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INTRODUCTION
The plant Musa paradisiaca, which bears plantains, belongs to 
the family Musaceae and the order plantaginaceae. This crop is 
primarily grown and consumed mostly in the tropical regions of 
Africa, South America, central America and Asia. It serves as a 
staple food in Sub-Saharan Africa, especially in Nigeria, where 
over 2.11 million metric tons of the fruit are produced annually. 
Plantain provides over 10% of daily calorie intake for a popula-
tion exceeding 70 million people across the African continent. In 
Nigeria, various foods made from plantain fruit include roasted 
plantain, boiled plantain and amala, which is prepared by cooking 
and stirring flour derived from dried matured unripe fruits in hot 
water (Adamu AS, et al.,  2017). Amala is usually consumed with 
a variety of Nigerian soups. Other dishes include Emienki, made 
from flour milled from dried ripe but not overripe fruits, and 
dodo, which consists of fried slices of the ripe fruit. Additionally, 
kpekere refers to thin-sliced fried slightly ripe or unripe fruit. The 
preparation of these dishes often involves cooking slurry of flour 
containing various ingredients, which is then wrapped in broad 
leaves of ewe eéran (Taumatococcus danielli). The wide range of 
food applications generates a huge quantity of peels, which ac-
count for about 40% of the total fruit weight. 
Musa paradisiaca peels show promise as a raw material for indus-
trial use, especially in agro-based industries. In the food indus-
try, flour made from the peels has been reportedly used to enrich 
wheat flour at various percentages for producing snacks, such 
as cookies and sausages (Rosero-Chasoy G and Serna-Cock L, 
2017). This flour serves as a good source of fiber and antioxidants 
offering potential benefits for humans in the management and pre-
vention of lifestyle-related chronic diseases (Arun KB, et al.,  2018). 

The peels of Musa paradisiaca have been considered for various 
applications beyond the food industry. They are recognized for 
their potential use as organic fertilizer and as an ingredient in 
livestock feed (Okareh OT, et al., 2015; Omale J and Okafor PN, 
2018). 
In the chemical industry, the peels show potential for the produc-
tion of bioethanol and ash (alkali) for soap manufacture. Addi-
tionally, their ethanol extract can be utilized in the preparation 
of polyphenolic resins for the adsorption of heavy metals due to 
their high affinity for lead, nickel and chromium (Cordero AF, et 
al., 2015).
Musa paradisiaca peels have demonstrated various medicinal 
uses, serving as antibacterial and antifungal agents (Auta SA and 
Kumurya AS, 2015). They also exhibit antiulcer, antidiabetic, an-
algesic, wound-healing, hair growth promoting and haemostatic 
activities, among others (Barroso WA, et al., 2019; D’Eliseo D, et 
al., 2019). In urban areas of Nigeria, the peels of Musa paradisiaca 
are mostly regarded as waste. If not properly disposed off they can 
contribute to environmental damage by blocking drains, which 
can subsequently cause flooding and erosion. 
However, the study of the nutritional and phytochemical com-
positions, as well as the antioxidant, α-amylase and α-glucosidase 
inhibitory activities of both ripe and unripe peels, could provide 
valuable insights into their nutritional benefits and therapeut-
ic potentials in managing several diseases, particularly type 2 
diabetes mellitus. This study aims to determine the nutritional 
and phytochemical compositions, as well as the antioxidant and 
α-amylase and α-glucosidase inhibitory activities of the aqueous 
extracts of both ripe and unripe peels of Musa paradisiaca fruits, 
as a guide to their potential use as food and medicine. 
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ABSTRACT
The peels of Musa paradisiaca fruits were investigat-
ed for their nutritional and phytochemical composi-
tions, as well as their antioxidant and anti-hyperglyce-
mic activities. Proximate analysis of their composition 
showed that the major constituents included mois-
ture, carbohydrate, ash, crude fiber and crude fat, with 
a modest crude protein content. Photochemical pres-
ent in the aqueous extract of the peels were identi-
fied as alkaloids, flavonoids, phenols, reducing sugars 
and amino acids. Additionally, High-Performance Liq-
uid Chromatography-Mass Spectrometry (HPLC/MS) 
analysis of the aqueous extract showed the presence 
of 15 compounds, including phenolic compounds, 
sterols and sitoindosides. Notably, quercetin consti-
tuting about half of these identified compounds. The 
2,2-Diphenyl-1-Picrylhydrazyl (DPPH) radical scaveng-
ing activity of the unripe peel extract was significant-
ly higher than that of the ripe peels, with IC

