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ABSTRACT: Oil extracted from ripe peel of Musa paradisiaca (plantain) was analyzed for physicochemical properties and
fatty acid constituents using standard methods. The results revealed that the acid value, peroxide value and specific gravity
were significantly (p<0.05) higher than those of soybean oil whereas saponification value, iodine value, ester value, boiling,
smoke, flash and fire points were significantly lower than in soybean oil. The percentage yield of the oil from the peel of M.
parasidiaca fruit was 6%. The component phospholipids of the peel oil included phosphatidyl glycerol and
diphosphoglycerol while the neutral lipids were free fatty acids and cholesterol esters. Myristic, lauric and a-Linolenic acids
were higher in the peel oil than in the soybean oil whereas palmitic, stearic, oleic and linoleic and acids were lower in the
peel oil when compared with the soybean oil. Overall, the results suggest that the oil from the ripe peel of Musa parasidiaca
may not be a good candidate for conventional oil and may not be a good raw material for soap, paint and food industries.
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Introduction

Musa paradisiaca (family-Musaceae), also known as plantain (English), ogede agbagba, apanda (Yoruba),
ayaba (Hausa) and Ogadejioke (Igbo), is a tropical plant that is native to India. The plant consists of long,
overlapping leafstalks and bears a stem which is 1.22 to 6.10 m high. The leaves grow to a length of 1.83 m and
0.61 m wide. The fruits grow in clusters, each separate plantain of the cluster being about 1 inch in diameter
and somewhat longer than a banana.

Various parts of the plant such as the leaves, roots and fruits have been used for medicinal purposes. For
example, the fruit is consumed as food. Again, the leaf juice is used in the treatment of fresh wounds, cuts and
insect bites while the leaves act as an arbortifacient. The sap of the plant is used as a remedy for diarrhoea,
dysentry, hysteria and epilipsy. A cold infusion of the root is used to treat venereal diseases and anaemia. In
addition, the fruit has been raportedly used as antiscorbutic, aphrodisisac and diuretic (1).

Furthermore, the fruits have peels which are discarded as waste after the inner fleshy portion has been eaten.
Omole et al (2) reported that the peels have the potentials of replacing maize (corn starch) in the diet of snail. As
at the time of carrying out this study, information on the oil from M. paradisiaca appears to be scanty.
Therefore, this study aims to provide information on the physicochemical properties and chemical constituents
of the oil from the peel of ripe M. paradisiaca fruits.
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Materials and Methods
Musa paradisiaca peels

Ripe peel of M. paradisiaca fruits were obtained from within the mini- and main campuses of the University
of Ilorin, Ilorin, Nigeria.

Chemicals and reagents

All the chemicals and reagents used in this study were of analytical grade and were products of British Drug
House Laboratory, England.

Extraction and purification of oil from the peel

The peels were cut into pieces, oven dried at 60°C for 72 h to constant weight. The pieces were then
pulverized using an electric blender and thereafter stored in polythene bag. The oil was extracted from the
resulting powder by adopting the method described by A.O.A.C (3) which entailed using Soxhlet apparatus to
extract the oil with petroleum ether at 40-60°C. Next, the method described by Folch et al (4) was used to purify
the oil. Briefly, 0.73% of NaCl solution was added to the oil solvent mixture in a separating funnel. This
separated into two layers: the upper (organic phase), and the lower layer (aqueous phase). The lower phase was
run-off, and chloroform: methanol: 0.58% NaCl solution (3:48:47 v/v/v) was added for further purification of
the organic phase. This again separated into two layers after which the lower layer was run-off, leaving the
upper phase of the mixture containing the purified oil and solvent. The solvent was then driven off by placing
the oil-solvent mixture in a bath leaving behind the purified oil.

Determination of the physicochemical properties of the oil

The acid, ester, saponification, iodine and peroxide values were determined using the procedures described
by Pearson (5) while the procedures described by Onwuka (6) were adopted for the determination of the specific
gravity, boiling point, smoke point, flash point and fire point of the oil.

Determination of lipid content of the oil

The neutral and phospholipid components of the oil were determined using the Thin-Layer Chromatographic
(TLC) technique described by Ackman (7). In this method, plates were washed with detergent and dried in the
oven. The plates were thereafter coated with Silica gel to a thickness of 0.5nm, air dried again and activated in
the oven for 20 minutes at 100°C. Furthermore, the oil was spotted on two of the coated TLC plates (one for
neutral lipid and the other for phospholipids) using a capillary tube. The plates were later air-dried and placed in
a chromatographic tank containing chloroform: methanol: water (65:25:4 v/v/v), for phospholipids and
petroleum ether: diethyl ether: acetic acid (80:20:1 v/v/v) for neutral lipids. The separated spots were visualized
by placing the plate in iodine vapour tank for 5 minutes, and the spot outline were marked immediately. The
separated lipid components were identified from the calculated R values, compared with those of the standard

(®).
Determination of fatty acid constituents of the oil

In this procedure, the oil was first methylated by dissolving 0.125gm of the oil in 5.0 ml of N-hexane. This
was then followed by the addition of 0.5 ml of 5M sodium methoxide and vigorously shaken. The Gas-Liquids
Chromatographic technique as described by Pearson (5) was adopted for the determination of the fatty acids in
the oil. Methylated oil was then introduced into the injector of GC-Shimadzu-17A (FID) at a temperature of
230°C, and a detector temperature of 240°C while the nitrogen gas was maintained at 5.5Psi. The fatty acids
were eluted as peaks whose retention time was compared with those of known standards.

