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Abstract: This study was carried out to do a comparative analysis on proximate and mineral compositions of Musa paradisiaca 

peels, stems and leaves. Proximate result showed that moisture, crude protein, ether extract, ash, crude fibre and energy in Musa 

paradisiaca peel were; 13.40 %, 6.33 %, 1.71 %, 10.76 %, 14.61 % and 2910.7 kcal/kg while those for Musa paradisiaca leaves; 

moisture (15.09 %), crude protein (5.02 %), ether extract (0.81 %), ash (8.45 %), crude fibre (16.30 %), energy (2510.8 kcal/kg) and 
Musa paradisiaca stems; moisture (18.05 %, crude protein (3.63 %), ether extract (1.45 %), ash (7.55 %), crude fiber (16.91 %) and 

energy (2110.7 kcal/kg). Crude protein, ether extract, ash, and energy values were higher in Musa paradisiaca peel, intermediate in 

Musa paradisiaca leaves and lower in Musa paradisiaca stems (p˂0.05) except for crude fibre composition which was highest in 
Musa paradisiaca leaves compared to Musa paradisiaca peels and Musa paradisiaca stems. Calcium, phosphorus and potassium 

values varied from 395.7 - 556.7 mg/100g, 188.3 - 310.2 mg/100g and 404.1 - 838.91 mg/100g respectively. Magnesium (86.73 - 

140.3 mg/100g), zinc (30.90 - 97.94 mg/100g), manganese (8.42 - 18.56 mg/100g) and copper (6.06 - 10.22 mg/100g). Result 
showed that Musa paradisiaca peels contains high levels of minerals compared to Musa paradisiaca stems and leaves. It was 

concluded that Musa paradisiaca peels can serve as a good source of energy when used to replace some conventional energy 

feedstuffs. Its utilization may further help to reduce the cost of production and boost livestock farming. 
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INTRODUCTION 
The expansion of the livestock industry depends 

on the availability of good quality feed in 

sufficient quantities and at prices affordable to 

both producers and consumers (Odunsi, A., 2003). 

Recently, there has been a continuous increase in 

prices of feed ingredients, especially the 

conventional feedstuffs. This necessitated the 

search for non-conventional feedstuffs or agro-

industrial by-products to reduce the cost of 

production and boost livestock production (Farinu, 

G. et al., 2008). Among the potential agro-

industrial by-products are banana (Musa 

paradisiaca) peels, leaves, and stems. 
 

Banana (Musa paradisiaca) belongs to the 

Musaceae family which grows predominantly in 

the continents of Asia, South America, and the 

tropical African sub-continent (Nayar, N.M., 

2010). Banana peels are by-products of the banana 

processing industry, which are normally dumped 

in landfills, rivers, or unregulated grounds and 

most times cause pollution to the environment 

(Omole, A.J. et al., 2008). Recent research has 

shown that waste from banana (peels, leaves, and 

stems) is rich in non-toxic and rich nutrients, 

vitamins, and minerals such as iron, zinc, 

potassium, phosphorus, calcium, magnesium, 

amongst others in significant quantities (Stein, 

A.J., 2010). For instance, (Oyeyemi, S. et al., 

2019) reported that Musa paradisiaca leaves have 

a moisture content (15.58%), ash (6.51%), crude 

fiber (14.05%), crude fat (3.28%), and crude 

protein (24.16%), while those of their peels; 

moisture (13.68%), ash (10.50%), crude fiber 

(10.78%), and crude protein (20.38%). The same 

author reported that dried Musa paradisiaca leaves 

contain sodium (235.6 mg/100g), calcium (110.2 

mg/100g), iron (9.47 mg/100g), magnesium (18.40 

mg/100g), copper (0.39 mg/100g), and manganese 

(2.45 mg/100g). (Jones, A.D. & Ejeta, G.A., 2016) 

stated that Musa paradisiaca leaves and peels are 

rich in water and fat-soluble vitamins which are 

essential for growth and health. Their main role is 

to facilitate and regulate body processes. However, 

their chemical composition is influenced by 

variety, geographical location, age of the plant, 

amongst others (John, A.O., 2024b; John, A.O., 

2024c). 
 

