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Abstract: The physicochemical properties of some fresh locally produced (crude) and industrially
refined edible vegetables oils available in northern Nigeria were investigated, using standard methods.
Results obtained showed that the crude and refined palm oil samples as well as palm kernel oil gave
significantly (p < 0.05) higher values for percentage free fatty acid, acid value, unsaponifiable matters
and soap content, in comparison to the other oil samples studied. The crude and refined forms of
cotton seed oil and soybean oil had significantly (p < 0.05) higher iodine values than other oil
samples , with the palm oil brands having significantly (p < 0.05) lowest iodine values. Saponification
values of the oil samples were non-significantly (p > 0.05) similar, with crude coconut oil giving the
highest value of 247.21 ± 0.40 mgKOH/g. The cholesterol contents of all the crude oil samples were
high ranging from 133.30 ± 0.60mg/100ml in olive oil to 300.20 ± 0.40mg/100ml in palm kernel oil,
indicating possible contamination. Presence of mineral oil was detected in only the refined brands of
palm oil, while both crude and refined palm oil brands as well as palm kernel oil, refined groundnut
and olive oils gave positive results to rancidity test. The results indicate that locally processed oils
compared flavourably with refined ones and calls for adequate storage of vegetable oils to avoid
deterioration due to rancidity.
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INTRODUCTION

Fats and oils are a class of organic compounds called lipids and are usually a mixture of triacylglycerols
with their fatty acids in varying proportions. While large varieties of fatty acids are found in natural fats and
oils, only a few of them are important to the body. These important fatty acids, which include linolenic,
linoleic and oleic acids are known as essential fatty acids (Onwuliri et al, 2004).

The oils used in most homes in northern Nigeria are consumed in crude forms. Crude oils usually contain
large amounts of triacylglycerols, solid particles with lipase content, free fatty acids, coloured pigments such
as chlorophylls, xanthophylls and carotenes, and some odoriferous sapid substances present or produced as a
result of deterioration (Onwuliri and Bello, 1999). Refining processes of oils are intended to remove these
impurities, enhance taste and appearance, and provide a high grade oil suitable for human consumption.
Common industrial refining processes include deguming, neutralization, bleaching and deodorization (Onwuliri
and Bello, 1999). These processes are, of course, not fully practiced in homes. Thus exposing individuals to
possible health hazards associated with impurities and oxidative deteriorations of oil products. The present
study is aimed at using a number of established physical and chemical ‘constants’ (Herschdoerfer, 1986) to
assess the quality and purity of some oils consumed in northern Nigeria.

Palm oil, obtained from the oil palm (Eleasis guineasis) fruits, is one of the commonest oil consumed in
Nigeria. The fruit consists of mesocarp and kernel. The oil is obtained from the mesocarp, which consists of
about 25-55% of palm oil. The oil is semi-solid. The crude form is an important source of tocotrienols and
β-carotene, a provitamin A whose presence offers special nutritional and health benefits that are not obtainable
from other edible oils available in Nigeria (Bagepalli and Narasinga, 2003).

Palm kernel oil is obtained from oil palm kernels. The oil has a preponderance of saturated fatty acids,
primarily lauric acid. Though palm oil and palm kernel oil are obtained from the same source, they differ in
their fatty acids composition (Oyenuga, 1968). Palm kernel oil is very similar to coconut oil and in this respect,
they are virtually interchangeable.
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Coconut oil is extracted from dried copra of the coconut tree, Cows nucifera. The copra contains about
65% oil. More than 90% of the oil is glycerol esters of saturated fatty acids. Because of its high concentration
of saturated fatty acids, coconut oil does not go rancid as readily as palm oil (Guthrine, 1989).

Groundnut oil is gotten from the seeds of groundnut (Arachis hypogaea), a common vegetable extensively
grown in the northern parts of Nigeria. According to Oyenuga (1968), groundnut oil is next to palm oil in
Nigeria as a culinary and edible oil. Its fatty acid composition is variable due to genotypic, geographical and
seasonal weather, but with oleic acid being the most abundant fatty acid in the oil (Onwuliri, 1997).

Soybean oil is extracted from the seeds of Soya bean (Glycine max), a leguminous plant. Among the
legumes, soybeans have exceptionally high oil content and therefore regarded as the world’s largest oil seed
crop, with about 45% of the edible portion of the seeds being oil (Kirk and Sawyer, 1999). The crude oil
contains high proportions of phospholipids and beany flavour, which are removed during processing.

Cotton seed oil and olive oil, obtained from cotton seeds and olive seeds respectively, are not commonly
processed locally in Nigeria. This may be because cotton and olive trees are not widely grown in Nigeria by
local farmers and this may have  affected interest in and availability of their oils. Thus, most cotton seed and
olive oils available in Nigerian market are imported refined oils.