Statistical analysis

Data which were expressed as the mean of three replicates were analyzed using the Student’s t-test.
Differences were considered statistically significant at P< 0.05.
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Results

The physicochemical analysis of the oil from ripe peel of M. paradisiaca fruit revealed that the acid value,
peroxide value and specific gravity were significantly (p<0.05) higher than their corresponding values in the
soyabean oil (Table 1). In contrast, the saponification value, iodine value, ester value, boiling point, smoke
point, flash point and fire point were significantly lower than those of the soybean oil. The percentage yield of
the oil from the peel of M. parasidiaca fruit was 6%. The component phospholipids of the peel oil included
phosphatidyl glycerol and diphosphoglycerol while the neutral lipids were free fatty acids and cholesterol esters
(Table 2). Fatty acid component analysis of the oil from the ripe peel of M. paradisiaca revealed that the peel oil
is higher than soybean in lauric and myristic acids whereas the palmitic, stearic, oleic and linoleic acids were
lower in the oil from M. parasidiaca fruit when compared with that of soybean oil (Table 3).

Table 1: Physicochemical properties of Musa parasidiaca peel oil.

Parameters Soybean Qil Musa parasidiaca peel oil
Peroxide value (meq O%/kg) 0.06+0.001° 17.00+1.52°
Acid value (mg/g) 0.09+0.001° 0.90+0.12°
Saponification value (mg/g) 186.50+2.31° 39.27+3.36°
Todine value (g/g) 146.3740.55° 33.50+3.90
Ester value (mg/g) 186.4142.14* 38.37+2.53"
Specific gravity 0.93+0.08° 1.92+0.02°
Boiling point (°C) 220+6.33" 198.00:+4.64°
Smoke point (°C) 250.00+6.17° 210.00+5.77°
Flash point (°C) 270.00+5.67° 220.00+8.66"
Fire point (°C) 285.00+5.77° 235.00+11.54°

Values are mean of three determinations + S.E.M
Values for same parameter with different superscripts are significantly different (P<0.05).

Table 2: Phospholipid and neutral lipid components of the oil from the peel of Musa paradisiaca fruit.

R¢ values for soybean oil R¢ values for the peel oil Reference values Inferences

0.840 0.833 0.830-0.840 Phosphatidyl glycerol

- 0.101 >0.91 Di hosphatidyl glycerol
0.420 0.431 0.310-0.500 Free fatty acid

- 0.897 0.895-0.964 Cholesterol ester
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Table 3: Fatty acid composition of Musa parasidiaca peel oil

Fatty acids Soybean oil (%0) Musa parasidiaca peel oil (%0)

Saturated fatty acids

Lauric acid (12:0) 7.23 78.02
Myristic acid (14:0) 0.10 8.97
Palmitic acid (16:0) 10.30 6.27
Stearic acid (18:0) 3.80 0.52

Monounsaturated fatty acids
Oleic acid (18:1) 22.30 0.04

Polyunsaturated fatty acids

Linoleic acid (18:2) 51.00 6.18
a-Linolenic acid (18:3) 6.80 12.30
Discussion

In this study, the quality of the oil from the peel of M. paradisiaca fruit was assessed using parameters such
as acid, peroxide, iodine, saponification and ester values as well as specific gravity, boiling point, smoke point,
flash point and fire point and such values were compared with a conventional oil, soybean oil.