In view of the abundant potentials in Musa 

paradisiaca leaves, stems and peels, these 

byproducts still underutilized. Therefore, this study 

was designed to do a comparative analysis on the 

proximate and mineral compositions of Musa 

paradisiaca peels, stems and leaves.  
 

MATERIALS AND METHODS 
Experimental Location 

The experiment was carried out at Vet Etcetera 

Concepts Integrated Farms Chikuku, Tsoho, along 

Gwagwalada road, Kwali Local Government, Kuje 

Abuja located between latitude 8°53′47″N and 

longitude 7°14′ 24″E north and east of Abuja and 

south of Abaji area councils.  
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Collection of Samples and Processing 

Fresh samples of Musa paradisiaca stems and 

leaves were harvested from Vet Acretra Farms in 

Old Chikuku, Kuje Abuja. Plant identification was 

carried out by a certified taxonomist at the 

International Institute of Tropical Agriculture, 

Kubwa Abuja. Musa paradisiaca peels were 

gotten by manually removing the peels from the 

inner freshly portion with kitchen knife from a 

mature Musa paradisiaca fruit, thereafter, samples 

were air dried under a shade for 14 days until a 

constant weight was achieved before it was 

grounded into powder using a hammer mill and 

stored in a labeled polythene bag before it was 

transferred to the laboratory for further analysis.  
 

Proximate analysis of samples 

Proximate analysis of dried Musa paradisiaca 

peels, stem and leaf powder was carried out using 

table top automated near-infra-red feed analyzer 

(DS-2008H, Netherlands). 100 g of each sample 

was passed through the sample chamber and the 

kit was adjusted at a frequency range of 120 - 150 

Hz, optimum temperature (70℃) and a precision 

time of 60 seconds. 
 

Mineral Analysis of Samples 

Analysis of minerals was carried out using Bucks 

Atomic Absorption Spectrophotometer (Model 

255 ATS, Netherlands). To ensure accuracy in 

results, machine was operated according to the 

specified manufacturers’ recommendations. 
 

STATISTICAL ANALYSIS  
All the experiments were conducted in triplicates. 

Analysis of variance (ANOVA) was performed 

and significant differences in mean values were 

evaluated by Duncan (P˂0.05) using SPSS version 

25.0 (SPSS, Chicago, Illinois, USA). 
 

RESULTS AND DISCUSSION 
Proximate composition of Musa paradisiaca peels, 

leaf and stem is presented in Table 1. Values for 

moisture content varied from 13.40 - 18.05 %, 

crude protein (3.63 - 6.33 %), Ether extract (0.81 - 

1.71 %), ash (7.55 - 10.76 %), crude fiber (14.61 - 

16.91 %) and energy (2110.7 - 2910.7 kcal/kg). 

Moisture content, crude protein, ether extract, ash 

and energy values were higher in Musa paradisiaca 

peels, intermediate in Musa paradisiaca leaves and 

lower in Musa paradisiaca stem (p˂0.05). 

Conversely, crude fibre content was higher in 

Musa paradisiaca stem relative to the other 

samples. Crude protein and ash content recorded in 

this study was higher than 5.30 % and 8.80 % 

reported by (Hassan, P. & Peh, K.K., 2018; 

Romelle, F. et al., 2016). Ash and crude protein 

values reported for Musa paradisiaca stem in this 

experiment was higher than 4.10 % and 3.30 % 

reported by (Morais, R. et al., 2017; Mydhili, M. et 

al., 2022). However, energy content of Musa 

paradisiaca peels and stem aligns with the reports 

of (Ramu, R. et al., 2017; Ho, L.H. et al., 2017). 

