oils through 

assessing peroxide value (PV), saponification value (SV), sensory analysis, refractive 

index, density, viscosity and accelerate oxidative stability.  

 

1.3   Significance of the study 

Generally, this study is used to see the synergetic effect on the magnitude of peroxide value, 

saponification value, density, viscosity, accelerated oxidative stability and refractive index 

of the flax seed oil, niger seed oil and sesame seed oil during their blending. The result of 

the study can help to improve the physicochemical properties and nutritional values of the 

blended oil in addition to identifying good stability oils. In addition, it will also provide 

information to governmental stakeholders to conduct further studies on blending potential 

of the niger oil with other edible oils sourced from vegetable, since Ethiopia is the largest 

production site of niger seed in the world. The study will also be used to provide 

information to the public about the stability of blended oils of niger, sesame and flax seed 

oil. Moreover, since Ethiopia is the world known producer of niger seed, the government 

will use the result of the study to promote the niger seed oil.  
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levels lowering cholesterol, and showing antihypertensive effects and neuro protective 

effects against hypoxia or brain damage. Apart from sesame lignans, sesame seed and oil 

also contain other important biologically active compounds, such as vitamin E (tocopherol 

homologues). The tocopherol found in sesame oil has many beneficial properties, such as 

antiproliferative effects in human cancer cells, anti-inflammatory activity and partial 

prevention of age-associated transcriptional changes in heart and brain of mice 

(Hashempour-Baltork et al., 2018; Olowe and Adeoniregun, 2010; Guimarães et al., 2013; 

Hassanei  and Abdel-razek, 2012; Kavuncuoglu et al., 2016) 

 

Seed oils are important sources of nutritional oils, industrial raw materials and 

nutraceuticals. The characteristics of oils from different sources depend mainly on their 

compositions. No oil from a single source can be suitable for all purposes that the study of 

their constituents is important. Many consumers are looking for variety in their diets and 

aware of the health benefits of fresh fruits, vegetables and of special interest are food 

sources rich in antioxidants (Bello et al., 2011). 

 

A good quality characteristic of edible oils is depending on their physio-chemical 

properties. For instance, low density oils are highly appreciable to consumers. Oils having 

higher value of the moisture content can be used for food texturing, baking, frying and 

industrially in the manufacture of soaps, detergents, cosmetics and oil paints. Increase in 

peroxide value indicates the rancidity of oils due to relative higher oxidation. Higher acid 

value indicates that triglycerides of oil are converted into fatty acids and glycerol which 

cause rancidity of the oil. So, the cooking oils must have lower acid value and peroxide 

value otherwise the oil can damage human health. The higher the unsaturation, the greater 

the possibility of the oils to go to rancid. Rancidity is a term generally used to denote 

unpleasant odors and flavors in foods resulting from deterioration in the fat or oil portion 

of a food (Hasan et al., 2016; Dimberu et al., 2015).  Rancid oil forms harmful free radicals 

in the body. Free radical is forms as oxidative stress occurs when an oxygen molecule splits 

into single atoms with unpaired electrons, which are called free radicals. Electrons like to 

be in pairs, so these atoms, called free radicals, scavenge the body to seek out other 

electrons so they can become a pair, which are known to cause cellular damage and have 
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been associated with diabetes, Alzheimer's disease and other conditions. Rancid oils can 

also cause digestive distress and deplete the body of vitamins B and E. Rancid oil can also 

cause to damage DNA, accelerate aging, promote tissue degeneration and foster cancer 

development (Okparanta, 2018; Dimberu et al., 2015).  

 

Three different mechanisms of rancidity may occur. Hydrolytic, ketonic and oxidative. 

Hydrolytic the cause of rancidity is by a combination of enzymes and moisture. Enzymes 

such as lipases liberates fatty acids from the triglyceride to form di and/or monoglycerides 

and free fatty acids and such liberation of free fatty acids is called hydrolysis, hydrolysis 

is also caused by chemical action that is prompted by factors such as heat or presence of 

water. Rancidity caused by hydrolysis is called hydrolytic rancidity. The hydrolytic 

rancidity depends on moisture in the oil, elevated temperature (above room temperature) 

and most important of all, lipases (enzyme) coming from the source or contaminating 

microorganisms. Rancidity could also be as a result of microbial decomposition of fats, 

oils and other lipids that undesirable odors and flavors of food (Okparanta, 2018; Dimberu 

et al., 2015). 

 

Ketonic rancidity some moulds (penicillium &Aspergillus spp) attach fats containing short 

chain fatty acid and produce ketone with a characteristic odor and taste. Butter, coconut 

and palm kernel oils are the most susceptible. Oxidative rancidity changes can cause 

rancidity such as off flavors, loss of color, altered nutrient value, and may produce toxic 

compounds, which can be detrimental to the health of consumers. Oxidative rancidity 

arises from the decomposition of peroxides (Ahmed et al., 2016). 

 

Peroxides are the result of the oxidation of unsaturated fats. These help to produce the 

flavors and odors associated with oxidative rancidity. The abnormal characteristics of a 

product that has undergone oxidative rancidity are paint like or acrid (burning) odor and 

an abnormal (rancid) taste (Okparanta, 2018; Dimberu et al., 2015).  

