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ABSTRACT 
 

Aim: To evaluate and compare the quality parameters of some commonly consumed oils and fats. 
Study Design: Laboratory experimental design was used. 
Place and Duration of Study: Cultured Clarias gariepinus was collected from a fish pond, Glycine 
max was purchased from a local market while pork, chicken and beef fats were collected from Oko 
Oba Abattoir, Agege, Lagos State, Nigeria. The study was carried out between September 2019 - 
February 2020 at the Oilseed Laboratory of Federal Institute of Industrial Research, Oshodi, Lagos 
State, Nigeria.  
Methodology: Oil available in C. gariepinus and G. max were extracted using Soxhlet extraction 
method while the animal fats were pre-treated to remove the impurities present in them. The 
chemical properties of the oils and fats were determined using standard methods of analysis while 
the fatty acid composition were analysed using Gas Chromatography-Mass Spectrophotometer.  
Results: Beef fat had the lowest peroxide (3.02mEQ/kg), anisidine (4.32mEQ/kg) and TOTOX 
value (10.36mEQ/kg), indicating that the fat could be stored for a long period of time without 
undergoing deterioration. The fatty acid composition shows that G. max oil, C. gariepinus oil and 
pork fat contains high concentration of polyunsaturated fatty acids while beef fat contains large 
number of saturated fatty acids. 
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Conclusion: This study shows that G. max oil, C. gariepinus oil and pork fat have more nutritive 
value compared to chicken fat and beef fat although will be easily susceptible to oxidation due to 
the large number of double bonds present in them.  
 

 
Keywords: Quality; fish oil; vegetable oil; animal fats; polyunsaturated; oxidation. 
  

1. INTRODUCTION 
 
Oils and fats are important parts of human diet. 
More than 90 percent of the world production 
from vegetable, animal and marine sources is 
used as food or as an ingredient in food 
products. Oils and fats are a rich source of 
dietary energy and contain more than twice the 
caloric value of equivalent amount of sugar. Their 
functional and textural characteristics contribute 
to the flavour and palatability of natural and 
prepared foods. They contain certain fatty acids 
which play an important role in nutrition and are 
also carriers of fat soluble vitamins. 
 

Fat quality is a significant factor having critical 
correlations to nutrition, sensory characteristics, 
shelf-life and safety. For instance, the most 
notable deleterious impacts of fat quality are the 
development of rancidity and off flavours which 
affect the high relative levels of oxidative 
degradation products that can have implications 
on human health [1]. 
 
Animal fats are rendered tissue fats that can be 
obtained from a variety of animals. They are by-
products of the meat packaging industry usually 
made available as a result of the preparation of 
meat for sale or from the manufacture of meat 
product [2]. 
 
The fat compositions of animals are very 
important when talking about the quality 
especially in terms of human health [3]. The 
composition of fat that’s of animal origin can be 
influenced by diet (forage and grain), the 
digestive system, species, breed, and the 
biosynthetic processes of the [4,5]. In ruminants, 
the fatty acid profile does not depend on the feed 
or diet is not a direct factor due to the complex 
reactions of biohydrogenation caused by rumen 
microorganisms [6]. 

 
Fish oils are rich source of natural bioactive lipid 
components [7] which are commercially used in 
pharmaceutical and food industries. Fish is being 
considered as an important diet due to its 
polyunsaturated fatty acid (PUFAS) contents. 
The curative and preventive effects of fish oils 
are well recognized in treating cardiovascular 

diseases, autoimmune disorders and various 
kinds of inflammation [7]. 
 

2. MATERIALS AND METHODS 

 
2.1 Sample Collection and Preparation 
 

Cultured Clarias gariepinus was collected from a 
fish pond, the fish was cut into small sizes and 
dried using electric oven at 100°C for 6hrs to 
reduce the moisture content. The dried fish was 
grinded to powdery form to increase the surface 
area for oil extraction. Glycine max was 
purchased from a local market, the seeds were 
sorted to remove foreign materials and grinded 
into powdery form for easy extraction. Pork, 
chicken and beef fats were collected from Oko 
Oba Abattoir, Agege, Lagos State, Nigeria. The 
fats were melted at 100°C to reduce the moisture 
content and filtered using muslin cloth to remove 
other impurities. The grinded C. gariepinus and 
G. max powder with the melted fats were stored 
in air tight container for further analysis. 
 