MATERIALS AND METHODS
Oil Samples:

Freshly prepared oil samples of palm oil (PAO), palm kernel oil (PKO), coconut oil (CCO), groundnut
oil (GNO), soybean oil (SBO), cotton seed oil (CSO) and olive seed oil (OSO) were purchased from major
markets in Jos, Makurdi and Zaria cities of northern Nigeria. They were confirmed at the Quality Assurance
Department of the Grand Cereals and Oil Mills Limited, Jos. Industrially refined and packaged brands of some
of these oils sold in shops in those cities were also purchased and labeled BPAO (brand of palm oil), BBPO
(brand of bleached palm oil), BGNO (brand of groundnut oil), BSBO (brand of soybean oil), BCSO (brand
of cotton seed oil) and BOSO (brand of olive seed oil).

Determination of the Physico-chemical Parameters of the Oil Samples:
The percentage free fatty acid (%FFA), acid value, peroxide value, saponification value, unsaponifiable

matters content, soap content and cholesterol content of the oil samples were determined using standard
methods as described by AOAC (1990). The oil samples refractive indexes at 250C were determined using
Abbe refractometer, while their Wijs iodine values were estimated as described by Pearson (1976). The
presence of mineral oil and rancidity in the oil samples were determined by Holde and Kreis tests respectively
(AOAC, 1990). All analyses were run in triplicates.

Statistical Analysis:
One-way ANOVA and student’s t-test were used to analyze the data obtained. Values for p < 0.05 were

considered statistically significant.

Results:
Percentage Free Fatty Acids (%FFA) Content of Oil Samples:

Locally processed (crude) palm oil (PAO) had a significantly (P < 0.05) more %FFA (19.91 ± 0.40%) than
all the other forms of oil studied, including the industrially refined BPAO (10.62 ± 0.20%) and the bleached
and refined BBPO (6.62 ± 0.10%) (Figure1). Generally, the %FFA of the crude oil samples ranged from 0.07
± 0.00% in SBO to 19.91 ± 0.40% in PAO, while those of the refined oil brands ranged from 1.02 ± 0.40%
of BOSO to 10.62 ± 0.20% of BPAO.

Acid Values (mgKOH/g) of Oil Samples:
The acid values (mgKOH/g) of the crude oils ranged from 0.14 ± 0.20mgKOH/g in SBO to 50.30 ±

0.40mgKOH/g in PAO. For the refined oils, the acid value was least in BSBO (1.32 ± 0.01mgKOH/g) and
highest in both brands of palm oil; 32.02 ± 0.20mgKOH/g for BPAO and 26.83 ± 0.04mgKOH/g for BBPO.
Thus, the acid values were significantly (p < 0.05) higher in the oils obtained from oil palm tree (including
PKO at 17.80 ± 0.01mgKOH/g) when compared to those from other sources (Figure 2).

Peroxide Values (mEq/kg) of Oil Samples:
Figure 3 shows the peroxide values (mEq/kg) of the oil samples. Among the crude oil samples, the

significantly (p < 0.05) highest peroxide value was obtained for PKO (56.38 ± 0.30mEq/kg), with SBO having
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the lowest value of 0.92 ± 0.60mEq/kg. the peroxide values of the refined oil samples ranged from 2.24 ±
0.01mEq/kg for BOSO to 8.35 ± 0.01mEq/kg for BPAO.

Iodine Values (Wijs) of Oil Samples:
The iodine values of the crude oil samples were found to be significantly (p < 0.05) highest in SBO

(127.13 ± 0.80) and CSO (114.86 ± 1.40), but lowest in CCO (11.75 ± 0.80) (Figure 4). Similarly, the iodine
values of the refined oil samples were also high in BCSO (119.32 ± 0.80) and BSBO (112.834 ± 0.60), but
lowest in the two refined products from palm oil, i.e. BBPO (39.02 ± 0.40) and BPAO (42.86 ± 0.40).

Saponification Values (mgKOH/g) of Oil Samples:
The saponification values of the crude oil samples were closely similar ranging from 178.30 ±

0.10mgKOH/g for OSO to 247.21 ± 0.40mgKOH/g for CCO. Similarly, those of the refined oils ranged from
193.00 ± 0.10mgKOH/g obtained in BSBO to 209.82 ± 0.50mgKOH/g in BPAO (Figure 5).

Unsaponifiable Matters (g/kg) of Oil Samples:
Figure 6 shows that both crude and refined oil products obtained from the oil palm tree gave higher

unsaponifiable matters content (PAO, 4.63 ± 0.10g/kg and PKO, 3.20 ± 0.10 g/kg for the crude samples, and
BPAO, 3.64 ± 0.10g/kg and BBPO, 2.31 ± 0.10g/kg for the refined) than other oil samples. On the other hand,
the least unsaponifiable matters content was found in crude and refined olive oil samples – OSO (1.38 ±
0.02g/kg) and BOSO (1.18 ± 0.10g/kg).

