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Abstract : The Canavalia ensiformis used for this study was cultivated and harvested in Owo, Ondo state of
Nigeria. The seed was prepared by sun drying for two weeks; it was later dehulled and milled to flour. The
proximate and the mineral compositions of the seed were investigated using standard analytical techniques. The
oil in the seed was extracted using solvent extraction method. The resulting crude oil was assessed for
physicochemical parameters and fatty acid composition. Canavalia ensiformis contains high protein content,
high carbohydrate content, high fibre content, low lipid and adequate minerals. The oil was bright in colour,
transparent with low thermal stability when in contact with air. The free fatty acid and acid value was low, have
high iodine and peroxide values, and low saponification value. Oleic acid has the highest fatty acid
composition with 32.88%, followed by Linoleic acid with 25.93%. The total saturated fatty acid was 8.41%,
while the total unsaturated fatty acid was 86.49%. Having considered the proximate and mineral compositions,
the study revealed that the seed have high potential for animal and human consumption. In addition, it
compared favourably with some conventional edible legumes. The oil, if refined and consumed will supply
essential fatty acid to the body based on the fatty acid composition.

Keywords: Canavalia ensiformis, Physicochemical, Mineral, Proximate, Oil

l. INTRODUCTION

Large population in developing countries suffers differing degree of malnutrition because protein rich
food such as meat, milk, fish were expensive to acquire. In response, many food scientists were focusing on
legumes in an effort to develop nonconventional protein source and apply them as nutritional ingredients [1, 2].
Apart from this, there are some wild leguminous plants whose potential have been exploited [3]. The importance
of legumes in the diets of man and animal cannot be overemphasized. The role it plays in developing countries
has been well documented [4]. They are rich in nutrients such as digestible protein with good array of amino
acids minerals [5]. Most of these wild seeds have been reported to be a good source of oil and they contain
essential fatty acids [6]. Leguminous seed have been reported to be excellent sources of energy [4, 7] in animal
and human diets. Many wild vegetables, even weeds of agriculture are highly rich not only in protein but also in
Calcium, Iron and Vitamin A [8]. Various studies are being carried out to assess the protein potential of legumes
that are still not widely used as dietary sources of protein, as well as a genetic resource for the improvement of
traditional legume crops [9].

Canavalia ensiformis, commonly known as Jack bean, is usually used in Nigeria as an ornamental plants,
grown near houses and allowed to trail on walls and trees [10]. It is the most common shrub in the North coast
of Columbia [11]. Jack bean belongs to the kingdom Plantae, division magnoloiphyta, order fabales, family
fabaceae, Genus Canavalia and species Canavalia ensiformis [12]. The information on the nutritional
composition is limited; in fact, little information was reported concerning the physicochemical properties of the
oil. This study therefore, is designed to provide analytical data on proximate, mineral and functional properties
of the seed as well as physicochemical composition of the oil extracted from the seed.

1. MATERIALS AND METHOD

The matured pods of Canavalia ensiformis was harvested from a lawn located in Owo, Ondo State,
Nigeria. It was manually opened to remove the seeds, which were sundried for about 10 days. The shell was
removed before milling to flour. A soxhlet extractor was used for extraction of the oil. The solvent used was
petroleum ether which was recovered by simple distillation. The residual oil collected was referred to as crude
oil. Both the seed flour and the crude oil were used for analytical work.

The proximate analysis of the samples which were: moisture content, ash content, crude fibre and crude
fat were carried out in triplicate using standard analytical methods [13]. The nitrogen content was determined by
the micro kjeldah method [14], and the nitrogen content was converted to protein by multiplying by a factor of
6.25. Carbohydrate content was determined by difference, that is, 100 minus crude protein, crude fibre, ether
extract, moisture content and ash content.
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The minerals were determined by dry-ashing the sample at 550°C to constant weight and dissolving the
ash in a volumetric flask, using distilled and deionized water with a few drops of concentrated hydrochloric
acid. Sodium and potassium were determined by using a flame photometer with NaCl and KCI to prepare the
standards, while other parameters were determined using Atomic Absorption Spectrophotometer [15]. The
macro minerals were reported in g/100g, while the micro minerals were reported in mg/100g.