2.2 Extraction of Oil 
 
C. gariepinus and G. max oils were extracted 
according to the method described by [8] with 
some modifications. Pulverized samples (5 g) 
each were extracted in a thimble of the Soxhlet 
apparatus with 200 mL n-hexane in triplicate for 
6 hrs at 65°C. The mixture was concentrated to 
remove the n-hexane used using evaporator 
(Heidolph, Germany). The extracted oil was 
further air-dried to remove residual solvent 
vapour and measured.  
 
2.2.1 Chemical properties of the oils and fats 
 
The chemical properties were determined 
according to the standard methods of [9] with 
some modifications. 
 
2.2.1.1 Acid Value  
 
Mixture of ethanol and petroleum ether (V/V) (50 
mL) with the addition of 3 drops of 
phenolphthalein indicator was neutralized with 
0.1 M KOH solution. 0.5 mL of sample was 
added to the neutralized solution in the presence 
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of 3 drops of phenolphthalein and was finally 
titrated against 0.1M potassium hydroxide 
solution till a permanent pink colour was attained. 

 

A. V =
	Vol.		of	KOH	used	 × 	mass	of	KOH

Mass	of	sample
 

 

Free Fatty Acid= 
����	�����

�
 

 
2.2.1.2 Peroxide Value  
 
The peroxide value of the oil and fat samples 
were determined by dissolving 0.5 mL of the oil 
in a solvent mixture (1:2) of acetic acid and 
chloroform. Potassium iodide (1.3 g) was                
added to the resulting solution. The mixture was 
place in a dark cupboard for 1 hr, after                   
which, 75mL of distilled water was added 
followed by 3 drops of starch indicator, the 
mixture then was titrated against 0.05M sodium 
thiosulphate. 

 

Peroxide value = 
((���)�	�	�	����)

�
 

 
Where, B= Vol. of standard potassium thiosulfate 
used for titration of blank, S= Vol. of standard 
potassium thiosulfate used for titration of sample, 
N= normality of sodium thiosulfate solution, W= 
weight of sample.  
 

2.2.1.3 Anisidine Value  
 
The anisidine values of the samples were 
determined by weighing accurately (0.5 g) each 
of the sample into a 25 mL volumetric flask. The 
samples were dissolved and made up to the flask 
volume with isooctane. The samples were 
properly mixed with isooctane. The absorbance 
of the fat solution against pure isooctane was 
measured at 350 nm in a 1cm glass cell. 5mL 
each of fat solution and isooctane were pipetted 
into different test tube A and B, the test tubes 
were stoppered, shaked vigorously and placed in 
dark cupboard for 110 mins. The absorbance of 
the content of test tubes A was measured 
against the absorbance of the content of test 
tubes B at 350nm in a 1cm glass cell. 
 

Anisidine value =
��(�.�������)

�
 

 

TOTOX Value= 2P.V + A.V 
 

2.2.1.4 Iodine Value  
 

The iodine values of the oil and fat samples were 
determined by Wijjs method. Oil sample (0.5 mL 

was dispensed into a conical flask and mixed 
with chloroform (5 mL) and Wijjs reagent (8 mL), 
(9 mL of iodine trichloride and 10 g of iodine in 
chloroform (300 mL)/acetic (700 mL) solution). 
The conical flask was shaked and placed in the 
dark for 1 hr. After which, 7 mL of potassium 
iodide and 75 mL of distilled water were added 
and titrated against 0.05M sodium thiosulphate 
solution using starch as the indicator. A blank 
test was carried out simultaneously without the 
fat under the same conditions. 

