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Abstract

Oil extraction from Cashew nut was carried out by Soxhlet method using n-hexane as the
solvent. The oil was transesterified to produce Fatty Acid Methyl-Esters (FAMEs) and
glycerol. Fenugreek and Moringa seed oils were purchased from the market. GC-
Analysis gave the following fatty acids composition: Oleic (74.99%), Linoleic (1.27%),
Stearic (2.09%), Myristic (0.86%), Lauric (1.97%), Linolenic (1.75%), Palmitic (12.51%)
and Palmitoleic (2.70%) for Moringa oil; Oleic (67.62%), Linoleic (16.99%), Stearic
(8.42%) and Palmitic (6.93%) for Cashew oil while Fenugreek oil constituted of Oleic
(20%), Linoleic (42.5%), Stearic (6.5%), Linolenic (18%), Palmitic (10.5%) and
Arachidonic (0.5%). The study revealed that the three vegetable seeds are good sources of
edible oils. Cashew oil is considered to be the most suitable for food formulation as well
as pharmaceutical, paint, soap and perfume industries because of high level of unsaturated

in the fatty acid contents.

1. Introduction

Oil is any non-polar chemical substance that is viscous liquid at ambient temperature
and is both hydrophobic (immiscible with water, literally water fearing) and lipophilic
(miscible with other oil, literally fat loving). Oil has high carbon and hydrogen content

and is usually flammable and surface active. Oils have always been an integral part of
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human foods, being essential for health. Industrially, they play an important role in the
development of different areas of chemical products, pharmaceutical, cosmetics, paints
and most food [1-3].

Oils are naturally occurring esters of long straight-chain carboxylic acids. They
belong to the saponification group (containing ester groups) of lipids. Lipids are
biologically produced materials that are relatively insoluble in water but soluble in polar
and non-polar organic solvents. Edible oils are constituted of triacylglycerol molecules,
mainly formed by unsaturated (oleic, linoleic linolenic acids etc.) and saturated fatty
acids (myristic, palmitic, stearic acids etc.) esterified to glycerol units [2]. They can be
formed from a single fatty acid that could be esterified up to three times in to glycerol

backbone, or at least by three different ones.

Fatty acid is a carboxylic acid with a long aliphatic chain which is either saturated or
unsaturated. Most naturally occurring fatty acids have an unbranched chain of an even
number of carbon atoms, from C4 to Cpg. Fatty acids are usually derived from
triglycerides or phospholipids. Fatty acids are important dietary source of fuel for
animals because, when metabolized, they yield large quantities of ATP. Many cell typed
can use either glucose or fatty acids for this purpose. Long-chain fatty acids cannot cross
the blood-brain (BBB) and so cannot be used as fuel by the cells of the central nervous
system [3]. However, free short-chain fatty acids and medium-chain fatty acids can cross

the blood-brain barrier in addition to glucose and ketone bodies.

Essential fatty acids, are fatty acids that humans and other animals must ingest
because the body cannot synthesize them [2, 7]. Only two fatty acids are known to be
essential for humans which are alpha-linolenic acid (an omega-3 fatty acid) and linoleic

acid (an omega-6 fatty acid) as reported by Whitney et al. [4].
1.1. Chemical composition of vegetable oils

Although, triglycerides are the predominant component of most food fats and oils.
The minor component however, includes mono and di-glycerides, free fatty acids,
phosphatides, sterol, fatty alcohols, fat soluble vitamins, and other substances [2, 4].

A triglyceride is composed of glycerol and three fatty acids. When all the fatty acids
in a triglyceride are identical, it is termed as ‘simple’ triglyceride. The most common
forms however, are the ‘mixed’ triglyceride in which two or three kinds of fatty acids are
present in the molecule [4, 8].
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Mono- and di-glycerides are mono and diesters of acid and glycerol they are used
frequently in foods as emulsifiers. They are also prepared commercially by the reaction
of glycerol and triglycerides or by the esterification of glycerol and fatty acids. While
free fatty acids are unattached fatty acids present in a fat. Some unrefined oils may
contain as much as several percent free fatty acids. The level of free fatty acids is
reduced in the refining process. Refined fats and oils read for use as food usually have a

near to nil free fatty acids content.