The disparity in results can be attributed to variety, 

geographical locations and age of plants (Ojediran, 

T.K. et al., 2024b). Outcome of these study 

indicates that Musa paradisiaca peel can be used as 

a good source of energy and minerals for animals. 

Musa paradisiaca peels, leaves and stems are low 

in protein therefore they cannot be used as protein 

supplement for livestock’s (Singh Sharma et al., 

2022). The high moisture content was within the 

range 15.0 - 21.00 % reported by (Shittu, M.D. & 

Alagbe, J.O., 2020; Alagbe, J.O., 2020). The 

variation in moisture content between the samples 

could be linked to changes in climatic condition 

(Alagbe, J.O., 2020). Crude protein values 

recorded in this study is in agreement with reports 

of (Okareh, O.T. et al., 2015; Barnabas, O.O. & 

Anthony, J.A., 2019). High crude fibre recorded 

for M. paradisiaca leaves suggests that it can 

function in the removal of wastes in the body 

(Ishida, H. et al., 2000). According to (Ishida, H. 

et al., 2000), high dietary crude fibre can lower 

serum cholesterol and increase digestion in the 

gastro intestinal tract of animals (Singh Sharma et 

al., 2022). 
 

Mineral composition of Musa paradisiaca peels, 

leaf and stems is presented in Table 2. Calcium, 

phosphorus and potassium values ranged from 

395.7 - 556.7 mg/100g, 188.3 - 310.2 mg/100g and 

404.1 - 838.91 mg/100g respectively. Magnesium 

(86.73 - 140.3 mg/100g), zinc (30.90 - 97.94 

mg/100g), manganese (8.42 - 18.56 mg/100g) and 

copper (6.06 - 10.22 mg/100g). Results obtained 

indicates that calcium, phosphorus, potassium, 

manganese, zinc, magnesium, iron and copper 

concentrations were highest in Musa paradisiaca 

peels, intermediate in Musa paradisiaca leaves and 

lowest in Musa paradisiaca stems (p˂0.05). The 

result obtained for Musa paradisiaca peels in this 

study was higher than those reported by (Tsado, 

A.N. et al., 2021), calcium (17.85 mg/100g), 

copper (1.35 mg/100g), manganese (10.38 

mg/100g), magnesium (49.32 mg/100g), potassium 

(38.22 mg/100g), potassium (22.64 mg/100g) and 

iron (5.06 mg/100g). Result on Musa paradisiaca 

leaves and stems aligns with the reports of 

(Adeolu, A.T. & Enesi, D.O., 2013). Variation in 

mineral composition obtained in this study could 

be due to differences in geographical locations or 
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variety (Alagbe, J.O. et al., 2021; Agubosi, O.C.P. 

et al., 2021). Calcium is a vital part of body fluids 

and bone formation in synergy with phosphorus 

(Ojediran, T.K. et al., 2024a). Manganese plays an 

important role in energy production and in 

supporting the immune system (Fennell, C.W. et 

al., 2010). Magnesium is an activator in enzyme 

systems which maintains electrical potential in 

nerves (Fennell, C.W. et al., 2010). Sodium and 

potassium influence osmotic pressure and 

contribute to normal pH equilibrium (Hussain, J. et 

al., 2013). Zinc forms metalloproteinase and 

enzyme complexes which cannot be dissociated 

without loss of activity (Muhammad, A. et al., 

2011). 
 

CONCLUSION 
It was concluded that Musa paradisiaca peels, 

leaves and stems are rich in various nutrients that 

can be used in feeding animals. Though there are 

variations in their nutrient components, however, 

utilization of these plants will help to reduce the 

pressure on conventional feedstuffs and will 

further help to reduce the cost of production. 
 