 

I. V. = 				
(Blank − sample)X	0.01269

w
X	100	 

  

S= (Vol. of N2S2O3 for blank – Vol. of N2S2O3 for 
sample) 
 

W= Weight of sample 

 

2.2.2 Determination of fatty acids profile 

 
The fatty acid composition contained in the oils 
and fats were determined using the method 
described by [10] with slight modifications. 60 µL 
of oil was dissolved in 2 mL of 3M methanolic 
potassium hydroxide. The mixture was then 
vigorously vibrated for 180s and placed into a 
water bath at 70°C for 15 mins. After cooling to 
room temperature, 5 mL hexane was added into 
mixture. The mixture was vigorously vibrated for 
180s and allowed to stand for 5 min for the upper 
layer to become clear. The fatty acid methyl ester 
layer was collected and analysed using a Hewlett 
Packard HP 6890 Series gas chromatograph 
coupled with a Hewlett Packard 5973 mass 
spectroscopy detector (GC-MS) system. A HP-5 
MS capillary column (30 m length, 0.25 mm i.d., 
0.25 μm film thickness) was used for the GC 
system. The temperature program was set up 
from 50°C to 250°C with 4°C/min, both the 
injector and detector temperatures were 280°C 
and He was used as carrier gas.  

 
3. RESULTS AND DISCUSSION 
 
3.1 Chemical Properties of the Samples 
 
G. max oil had the lowest acid value (1.10 mg 
KOH/g) which was lower than 1.81 mg KOH/g 
reported by [11], while Beef fat had the highest 
acid value (1.84 mg KOH/g) which was in close 
range to 1.99 mg KOH/g reported by [12]. Acid 
value, free fatty acid, peroxide and anisidine 
values are used to determine the quality of oils 
since they determine the extent of deterioration 
of the oils. The acid values of all the animal fats 
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do not exceed the value (2.5 mg KOH/g) stated 
by the CODEX STANDARD of 1999 for tallow. 
Acid value indicates the level to which 
triglycerides in oils and fats had been 
decomposed by lipase action. However, the acid 
values of all the oils and fats shows that they are 
of good quality. Like the acid value, the free fatty 
acids of the animal fats fall within the acceptable 
limit of 1.25% according to CODEX STANDARD 
of 1999 for tallow while those of the oils falls 
within the acceptable limit of 5% recommended 
as the maximum for non-rancid oil [13]. A high 
free fatty acid value is associated with a high 
deterioration rate of oil and thus resulting in the 
development of flavour and odour. Peroxide 
value measures the hydroperoxide and the 
primary oxidation products of the oil which 
contains mostly polyunsaturated acids which 
easily undergoes oxidation [14]. It is associated 
with oxidative rancidity; oxidative rancidity is the 
addition of oxygen across the double bonds in 
unsaturated fatty acids in the presence of 
enzyme or certain chemical compounds. The 
odour and flavour associated with rancidity are 
due to liberation of short chain carboxylic acids 
[15]. High peroxide values are associated with 
higher rate of rancidity whereas low peroxide 
values of the oils indicate that they are less liable 
to oxidative rancidity at room temperature [16, 
17]. Beef fat had the lowest peroxide value 
(3.02mEQ/kg) which was in close range to 3.0 
mg EQ/kg reported by Muhammad et al. [12]  
while G. max oil had the highest peroxide value 
(4.15mEQ/kg) which was lower than 
12.995mEQ/kg reported by Adel et al. [11]. The 
difference in the peroxide value of G. max oil 
could be due to the fact that the author 
purchased already extracted oil while the G. max 
oil used in this study was freshly extracted from 
the seeds. The low peroxide value indicates the 
fat could be stored for a long time without 
deterioration. This was also due to the difference 
in the number of unsaturated fatty acid content, 

