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Abstract The leaves and peels (epicarp) of Musa sapientum var. velutina are generally considered agricultural waste 

after the fruits have been harvested. Little or no significance is there by attached to their medicinal relevance and 

nutritional values. This study was carried out to determine the proximate, mineral and phytochemical constituents of 

banana (M. sapientum) leaves and peels using standard method. The qualitative phytochemical analysis of the plant 

leaf and peel extracts revealed the presence of saponins, alkaloids, steroids, cardiac glycosides and reducing sugars 

in the leaves while tannins, saponins, alkaloids, flavonoids, phenols and reducing sugars were found in the peels. 

The proximate composition results for the leaves and peels showed moisture content (13.57 and 13.68%), ash (6.51 

and 10.50%), crude fiber (14.50 and 10.78%), crude fat (3.28 and 3.36%), crude protein (24.16 and 20.39%) and 

carbohydrate (38.43 and 41.30%) respectively. Mineral analysis revealed that sodium had the highest concentration 

of 235.60% in the leaves and 198.90% in the peels followed by calcium 110.20% (leaves) and 113.19% (peels). 

Copper had the least concentration of 0.39% and 0.07% in the leaves and peels respectively. The results of the 

phytochemical, proximate and mineral composition justify the fact that the leaves and the peels of the banana 

investigated, possess valuable nutritive and medicinal values which can be used in animal feeds fortification. 
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Introduction  

Musa sapientum (Wandland & Drude) is a herbaceous plant of the family Musaceae and commonly called velvet 

pink banana. It has a tree-like pseudostem, green to purple, grows up to a height of 1.5 m. The plant has a crown of 

large elongated leaves (up to1 m long and 30 cm wide), usually oblong, dark green colour above and pale with red 

mid-ribbelow. The inflorescence is erect, pink/red bracts with pale yellow flowers. The fruits grow in hanging 

clusters and are usually red/purple and velvet. It is often grown as ornamental but has soft, sweet flesh that can be 

eaten. 

Banana is a familiar tropical fruits. It was reported to be possibly the world’s oldest cultivated crop [1]. Banana is 

among the major food crop grown and consumed in more than 100 countries throughout the tropics and sub- tropics 

[2] and constitute the fourth most important food crop after stable food like rice, wheat and maize in developing 

countries with annual production of 88 million tones [3] and provides more than 25% of the carbohydrate intake for 

over 70 million people in Africa [4]. In Nigeria, banana is produced in the forest region and transported to urban 

cities like Lagos and Abuja. The economic significance of banana makes it an important tree crop in Nigeria 

considering the health, nutrition and dietary benefits. Apart from being a stable food for rural and urban dwellers, it 

is a means of livelihood particularly for small holder farmers. In addition, a number of medicinal properties are 

attributed to the leaves, corms, flowers, trunks and fruits of banana. The banana fruits can be eaten raw when ripe. 
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The unripe fruits are peeled, sliced, dried are made into flour and sliced and fried into chips. Most parts of banana 

particularly the fruits, leaves as well as peels are used to feed livestock [5]. These plant parts have equally been 

documented by some authors to have been severally used to treat fevers, burns, diarrhea, inflammation, pains and 

snake bites in traditional medicine [6]. The leaf juice is used in the treatment of fresh wounds, cuts and insect bites 

while the leaves act as an arbortifacient [7]. Banana peels have been reported to have antibacterial properties [8]. 

The use of fruits and vegetative plant parts as sources of drugs and food cannot be underestimated [9,10] as plants 

have been regarded as valuable sources of natural products used in traditional medicine to treat different diseases in 

different areas of the world [11]. 

About 80% of the people in the developing countries use traditional medicine plants [12] and medicinal plants are 

useful in healing and curing of human diseases. The medicinal value of these plants lies in the bioactive 

phytochemical constituents that produce definite biological and physiological actions on the human body [13,14]. 

The explorations of biologically active natural products have played an important role in finding new chemical 

entities [15]. These bioactive substances which are found virtually in all parts (leaf, stem, back, root, flower, peel 

and fruit) include saponins, tannins, flavonoids, alkaloids, steroids and phenols [16]. Fruits and vegetables are 

described by Wargovich [17] as a treasure house of variety of nutrients and bioactive phytochemicals which form 

the important component of human daily diet. 