Table 1: Proximate composition of Musa paradisiaca peels, leaves and stems 

Variables (%) Peels Leaves Stem 

Moisture 13.40±0.55
c
 15.09±0.09

b
 18.05±0.18

a
 

Crude protein 6.33±0.20
a
 5.02±0.18

b
 3.63±0.10

c
 

Ether extract 1.71±0.03
a
 0.81±0.03

b
 1.45±0.01

a
 

Ash 10.76±0.61
a
 8.45±0.50

b
 7.55±0.35

b
 

Crude fiber 14.61±0.07
b
 16.30±0.20

a
 16.91±0.22

a
 

Energy (Kcal/kg) 2910.7±12.8
a
 2510.8±10.2

b
 2110.7±9.97

c
 

 

Values followed by different letters were 

significantly different (p˂0.05); outcomes 

represent the mean ±standard deviation of the 

analysis carried out in triplicate.  
 

Table 2: Mineral composition of Musa paradisiaca peels, leaf and stem 

Variables (mg/100g) Peels Leaves Stem 

Calcium 556.7±2.77
a
 411.3±1.56

b
 395.7±1.10

c
 

Phosphorus 310.2±0.09
a
 200.5±0.16

b
 188.3±0.13

c
 

Potassium  838.91±5.61
a
 561.7±4.04

b
 404.1±3.50

c
 

Magnesium 140.3±0.71
a
 100.1±0.11

b
 86.73±0.06

c
 

Zinc 97.94±0.04
a
 54.12±0.15

b
 30.90±0.20

c
 

Manganese 18.56±0.006
a
 10.40±0.002

b
 8.42±0.001

c
 

Iron 9.55±0.66
a
 5.40±0.52

b
 4.99±0.21

c
 

Copper  10.22±3.83
a
 7.86±2.91

b
 6.06±2.88

b
 

 

Values followed by different letters were 

significantly different (p˂0.05); outcomes 

represent the mean ±standard deviation of the 

analysis carried out in triplicate.  
 

REFERENCES 
1. Odunsi, A. "Assessment of Lablab (Lablab 

purpureus) leaf meal as a feed ingredient and 

yolk coloring agent in the diet of layers." 

International Journal of Poultry Science, 2.1 

(2003): 71–74. 

2. Farinu, G., Ojebiyi, O., Akinlade, J., Ajibola, 

H. and Olaniyonu, B. "Evaluation of the 

nutritive potential of pigeon pea (Cajanus 

cajan) grain and leaf meals on growth 

performance of pre-pubertal rabbits." Bowen 

Journal of Agriculture, 5 (2008): 102–108. 

3. Nayar, N. M. "The bananas: Botany, origin, 

dispersal." Horticultural Reviews, 36 (2010): 

117–164. 

4. Omole, A.J., Ajasin, F.O., Oluokun, J.A. and 

Obi, O.O. "Performance characteristics of 

weaned rabbit fed plantain peel as replacement 

for maize." Journal of Nutrition and Food, 38 

(2008): 559–563. 

5. Stein, A.J. "Global impacts of human mineral 

nutrition." Plant and Soil, 335 (2010): 133–

154. 

6. Oyeyemi, S. D., Otoide, J. E., Obembe, M. O., 

& Ogunleye, B. J. "Nutritional and 

Phytochemical Assessment of Musa sapientum 

var. velutina." The Pharmaceutical and 

Chemical Journal, 6.6 (2019): 56–64. 

7. Jones, A. D., & Ejeta, G. A. "New global 

agenda for nutrition and health: The 

importance of agriculture and food systems." 

Bulletin on World Health Organization, 94 

(2016): 228–229. 

8. John, A. O. "Clerodendron splendens leaf 

extract supplementation in weaner rabbits: 



 
 

4 
 

Copyright © 2021 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 
(CC BY-NC-ND 4.0) International License 

Publisher: SARC Publisher 

Anorue, D.N.  and John, A.O. 
Sarc. Jr. plant. Agro. vol-1, issue-2 (2023) pp-1-5 

impact on growth performance, haematology 

and intestinal microbial population." Cerrado: 

Agricultural and Biological Research, 1.1 

(2024): 21–31. 