since rate of autoxidation of fats and oils 
increases with increasing level of unsaturation 
[18]. However, the peroxide value of all the 
animal fats and oils still falls within the 
acceptable limit of ≥10mEQ/kg (CODEX 
STANDARD, 1999). Anisidine value is used to 
quantify secondary oxidation products of oil by 
measuring the aldehydes, principally 2, 4- 
dienals [19]. Anisidine value measures 2-
alkenals, hydroperoxide decomposition products 
that can be used to determine how much per 
oxidized material that has already broken down 
[20]. G. max oil had the highest anisidine value 
(5.44 mEQ/kg) while Beef fat had the lowest 
anisidine value (4.32 mEQ/kg). The anisidine 
values of the oils and fats are within the limit for 
edible oils according to [21]. Total Oxidation 
(TOTOX) is an industry-standard indicator of oil 
oxidation, calculated from the measurements of 
peroxide value and p-anisidine value. It is 
conceived as a way to give a complete view of 
oxidation by including primary and secondary 
oxidation measurements. The TOTOX value of 
all the oils and fats were lower than 20 mEQ/kg 
which is within the limit recommended by 
German Society for Fat Sciences for crude and 
refined oils. Iodine value is a measure of the 
degree of unsaturation of fatty acids present in 
oils and fats [22]. It helps in determining the 
quality of the oil. A high iodine value implies that 
the oil is unsaturated. The iodine value is also an 
index for assessing the ability of oil to become 
rancid [23]. G. max oil had the highest iodine 
value (115mgI2/100 g), this was higher than 
110.985mgI2/100 g reported by [11]. The iodine 
value of G. max oil indicates that the oil is highly 
unsaturated and could be easily susceptible to 
oxidation. The iodine value of Beef fat was 
(56.17mgI2/100 g) which was higher than 
50.34mEQ/kg reported by Esonye et al. [24]. 
This is an indication that Beef fat is saturated and 
will be able to withstand long time storage 
without going rancid. 

 
Table 1. Chemical properties of the samples 

 

Parameters C. gariepinus 
Oil 

G. max Oil Pork Fat Chicken  

Fat 

Beef 

Fat 

Acid Value (mg KOH/g) 1.23±0.025 1.10±0.004 1.41±0.012 1.54±0.008 1.84±0.024 

Free Fatty Acid (%) 0.62±0.005 0.55±0.014 0.71±0.002 0.77±0.01 0.92±0.02 

Peroxide Value (mEQ/kg) 4.02±0.05 4.15±0.023 3.67±0.01 3.15±0.008 3.02±0.02 

Anisidine Value (mEQ/kg) 5.21±0.013 5.44±0.004 5.01±0.025 4.43±0.03 4.32±0.014 

TOTOX Value (mEQ/kg) 13.25±0.01 13.74±0.005 12.35±0.012 10.73±0.006 10.36±0.03 

Iodine Value (mgI2/100g) 123±0.013 115±0.004 87.20±0.03 82.15±0.015 56.17±0.006 
Values are mean ± standard deviation of triplicate determinations 
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Table 2. Fatty acid composition of the samples 
 

Fatty Acid Fatty Acid 
No 

C. gariepinus 
Oil (%) 

G. max 
Oil (%) 

Pork 
Fat (%) 

Chicken 
Fat (%) 

Beef Fat 
(%) 

Caproic acid C6:0 ND ND ND 0.03 ND 
Caprylic acid C8:0 ND 0.02 0.05 0.05 ND 
Pelargonic acid C9:0 ND 0.01 ND ND ND 
Capric acid C10:0 ND ND 1.02 0.09 1.00 
Lauric acid C12:0 ND ND 0.06 1.00 0.07 
Myristic acid C14:0 6.97 0.05 0.50 0.98 1.85 
Pentadecylic acid C15:0 1.02 0.01 0.10 0.42 2.65 
Palmitic acid C16:0 ND 10.80 2.40 10.48 19.05 
Margaric acid C17:0 0.03 1.01 5.01 0.19 2.71 
Stearic acid C18:0 1.98 3.97 8.22 4.09 12.19 
Arachidic acid C20:0 1.23 0.10 0.43 0.25 1.01 
Behenic acid C22:0 3.38 0.12 0.02 0.05 1.00 
Lignoceric acid C24:0 0.15 0.02 0.03 0.08 0.15 
∑SFA  14.76 16.11 17.84 17.71 41.68 
Myristoleic acid C14:1 6.68 ND 0.01 1.14 0.25 
cis-Hypogeic acid C16:1n-9c 8.01 3.97 1.10 3.02 1.09 
Trans-Hypogeic acid C16:1n-9t ND ND 0.05 10.42 3.16 
Oleic acid C18:1n-9c 15.12 19.89 16.80 20.10 15.14 
Elaidic acid C18:1n-9t ND ND 30.12 35.27 30.78 
Vaccenic acid C18:1 ND ND 0.11 0.04 0.24 
Eicosenoic acid C20:1n-9 1.24 ND ND ND ND 
Erucic acid C22:1n-9 3.98 ND 0.28 0.14 0.08 
Nervonic acid C24:1n-9 2.45 ND 0.06 0.10 ND 
∑MUFA  37.48 23.86 48.53 70.19 47.67 
Linoleic acid C18:2n-6c 4.14 50.01 20.01 8.19 1.00 
9-Hydroxylinoleic acid C18:2n-6t ND ND 5.15 0.03 0.09 
Rumenic acid C18:2n-7 ND ND ND ND 0.03 
α-Linolenic acid C18:3n-3 37.54 10.01 3.97 1.12 2.04 
γ-Linolenic acid C18:3n-6 ND 0.01 1.87 0.97 0.54 
Stearidonic acid (SDA) C18:4n-3 1.05 ND ND ND ND 
Eicosatrienoic acid (ETE) C20:3n-3 0.97 ND 1.02 0.91 1.06 
Dihomo-gammalinolenic acid 
(DGLA) 