Peroxide value (PV) is used as a measure of the extent to which rancidity reactions have 

occurred during storage it could be used as an indication of the quality and stability of fats 

and oils. The peroxide value was also found to increase with the storage time, temperature 



https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Functional_group
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Therefore, it is essential to monitor the quality of oil to avoid the use of abused oil due to 

the health consequences of consuming foods fried in degraded oil, to maintain the quality 

of fried foods and to minimize the production costs associated with early disposal of the 

frying medium (Zahir et al., 2017; Hasan et al., 2016; Ivanova et al., 2016; Simon et al., 

2017). During frying thermo-oxidative or lipid oxidation and hydrolytic reactions take 

place that results in deterioration in quality of the edible oil. The primary oxidation 

products that develop in triacylglycerol are hydroperoxides, which later break down to 

produce lower molecular weight compounds, such as free fatty acids, alcohols, aldehydes, 

and ketones, leading to a rancid product (Okparanta, 2018).   

 

2.2.1 Oxidative stability 

 

One of the most chemical properties which affect the quality of oil and its health impact is 

oxidative stability. Thus, oxidative stability of oils is the resistance to oxidation during 

processing and storage. Resistance to oxidation can be expressed as the period of time 

necessary to attain the critical point of oxidation, whether it is a sensorial change or a 

sudden acceleration of the oxidative process. Oxidative stability is an important indicator 

to determine oil quality and shelf life. The off-flavor compounds make oil less acceptable 

or unacceptable to consumers or for industrial use as a food ingredient. Oxidation of oil 

also destroys essential fatty acids and produces toxic compounds and oxidized polymers. 

Different chemical mechanisms, autoxidation and photosensitized oxidation, are 

responsible for the oxidation of edible oils during processing and storage depending upon 

the types of oxygen (Choe and Min, 2006; Dimberu et al., 2015; Rahman et al., 2017). 

 

The oxidation of oil is influenced by the fatty acid composition of the oil, oil processing, 

energy of heat or light, type of oxygen, thermally oxidized compounds and antioxidants. 

These factors interactively affect the oxidation of oil and it is not easy to differentiate the 

individual effect of the factors (Choe and Min, 2006). Thus, oils that are more unsaturated 

are oxidized more quickly than less unsaturated oils, oil-processing method such as 

roasting of safflower and sesame seeds before oil extraction improved the oxidative 

stability of their oils, partly due to the Maillard products produced during roasting. Some 
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fatty acids in the oil fractions. In combination with acid values; saponification values are 

useful in providing information as to the quantity, type of glycerides and mean weight of 

the acid in a given sample (Odoom and Edusei, 2015).  

 

The saponification value of oils is interest if the oil is going to be used for industrial 

purposes. Saponification value is also used in checking adulteration. The larger the 

saponification number, the better the soap making ability of the oil. Higher saponification 

value for triglyceride indicates higher medium chain fatty acids. Saponification value for 

unrefined vegetable oils may also be affected by the compounds in the non-saponifiable 

fraction. For example, compounds such as phenolic acids that can react with KOH may 

also contribute to higher saponification value of coconut oils (Odoom and Edusei, 2015; 

Dimberu et al., 2015). 

 

 

 

2.2.4 Peroxide value oils 

 

Peroxide serves as a useful indicator of the extent of oxidation of lipids, fats, and oil. The 

quality of the oils is dependent on their chemical compositions, like the percentage of the 

degree of unsaturation. The peroxide value shows the degree of peroxidation and measures 

the amount of total peroxides in the substance. It has been associated with the rancidity in 

lipid-containing food products. It is one of the main causes of generation of off-flavors, 

deterioration, and production of toxins in oils. Therefore, it negatively affects the quality 

and storage life of oils. The radical species formed in the peroxidation process degrade 

fatty acids and other components of the lipids. The peroxide value is widely used as a 

measurement of these unwanted reactions in food stuffs and oils, as well as in biological 

samples where such reactions are implicated in physiological processes related to the 
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carcinogens, substances that can cause cancer in cells. Thus, in general, a potential health 

hazard may exist, if oxidative rancid oil is present in the body at severe quantities 

(Okparanta, 2018).  

 

Malonaldehyde (decomposition product of polyunsaturated fatty acids) compounds found 

in rancid oils can act as carcinogenic and a potential health hazard if it does exist in high 

amount. Eating rancid oil will expose to accelerated aging, raised cholesterol levels, obesity 

and weight gain. Daily consumption increases the risk of degenerating diseases such as 

cancer; diabetes; Alzheimer's disease; and atherosclerosis, a condition in which artery walls 

thicken due to a buildup of fatty materials. According to a study from the University of 

Basque Country, the breakdown rate and total formation of toxic compounds depends on 

the type of oil and temperature. Initially, the oil decomposes into hydroperoxides, then into 

aldehydes (Okparanta, 2018). In addition, excess fat intake (> 30 %), particularly of 

saturated fats, is also known to be a health hazard, since it is predisposing factor in the 

causation of obesity and cardiovascular disease (Rao, 2001). Studies shows that sulfur 

compounds found in edible oils such as Isothiocyanates, Oxazolidinthiones and 

Glucosinolate has Goitrogen toxic effect. In addition, alkaloid compounds including 

Sanguinarine, gossypols and saponins compounds has also cause for the health impacts 

(Gunstone, 2013; Rao, 2001; Winkler-Moser and Mehta, 2015). 
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CHAPTER 3. MATERIALS AND METHODS 

 

3.1  Study area 

 

Some parts of the work were done in Addis Ababa, Ethiopia. Addis Ababa is the capital 

city of Ethiopia. Whereas the remaining work was done at Bahir Dar, capital town of 

Amhara regional state.  