9. John, A. O. "Effect of coconut shell extract on 

the growth performance and some haemato-

biochemical parameters of broiler chicken." 

Brazilian Journal of Science, 3.6 (2024): 82–

95. 

10. Omokore, E. O., & Alagbe, J. O. "Efficacy of 

dried Phyllantus amarus leaf meal as an herbal 

feed additive on the growth performance, 

haematology and serum biochemistry of 

growing rabbits." International Journal of 

Academic Research and Development, 4.3 

(2019): 97–104. 

11. Jimme, M. A., Gwamna, A. I., & Ikusemoran, 

M. "Landuse and Landcover Change Detection 

in Kuje Area Council of the Federal Capital 

Territory (FCT), Abuja, Nigeria." Journal of 

Environmental Science, Toxicology and Food 

Technology (IOSR-JESTFT), 9.10 (2015): 1–

11. 

12. Pyar, H., & Peh, K. K. "Chemical 

compositions of banana peels (Musa 

sapientum) fruits cultivated in Malaysia using 

proximate analysis." Research Journal of 

Chemistry and Environment, 22.2 (2018): 

108–133. 

13. Romelle, F., Ashwini, P., & Manohar, R. 

"Chemical composition of some selected fruit 

peels." European Journal of Food Science and 

Technology, 4.4 (2016): 12–21. 

14. Morais, R., Rotta, E., Sargi, S., Bonafe, E., 

Suzuki, R., Souza, N., Matsushita, M. and 

Visentainer, J. "Proximate composition, 

mineral contents, and fatty acid composition of 

the different parts and dried peels of tropical 

fruits cultivated in Brazil." J. Braz. Chem. 

Soc., 28.2 (2017): 308–318. 

15. Mydhili, M., Pugalendhi, L., Indu Rani, C., 

Auxcilia, J. and Uma, D. "Proximate 

composition of different varieties of banana 

pseudostem powder for nutritional and 

biochemical properties." Biological Forum – 

An International Journal, 14.3 (2022): 331–

334. 

16. Ramu, R., Shirahatti, P. S., Anilakumar, K. R., 

Nayakavadi, S., Zameer, F., Dhananjaya, B. L. 

and Prasad, M. N. "Assessment of nutritional 

quality and global antioxidant response of 

banana (Musa sp. CV. Nanjangud Rasa Bale) 

pseudostem and flower." Pharmacognosy 

Research, 9(Suppl 1) (2017): S74. 

17. Ho, L. H., Tan, T. C., Aziz, N. A. A. and 

Muhamad, N. "Physical and functional 

properties of banana pseudostem flour and its 

effect on the quality (texture and 

microstructure) of formulated bread." Journal 

of Agrobiotechnology, 8.1 (2017): 1–12. 

18. Ojediran, T. K., Emiola, I. A., Durojaye, V. 

and Alagbe, J. O. "Analysis of Kigellia 

africana fruit’s powder antioxidant and 

phytochemical properties." Brazilian Journal 

of Science, 3.7 (2024): 38–49. 

19. Sharma, S., Alagbe, O. J., Liu, X., Sharma, R. 

and Kumar, A. "Comparative analysis of 

ethanolic Juniperus thurifera leaf, stem bark, 

and root extract using gas chromatography and 

mass spectrometry." International Journal of 

Agriculture and Animal Production, 2.6 

(2022): 18–27. 

20. Shittu, M. D. and Alagbe, J. O. "Phyto-

nutritional profiles of broom weed (Sida 

acuta) leaf extract." International Journal of 

Integrated Education, 3.11 (2020): 119–124. 

21. Alagbe, J. O. "Chemical evaluation of 

proximate, vitamin, and amino acid profile of 

leaf, stem bark, and roots of Indigofera 

tinctoria." International Journal on Integrated 

Education, 3.10 (2020): 150–157. 

22. Okareh, O. T., Adeolu, A. T. and Adepoju, O. 

T. "Proximate and mineral composition of 

plantain (Musa paradisiaca) waste flour; a 

potential nutrient source in the formulation of 

animal feeds." African Journal of Food 

Science and Technology, 6 (2015): 53–57. 