Soap Content (ppm) of Oil Samples:
Soap contents (ppm) were detected at very negligible quantities in only PAO (0.002 ± 0.001ppm), PKO

(0.001 ± 0.000ppm), BPAO (0.002 ± 0.000ppm) and BBPO (0.004 ± 0.001ppm). Interestingly, these are all
oil products from oil palm tree.

Refractive Index of Oil Samples:
The refractive indexes of all the oil samples at 250C were non significantly (p > 0.05) similar, ranging

from 1.441 ± 0.002 in refined BCSO to 1.469 ± 0.001 in SBO, but with the exception of CSO that gave a
significantly (p < 0.05) lower refractive index of 0.920 ± 0.001 (Figure 7).

Fig. 1: Percentage free fatty acids (%FFA) of oil samples.

Insoluble Matters (%) Content of Oil Samples:
The content of insoluble matters (%) of the oil samples were negligibly low, ranging from 0.002 ± 0.001%

in CCO to 0.010 ± 0.002% in PAO for the crude oil samples. For the refined oil samples, it also ranged from
0.004 ± 0.002% in BCSO to 0.012 ± 0.001% in BPAO (Figure 8).
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Cholesterol Content (mg/100ml) of Oil Samples:
The cholesterol content (mg/100ml) of the locally processed oil samples ranged from 133.30 ±

0.60mg/100ml obtained in OSO to 300.20 ± 0.40mg/100ml of PKO (Figure 9).

Mineral Oil and Rancidity in Oil Samples:
The presence of mineral oil was not detected in all the locally prepared oil samples. On the other hand,

only BPAO and BOSO, among the refined oil samples, showed the presence of mineral oil (Table 1). Among
the locally processed oil samples, rancidity was only detected in PAO and PKO, while for the refined oil
samples, it was detected in BPAO, BGNO, BOSO and BBPO (Table 1).

Fig. 2: Acid values (mgKOH/g) of oil samples.

Fig. 3: Peroxide Values (mEq/kg) of Oil Samples.
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Fig. 4: Iodine Values (Wijs) of Oil Samples.

Fig. 5: Saponification Values (mgKOH/g) of Oil Samples.

Fig. 6: Unsaponifiable Matter (g/kg) Levels of Oil Samples.
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Fig. 7: Refractive Index at 25 0C of Oil Samples.

Fig. 8: Insoluble Matters (%) of Oil Samples.

Fig. 9: Cholestrol Content (mg/100ml) of Crude Oil Samples.
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Table 1: Presence of mineral oil and rancidity in oil samples.
Oil Sample Mineral Oil Rancidity

Crude Oil Samples
Palm oil -ve +ve
Groundnut oil -ve -ve
Soybean oil -ve -ve
Cotton seed oil -ve -ve
Olive oil -ve -ve
Coconut Oil -ve -ve
Palm kernel oil -ve +ve

Refined Oil Samples
Palm oil +ve +ve
Groundnut oil -ve +ve
Soybean oil -ve -ve
Cotton seed oil -ve -ve
Olive oil +ve +ve
Bleached Palm oil -ve +ve

Discussion:
Free Fatty Acid Content of Oil Samples:

Oils are usually made up of a mixture of glycerol esters of saturated and unsaturated fatty acids. The
presence of free fatty acid in an oil sample indicates a level of deterioration by lipase activity and other
hydrolytic or oxidative activity which are usually due to the conditions under which the oil was stored. The
free fatty acids content of all the oil samples were low when compared with 3.53% observed in oil extracted
from African oil bean seeds (Odoemelam, 2005), except for both the locally processed and industrially refined
oil samples gotten from the oil palm tree.

Acid Value of Oil Samples:
Acid value, being a measure of free fatty acid presence in oil, was expectedly high in the oil samples

obtained from oil palm tree, which were found above to have high percentage free fatty acid levels. Apart from
these oil palm products, all the other oil samples studied had low acid values when compared to 7.01mg/g and
4mg/g reported for oils obtained from African oil bean (Odoemelam, 2005) and groundnut (Pearson, 1976).
Meanwhile, the acid values obtained for soybean oil samples (0.14 ± 0.20mg/g and 1.32 ± 0.01mg/g for crude
and refined forms respectively) corroborate the 0.6mg/g reported for soybean oil by Pearson (1976).

Peroxide Values of Oil Samples:
Peroxide value is an indication of the rate or extent of oxidation of oil. When there is a significant

increase in peroxide value to between 10 and 40mEq/kg, rancid odors and bad taste observed sometimes in
oil become noticeable. The peroxide values of all the oil samples were normal except for the palm kernel oil.