 

3.2. Chemical and reagent 

 

Acetic acid, chloroform, a saturated potassium iodide solution, distilled water, Na2S2O3 

(Sigma Aldrich, Germany), 1% starch indicator, KOH (Sigma Aldrich, Germany), ethanol 

(95 % Sigma Aldrich, Germany), hydrochloric acid (37%, Sigma Aldrich, Germany) and 

phenolphthalein indicator, oil solvent (95% ethanol) chemical reagents were used in this 

study. 

 

3.3 Apparatus and instrument 

 

A Krusi Optronic (model GmbH-DR6200-T, Germany) was employed for the 

determination of refractive index for both oils (either pure or blended once). Professional 

Rancimate (Metrohm, model 8.892.8001 EN/2014-05-09, Switzerland) was used for the 

measurement of accelerated oxidative stability of oils. A digital analytical balance with 

±0.001 g precision was used to weight the oil samples for the determination of density, 

saponification analysis and peroxide value. Monterts Oekotec oil press (GmbH and Co. 

KG, model 203445, Germany) machine was used for oil extraction. The viscosity of oil 

samples was measured using Brookfield RHEOmeter DV3T, USA. 

 

A 250 mL conical flask (Pyrex, grade A) was used to put the oils for the titration.10 and 5 

mL graduated pipettes (Grade A, USA), 5, 10, 15, 25, 50 and 250 measuring cylinders 

(Grade A, Germany) were used to measure volumes during sample preparations and 
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analysis. Plastic bottles were used to store both the pure and blended oils. Apparatus such 

as volumetric flasks, measuring cylinder, plastic beaker, plastic volumetric flask, plastic 

containers and polyethylene bottles were washed with detergents and tap water, rinsed with 

deionized water. Reflux condenser was used to reflux the solution during saponification 

value determination. 

 

3.4  Methods 

 

3.4.1 Sample collection description 

 

The oilseeds (niger, flax and sesame) samples were collected from Holeta agricultural 

research institute. For each sample, about 20 kilograms of the oilseed were collected in the 

three different pre-cleaned sacks and brought to Bahir Dar University laboratory for further 

cleaning of the dusts present in it. After cleaning of the foreign matters and dust, the sample 

was extracted to oil. 

3.4.2    Oil extraction using mechanical expression method  

 

Mechanical expression was used to extract oil from seed of flax, sesame and niger in this 

study. Thus, the oils from the niger seeds, sesame seed or flaxseed were extracted using 

mechanical extraction machine, Monterts Oekotec oil press (GmbH and Co. KG, model 

203445, Germany). 1 kg cleaned oilseed was put on the hopper and then the switch of the 

power was on followed by the speed adjustment.  Furthermore, the extract of the second 

oil was done in similar manner to the first oil, after cleaning of machine using hot water. 

Finally, after the extraction, the extracted oil was wrapped with aluminum foil and brought 

to Addis Ababa science and technology laboratory for analysis. It was stored in dark place 

at room temperature until blending and analysis was done. The blends of oils were 

formulated by mixing niger seed, sesame and flaxseed oils in different proportions. The 

details of the proportion was given at Table 1. 
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water. The time at which the sharp increase in conductivity of water was recorded as the 

oxidative stability index (OSI). 

 

3.5.7 Sensory Analysis 

 

Sensory analysis of blended N8F20S72, N34S66 and F100 from each treatment was evaluated 

by 70 untrained sensory panelists (AASTU second, third- and fourth-year Food Science 

and nutrition students). The sensory evaluators were from both sexes, and from different 

ages, they were requested to evaluate each sample separately without comparing it with 

other samples. Panelists were first familiarized with the questionnaire form. The samples 

were evaluated for desirability in odor, color, taste, flavor, mouthfeel and overall 

acceptability using a 9 hedonic scale which ranged from 9 to 1, where 9, 8, 7, 6, 5, 4, 3, 2 

and 1 means like extremely, like very much, like moderately, like slightly, neither like nor 

dislike, dislike slightly, dislike moderately, dislike very much and dislike extremely, 

respectively. Oils of three treatments were given random three-digit numbers and served, 

at room temperature. Sensory evaluation was carried out in a well lightened room. Each 

evaluator sat in a separate cabinet for around 7 min to evaluate each of the 3 samples. Salad 

was prepared by oils (bread) and water was used to taste between samples (Ismail et al., 

2015). 

 

3.6   Statistical package used in data analysis   

 

The obtained results of all analyses performed in triplicate samples were analyzed and the 

mean values calculated for each physicochemical parameter determined. Mean and 

standard deviations of saponification value (SV), sensory analysis, peroxide value (PV), 

density, viscosity and refractive index (RI) were calculated using MS excel. The statistical 

data analysis was carried out using IBM SPSS version 20.0 and Microsoft Excel 2013. 