 

Materials and Methods 

Sample Collection 

Unriped mature banana fruits and green leaves were harvested from cocoa plantation at Iyin-Ekiti, Ekiti-State, 

Nigeria. The banana was botanically authenticated as Musa sapientum in the Department of Plant Science and 

Biotechnology, Ekiti State University, Ado-Ekiti. The unripe fruits were washed with distilled water and peeled 

using sharp clean kitchen knife. Both the leaves and the peels were thoroughly washed with distilled water to 

remove dirt and other contaminants. The plant materials were air dried at room temperature, pulverized using 

Optimal Mixer Grinder (2053) and stored in air-tight containers for further analysis. All analyses were done in 

triplicate and results were presented as mean ± standard deviation of the determinations. 

 

Phytochemical Tests and Analyses 

Qualitative phytochemicals screening was carried out using standard procedures. 

Test for tannins: One gm each of the dried sample was added to 10 cm
3
 of freshly prepared 10% KOH in a beaker. 

A dirty precipitate observed indicated the presence of tannins. 

Test for saponins: (Froth Test): One gm each of the powdered samples was diluted with distilled water to 20 cm
3
 

and this was shaken vigorously in a graduated cylinder for 15 minutes. Formation of a persistent froth indicates the 

presence of saponins. The frothing was mixed with 3 drops of olive oil, shaken vigorously and then observed for the 

formation of emulsion [18]. 

Test for phenol: One gm of each of the powdered samples was soaked in 25 cm
3
 of 2% of HCl for 1 hour and then 

filtered through 10 cm Whatman No. 1 Filter paper. 5 cm
3
 of the extract was mixed with 1 cm

3
 of 0.03% 

Ammonium thiocyanate solution and few drops of ferric chloride solution. A brownish yellow indicated the 

presence of phenol. 

Test for alkaloids: One gm of each powdered samples was stirred with 5 cm
3
 of 1% hydrochloric acid on a steam 

baths and filtered using 10 cm Whatman filter paper. The filtrate (1cm
3
) was treated with a few drops of 

Dragendorffs reagent (Bismult nitrate + conc. HCl). A change in the colour of the sample from brown to deep brown 

indicated the presence of alkaloids in the extract. 

Test for flavonoids: A portion of the extract was heated with 10 cm
3
 of ethyl acetate over a steam bath for 3 

minutes, the mixture was filtered and 4 ml of the filtrate was treated with 1 ml of dilute ammonia solution. A yellow 

colouration indicated the presence of flavonoids [18]. 
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Test for steroids: To 1 g of each of the powdered sample, 2 cm
3
 of acetic anhydride was added and the solution was 

treated with 2 cm
3
 of concentrated H2SO4. A colour change from violet to blue in the samples, indicated the 

presence of steroids [18].   

Test for phlobatanins: Deposition of red precipitate when an aqueous sample was boiled with 1% aqueous 

hydrochloric acid was taken as an evidence for the presence of phlobatanins [18]. 

Cardiac-glycosides (Keller-Killani Test): One gm of the powdered sample was dissolved in 5 cm
3
 of water and 2 

cm
3
 of glacial acetic acid solution containing one drop of ferric chloride solution was added to the solution. This was 

under laid with 1 cm
3
 of concentrated H2SO4. A brown ring at the interface indicated the presence of deoxysugar 

characteristics of cardenolides. A violet ring appeared below the brown ring while in the acetic acid layer a greenish 

ring formed just above the brown ring and gradually spread throughout this layer [19]. 

Test for reducing sugar (Fehling’s Test): One gm of the extract was dissolved in 5 cm
3
 distilled water and filtered. 

The filtrate was hydrolyzed with dilute HCl, neutralized with alkali (NaOH) and heated with Fehling’s A and B 

solutions. Formation of red precipitate indicated the presence of reducing sugars. 

Quantitative Phytochemical Analyses 

The quantitative amount of phytochemicals contained in the aqueous extract of the leaves and peels were determined 

using standard procedures [20-23]. 