Phosphatides on the other hand, consist of alcohols (usually glycerol), combined
with fatty acids, phosphoric acid, and a nitrogen containing compound for all practical
purposes, refining removes the phosphatides from the fat and oil [2, 9].

Although, sterols are found in both animal’s fats and vegetable oils, there is a
substantial difference biologically between those occurring in animal’s fats and those
present in vegetable oil. Cholesterol is the primary fat sterol and is only found in
vegetable oil ‘phytosterols’, sitosterol and stigmasterol are the best known sterol vary
with the source of the oil [3].

Fats and oils are very good sources of vitamin E. The fat-soluble vitamin A and D
sometimes are added to foods which contain fat because they serve as good carrier and

are widely consumed.

Tocopherols are important minor constituents of most vegetable fats. They serve as
antioxidants to delay rancidity and as source of the essential nutrient vitamin E. The four
tocopherol types, varying in antioxidation and vitamin E activityare alpha, beta gamma

and delta tocopherols.

Carotenoids are colouring materials occurring naturally in fats and oils. The most
range in colour from yellow to deep red. The level of most of these colour bodies are
reduced during the normal processing of oil to give them acceptable colour, flavor, and
stability AOAC, [5].

1.2. Moringa oleifera, Cashew nut and Fenugreek oils

Moringa oleifera, known as “Moringa” or “Malunggay” is an Indian tree that also
grows in Asia, Africa, South-America, the Caribbean and Oceania. The oil extracted
from Moringa is known as Ben oil and reputedly contains 70% of oleic acid, an 18-
carbon long monounsaturated fatty acid (MUFA). Since the oleic acids has good

oxidative stability when compared with polyunsaturated fatty acids (PUFAs), it has
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found use in the food industry, as it allows for longer storage and high-temperature

frying processing. It also has uses in medicine and water treatment [6].

According to Mani et al. [7] and Abdulkarim et al. [8], blending ben oil with
sunflower oil and soybean oil enhances the oxidative stability of the mixture. Comparing
the chemical properties, Moringa seed oil is considered equivalent to olive oil, and may
be used for human consumption. Also, the oil from Moringa seeds has shown the
strongest antifungal activity against a zoophilic dematophyte caused marked

inflammatory reactions in humans.

Another potential use of Moringa oil is as biodiesel feedstock. As an alternative
source of oil, Moringa seeds have been proposed as a potential source to complement the

mentioned feedstock [9].

Cashew nut oil being delicious vegetable oil of high quality and one of the most
widely used oil today, extracted by pressing the kernels or seed of the plant. The oil is
extremely therapeutic for many reasons. Cashew tree has originated in Brazil and its
fruits were broadly famous in this region. After this, Cashew also started growing in
certain parts of Africa in addition to 56 continents of Asia. It is extremely well know that
cashews are extremely abundant with selenium, zinc, magnesium, proteins as well as

antioxidants.

According to Sudrez-Mahecha [10] and Tinoco et al. [11], the essential linoleic fatty
acid present in Cashew nut cannot be produced by the human body and therefore it has to
be obtained from foods. The essential fatty acids are necessary for the proper functioning
of the body and play important role in the regulation of several metabolic transport, and

excretion processes.

Accordingly, Paiva et al. [12] and Ryan [13] reported that Cashew nut oil has a high
nutritional value because it is rich in PUFAs (polyunsaturated fatty acids) since it
contains oleic (w-9) (59-61%) and linoleic (w-6) (16-20%) fatty acids respectively.

Fenugreek (Trigonella foenum-graceum) is a self-pollinating annual herbaceous
aromatic leguminous crop, widely cultivated in Northern Africa, Europe, West and South
Asia, North America, Argentina and Australia. It is considered the oldest known medical

plant in human history, reportedly used for the treatment of diabetes [14].