Analysis of Variance (ANOVA) was used for multiple comparison to establish the 

significant difference within one type of oil, across various oil types and their blends as 

compared to the pure oils (p < 0.05). 
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N8F20S72 < N59S41 < N34S66 < N47F53 < F49S51 < S100 < N12F81S7 < N74F23S3 < F47S53 < N100 

< F100 and S100 < N34S66 = N74F23S3< N59S41= N8F20S72 < N100 < F47S53 = F49S51 < N47F53 < 

N12F81S7 < F100. This result indicates that N12F81S7 and F100 has rich in double bond as 

compare with other studied oils. 

 

ANOVA test was applied to see the significance difference among the oil type and the 

result has showed no significant difference in density and significant difference in 

refractive index. The details are given at Appendix I.
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                 Table 3. Physicochemical characteristics of individual oils and their blends. 

Pure and their 

blend oils 

Mixing ratio 

(%) (ml) 

  Density 

(g/mL) 

 Ref.                 

index*         

                        

AOS (hrs)   

   SV (mg of 

KOH/g of oil) 

   Viscosity 

(centipoise) 

Peroxide value (in meq O2/kg ± SD) 

               15 (day) 45(day)         75 (day) 

Sesame (S100) 100 0.9280±0.001 1.467 4.69±0.05 174±0.11 46.2+0.77 1.56±0.70 2.47±0.16 3.49±0.52 

Niger (N100) 100 0.9350±0.001 1.475 2.52±0.05 176±0.13 53.8+1.54 1.76±0.18 2.63±0.02 3.74±0.02 

Flax (F100) 100 0.9467±0.001 1.482 0.87±0.05 176±0.60 63.6+0.77 3.19±0.31 4.62±0.61 7.78±0.90 

F47S53 47:53 0.9283±0.001 1.476 2.45±0.05 175±0.61 52.0+0.00 1.59±0.12 2.81±0.01 4.53±0.18 

N59S41 59:41 0.9227±0.001 1.474 3.06±0.04 175±0.61 60.7+1.15 1.77±0.01 2.50±0.02 6.07±0.04 

N47F53 47:53 0.9263±0.001 1.479 0.93±0.05 177±0.04 46.7+1.15 2.05±0.08 3.25±0.01 6.33±0.15 

F49S51 49:51 0.9267±0.001 1.476 2.31±0.03 176±0.61 57.3+1.15 2.39±0.01 3.01±0.01 6.06±0.12 

N34S66 34:66 0.9261±0.001 1.473 4.52±0.03 171±0.23 49.7+2.08 1.49±0.02 2.61±0.01 4.04±0.01 

N12F81S7 12:81:7 0.9281±0.001 1.480 1.02±0.06 175±0.20 56.0+0.00 2.99±0.01 5.01±0.01 7.20±0.12 

N8F20S72 8:20:72 0.9207±0.001 1.474 3.38±0.05 173±0.25 48.0+0.00 1.59±0.01 3.26±0.01 3.87±0.18 

N74F23S3 74:23:3 0.9282±0.001 1.473 1.32±0.02 177±0.40 54.7+2.31 1.99±0.12 4.00±0.12 6.14±0.13 

Note: *the Standard deviations of Refractive index values are below 0.0000; F47S53 is blending ratio of flax to sesame which is 47 to 53; F49S51 is  blending ratio of flax to sesame which 

is 49 to 51; N59S41 is  blending ratio of niger to sesame which is 59 to 41; N34S66 is blending ratio of niger to sesame which is 34 to 66; N47F53 is the blending ratio of niger to flax which 

is 47 to 53; N12F81S7 is the blend ratio of niger to flax to sesame which is 12 to 81 to 7; N8S20F72 is  the blend ratio of niger to flax to sesame which is 8 to 20 to 72; N74S23F3 is the blend 

ratio of niger to flax to sesame which is 74 to 23 to 3. 
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Figure 1. The linear relationship between the natural logarithm of the oxidation induction 

time (IT) and the temperature for F100 (A), N34S66 (B) and N8F20S72 (C) oils. 
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4.1.5 Peroxide value of oils 

 

Peroxide value (PV) is used as indicator of the quality and stability of oils by measuring of 

the extent to which rancidity reactions have occurred during storage (Okparanta, 2018; Fm 

Ali, 2012). In addition to this peroxide value of oils also will definitely increase after 

exposure to light and air at room temperature. The trace amount of heavy metals can also 

positively affect enhancement of PV. Peroxide value is an indication of the extent of 

oxidation suffered by oil. High peroxide value indicates high degree of unsaturation, which 

in turn responsible for oxidative rancidity (AL Majidi and Bader, 2015).The peroxide value 

for the studied oils at different storage time are given in Table 3. The result showed that 

the PV for pure oils after 15 days of storage, 45 day of storage (PV at day 45) and 75 day 

of storage (PV at day 75) were found in 1.56-3.19, 2.47-5.01 and 3.49-7.78 meq O2/kg, 

respectively. Thus, the lowest value for pure oil at all storage time was observed in sesame 

oil, while the highest value was seen at flax seed oil extract. This might be due to the fact 

that sesame oils have natural antioxidants (such as sesamol, sesamolin and sesamin 

together with other phenolic compounds, and tocopherols)  in it which hinder the oxidation 

process, whereas flax seed oil has no such antioxidants (Ahmad et al., 2010; Gharby et al., 

2017; Hashempour-Baltork et al., 2016b). The PV for niger seed oils found in this study is 

lower than from the study conducted by (Bhavsar et al., 2017) which was 2.6 meq O2/kg. 