23. Oyeyinka, B. O. and Afolayan, A. J. 

"Comparative evaluation of the nutritive, 

mineral, and antinutritive composition of Musa 

sinensis L. (banana) and Musa paradisiaca L. 

(plantain) fruit compartments." Plants, 8 

(2019): 598. 

24. Ishida, H., Suzuno, H., Sugiyama, N., Innami, 

S., Todokoro, T. and Maekawa, A. 

"Nutritional evaluation of chemical 

components of leaves, stalks, and stems of 

sweet potatoes (Ipomoea batatas poir)." Food 

Chemistry, 68 (2000): 359–367. 

25. Tsado, A. N., Okoli, N. R., Jiya, A. G., Gana, 

D., Saidu, B., Zubairu, R. and Salihu, I. Z. 

"Proximate, mineral, and amino acid 

compositions of banana and plantain peels." 

BIOMED Natural and Applied Science, 1.1 

(2021): 32–42. 

26. Adeolu, A. T. and Enesi, D. O. "Assessment of 

proximate, mineral, vitamin, and 

phytochemical compositions of plantain (Musa 

paradisiaca) bract – an agricultural waste." 



 
 

5 
 

Copyright © 2021 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 
(CC BY-NC-ND 4.0) International License 

Publisher: SARC Publisher 

Anorue, D.N.  and John, A.O. 
Sarc. Jr. plant. Agro. vol-1, issue-2 (2023) pp-1-5 

International Research Journal of Plant 

Science, 4.7 (2013): 192–197. 

27. Alagbe, J. O., Adedeji, M. O., Habiba, Z., 

Nwosu, G. and Wyedia, D. C. "Physico-

chemical properties of Indigofera 

zollingineriana seed oil." Asian Journal of 

Advances in Medical Science, 3.4 (2021): 306–

308. 

28. Agubosi, O. C. P., Oluwafemi, R. A. and 

Alagbe, J. O. "The effect of processing on the 

proximate, mineral, and vitamin composition 

of Neem leaves (Azadirachta indica) grown in 

Gwagwalada, FCT, Abuja." Abuja Journal of 

Agriculture and Environment, 1.1 (2021): 

293–299. 

29. Ojediran, T. K., Emiola, I. A., Durojaye, V. 

and Alagbe, J. "Proximate, vitamin, and GC-

MS profiling of Kigellia africana powder." 

Cerrado: Agricultural and Biological 

Research, 1.1 (2024): 13–20. 

30. Fennell, C. W., Lindsey, K. L., McGaw, L. J., 

Sparg, S. G., Stafford, G. I., Elgorashi, E. E. 

and Firn, R. Nature’s Chemicals. Oxford 

University Press, Oxford, 2010: 74–75. 

31. Hussain, J., Rehman, N. U., Khan, A. L., Ali, 

L., Al-Harrasi, A., Shinwari, Z. K., Hussain, 

H. and Rizvi, T. S. "Proximate-based 

comparative assessment of five medicinal 

plants to meet the challenges of malnutrition." 

European Journal of Medicinal Plants, 3.3 

(2013): 1–11. 

32. Muhammad, A., Dangoggo, S. M., Tsafe, A. 

I., Itodo, A. U. and Atiku, F. A. "Proximate, 

minerals, and anti-nutritional factors of 

Gardenia aqualla (Gauden dutse) fruit pulp." 

Pakistan Journal of Nutrition, 10.6 (2011): 

577–581.

 
Source of support: Nil; Conflict of interest: Nil. 

Cite this article as: 

Anorue, D.N.  and John, A.O. "Comparative Analysis on the Proximate and Mineral Compositions of Musa 

Paradisiaca Peels, Stems and Leaves." Sarcouncil Journal of Plant and Agronomy 1.2 (2023): pp 1-5. 