C20:3n-6 0.23 ND 0.47 0.03 0.12 

Eicosatetraenoic acid (ETA) C20:4n-3 0.97 ND 0.45 0.25 0.25 
Arachidonic acid C20:4n-6 1.13 ND 0.12 0.17 0.03 
Eicosapentaenoic acid(EPA) C20:5n-3 ND ND 0.15 0.12 1.03 
Heneicosapentaenoic acid (HPA) C21:5n-3 0.02 ND 0.07 0.06 0.01 
Docosadienoic acid C22:2n-6 0.01 ND 0.03 0.05 0.05 
Adrenic acid (AdA) C22:4n-6 0.25 ND 0.02 0.03 0.14 
Clupanodonic acid C22:5n-3 1.15 ND 0.03 0.01 1.10 
Docosapentaenoic acid C22:5n-6 ND ND 0.11 0.02 0.01 
Cervonic acid C22:6n-3 0.30 ND 0.04 0.04 0.06 
Tetraacosapentaenoic acid C24:5n-3 ND ND 0.12 0.10 0.02 
∑PUFA  47.76 60.03 33.63 12.10 7.58 
∑n-3  42.00 10.01 5.79 2.61 5.57 
∑n-6  5.76 50.02 27.78 9.49 1.98 
∑n-7      -     -    -    - 0.03 

 

3.2 Fatty acid Composition of the 
Samples 

 

Beef fat contains highest concentration of C18 
fatty acids and also had the highest number of 

saturated fatty acids (41.68%). This result was 
closely related to the one reported by [25], 
though the authors reported 30.35% saturation 
but still had the highest concentration of 
saturation among the animal fats studied. G. max 
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oil had the highest concentration of 
polyunsaturated fatty acids (60.03%) with omega 
6 fatty acids carrying the bulk of it, this was 
closely related to 57% reported by (Adel et al., 
2018) followed by C. gariepinus oil that contains 
47.76% polyunsaturated fatty acids, this is also 
within the range of 45.78%-57.97% reported by 
[26]. Among the animal fats, pork fat had the 
highest concentration of polyunsaturated fatty 
acids (33.63%), this is closely related to 30.01% 
reported by Amat et al. [25]. C. gariepinus oil 
contains large amount of omega-3 fatty acids 
(42%). Polyunsaturated fatty acids composition 
of cell membrane is largely dependent on dietary 
intake [27]. The long chain omega-3 fatty acid, 
docosahexaenoic acid (DHA), is a major lipid in 
the brain, recognized as essential for normal 
brain function [28]. Insufficient dietary intake of 
omega-3 fatty acids and excessive intake of 
omega-6 fatty acids is believed to be a significant 
contributing factor to aging [29] as well as 
various diseases such as neurodegenerative and 
neurological disorders [30,31] inflammatory 
conditions [32] and cardiovascular diseases [33]. 
Out of all the oils and fats studied, C. gariepinus 
oil is the oil with the highest nutritional value due 
to the health benefits attached to omega-3 fatty 
acid that is more dominant in the oil. 
 