This might be due to the difference in geographical and environmental factors. 

 

The PV for binary oils after 15 days of storage, 45 day of storage (PV at day 45) and 75 

day of storage (PV at day 75) were found in 1.49-2.39, 2.50-3.01 and 4.04-6.33 meq O2/kg, 

respectively. Furthermore, the lowest peroxide value for binary oil at all storage time was 

observed in N34S66, where the highest peroxide value was seen at F49S51 blends, except at 

day 75 which is N47F53.  

 

The PV for tertiary oils after 15 days of storage, 45 day of storage (PV at day 45) and 75 

day of storage (PV at day 75) were found in 1.59-2.99, 3.26-5.01 and 3.87-7.20 meq O2/kg, 

respectively. The highest value for tertiary oil at all storage time was observed in N12F81S7, 

where the lowest value was seen at N8F20S72 blends. Generally, the variation in the peroxide 
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value might be due to variation in chemical composition, the storage condition and contact 

with air of the oil samples. Thus, studies showed that the PV of each oils increases with 

increasing of the storage time (Okparanta, 2018).  The overall peroxide value obtained at 

day15, at day 45 and at day 75 were found in 1.49-3.19; 2.47-5.01 and 3.49-7.78 meq 

O2/kg, respectively. 

 

Generally, the peroxide value of blended oils was varied according to their corresponding 

constituents of individual oils. For instance, the peroxide value of both niger and flax seed 

oil was reduced while increasing with mixing ratio of sesame oils in their blends. The 

peroxide values  of oils in this studies were found in acceptable range as given by 

Preservation of Food and Adulteration Act (PFA) and codex standard for vegetable oils 

(CODEX-STAN210-1999) which is 10 meq/kg, and according to WHO and FAO virgin 

oils and cold pressed fats and oil which are up to 15 meq/kg oil (CODEX STAN 19-1981). 

Furthermore, when PV is greater than 20 meq/kg noticeable rancidity of oils will be 

occurred  that all the studied oils were under 20 meq/kg (Gouveia Lde et al., 2016; Dimberu 

et al., 2015).  Moreover, the PV of the flax seed oils has been improved by both sesame 

and niger seed oils.  

 

The patterns of the PV at  15, 45 and 75 incubation days  were found in decreasing order 

of N34F66 < S100 < F47S53 = N8F20S72 < N100 < N59S41 < N74F23S3 < N47F53 < F49S51 < N12F81S7 

< F100; S100 < N59S41 < N34S66 < N100 < F47S53 < F49S51 < N47F53 < N8F20S72 < N74F23S3 < 

F100 < N12F81S7 and S100 < N100 < N8F20S72 <N34S66 < F47S53 < N59S41<  F49S51 < < N74F23S3 

< N47F53 < N12F81S7 < F100, respectively. The peroxide value of each oil was increased upon 

the increasing of storage time or incubation time.  The ANOVA test showed that the 

individual sesame and niger oils had a significantly different in PV from individual F100 

oil, binary blend (F49S51) and tertiary blend oil (N12F81S7) during the fifteen day of 

incubation time. Similarly, F100 seed oil showed a significant difference in PV to all of the 

three type of oil (individual, binary and tertiary blend oils), except N12F81S7 did not show 

a significant difference. F49S51 and N12F81S7 also showed a significant difference in their 

PV from all the three types of oils, except N47F53 and N74F23S3 has no significant difference 

with F49S51. Furthermore, after 45 day of incubation the ANOVA test showed that the 
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individual oil F100 (except, F100 between N12F81S7 and N74F23S3), the tertiary oil N12F81S7 

and N74F23S3 (except, N74F23S3 between N8F20S72 and N47F53) had a significant different in 

their PV from all the three type oils. 

 

According to WHO the nutritional value of a given oil can be influenced by three major 

things including the availability of antioxidant, the ratio of saturated: monounsaturated : 

polyunsaturated fatty acid (1:1.5:1) and essential fatty acids (omenga-3: omega-6; 1:5-10) 

). The oil with higher amount of polyunsaturated fatty acid possess highly susceptibility to 

oxidation. On the other hand, consumption of high level of saturated fatty acids promoting 

vascular smooth muscle proliferation due to increasing the concentration of low density 

lipoproteins (LDL) (Kostik et al., 2012). Hence, balancing of these fatty acids is highly 

important for health. Thus, this study has done blending of flax seed having higher amount 

of polyunsaturated fatty acids with niger or sesame having low amount of polyunsaturated 

fatty acid separately or their blends to increase the oxidative stability of flax seed oil and 

nutritional value of both oils (Hamed and Abo-Elwafa, 2012 ). 