50
=0.208 

mg/L and IC50=0.301 mg/mL, respectively. However, 
the unripe peels, which demonstrated activity com-

parable to that of the standard, gallic acid. The α-am-
ylase inhibitory activity of the aqueous extracts of the 
peels was high. The unripe peels had a higher value 
IC50=0.024 mg/L, same as acarbose compared to the 
ripe peels IC

50
=0.088 mg/mL. The hydroethanolic ex-

tract of the unripe peels demonstrated a significantly 
lower α-amylase inhibitory activity IC

50
=0.040 mg/mL

compared to acarbose IC50=0.024 mg/mL. However, 
it exhibited a far higher α-glucosidase inhibitory ac-
tivity, with IC

50
=0.007 mg/mL and IC

50
=0.021 mg/mL, 

respectively. These results support the utilization of 
Musa paradisiaca peels in human and animal nutri-
tion, with a high potential for applying both aqueous 
and hydroethanolic extracts of unripe fruit peels in the 
prevention and management of type 2 diabetes. 
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Alpha-glucosidase inhibitory activity: α-glucosidase inhibitory activity 
was determined according to the method described by (Telagari M and 
Hullatti K, 2015).

Statistical analysis
All measurements were performed in triplicate and results expressed mean 
± Standard Deviation (SD). One-way Analysis of Variance (ANOVA) at a 
confidence interval of 95% p<0.05 was performed and calculation of IC50 
values were carried out using Statistical Package for the Social Sciences 
(SPSS) statistical software.

RESULTS AND DISCUSSION
Proximate analysis of the peels
The results of the proximate analyses of the Musa paradisiaca ripe and un-
ripe peels are presented in Table 1. The ripe plantain peels had a moisture 
content of 23.17% ± 0.03%, a crude fiber content of 8.63% ± 0.01% Dry 
Matter (DM), a crude fat content of 12.11% ± 0.01% DM, an ash content 
of 13.54% ± 0.01% DM, a carbohydrate content of 38.15% ± 0.02% DM 
and a crude protein content of 4.40% ± 0.06% DM. For the unripe peels, 
moisture content was 16.31% ± 0.01%, crude fiber content, 12.63% ± 0.1% 
DM, crude fat content, 13.10% ± 0.02% DM, ash content, 12.01% ± 0.005% 
DM, carbohydrate content, 39.80% ± 0.4% DM and crude protein content, 
6.15% ± 0.14% DM. 

Qualitative analysis of phytochemicals in the aqueous extract 
of Musa paradisiaca peels
The results of the qualitative analysis of the phytochemicals present in the 
aqueous extract of ripe and unripe Musa paradisiaca peels (Table 2). Iden-
tified photochemical were alkaloids, flavonoids, phenols, reducing sugars 
and amino acids (Table 3).

Quantitative analysis of phytochemicals in the aqueous extract 
of Musa paradisiaca peels
HPLC quantitative analyses of the phytochemical compounds in aqueous 
extracts of Musa paradisiaca ripe peel indicated the presence of 15 com-
pounds, including phenolic compounds, sterols and sitoindosides (Figure 
1 and Table 4), with quercetin constituting 49.13% in the unripe peels and 
41.75% in the ripe peels followed by caffeic acid at 11.78% for the unripe 
and 11.29% for the ripe, hydroxybenzoic acid at 4.91% and 5.01% capsai-
cin at 3.52% and 3.54%, and lanosterol at 1.54% and 1.65%. Additionally, 
cyclomusatenol was found to be 16.08% in the unripe peels and 15.78% in 
the ripe peels, while cyclomusatenone was present at 7.91% and 14.53%, 
respectively. However, the structures assigned did not align with their as-
signed molecular as and weights, suggesting they may be artifacts arising 
during the analysis of the extracts. The remaining were minor constituents, 
each constituting <1% of the total phytochemical content. 