4. CONCLUSION 
 
The study showed that Beef fat can withstand 
long storage period without being oxidized which 
reflects in the peroxide, anisidine and totox 
values, this is due to the highest concentration of 
saturated fatty acids present in the fat. C. 
gariepinus oil, G. max oil and Pork fat are highly 
prone to oxidation due to the large number of 
double bonds within the fatty acid chain but are 
more nutritive than Beef fat because of the health 
benefits attached to polyunsaturated fatty acids. 
 

ETHICAL APPROVAL 
 
Animal ethic Committee approval has been 
collected and preserved by the authors. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Dyer JM, Deb-Choudhury S, Cornellison 

CD, Krsinic G, Dobbie P, Rosenvold K, 
Clerens S. Spatial and temporal mass 

spectrometric profiling and imaging of lipid 
degradation in bovine M. longissimus 
dorsilumborum. J. Food Compos. Anal. 
2014;33:203–209. 

2. Heena S, Giriprasad R, Meena G. Animal 
fat-processing and its quality control. 
Journal of Food Processing and 
Technology Sharma et al., J Food Process 
Technology. 2013;4(8):1-5. 

3. Pighin D, Pazos A, Chamorro V, Paschetta 
F, Cunzolo S, Godoy F, Grigioni G. A. 
Contribution of beef to human health: A 
review of the role of the animal production 
systems. The Scientific World Journal; 
2016.  

4. Smith SB, Lunt DK, Chung KY, Choi CB, 
Tume RK, Zembayashi  M. Adiposity, fatty 
acid composition, and delta-9 desaturase 
activity during growth in beef cattle. Animal 
Science Journal. 2006;77:478-486. 

5. Woods VB, Fearon AM. Dietary sources of 
unsaturated fatty acids for animals and 
their transfer into meat, milk and eggs: A 
review. Livestock Science. 2009;126:1-20.  

6. Wood JD, Richardson RI, Nute GR, Fisher 
AV, Campo MM, Kasapidou E, Enser M. 
Effects of fatty acids on meat quality: A 
review. Meat Science. 2004;66(1):21-32.  

7. Adetuyi OO, Aladekoyi G, Akinbobola AP. 
Comparative study of proximate 
composition of oil extracted from African 
catfish (Clarias gariepinus) viscera and red 
palm oil. Proceedings of 28th Annual 
Conference, Nutrition and Fish Feed 
Technology. 2013;371-373. 

8. Abu Sayem MD, Ahsan H, Prosannajid S. 
Extraction and identification of PUFA from 
African Catfish (Clarias gariepinus) Skin. 
International Journal of Fisheries and 
Aquatic Studies. 2016;4(4):312-314. 

9. AOAC Official Methods of Analysis.18th 
edn., AOAC International, Arlington, VA. 
2017;253-260.  

10. Wu, Y, Zhou, R, Wang, Z, Wang, B, Yang, 
Y, Ju, X. The effect of refining process on 
the physicochemical properties and 
micronutrients of rapeseed oils. PLoS 
ONE. 2019;14(3):e0212879 1-16. 

11. Adel AEM, Khaled AES, Abd EL-Moneam 
MAE, Awad ATM. Effect of refining 
process on the quality characteristics of 
soybean and cotton seed oils. International 
Journal of Current Microbiology and 
Applied Sciences. 2017;6(1):207-222.  

12. Muhammad A, Waqar A, Saeed, Ikram U. 
Mineral composition, quality and physico-
chemical parameters of the local tallow of 



 
 
 
 

Miniru and Bello; AJACR, 5(3): 32-38, 2020; Article no.AJACR.55326 
 
 

 
38 

 

Pakistan. Pakistan Journal of Nutrition. 
2008;7(5):717-720. 

13. Attah JC, Ibemesi JA. Evaluation of the 
main fatty acid in linseed, safflower and 
soyabean oils for industrial purposes. 
GJPAS. 2009;14(2):176–187. 

14. Ekpa OD, Ebana RUB. Comparative 
studies of mmanyanga, palm and coconut 
oils: Antimicrobial effects of the oils and 
their metallic soaps on some bacteria and 
fungi. Global J. Pure. Appl. Sci. 1996;2(2): 
155–163. 