Iodine Values of Oil Samples:
Iodine value of an oil sample shows the degree of saturation or unsaturation of the oil. The results showed

that palm oil and its refined products as well as coconut oil have low iodine values ranging from 11.75 ± 0.80
to 47.70 ± 0.60. This indicates that these oils have high content of saturated fatty acids as was also reported
by Guthrine (1989). On the other hand, the high iodine values observed for the other oil samples especially
soybean oils (127.13 ± 0.80 for crude and 112.83 ± 0.60 for refined) and groundnut oils (96.36 ± 0.60 for
crude and 98.02 ± 0.60 for refined) agree with the iodine value ranges of 120-143 and 80-106 for soybean
oil and groundnut oil respectively, previously reported by Pearson (1976).

Saponification Values of Oil Samples:
The saponification values obtained for the oil samples compare well with values (188-196mg/g) for most

oil of plant origin and 189.85mg/g observed for oil bean (Odoemelam, 2005). Similarly, results of this study
show that saponification values observed for coconut oil (247.21 ± 0.40mg/g), palm kernel oil (191.18 ±
0.40mg/g), soybean oil (185.05 ± 0.50mg/g for crude and 193.00 ± 0.10mg/g for refined) and groundnut oil
(188.12 ± 0.50mg/g for crude and 209.82 ± 0.50mg/g for refined) agree with previously reported saponification
value ranges of 245-265, 245-255, 189-195 and 187-196mg/g for these seed oils respectively (Pearson, 1976).
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Unsaponifiable Matters in Oil Samples:
Unsaponifiable matters content is a measure of the water soluble component produced after heating the

oil with potassium hydroxide. It is of special importance to the quality of the oil for soap production. The
amounts of unsaponifiable matters observed in the oil samples studied were small. This observation
corroborates earlier report that the amount of unsaponifiable matter found in edible fats and oils is usually
small, with high figures being indicative of contamination or adulteration (Onwuliri, 1997). 

Soap Content of Oil Samples:
Soap content was observed at very negligible amounts only in palm kernel oil, and crude and refined palm

oils. Soap presence in oil results in foaming and fuming during frying. It also enhances rancidity of the oil.

Refractive Indexes of Oil Samples:
The refractive indexes of all the oil samples, with the exception of that of crude cotton seed oil (0.920

± 0.001), compare well with values reported for African oil bean (1.465), soybean oil (1.466-1.470) and
groundnut (1.460-1.465) (Odoemelam, 2005; Pearson, 1976).

Insoluble Matters of Oil Samples:
The presence of insoluble matters such as solid particles, gums and coloured pigment is an index of the

level of purity of the oil sample. Although, the amounts of insoluble matters in the oil samples were generally
low but the lowest amounts were observed in coconut oil (0.002 ± 0.001%) indicating it as the purest, while
palm oil brands were least pure. However, this conclusion may be misleading and inaccurate, since presence
of some insoluble matters such as tocotrienols and carotenes in palm oil confer on it nutritional advantages
over the other oil forms (Bagepalli and Narasinga, 2003).

Cholesterol Content of Oil Samples:
Interest in cholesterol content of oil samples stems from the association between cholesterol and risk of

hypercholesterolemia, atherosclerosis and other associated cardiovascular diseases. Cholesterol is the major
sterol found in animals but only in trace amounts in vegetable oils (Nelson and Cox, 2005). Thus, the high
cholesterol contents observed in these crude oil samples may be as result of impurities, contamination or
adulteration. Meanwhile, currently most refined vegetable oils are made cholesterol free. This was the reason
why cholesterol contents were measured in the crude oil samples only.

Mineral Oil and Rancidity in Oil Samples:
Presence of mineral oil in an oil sample indicates inefficiency in the refining process and storage facilities.

There was no evidence of mineral oil presence in all the oil samples studied, with the exception of the refined
brands of palm oil. Since there was no presence of mineral oil in the crude palm oil, the refined products may
have come in contact with the mineral oils during refining processes.

Rancidity is a phenomenon in which oils and fats have unpleasant odor, taste and other characteristics due
to the presence of free fatty acid and auto-oxidation. The presence of unsaturated fatty acids in oil makes it
susceptible to oxidative rancidity (Morrison and Boyd, 1987). Rancidity reduces iodine value, but increases
specific gravity and acid value of oils. The test for rancidity was positive for all the oil samples obtained from
oil palm tree. This may account for the low iodine values and high acid values observed for palm kernel oil,
and crude and refined palm oil samples.

In conclusion, it is necessary to reiterate that the oils consumed in northern Nigeria are of good quality.
The locally processed oils compared flavourably with refined ones. However, storage issues concerning these
oils such as storage in metal tins, exposure to sunlight, prolonged storage, among others, should be further
studied to ensure that the Nigerian populace gets the best from their vegetable oils.
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