Proximate Analyses 

The percentage composition of moisture content, crude protein, crude fat, ash and crude fiber were determined by 

the standard methods of the Association of Official Analytical Chemist [24]. Moisture content was determined by 

heating 2.0 g of the powdered sample to a constant weight in a crucible placed inside an oven at a temperature of105 

℃. The dry matter was used in the determination of the other parameters. The crude protein content was calculated 

by multiplying the total organic nitrogen by 6.25 [24]. Crude fat was obtained by exhaustively extracting 5.0 g of the 

sample in a Soxhlet apparatus using petroleum ether as the solvent. Ash content was determined by incineration of 

10.0 g sample placed in a muffle furnace maintained at 550 ℃ for 5 hours. Crude fiber was obtained by digesting 2.0 

g of the sample with H2SO4 and NaOH and incinerating the residue in a muffle furnace maintained at 550 ℃ for 5 

hours. Carbohydrate content was determined according to Onwuka [25] using calculation equation i.e. available 

carbohydrates = (100-% moisture + % Ash + % protein + % fiber).  

Determination of the Mineral Compositions 

The minerals in the powdered samples were analyzed from solution obtained when 0.5g of the sample was digested 

with concentration nitric acid, concentrated hydrofluoric acid and Hydrogen peroxide in the ratio 3:2:1, the mixture 

were placed on a water bath for 45minutes at 90℃. The resultant solution was cooled and made to mark up to 25mls 

with distilled water [26]. The mineral elements were analyzed using atomic absorption Spectrophotometer (Buck 

Scientific Model 200AAS) Spectophotometer while sodium were determined using a flame photometer 

(Gallenkamp flame analyser, U.K). 

 

Results 

The results obtained from these assessments have been summarized in Tables 1-4. Both the leaves and the peels of 

M. sapientum lacked phlobatanins, whereas, they contained saponins, alkaloids and reducing sugar. In the same 

vein, the leaves lacked tannins, alkaloids and phenols which were available in the peels (Table 1). The quantitative 

amounts of saponins, flavonoids, steroids, cardiac glycosides and reducing sugar present in the leaves were 31.5, 

33.64, 13.21, 13.99 and 15.77 mg/100g respectively, while the amounts found for the same phytochemicals for the 

peel were 153 25.25, 29.25, 29.25, 41.98 and 23.76 mg/100g, respectively. However, tannins, flavonoids and 

phenols were not present in the leaves but were present in the peels in the amounts of 25.25, 22.50 and 19.38 

mg/100g respectively. Steroids and cardiac glycosides were however absent in the peels. On the other hands, 

proximate analysis of the leaves revealed 13.57, 6.51, 14.05, 3.28, 24.16 and 38.43% of moisture, ash, crude fiber, 

crude fat, crude protein and carbohydrate contents, respectively. Whereas, that of the peels were 13.68, 10.50, 10.78, 

3.36, 20.39 and 41.30% for moisture, ash, crude fiber, crude fat, crude protein and carbohydrate contents 

respectively. The mineral compositions of the leaves were 235.60, 110.20, 9.47, 20.42, 18.40, 0.39 and 2.45% for 
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Sodium, Calcium, Iron, Zinc, Magnesium, Copper and Manganese contents, respectively while that of the peels 

were 198.90, 113.19, 11.44, 22.40, 16.88, 0.07 and 1.23% for Sodium, Calcium, Iron, Zinc, Magnesium, Copper and 

Manganese, respectively (Table 4). 

 

Discussion 

The medicinal properties of phytochemicals such as tannins, saponins, alkaloids, flavonoids, phenols and steroids 

have been documented by several authors [27-30]. These phytochemicals have been reported to have multiple 

biological and pharmacological effects [31]. The phytochemical profile in this study was similar to what was 

reported by Enechi [32] for the ethanol extract of Musa paradisiaca leaves but differs from their reports by the 

presence of flavonoids and tannins in their works. Tannins are the monomeric precursors of alkaloids and in most 

cases are usually associated with flavonoids. 

Also, the qualitative phytochemical results of the peels of M. sapientum in this work were in agreement with the 

reports of Ighodaro [33]. He reported all these phytochemicals in the unripe peels of M. paradisiaca but this study 

lack phlobatanins and cardiac glycosides.  

Environmental factors play an important role in the biochemical constituent of plant. The variation in the 

phytochemical in these studies might be as a result of area and season of collection, age and varieties of the banana. 

Tannins have been reported to possess antioxidant and antibacterial, as well as anti-inflammatory properties [34]. 

Saponins concentration in the leaves of M. sapientum (31.50%) was relatively high compared to the previous reports 

of 1.3% obtained in banana leaf [35]. Saponins act as an immune booster, lower blood cholesterol and act as anti-

intestinal cancer agent [36]. The two samples investigated were rich in alkaloids. Reports from other researchers 

indicated the presence of alkaloids in the leaves [32] and peels of banana [33]. Alkaloids are considered to be very 

important in medicine and act as a constituent of most of the valuable drugs. 