Antioxidant capacity
DPPH radical scavenging activity: The DPPH radical scavenging activity 
of the aqueous extracts of Musa paradisiaca peels are presented in Figure 
2. The activity was high and increased with higher concentration. At a 
concentration range of 0.05-0.25 mg/mL, the extracts of the ripe and the 
unripe peels exhibited IC50 value of 0.307 mg/mL and 0.208 mg/mL, re-
spectively. Both values were significantly higher than that of the standard, 
gallic acid which had an IC50 value of 0.161 mg/mL.
Ferric reducing antioxidant power: The ferric reducing antioxidant 
power of the aqueous extract of both ripe and unripe Musa paradisiaca 
peels is shown in Figures 3 and 4. At a concentration range of 50-250 µg/
mL, the ripe peel extract exhibited a significantly higher activity than that 
of the unripe peels. Notably, the activity of the ripe peel extract exhibiting 
activity similar to that of the standard, gallic acid and exceeded it at higher 
concentrations.

MATERIALS AND METHODS
Musa paradisiaca peels
Matured and healthy ripe and unripe plantains were obtained from Okha 
market on Sapele road, Benin city, Edo state, Nigeria. The peels were re-
moved and dried to a constant weight in a ventilated oven at 40°C. Later 
drying, the peels were ground into a power and stored in airtight contain-
ers to prevent moisture absorption. The powdered peels were stored in the 
refrigerator until they were required for analysis.

Reagents
Gallic acid, DPPH, α-glucosidase, α-amylase, and p-nitrophenyl α-glucose 
D-glucopyranoside were obtained from sigma-aldrich co. st. louis, mo, 
usa. Citric acid, potato starch, Di-Nitro Salicylic Acid (DNSA), methanol, 
potassium ferricyanide, ascorbic acid, trichloroacetic acid, Dinitro Phenyl 
Hydrazine solution (DNPH), thiourea, sodium hydroxide, monosodium 
dihydrogen phosphate, disodium phosphate, phosphoric acid, nitric acid, 
absolute ethanol and phenolphthalein were obtained from various sources. 
All reagents were analytical grade, except for benedict’s reagent and bar-
foed’s solution, which were reagent grade.

Powdered plantain peel extraction
The extraction process involved using 200 g each of ripe and unripe plan-
tain peels. These were extracted by boiling in 1 L of water or of a hydro-
ethanol solvent H2O/EtOH, 70/30 v/v for 20 minutes. After boiling, the 
mixture was filtrate red to obtain the liquid extracts. The final filtrates were 
concentrated using a rotary evaporator at 50°C to obtain the crude aque-
ous extracts of the peel. These extracts were then preserved in airtight bot-
tles and stored in a refrigerator until they are required for analysis.

Proximate analysis of Musa paradisiaca peels
Determination of moisture, crude fat, crude fiber, ash and crude protein 
contents was performed according to official methods (AOAC, 2010). 
Additionally, the carbohydrate content was calculated as Nitrogen Free 
Extract (NFE).

Qualitative analysis of phytochemicals of plantain peels
The qualitative analysis involved screening the aqueous extract of the peels 
for various phytochemicals. This included testing for the presence of alka-
loids, flavonoids, reducing sugars, amino acid or protein and carbohydrate 
(Barroso WA, et al., 2019)

Quantitative analysis of the composition of the compounds in 
the aqueous extract of Musa paradisiaca peels
The composition of plantain peel compounds was determined using a 
High-Performance Liquid Chromatography (HPLC) coupled with a mass 
spectrometer, outlined by (Cheng LC, et al., 2017).