The moisture content and specific gravity were determined according (AOAC, 1992), while the
refractive index was determined using Abbey Refractometer. The colour was determined using Lovibond
Tintometer in one Inch cell [15]. The Flash point, Fire point Smoke point and Turbidity were determined by
standard method [15].

The chemical parameters were equally determined by official method of analysis [13]. The chemical
parameters determined were free fatty acid, acid value, saponification values, peroxide value and iodine value.
The analytical test method for fatty acid methyl ester were carried out using Agilient 6890 series, Gas
chromatograph filled with a flame ionization detector and enhanced integrator. Helium gas was used as carrier
gas. The column initial temperature was 250°C rising 10°C/mm to a final temperature at 300°C, while the
injector and the detector were maintained at 250°C and 300°C respectively. The peak was identified by
comparing with standard fatty acid methyl esters [15].

1. RESULTS AND DISCUSSION
3.1. Results
Table 1: Proximate composition of Canavalia ensiformis seed flour
Parameters Results in g/100g
Moisture content 219+ 032
Protein content 20.97+051
Crude fibre 2.55 + 0.15
Ash content 345 £ 0.96
Ether extract 1023161
Carbohydrate 60.61+251

Mean + standard deviation of triplicate determinations

Table 2: Mineral composition of Canavalia ensiformis seed flour

Minerals Concentrations (g/100g)

Sodium (Na) 253

Potassium (K) 5.92

Calcium (Ca) 3.21
Magnesium (Mg) 1.95
Phosphorus (P) 1.50
Zinc (zn) 2.90
Iron (Fe) 0.83
Manganess (Mn) 0.35
Copper (Cu) 0.43
Lead (Pb) 0.14

Table 3: Physicochemical Parameters of crude Canavalia ensiformis Crude Oil

Parameters Results
Specific Gravity 0.92 +0.00
Refractive Index 1.46 +0.41
Colour (units) 7.00 +£0.00
Moisture content (%) 1.22 +1.02
Flash point (°C) 199.30 + 2.10
Fire point (°C) 300.20 + 2.50
Smoke point (°C) 166.00 + 5.40
Soft point (°C) 17.3 *0.50
Turbidity (Jtu) 145.00 + 0.72
Free fatty acid (% oleic acid) 3.20 +£0.72
Acid value (% oleic acid) 6.40 +1.42
Saponification value (mg KOH/100g oil) 196.50 + 1.40
Peroxide value (meq. Peroxide/kg) 18.30 +0.10
lodine value 67.20 +0.26

Mean + Standard Deviation of triplicate determinations.
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Table 4: Fatty acid compositions of Crude Canavalia ensiformis Oil
Fatty acid methyl ester Fatty acids Carbon number  Results (%)

Caprilate Caprylic 8:00 0.04
Capritate Capric 10:00 0.09
Laurate Lauric 12:00 0.05
Myristate Myristic 14:00 4.85
Palmitate Palmitic 16:00 3.08
Palmitolate Palmitoleic 16:01 18.97
Stearate Stearic 18:00 0.05
Oleate Oleic 18:01 32.88
Linoleate Linoleic 18:02 25.93
Linolenate Linolenic 18:03 8.71

Arachideate Arachidic 20:00 0.25

3.2 Discussion

Table 1 gives the result of the proximate composition of Canavalia enciformis seed. The result in
9/100g was: protein (20.97+0.51), ash content (3.45+0.96), ether extract (10.23+£1.61), crude fibre (2.55+0.15),
moisture content (2.19+0.32) and carbohydrate (60.61+2.51). Proteins are essential component of diet needed
for the survival of animals and humans, their basic function in nutrition is to supply adequate amount of amino
acids [3]. The seed under study was rich in protein like other leguminous plants. The protein content compares
favourably with 21.90% reported for Phaseolus vulgaris, 20.60% for Cicer arietium, 22.4% for Cajana cajan
22.20% reported for Hura crepitans [16-18]. However, it was less than 29.90% reported for Pisum sativum and
26.20% for some selected varieties of Cowpeas [19]. The values obtained for crude protein in this study was an
indication that the seeds might be useful in the formulation of animal feeds.

The ash content gives an idea of the amount of inorganic content of the sample from where the mineral
contents could be obtained. The values obtained for ash content was within the range 1.63-8.53g/100g reported
for commonly consumed fruits and some selected varieties of Cowpeas [20]. Samples with higher percentage of
ash content were expected to have high concentrations of various mineral elements, which were expected to
speed up metabolic processes and improve growth and development. However, the value obtained for ash
content was less than 5.80% reported for Cajanus cajan [17].