Table 1: Qualitative phytochemical compositions of the leaves and peels of M. sapientum 

Phytochemical 

/part used 

Tan.  Sap. Alk. Flav. Ster. Phen. Phlo. Car. Glyc.  Red. Sug. 

Leaves - + + - + - - + + 

Peels + + + - - + - - + 

Key: Tan. = Tannins, Sap.=Saponins, Alk.= Alkaloids, Flav.= Flavonoids, Ster.= Steroids, Phen.= Phenols, Phlob. 

=Phlobatanin, Card. Glyc.= Cardiac Glycosides, Red. Sug.= Reducing sugar, + indicates presence, – indicates 

absence 

Table 2: Quantitative phytochemical compositions (mg/100g) of the leaves and peels of M. sapientum 

Phytochemical 

/part used 

Tan.  Sap. Alk. Flav. Ster. Phen. Phlo. Car. Glyc.  Red. Sug. 

Leaves - 31.50±0.11 33.64±0.16 - 13.21±0.06 - - 13.99±0.21 15.77±0.09 

Peels 25.25±0.26 29.25±0.11 41.98±0.13 - 22.50±0.03 19.38±0.18 - - 23.76±0.13 

Flavonoids have been reported by Edeoga and Eriata [37] to have marked physiological effects on animals. 

Alkaloids also have analgesic, antispasmodic and bactericidal properties [38]. Several authors had reported that 

flavonoids and phenolics have several biological functions such as anti-oxidation, antitumor, anticancer, platelet 

aggregation, protection against allergies and virus [39-42]. 

Other phytochemicals found in the samples were cardiac glycosides and reducing sugars. Cardiac glycosides were 

reported to act on the heart by regulating its contractions without increasing the amount of oxygen in the heart 

muscle [43]. The presence of these phytochemicals constituents in the leaves and the peels of M. sapientum support 

their protective, preventive and therapeutic properties. 

The moisture contents of the leaves and peels (13.57 and 13.68 %) were high when compared with 7.47% reported 

for unripe peels of M. paradisiaca [33] but comparatively lower than 44.51% reported by Enechi et al., [32] for the 

leaves of M. paradisiaca. These disparities could be as a result of differences in treatment during drying of the 

samples. The ash content of the leaves was 6.51% while that of unripe peels was estimated to be 10.50%. These 

values were compared favourably with those reported by Arowosegbe et al. [44] for some vegetables in Ekiti State, 
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Nigeria. Ash content is a reflection of richness in mineral elements in the plant samples. The values showed that the 

leaves and the peels were rich in mineral elements. The crude fiber contents in the leaves and peels of M. sapientum 

(14.05% and 10.78%, respectively) were comparatively higher than the reported values of Fruticosum triagulare 

(6.20%) and Piper guineensis (6.40%) by Akindahunsi and Salawu [45] but lower than Gnetum africana (25.50%) 

reported by Mensah et al. [46]. High fiber content in diet has been reported to lower serum cholesterol level, risk of 

coronary heart diseases, Diabetes mellitus, constipation and hypertension [47,48], hence these crude fiber quantities 

in M. sapientum leaves and peels is highly desirable and will provide health promoting benefits for the ruminants 

and non-ruminants [49]. 

Table 3: Proximate composition (%) of the leaves and peels of M. sapientum 

Phytochemical/  

Part used 

Moisture 

content 

Ash 

content  

Crude Fiber Crude Fat Crude Protein Carbohydrate 

Leaves 15.58±0.13 6.51±0.03 14.05±0.47 3.28±0.04 24.16±0.74 38.43±0.21 

Peels 13.68±0.11 10.50±0.04 10.78±0.02 3.36±0.02 20.39±0.37 41.30±0.32 

 

Table 4: Mineral compositions (%) of the leaves and peels of the leaves and peels of M. sapientum 

Phytochemical/  

Part used 

Sodium Calcium Iron Zinc Magnesium Copper Manganese 

Leaves 235.60 110.20 9.47 20.42 18.40 0.39 2.45 

Peels 198.90 113.19 11.44 22.40 16.88 0.07 1.23 

 

The crude fat contents were found to be 3.28% in the leaves and 3.36% in the unripe peels. These values were 

similar to the results of the other banana species [33]. The crude fat estimated for the samples in this study were 

found to be moderate. Crude fats are major sources of energy but should be consumed moderately (not more than 30 

calories) to avoid obesity and other related diseases.  