Antioxidant capacity
The antioxidant capacity was evaluated through two primary methods like 
DPPH radical scavenging activity and ferric reducing antioxidant power. 
DPPH radical scavenging activity: DPPH radical scavenging activity was 
determined according to the method described by (Tang SZ, et al., 2002). 
Ferric reducing antioxidant power: The reducing power was determined 
according to the method.
Anti-hyperglycaemic activity: This activity was determined by measuring 
the α-amylase and α-glycosidase inhibitory activates of both the aqueous 
and hydroethanolic extracts of plantain peels. 
Alpha-amylase inhibitory activity: The α-amylase inhibitory activity of 
the aqueous hydroethanolic extracts of the plantain peels was determined 
following the methodology and outlined by (Kamtekar S, et al., 2014).
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Table 1: Proximate composition of Musa paradisiaca fruit peels

Nutrient g/100 g Ripe peels Unripe peels

Moisture 23.17 ± 0.03 16.31 ± 0.01

As % Dry matter As % Dry matter

Crude fibre 8.63 ± 0.01 12.63 ± 0.10

Crude fat 12.11 ± 0.01 13.10 ± 0.02

Ash 13.54 ± 0.01 12.01 ± 0.01

Carbohydrate 38.15 ± 0.02 39.80 ± 0.40

Crude protein 4.40 ± 0.06 6.15 ± 0.14

Gross energy, kcal 279.19 301.7 

Note: Values are expressed as Mean ± SD (n=3)

Table 2: Phytochemicals of aqueous extract of ripe and unripe Musa paradisiaca fruit peels

Phytochemicals Ripe peels Unripe peels

Alkaloids + +

Flavonoids + +

Phenol + +

Reducing sugar + +

Amino acid + +

Note:

 (+)=Present

Table 3. Chemical structures, chemical formulas, and molecular weights of M. paradisiaca compounds as detected by mass spectrometry

S/N Compound Chemical structure Chemical formula Molecular weight (g/mol)

1 p-Hydroxybenzoic acid C7H6O3 138.122

2 Caffeic acid

 

C9H8O4 180.16

3 Capsaicin C18H27NO3 305.40

4 Lanosterol

 

C30H50O 432.8

 (+)Present
 (+)Present
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5 Syringin

 

C17H24O9 373.37

6 β-Sitosterol

 

C29H50O 414.71

7 Sitoindoside I 

 

C51H90O7 815.26

8 Sitoindoside II

 

C53H92O7 841.29

9 Myricetin 

 

C15H10O8 318.24

10 Quercetin

 

C15H10O7 302.236

11 Cyclomusatenol* C8H9O1 16.05

12 Cyclomusatenone* C6H10 154.25

13 Kaempferol

 

C15H10O6 286.23

14 Luteolin 

 

C15H10O6 286.24

15 Apigenin

 

C15H10O5 270.0528

Note: *May be artifacts arising during analysis
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Table 4: Composition of compounds in the aqueous extract of ripe and unripe Musa paradisiaca peels

Composition g/100 g

Constituents Ripe Unripe

p-Hydroxybenzoic Acid 5.01 4.91

Caffeic Acid 11.29 11.78

Capsaicin 3.54 3.52

Lanosterol 1.65 1.54

Syringin 1.17 0.34

β-Sitosterol 0.41 0.53

Sitoindoside I 0.41 0.51

Sitoindoside II 0.35 0.44

Myricetin 0.36 0.45

Quercetin 41.75 49.13

Kaempferol 0.59 0.51

Luteolin 0.28 0.48

Apigenin 2.86 1.87

Figure 1: Chromatograms (HPLC) of compounds present in Musa paradisiaca extracts; (a) Ripe peels and (b) Unripe peels

(a)                 (b)

Figure 2: DPPH radical scavenging activity of the aqueous extract of ripe and unripe peels of Musa paradisiaca
Note: (■) Unripe mean; (■) Ripe mean and (■) Std mean
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Table 5: Alpha-amylase inhibitory activity of the hydroethanolic 
extract of the unripe peels of M. paradisiaca and the standard, 

acarbose

Concentration 
(mg/mL) Percentage inhibition (Mean ± SD)