 

4.1.6 Sensory evaluation 

 

One of the most important parameters for the assessment of the quality of edible oils is the 

sensory evaluation. Sensory evaluation is a scientific method used to evoke, measure, 

analyses and interpret those responses to products as perceived through the senses of sight, 

hearing, touch, smell and taste. The result of the sensory evaluation can be objectified by 

different chemical parameters, but the sensory impression is the decisive factor for the 

evaluation of the oil as edible provided that no toxic contaminants are against this 

assessment. One reason for the importance of the sensory quality of the oil is that more 

than any other parameter the appearance and the taste deeply influence the buying decision 

of the consumer. The sensory parameters such as color, flavor, mouth feel, taste, and 

overall acceptability of any food product depends on the extent of oxidation of fats and oils 

in the food due to the formation of peroxides, aldehydes and ketones. Although sensory 

evaluation of foods is the most important quality assessment, taste evaluations are not 

practical for routine quality control. It is always preferable to have a quantitative method 
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for which rejection points may be established by sensory means (Brühl and Matthäus, 

2008).  

 

In this study, the three types of the blending ratio under go for sensory evaluation, where 

the selection was based on the oxidative stability involved in the blending.  Besides, not to 

lose panelists motivation and evaluation ability, only three samples were given for 

evaluation in one session. Affective testing method was applied for this analysis, so that 9-

point hedonic scale with expressions stretching from dislike extremely to like extremely 

were used. Thus, 1= dislike extremely and 9= like extremely (M.K. Sharif et al., 2017). 

Sensory analysis of blended N8F20S72, N34S66 and F100 from each treatment was evaluated 

by 70 untrained sensory panelists and provided with samples in plates coded with three-

digit numbers and they were asked to rinse their mouth with water after tasting each sample 

in order not affecting the previous taste for the next. 

 

The percent respondents for color, odor, flavor, taste, mouth feel and overall acceptability 

for the prepared salad with N8F20S72 oil was found 1.4%  respondents were who dislike 

slightly the salad-50% respondents were who like very much the salad, 10%  respondents 

were who like salad slightly-54% respondents were who like salad very much, 2.9%  

respondents  were who neither nor dislike the salad-54.3% respondents were who like salad 

very much, 4.3% respondents were who neither nor dislike the salad-42.9% respondents 

were who like very much the salad, 4.3% respondents were  who like slightly the salad-

60% respondents were  who like very much the salad and 4.3% respondents were who 

neither nor dislike the salad-50% respondents were who like very much the salad, 

respectively.  

 

Similarly, the percent respondents for color, odor, flavor, taste, mouth feel and overall 

acceptability for the prepared salad with N34S66 oil was found in the range 1.4% 

respondents who like moderately the salad-62% respondents who extreme like the salad, 

8.6 % respondents who like moderately the salad-47.1% respondents who like very much 

the salad), 7.1% respondents who like moderately the salad-47.1% respondents who 

extreme like the salad, 2.9% respondents who neither nor dislike the salad-50% 
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respondents who like very much the salad, 1.4% respondents who neither nor dislike the 

salad-47.1% (respondents who like very much the salad and 5.7% respondents who like 

slightly the salad-45.7% respondents who like very much the salad, respectively. 

 

Furthermore, the percent respondents for color, odor, flavor, taste, mouth feel and overall 

acceptability for the prepared salad with F100 oil was found in the range 2.9% respondents  

were who dislike moderately the salad-25.7% respondents were who extreme like 

moderately the salad, 5.7 % respondents were who dislike moderately the salad-25.7% 

respondents were who like very much the salad, 2.9% respondents were who dislike very 

much the salad-24.3% respondents were who like very much the salad, 7.1% respondents 

were who dislike very much the salad-30% respondents were  who like very much the 

salad), 10.0% respondents were who dislike very much the salad-34.3% respondents were 

who like very much the salad and 5.7% respondents were who dislike very much the salad-

21.5% respondents were who like very much the salad, respectively. 

 

Generally, the salad was prepared for the sensory test that salad prepared with N8F20S72 oil 

is the highest overall acceptance 50.0 % of the respondents like the salad very much and 

the lowest overall acceptance was observed using flax seed oil F100   21.4% for all test 

parameters based on 9-hedonic scale, although the respondent response vary with test 

parameters. This showed that blending can influence the color, odor, flavor, taste and 

mouth feel of the single flax seed oil. The details of the percent respondents to each 

parameter based on the 9-hedoinc scale are given in Table 5. 
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Table 5. The percent of respondents to each testing parameters according to hedonic scale 

test. 

Type of oil hedonic scale 1  2  3   4   5   6   7   8  9 

N8F20S72 

color       1.40 2.90 5.70 21.4 50.0 18.6 

odor           10.0 11.4 54.3 24.3 

flavour         2.90 1.40 17.1 54.3 24.3 

taste         4.30 10.0 14.3 42.9 28.6 

mouth feel           4.30 14.3 60.0 21.4 

overall acceptance         4.30 10.0 14.3 50.0 21.4 

N34S66 

color             1.40 35.9 62.9 

odor             8.60 47.1 44.1 

flavour             7.10 45.7 47.1 

taste          2.90   5.70 12.9 50.0 28.6 

Mouth feel          1.40 8.60 10.0 47.1 32.9 

overall acceptance           5.70 12.9 45.7 35.7 

Flax seed 

(F100) 

color     2.90 8.60  14.30 20.0 25.7 24.3 4.30 

odor     5.70 18.60 14.30 15.70 12.9 25.7 7.10 

flavour   2.90 5.70 8.60 17.10 14.30 14.3 24.3 12.9 

taste   7.10 7.10 10.00 12.90 10.00 15.7 30.0 7.10 

Mouth feel   10.0 2.90 10.00 14.30 12.90 8.60 34.3 7.10 

overall acceptance   5.70 4.30  5.70 18.60 12.90 20.0 21.4 11.4 

Note: 1 = Extreme dislike; 2 = Dislike very much; 3 = Dislike Moderately; 4 = dislike slightly; 5 = neither nor dislike; 6 = Like 

slightly; 7 = Like moderately; 8 = Like very much and 9 = Extreme like. 