The ether extract was low in the seed implying that the oil content of the seed was low. Ether extracts
are essential because they provide the body with maximum energy; approximately twice that for equal amount
of protein and carbohydrate [21]. The ether extract was less than 18-20 % reported for some selected seeds and
nuts such as Soy bean, Sunflower, Safflower and Peanut [22-23]. The low level of ether extract in the seed
implies that the seed might not be a good source of oil which means that the oil in seed could not be
commercially extracted and refined to edible vegetable oil. However, the oil content was higher than 1.40-
4.0.00% reported for processed Vigna unguiculata and 2.60% reported for Cajana cajan [17, 24]. Fibre helps
in the maintenance of human health and has been known to reduce cholesterol level in the body. The value
obtained for fibre was in line with the value obtained for some selected varieties of Cowpeas and the fibre
content was less than some African fruits [25].

The moisture content was low suggesting that the seed might be able to withstand long period of
storage and transportation. The carbohydrate content was high suggesting that the seed would be a good source
of carbohydrate. The high carbohydrate contents indicate that it might be a good supplement to scarce cereal
grains as sources of energy in feed formulations [25].

Table 2 depicts the mineral compositions of Canavalia ensiformis seed flour in g/100g. The macro
minerals detected in the sample and their values were: Sodium (2.53), Potassium (5.92), Calcium (3.21) and
Magnesium (1.95). The micro minerals detected in mg/100g were: Iron (0.83), Copper (0.43), Manganese
(0.35), Lead (0.14), Zinc (2.90) and Phosphorous (1.50). Potassium has the highest value followed by Calcium.
Potassium plays important role in lowering the risk of high blood pressure [26]. Calcium is concerned with
nerve impulse transmission, muscle contraction and blood clotting. This justifies the incorporation of the seed in
formulation of food for animal and human consumption.

Magnesium is an essential component of Chlorophyll in green plants and oxidation of enzymes in
animals, like Potassium, it is lost from cells in states of chronic water and salt loss from the tissue fluids and
blood, as in some long-standing intestinal disease with diarrhea. Normally about 300mg is present in normal diet
[26]. The value obtained for Magnesium would supply this concentration if added to food mills.  Only
occasionally have human been found to have Manganese deficiency. An average human being contains 10-
20mg, a quarter of which is found in bone, the rest being uniformly distributed in tissues [26, 27]. The
Manganese in the seed would only compliment the Manganese in human body. Phosphorous take secondary role
in bone formation, however, the deficiency results in series of bone diseases. Zinc is said to be an essential trace
element for protein and nucleic acid synthesis and normal body development [28]. It is a component of many
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enzymes such as Carbonic anhydrase, essential for normal body function and the seed could supply the 12
mg/day which is the required dietary allowance (RDA) [29].

Table 3 gives the result of the physicochemical parameters of Crude Canavalia ensiformis oil sample.
The moisture content was determined to be 1.22+0.02, the presence of moisture might be as a result of the
efficiency of the Soxhlet extractor and/or, it might be as a result of experimental error. The colour of the crude
oil was determined to be 7.00+0.00 lovibond units. The bright colour of the crude oil might be as a result of low
level of Red pigment present in the oil. The colour was similar to 7 lovidond units reported for bleached Soy
bean oil [22]. The colour was less than 18.00 units for crude Soy bean oil, 20.00 units for crude Cajanus cajan
oil and 25.00 units for crude Shea Butter [22, 24, 30]. The specific gravity of the oil was determined to be 0.92,
this value agrees with the value obtained for crude oil of Sunflower, crude Soy bean oil as reported by [22- 24].
However, it was higher than 0.87 reported for crude Luffa cylindrica oil [6]. The Refractive index was
1.46+0.01 which was in consonance with the value range of 0.472 to 1.476 for edible oils as reported by [31].
The Smoke, Flash and Fire points were the standard measures of its thermal stability when heated in contact
with air. The result of the smoke, flash, fire points were 166.00+5.40°C 199.30+2.10°C and 300.30+2.10°C,
respectively. This implies that the oil was a low molecular weight oil since the values was less than 420°C,
620°C and 670°C for Smoke, flash and fire points respectively, which was reported for high molecular oils. This
result suggests that the oil might possess low combustion characteristics . The soft and cloud points were
determined to be 17.3+0.5°C and -3.00+0.00°C respectively. The turbidity value was 145.00+0.72 Jtu, implying
that the oil was transparent and clear. However, it was higher than 10.00jtu reported for Luffa cylindrica oil [6].
Free fatty acid and acid value are among the characteristics that are necessary for the confirmation of the
identity and edibility of the oil. The free fatty acid and the acid value were determined to be 3.20% oleic acid
and 6.40% oleic acid respectively. The values were indications that the oil can be refined to edible vegetable oil.
Since most fatty acids present in natural fats are not soluble in water, some have relatively high fatty acids,
while some show low fatty acids [32]. These values were within the range values of 1.00 -5.00% reported for
crude soybean oil [23, 33]. However, the values were higher than 1.40%oleic acid and 3.09%oleic acid reported
for crude Sunflower oil [22].