Fenugreek seed is a good source of essential amino acids, especially leucine, lysine

and total aromatic amino acids. Recently, Savitha and Manohar [15] reported that the
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seed contains 20-25% protein, 6-8% oil, 45-50% dietary fiber, and 2-5% steroidal
saponin. Further, the seed is well characterized with a distinctive pungent scent that
impacts flavor, colour and aroma of foods, making it highly desirable in culinary
applications as a food spices in countries where it is grown [16]. Advances in
nutraceuticals and demand for functional foods have stimulated interest in Fenugreek as
a food supplement. An increase in demand for food implies the need to increase the

production of alternative sources of edible oils.

Studies conducted by Schuette et al. [17] focused on the health benefits of Fenugreek
seed oil.

2. Experimental

2.1. Sample procurement

The Cashew nuts were obtained from Jega Local Government and Gotomo Village
of Kebbi State while Moringa and Fenugreek oils were purchased from Sokoto Central
market.

2.2. Preparation of samples

The Cashew nuts obtained were sun dried for two weeks, they were shelled in order
to separate and obtain kernels free of cracks. This was done manually by placing them on
a flat stone and cracked with a wooden mallet. The powder was stored and used for

subsequent analysis.
2.3. Oil extraction

The Soxhlet column was fitted to a reflux condenser and the Soxhlet extractor set up
was then placed on a boiling water bath. As the n-hexane vaporize and condense,
condensed vapour falls into the porous thimble with contain the crushed powdered nut
sample. The oil from the nut powder was then dissolved by n-hexane and forms a

homogenous mixture.

The extraction was done continuously, changing the nut powder in the thimble after
two hours, when most of the oil was expected to have been extracted. After extracting
the oil, the homogenous mixture (i.e. oil/solvent) was transferred into a distillator, in
order to separate the oil from n-hexane, the n-hexane distilled off and the oil was
removed when all the suspected n-hexane was evaporated. The oil was then cooled after
which it was weighted.
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2.4. Determination of percentage oil yield

The Franz Von Soxhlet extraction method described by AOAC [5], was used to
determine the percentage oil yield. Five grams (5.0g) of the powdered sample was placed
in the thimble and about 150ml of normal hexane was poured into the round bottom
flask. The apparatus was heated at about 60 OC for two hours continuous extraction. The
experiment was repeated with 5.0g of sample. After two hours, solvent was distilled and

the percentage oil yield determined.

Weight of oil extracted »
Weight of the seed

% Oil Content = 100.

2.5. Transesterification

Transesterification is a reaction of triglyceride with alcohol to produce esters and
glycerol. The reaction is often catalyzed by an acid, base or enzymes. Base catalyzed

reaction is employed for oils having low free fatty acids content [18].

The method of Alhassan et al. [19] was employed for the oil transesterification. The
oil samples (2501113) each was dissolved in toluene (1ml) in a test tube fitted with a
condenser, and 1% sulphuric acid in methanol (2ml) is added. The mixture was left over
night in stoppered tube at 50°C (or is refluxed for 2 hours), then water (5ml) containing
sodium chloride (5%) is added and the required esters are extracted with hexane, using
Pasteur pipette to separate the layers. The hexane layer was washed with water (4ml)
containing potassium bicarbonate (2%) and dried over anhydrous sodium sulphate. The
solution is filtered and the solvent removed under reduced pressure in a rotatory film
evaporator or in a stream of nitrogen. The same procedure was employed for all the oil
samples.

2.6. Determination of fatty acid profile of the oil

Fatty acids profile of the oils were determined using gas layer chromatography,
methyl ester derivatives were first prepared by transesterification as stated elsewhere
[18].

3. Results

The results obtained from the experimental studies are presented in Tables 1-2.
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Table 1. Prevalent fatty acids composition in the three oils.