 

As shown in Figure 2, the color, odor, flavor, taste, mouth feel and over all acceptability 

were shown in radar chart. The average score for color, odor, flavor, taste and mouth feel 

were vary from oil to oil. The variation in the color, odor, flavor, taste and mouth feel for 

different oil types might be due to the different chemical composition of oils and their 

mixing ratio, although, further study was required to identify the main responsible factor 

for. Besides, the variation in the color, odor, flavor, taste and mouth feel also affect the 

overall acceptability the oil. ANOVA test was applied that reviled that all parameters have 

showed a significant difference across the three-oils types. The detail of the ANOVA test 

is given in appendix II and III. Generally, from this study, one can concluded that the 

acceptance of all tested parameter is better in using tertiary blend oils followed by the 

binary blend and single flax seed oil. 
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Figure 2. The radar chart for all test parameters based on 9-hedonic scale. 

 

4.1.6.1 Color analysis 

 

Color of oil was one of the most important physical properties that attract consumer 

appellant (Ahmad et al., 2010). The average scores for color of the three-oil types were 

found in the ranged 6.5-8.61, the highest score was resulted for the N8F20S72 blended oil 

(8.61), while the lowest score was resulted for the color of was F100 (6.5). The variation in 

the color might be due to the difference in chemical composition in the tested oils. 

 

4.1.6.2 Odor analysis 

 

The odor of an oil is the most important indicator of quality oil.  It can caused by one or 

more volatilized chemical compounds that are generally found in low concentrations that 

humans and animals can perceive by their sense of smell. An odor is also called a "smell" 

or a "scent", which can refer to either a pleasant or an unpleasant odor. An oil with off-

odor will be quickly rejected by consumers. This is the reason why the majority of 

published studies are on the shelf-life of processed oils rather than on freshly processed 

oils. Hence, in this study the odor for selected blended oil were analyzed and the results 

revealed that the average scores for odor of the oils studied were found in the ranged 6.5-

https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Sense
https://en.wikipedia.org/wiki/Olfaction


https://en.wikipedia.org/wiki/odor
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selected oil type were found in the ranged 6.18-7.96, the highest score was resulted for the 

N8F20S72 blended oil (7.96), while the lowest score was resulted for the color of was F100 

(6.18). The variation might be due to variation in chemical composition of oils and 

subjective perceptions of the panelists. 

 

4.1.6.5 Mouthfeel 

 

Mouth feel (sometimes called, texture) refers to the physical sensations in the mouth caused 

by food or drink, as distinct from taste. It is a fundamental sensory attribute which, along 

with taste and smell, determines the overall flavor of a food item 

(https://en.wikipedia.org/wiki/Mouthfeel). The average scores taste for the selected oil type 

were found in the ranged 6.15-8.01, the highest score was resulted for the N8F20S72 blended 

oil (8.01), while the lowest score was resulted for the color of was F100 (6.15). 

 

4.1.6.6 Analysis of overall acceptability 

 

Overall acceptability was calculated based on the average score give to the color, odor, 

flavor, taste and mouth feel that the overall acceptability the studied oils were found in the 

range of 6.15-8.01. The highest and the lowest average score values were observed at F100 

and N8F20S72, respectively. Although, further study was required to identify the main 

responsible factor for the variation in the color, odor, flavor, taste and mouth feel for 

different oil types might be due to the different chemical composition of oils and their 

mixing ratio. Besides, the variation in the color, odor, flavor, taste and mouth feel also 

affect the overall acceptability the oil. Generally, from this study, one can concluded that 

the acceptance of all tested parameters is better in using tertiary blend oils followed by the 

binary blend and single flax seed oil. 
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observed in S100, N34S66 and N12F81S7, respectively. Where their lowest value was seen at 

F100, F49S51 blends, except at day 75 which is N47F53 and N8F20S72 respectively. 

The sensory evaluation based on the 9-hedonic scales were done and the results showed 

that the overall acceptance of the tested parameters are better in using tertiary (N8F20S72) 

blended oils followed by the binary blended (N34S66) and single flax seed oil (F100). 

5.2 Recommendation 

 

Measuring the fatty acid composition and different antioxidant properties for unblended 

and blended oils was not performed in this study, although it has used for estimating of the 

benefits of such oils. So, we are highly recommended to interested people to do the research 

in this area. Moreover, the results of this study could be used as a benchmark for future 

research on the examination of health issues related to the oils. Since Ethiopia is the world 

known producer of niger seed, the government will use the result of the study to promote 

the niger seed oil. 