Acid value is an important index of physicochemical property of oil which is used to indicate the quality,
age, edibility and suitability of oil for use in industries such as paint (9). According to Demian (10), acid values
are used to measure the extent to which glycerides in the oil has been decomposed by lipase and other physical
factors such as light and heat. Thus, the higher acid value of the peel oil when compared with that of soybean oil
suggests that the peel oil is more susceptible to lipase action. This value (0.90 mg/g) for the peel oil is higher
than the 0.6 mg/g proposed by Usoro et al (11) for edible vegetable oil. Peroxide value is used as a measure of
the extent to which rancidity reactions have occurred during storage. The higher peroxide value of the peel oil
also corroborated the fact that the peel oil has less resistance to lipolytic hydrolysis and oxidative deterioration
when compared with the soybean oil (12). The peroxide value of the peel oil (17.00 mEq/kg) contrast the
findings of Atasie et al (13) who got a value of 5.99 mEq/kg for the oil from Arachis hypogae. The higher
peroxide value of the peel oil indicated a more susceptibility to oxidation than the soybean oil (14). Again, the
peroxide value of the oil from the peel of M. paradisiaca fruit is outside the range of 0-10mEq/kg stipulated for
freshly prepared oil (15). Therefore, it is likely that storage for a long time may lead to rancidity of the oil.
Saponification value is an index of average molecular mass of fatty acids in oil sample. The lower value of
saponification value in the peel oil suggest that the mean molecular weight of fatty acids is lower than that of
soybean oil or that the number of ester bonds is less when compared to that of soybean oil. This might imply
that the fat molecules were not intact (16). This is in line with the higher susceptibility to lipase action and other
oxidative means (13). Therefore, the extremely low value of saponification of the peel oil may limit its use in
the saponification industry. Furthermore, the lower iodine value of the peel oil suggests that the amount of
unsaturated fatty acids is lower than that of soybean oil. While the lower ester value of the peel oil suggests
fewer amounts of glycerides, the higher value of specific gravity of the peel oil implies that it is 2.08 times
denser than the soybean oil.

Boiling point, smoke point, flash point and fire point of oil are parameters used to assess the thermal stability
of oil samples (17). The boiling point is the temperature at which the oil boils; the smoke point is the
temperature at which cooking oil begins to break down to glycerol and free fatty acids. The glycerol is then
further broken down to acrolein which is a component of the bluish smoke. It is the presence of the acrolein that
causes the smoke to be extremely irritating to the eyes and throat. The smoke point has also been reported to
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marks the beginning of both flavor and nutritional degradation. Therefore, it is a key consideration when
selecting a fat for frying, with the smoke point of the specific oil dictating its maximum usable temperature and
therefore its possible applications. On the other hand, the flash point is the temperature at which volatiles
evolving from the heated oil will flash, but not support combustion whereas the temperature at which the oil
supports combustion is the fire point (6). Most vegetable oils have their flash point above 350°C. Therefore, the
lower boiling point, smoke point, flash point and fire point of the peel oil when compared with the soybean oil is
an indication that the peel oil is less thermally stable than the soybean oil. Coupled with the sticky and gummy
nature of the oil, it is unlikely that the oil will be suitable for deep frying. However, if subjected to some form of
processing, it may be a good candidate in the cosmetic industries due to its fragrance.

The percentage yield of the oil from the peel of M. parasidiaca fruit which was 6% is considered to be very
low. Therefore, the oil is classifeid as low yielding. The detection of diphosphatidylglycerol and cholesterol
esters in the peel oil is noteworthy as they were not detected in the soybean oil (Table 2). Phospholipids have
been reported to be an important component of cell membrane fluidity and functionality while the neutral lipids
serve as store of energy and constituents of membrane structure (18). The presence of these classes of lipids may
enhance the integrity and functionality of cell membrane if consumed (8). The oil from Musa parasidiaca fruit
peel contains most of the common fatty acids found in edible oils such as soybean oil. The fruit peel oil contains
93.78% of saturated fatty acids, 0.04% of monounsaturated fatty acids and 18.48% polyunsaturated fatty acids
as against 21.43% of saturated fatty acids, 22.80% of monounsaturated fatty acids and 57.80% of
polyunsaturated fatty acids (Table 3). Saturated fatty acids can increase the risk of heart diseases from
atherosclerosis by raising blood cholesterol (19). But not all saturated fatty acids have the same effect on
cholesterol synthesis in the liver. Only those of chain length 12, 14 and 16 (lauric, myristic and palmitic acid)
have been shown to elevate blood cholesterol. Of these however, myristic acid elevates cholesterol the most
(20). Therefore, the high percentage of these saturated fatty acids may predispose the animals to cardiovascular
risk when consumed. In addition, the presence of polyunsaturated fatty acids through the generation of free
radicals from the carbon-carbon double bond may prone the animals to disease conditions associated with free
radicals (21). The presence of palmitic, linoleic and oleic acid in the oil from the peel of Musa parasidiaca fruit
notwithstanding the small amount of the fatty acids when compared with soybean oil may still be employed for
the purpose of dietary formulation (12). The low percentage of polyunsaturated fatty acids in the oil from the
fruit of Musa parasidiaca is supported by the low iodine value obtained for the oil in this study.

Overall, the oil from the peel of M. parasidiaca fruit is unlikely to be stored for a reasonably long period of
time without becoming rancid. It is also not likely to be a good candidate for deep frying and as a raw material
in industries like soap and margarine. The peel oil may prone to cardiovascular risk and free radical related
diseases when consumed. Finally, the oil from the peel of Musa parasidiaca fruit appears not to have the
attributes of conventional oil and may not be used as one.
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