15. Steele IB. Use of Palm-based Metallic 
Soaps as Processing Aids in Rubber 
Compounding. J. Electrochem Soc. 2001; 
16:81-86. 

16. Anhwange BA, Ikyenge BA, Nyiatagher 
DT, Ageh JT. Chemical analysis of 
Citrullus lanatus, Cucumcropsis mannii 
and Telfairia occidentalis Seed Oils. J. 
App. Sci. Res. 2010;6(3):265–268. 

17. Olawale O. Evaluation of Lipids Extracted 
from mango and melon seeds. Pacific J. 
Sci. Technol. 2010;11(2):508-510. 

18. Essien EA, Akpan AU, Etim UJ, Udoekpo 
IU. Oil extraction from edible oilseeds; 
Irvingia gabonensis, citrullus lanatus and 
telferia occidentalis and evaluation in 
metallic soap preparation. International 
Research Journal of Pure & Applied 
Chemistry. 2015;6(2):95-104. 

19. Augustine MA, Chong CL. Measurement of 
deterioration in fats and oils. Food Tech. 
Malaysia. 1986;8:17-20. 

20. Brewer MS, Vega JD, Perkins EG. Volatile 
compounds and sensory characteristics of 
frying fats. J. Food Lipids. 1999;6:47-61. 

21. Rossel JB. Measurement of rancidity. In 
‘’Rancidity in Foods’’, ed. By J.C. Allen and 
R.J. Hamilton. Elsevier Science Publisher, 
USA. 1989;28-32. 

22. Aranha CPM, Jorge N. Physico-chemical 
Characterization of Seed Oils Extracted 
from Oranges (Citrus sinensis). Food Sci. 
Technol. Res. 2013;19(3):409-415.  

23. Amoo IA, Eleyinmi AF, Ilelaboye NAO, 
Akoja SS. Characteristics of oil extract 
from gourd (Cucurbita maxima) seed. 
Food, Agric. Environ. 2004:2;38-39. 

24. Esonye C, Ume CS, Esonye MC, Okafor 
VN, Ofoefule AU. Extraction of             
Nigerian Beef Tallow by Wet Rendering 
Process and its Characterization. World 
News of Natural Sciences. 2017;15:129-
138. 

25. Amat SM, Abd Aziz S, Tan CP, Mustafa S, 
Abd Gani SS, Rokhani FZ. Lard 
classification from other animal fats using 
Dielectric Spectroscopy technique. 
International Food Research Journal. 
2019;26(3):773-782. 

26. Eke-EJiofor J, Ansa EJ. Effect of extraction 
methods on the quality characteristics of 
catfish (Clarias gariepinus) Oil. American 
Journal of Food Science and Technology. 
2018;6(5):199-203. 

27. Simopoulos AP. Symposium role of poultry 
products in enriching the human diet with 
N-3 PUFA. Poultry Science. 2000;79(7): 
961-970. 

28. Kuratko CN, Barrett EC, Nelson EB, Salem 
N. The relationship of docosahexaenoic 
acid (DHA) with learning and behavior in 
healthy children: A Review. Nutrients. 
2013;5(7):2777-2810. 

29. Bourre JM. Roles of unsaturated fatty 
acids (especially omega-3 fatty acids) in 
the brain at various ages and during 
ageing. The Journal of Nutrition, Health 
and Aging. 2004;8(3):163-174. 

30. Denis I, Potier B, Heberden C, Vancassel 
S. Omega-3 polyunsaturated fatty acids 
and brain aging. Current Opinion in Clinical 
Nutrition Metabolic Care. 2015;18(2):139-
146. 

31. Dyall SC. Long-chain omega-3 fatty acids 
and the brain: A review of the independent 
and shared effects of EPA, DPA and DHA. 
Frontiers in Aging Neuroscience. 2015;7: 
52. 

32. Simopoulos AP. Omega-3 Fatty Acids in 
Inflammation and Autoimmune Diseases. 
Journal of the American College of 
Nutrition, 2002;21(6):495-505. 

33. Calder PC. N-3 Fatty acids and 
cardiovascular disease: Evidence 
explained and mechanisms explored. 
Clinical Science. 2004;107(1):1-11. 

 

© 2020 Miniru and Bello; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.  
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/55326 