Hydroethanolic* extract of un-
ripe peels of Musa paradisiaca Acarbose

0.1 70.30 ± 0.55a 80.66 ± 0.62b

0.2 74.73 ± 0.57a 82.56 ± 0.55b

0.3 75.78 ± 0.21a 84.90 ± 0.44b

0.4 77.27 ± 0.32a 88.76 ± 0.54b

0.5 78.49 ± 0.31a 90.96 ± 0.86b

IC50 0.040 0.024
Note: Results are expressed in Mean ± SD (n=3) *Hydroethanol: H2O/
EtOH 70:30 v/v; abMeans with different superscripts on the same row 
differ significantly (p<0.05)

In contrast, the activity of the aqueous extract from the unripe peels was 
high with an IC50 value of 0.024 mg/mL, which was much lower than that 
of the ripe peels, which had an IC50 value of 0.088 mg/mL across all con-
centrations considered.
Alpha-amylase and alpha-glucosidase inhibitory activity of the hydro-
ethanolic extract Musa paradisiaca unripe peels: The hydroethanolic ex-
tract of Musa paradisiaca unripe peels was examined for its α-amylase and 
α-glucosidase inhibitory activities.
The results for these activities, along with those for acarbose, an α-amylase 
and α-glucosidase inhibitor drug used for the management of type 2 dia-
betes mellitus, are presented in (Tables 5 and 6). 
Table 5 shows the ɑ-amylase inhibitory activity at various concentrations 
of the hydroethanolic extract of unripe Musa paradisiaca peels compared 
to acarbose. The percentage inhibition by acarbose was significantly higher 
at all concentrations studied, with a higher overall activity than the Musa 
paradisiaca peel extract, with IC50 values of 024 mg/ml vs. 0.040 mg/mL, 
respectively.

Figure 3: Ferric reducing antioxidant power of the aqueous extract of ripe and unripe peels of M. paradisiaca
Note: (■) Unripe mean; (■) Ripe mean and (■) Std mean