The crude protein composition of the leaves and the peels investigated (24.16% and 20.39%, respectively) were high 

when compared to leafy vegetables such as Afzelia Africana (16.52%) as reported by Ogunlade et al [50] but lower 

than Anchomanes difformis leaves [51] and unripe peels of Musa paradisiaca (6.89%) by Ighodaro [33]. However, 

the values compared favourably with Moringa oleifera, (20.80%), Ocimum gratissimum (20.15%) and Venonia 

amygdalina (24.90%) by Arowosegbe et al [44]. 

Protein is an essential component of diet needed for survival of animals and human being. High amount of protein is 

essential for animal growth and increased milk production [52]. The protein concentration of the leaves and peels of 

M. sapientum will go a long way in meeting the protein requirement of ruminants and non-ruminants. 

The carbohydrate contents of the leaves (38.43%) and peels (41.30%) were higher than Annona muricata (16.62%), 

Usonobun et al. [53] but lower than 82.8% in Cochorus tridens leaves [54] and 48.18% in unripe peels of M. 

paradisiaca [33]. Carbohydrate contents contribute to the energy value in M. sapientum leaves and peels. Ebun-

Oluwa and Alade [55] reported that carbohydrate is essential in themaintenance of life in animals. Carbohydrate also 

provides energy to the body cells, particularly the brain [56]. Several researchers have evaluated the nutritional 

value of banana peel and reported the peel as a very good potential source of carbohydrate [33,57]. When we 

consider the nutritional potential as well as availability of this agricultural waste, the peel can be used as ruminant 

feeds. However, green banana peels contain tannins hence, there is needs for steam or fermentation treatment before 

given to the ruminants as feed [58]. 

The results of mineral component showed the concentration of Sodium to be highest in the leaves (235.60%) and 

peels (198.90%). The samples were also high in calcium, iron, zinc, and magnesium but low in copper and 

manganese. The results obtained in this study were higher compared to the reports of Anhwange et al. [59] for M. 

sapientum peel. The result of the leaves and the peels of this banana are rich in essential mineral element such as 

calcium, sodium, magnesium, iron and zinc which make them to be nutritionally and medicinally important for 

proper body function. 
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Calcium is an important factor in the formation of strong bones and teeth, muscle contraction and relaxation, blood 

clotting, heart functioning and cell metabolism [60-62]. Both the leaves andthe peels of M. sapientum investigated 

contained moderate quantity of sodium. The RDA for sodium is 500mg [63]. Iron in the diet play an important role 

in synthesis of collagen and proper functioning of the immune system [59]. The RDA value for iron is 10-15 mg 

[64]. This implies that the leaves, as well as the peels of M. sapientum can contribute to the daily iron intake hence 

recommended for anaemic convalescence. Zinc is an essential element in the nutrition of man. Zinc is important 

trace element for protein and nucleic acid synthesis and normal body development [65]. The leaves and peels could 

be said to be fairly good source of zinc.  

Magnesium is an activator of co-enzymes in carbohydrates and protein metabolism. Lack of magnesium may lead to 

severe diarrhea and malnutrition [66] as well as persistent migraine [67]. Copper plays a vital role in haemoglobin 

formation and also contributes to iron and energy metabolism [68]. Manganese in the plant samples was found to be 

low. Manganese is known to aid formation of skeletal and cartilage. Consumption of foods that contain manganese 

is believe to support the immune system, regulates blood sugar level and cell reproduction [59]. The nutritional 

profile obtained in this study lends credence to the reports of some authors on the importance of banana leaves and 

peels as supplementary feeds for cattle and small ruminants. Dormond et al. [69] reported that dairy cows fed up to 

21 kg of fresh ripe banana peels increase milk production. A 3:1 mixture of dried and ground banana and yam peels 

supported a good performance in weaning rabbits and was cost effective when it was replaced with 50% of maize 

grain [70]. 

 

Conclusion 

The results of the study revealed the rich phytochemical contents of the leaves and the peels of M. sapientum which 

provide evidence of efficacy of the unexplored medicinal potential of the plant. Moreover, the leaves and peels are 

generally regarded as agricultural waste but have high protein, fiber, carbohydrate as well as minerals and could be 

considered as cheap and nutritionally rich feeds for animals especially now that there is increase in cost and demand 

of animal feeds.  
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