 

Furthermore, as far as our knowledge is concerned there are no small and large-scale 

production of blended oils that people who interested in the area will produce blended oils 

after completing the remaining research works (such as fatty acid composition and frying 

stability). 

. 
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APPENDIX I: 

ANOVA test for density, RI, SV, AOs and oxidative stability of both pure and blended 

oils. 

  

Sum of   

Squares  Df 

  Mean 

Square        F 

                                            

Sig. 

SV Between Groups  94.431 10 9.443              

1.048 

 .439 

Within Groups  198.280 22 9.013     

Density Between Groups  .004 10 .000             1.039    .445 

Within Groups .008 22 .000     

Viscosity Between Groups  965.138 10 96.514      26.035     .000 

Within Groups  81.556 22 3.707     

Refractive 

index 

Between Groups  .000 10 .000            

45058.344 

     .000 

Within Groups  .000 22 .000     

AOS Between Groups  56.115 10 5.612    933.927      .000 

Within Groups .132 22 .006     

PV at day 

15 

Between Groups  10.281 10 1.028           25.776      .000 

Within Groups  .877 22 .040     

PV at day 

45 

Between Groups  23.260 10 2.326          22.128      .000 

Within Groups  2.313 22 .105     

PV at day 

75 

Between Groups  67.636 10 6.764           26.607        .000 

Within Groups  5.593 22 .254     
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APPENDIX II: 

 

ANOVA test for color, odor, flavor, taste, mouth feel and over all acceptability of tested 

oils. 

  

Sum of 

Squares Df Mean Square   F       Sig. 

Color Between 

Groups 

162.086 2    81.043 69.808 .000 

Within Groups 240.314 207    1.161     

Odor Between 

Groups 

187.800 2    93.900 64.222 .000 

Within Groups 302.657 207    1.462     

Flavor Between 

Groups 

156.867 2    78.433 49.161 .000 

Within Groups 330.257 207    1.595     

Taste Between 

Groups 

142.467 2    71.233 33.059 .000 

Within Groups 446.029 207    2.155     

MMouth feel Between 

Groups 

158.514 2    79.257 39.701 .000 

Within Groups 413.243 207    1.996     

Over all 

acceptability 

Between 

Groups 

126.438 2   63.219 34.120 .000 

Within Groups 383.543 207    1.853     
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APPENDIX III:  

Post hoc ANOVA test (based on Tukey HSD) for color, odor, flavor, taste, mouth feel 

and over all acceptability of tested oils. 

Dependent Variable Mean Difference (I-J) Std. Error 
                 

Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Color N8F20S72 F100     1.243* .182 .000    .81  1.67 

N34S66   -.900* .182 .000   -1.33  -.47 

F100 N8F20S72    -1.243* .182 .000   -1.67  -.81 

N34S66    -2.143* .182 .000   -2.57  -1.71 

N34S66 N8F20S72     .900* .182 .000    .47   1.33 

F100     2.143* .182 .000    1.71   2.57 

Odor N8F20S72 F100     1.757143* .204388 .000    1.27464   2.23964 

N34S66   -.428571 .204388 .093   -.91107   .05393 

F100 N8F20S72    -1.757143* .204388 .000   -2.23964   -1.27464 

N34S66    -2.185714* .204388 .000   -2.66821   -1.70322 

N34S66 N8F20S72                         .428571 .204388 .093   -.05393    .91107 

F100      2.185714* .204388 .000     1.70322     2.66821 

Flavour N8F20S72 F100      1.5714* .2135 .000     1.067     2.075 

N34S66     -.4429 .2135 .098     -.947     .061 

F100 N8F20S72      -1.5714* .2135 .000     -2.075     -1.067 

N34S66      -2.0143* .2135 .000      -2.518     -1.510 

N34S66 N8F20S72      .4429 .2135 .098      -.061      .947 

F100      2.0143* .2135 .000       1.510       2.518 

Taste N8F20S72 F100     1.6714* .2481 .000       1.086 2.257 

N34S66    -.1429 .2481 .833       -.729       .443 

F100 N8F20S72    -1.6714* .2481 .000        -2.257       -1.086 

N34S66     -1.8143* .2481 .000 -2.400 -1.229 

N34S66 N8F20S72    .1429 .2481 .833         -.443        .729 

F100    .8143* .2481 .000 1.229   2.400 

Mouth feel N8F20S72 F100    1.82857* .23883 .000 1.2648     2.3924 

N34S66    -.02857 .23883 .992 -.5924   .5352 

F100 N8F20S72   -1.82857* .23883 .000 -2.3924      -1.2648 

N34S66   -1.85714* .23883 .000 -2.4209      -1.2933 

N34S66 N8F20S72    .02857 .23883 .992 -.5352   .5924 

F100    1.85714* .23883 .000 1.2933       2.4209 

Over all 
acceptability 

N8F20S72 F100    1.42857* .23008 .000 .8854      1.9717 

N34S66    -.37143 .23008 .242 -.9146      .1717 

F100 N8F20S72   -1.42857* .23008 .000 -1.9717      -.8854 

N34S66    -1.80000* .23008 .000 -2.3432       -1.2568 

N34S66 N8F20S72    .37143 .23008 .242 -.1717     .9146 

F100    1.80000* .23008  .000 1.2568       2.3432 

*. The mean difference is significant at the 0.05 level. 

 