The peroxide value was determined to be 18.30+0.10 (mEg/peroxide/kg). The peroxide value is
indication that the oil would be susceptible to oxidative rancidity, which gives an insight to presume that the oil
contains high level of unsaturated hydrocarbon. However, the peroxide value was higher than
12.60mEq/peroxide/kg reported by [22], and less than 21.38 mEg/peroxide/kg for crude Soy bean oil, both
contain unsaturated fatty acids. The Saponification value was 196.5+1.0mgKOH/g oil, which is in range with
190.00-210.00mgKOH/qg oil reported for crude Soy bean oil [23, 33]. This value suggests that the sample might
be of low molecular weight fatty acid triglyceride. The value was also very close to 197.43mgKOH/g reported
for crude Sunflower oil [24], suggesting that the oil might not find application in soap and shampoo industries.
However, this value is higher than 179.52mgKOH/100g reported for Luffa bean oil [6]. The unsaturated
glyceride of oil is the ability to absorb a definite amount of iodine [31, 34]. The iodine value was determined to
be 67.2+0.26mg/100g. The level of the iodine value gives an insight to presume that the oil contains high level
of unsaturated hydrocarbons and it will not be stable in air at ordinary temperature. This shows that it is a non-
drying oil, and does not congeal at ordinary temperature after several days. Therefore, the oil may find its
application in the manufacturing of lubricants, hydraulic fluids and coating [35].

Table 4 gives the fatty acid composition of crude Canavalia ensiformis oil. The fatty acids detected and
their values were: Caprylic acid 0.04, Capric acid 0.09, Lauric acid 0.05, Myristic acid 4.85, Palmitic acid 3.08,
Palmitoleic acid 18.97, Stearic acid 0.05, Oleic acid 32.88, Linoleic acid 25.93, Linolenic acid 8.71, and
Arachidic acid 0.25. All the fatty acids detected were in crude Soy bean oil, crude Safflower oil and crude
Sunflower oil [22, 33]. Caprylic acid and Capric acid were the additional fatty acids detected in the sample. The
values obtained for Caprylic acid and Capric acid was less than 1.3% and 4.14% respectively reported for crude
Ginger oil [36]. Fatty acid composition is used for classification of oil, depending on the predominant type of
fatty acid. In this regard, the oil under investigation can be classified as high oleic acid, based on the high
content of Oleic and Linoleic acids. The value obtained for Linoleic acid compared favourably with 27.8%
reported for Sunflower oil, while the linolenic acid value was higher than 0.04% determined for Sunflower [37].
The summary of the fatty acids in the oil were as follows: total saturated fatty acids was 8.41%; total
unsaturated fatty acids was 86.49%, the total fatty acids was 94.90%. The 5.10% was the value for fatty acids
in the oil sample that was not detected. This might be as a result of impurities present in the crude oil.

V. CONCLUSION
The study revealed that the seed has high potential for animal and human consumption, having
considered the proximate and mineral composition. In addition, it compares favourably with some conventional
edible legumes. The results of the various investigations on crude Canavalia ensiformis oil suggest that the oil
could be refined and consumed by human being and if consumed, it will supply the essential fatty acids needed
in the body based on the results of the fatty acid composition of the oil. The results of the physicochemical
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properties further support the suitability of the oil for consumption rather than industrial application for soap

making.
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