Fatty Acids Formula C/O (%) F/O (%) M/O (%)
Lauric acid Ci20 -— -—- 1.97
Mpyristic acid Cia:0 - --- 0.86
Palmitic acid Ci6:0 6.93 10.5 12.51
Stearic acid Cis.0 8.42 6.5 2.09
Oleic acid Cis:1 67.62 20.0 74.99
Linoleic acid Cig2 16.99 42.5 1.27
Arachidonic acid Ca0:0 — 0.5 -
Linoleic acid Cig:3 -— 18.0 1.75
Palmitoleic acid Ci6:0 - - 2.70

Keywords: F/A: Fatty Acid, C/O: Cashew Oil, F/O: Fenugreek Oil, M/O: Moringa Oil.

Table 2. Percentage unsaturated/saturated fatty acids in the three oils.

Sample/Oil Type TSFAs (%) TUFASs (%) Others (%)
Moringa 20.13 78.09 3.83
Fenugreek 17.51 80.5 2

Cashew nut 15.35 84.61 0.04

Keywords: TSFAs = Total Saturated Fatty Acids; TUFAs = Total Unsaturated Fatty Acids.
4. Discussion

Table 1 presents the percentage fatty acid compositions in the three oils. The fatty
acid composition which is the mixture of triglycerides is a characteristic to each
vegetable oil. The Cashew, Moringa and Fenugreek oils have high content of
monounsaturated fatty acids (MUFAs) Oleic acid 67.62%, 20%, 74.99% respectively.
The levels of linoleic acid in oils studied are low; (16.99%) for Cashew oil and (1.27%)
for Moringa oil.
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On the other hand, Fenugreek oil contain higher amount of Linoleic acid (42.5%)
while Linolenic acid, Oleic acid and Palmitic acid contents are found to be 18%, 20%,
10.5% respectively. Beside these fatty acids, the oil also contain small amount of Stearic
acid (6.5%) and Arachidonic acid (2.5%). Moreover, the amount of the Linoleic acid
detected in both plant seed oils were comparable to many seeds such as Cucurbia
maxima (43-50.3%) as Gyroperma (35.6-45.3%) reported by Applequist et al. [20]. It has
been reported by Prasad [16], that Fenugreek (Hulba) is useful in flavoring many canned

food and syrups and as an ingredient in some perfumes.

The prevalent fatty acids found in Cashew nut oil were Palmitic acid (6.93%),
Linoleic acid (16.99%), Oleic acid (67.62%) and Stearic acid (8.42%). Unlike
Fenugreek, Cashew nut has a content of both monounsaturated (MUFAs) and
polyunsaturated fatty acids (PUFAs), which amounted to 67.62% and 16.99%
respectively. Mexis and Kontominas [21] reported a lower value (50%) for (MUFAS) in

Cashew nut oil.

Lauric acid, Myristic acid, Palmitic acid and Palmitoleic acid were the saturated fatty
acids in Moringa oil and there percentages were 1.97%, 0.86%, 12.51% and 2.70%
respectively.

The total unsaturated fatty acid is seen to be much higher than the total saturated
fatty acids in Cashew, Moringa and Fenugreek oils. This agrees with the report of
Wardlaw [22] that the plant oil contains mostly unsaturated fatty acids from 73-94% of
the total lipids. From nutritional viewpoint, the presence of Oleic acid in diet is very
useful. It has been reported [23-27] that Oleic acid is effective in lowering the total
cholesterol (10%) in blood.

Therefore it is useful in reducing cardiovascular diseases like atherosclerosis [28-
35]. The slight differences in the values obtained in this work and from those reported
elsewhere in literature may be due to differences in environment, genetic and
geographical factors [36].

The presence of saturated and unsaturated fatty acids in the oils, projects the oils for
use in food industry, soap industry and coating industry after consideration of other

important qualities/characteristic relevant to usage [37-39].

http://www.earthlinepublishers.com



Comparative Fatty Acids Composition of Cashew, Fenugreek and Moringa ... 329

5. Conclusion

In view of these findings about Cashew oil, Moringa oil and Fenugreek oil, it can be

concluded that the oils can be used in food. Other areas of importance are soap, paint and

pharmaceutical industries.

The improvement on the oil yield capacity of the Cashew may be through genetic

modification and will be an exciting future challenge thus will form our next line of

research effort.
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