Figure 4: Alpha-amylase inhibitory activity of aqueous extracts of ripe and unripe peels of Musa paradisiaca
Note: ( ■ ) Unripe mean and ( ■ ) Ripe mean
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Bioactivity of Musa paradisiaca peel aqueous extract com-
pounds 
The composition of Musa paradisiaca compounds is shown in Table 4. 
Quercetin, the dominant constituent, protects insulin secreting pancreatic 
cells from glucotoxicity. Additionally, quercetin, myricetin and apigenin 
inhibit Glucose Transporter 2 (GLUT 2), while these compounds along 
with luteolin, inhibit ɑ-amylase and ɑ-glucosidase activity. Both quer-
cetin and capsaicin exert anti-inflammatory effects by directly block-
ing Mitogen-Activated Protein Kinase (MAPK) pathways, NFKB ac-
tivity and the expression of inflammatory cytokines (Hanhineva K et 
al., 2010; Kumar N and Goel N, 2019; Pico J and Martínez MM, 2019; 
Anhê FF, et al., 2013).
Furthermore, the phenolic acids p-hydroxybenzoic and caffeic acid are ef-
fective free radical scavengers that alleviate oxidative stress markers. They 
also exhibit antimicrobial, anti-inflammatory, ɑ-amylase and ɑ-gluco-
sidase inhibitory activities, as well as neuroprotective and hepatoprotective 
effects (Hanhineva K et al., 2010; Kumar N and Goel N, 2019).
Sitoindoside I is a potential anticancer agent exhibiting antiproliferative ac-
tivity against human HT-29 cells, as assessed by a reduction in cell viability 
after 3 days using the SRB assay (Fraga CG, et al., 2019; Sivakumar B, et 
al., 2020). Both Sitoindoside I and sitoindoside II, exhibit antiulcerogenic 
activity (Ghosal S and Saini KS, 1984). 
β-Sitosterol promotes antitumorigenic processes in prostate cancer cells 
and rodent models of prostate cancer. It also exhibits 5α-reductase inhibit-
ory activity similar to that of finasteride and dutasteride, which are widely 
used to treat prostatic enlargement or Benign Prostatic Hyperplasia (BPH) 
(Macoska, J.A, 2023). 
Furthermore, it inhibits the binding of the active form of testosterone, 
Dihydrotestosterone (DHT), to the androgen receptor.
Lanosterol is a key component in maintaining eye lens clarity and a po-
tential agent for the reversal and prevention of cataracts (Huff MW and 
Telford DE, 2005).
Additionally, kaempferol exhibits anti-inflammatory and antioxidant ac-
tivities. It is a potent promoter of apoptosis and regulates a range of signa-
ling pathways within cells. It is relatively less toxic to normal cells than the 
standard cancer chemotherapy and inhibits the proliferation of cancerous 
cells by disrupting the cell cycle at checkpoints (Dormán G et al., 2021). 
One such compound is syringing, a phenolic glycoside which possesses 
various biological activities, including anti-inflammatory, anti-irradiation, 
anti-osteoporosis and anticancer activities (Li F et al., 2017; Liu J et al., 
2018).
The rising burden of type 2 diabetes is of immense concern in healthcare 
worldwide. In 2017, approximately 462 million individuals were afflicted 
by the disease, corresponding to 6.28% of the world’s population. Over 1 
million deaths annually, making it the 9th leading cause of mortality. The 
global prevalence of type 2 diabetes is projected to increase to 7079 indi-
viduals per 100,000 by 2030 (Abdul Basith KM, et al., 2020).
At present, in addition to pharmacological interventions, such as oral anti-
diabetics and insulin, there are less expensive plant-based products. Some 
existing diabetes treatments such as acarbose work by inhibiting α-amylase 
and α-glucosidase in the digestive tract, thereby slows starch digestion, and 
the release and subsequent uptake of glucose, resulting in decreased post-
prandial glucose levels (Salehi B, et al., 2019). 
Thus, Musa paradisiaca peels contain a broad spectrum of bioactive 
compounds, potentially useful as anti-inflammatory, α-glucosidase and 
α-amylase inhibitors, 5α-reductase inhibitors for anti-prostate enlarge-
ment, antioxidants, antimicrobial agents and anticancer (antitumorigenic) 
agents in various therapeutic preparations.

The ɑ-glucosidase inhibitory activity of the hydroethanolic extract of Musa 
paradisiaca unripe peels and acarbose is shown in Table 6. At concentra-
tions ranging from 0.1-0.4 mg/mL concentrations, the percentage inhib-
itory activity of the unripe peels 71.66%-82.05% was significantly higher 
than that of acarbose 74.56%-78.25%, However, there was no significant 
difference between their activities at a concentration of 0.5 mg/ml, 82.43% 
vs. 83.08%, for acarbose. Overall, the unripe Musa paradisiaca peel extract 
displayed a considerably higher ɑ-glucosidase inhibitory activity with IC50 
value of 0.007 mg/mL, compared to acarbose, which had an IC50 value of 
0.021mg/mL.

Table 6: Alpha-glucosidase inhibitory activities of the hydroethanolic 
extract of the unripe peels of M. paradisiaca and the standard, 

acarbose

Concentration (mg/
mL) Percentage inhibition (Mean ± SD)

Hydroethanolic* 
extract of unripe 

peels of Musa 
paradisiaca

Acarbose

0.1 71.66 ± 0.36a 74.56 ± 0.15b

0.2 73.99 ± 0.43a 75.54 ± 0.34b

0.3 75.41 ± 0.49a 76.57 ± 0.16b

0.4 82.05 ± 0.31a 78.25 ± 0.56b

0.5 82.43 ± 0.26a 83.08 ± 0.28a

IC50 0.007 0.021

Note: Results are expressed in Mean ± SD (n=3) *Hydroethanol: H2O/
EtOH 70:30 v/v; abMeans with different superscripts on the same row 
differ significantly (p<0.05)

Proximate composition of the peels
The proximate composition of both the ripe and unripe Musa paradis-
iaca peels were similar indicating their suitability for use in human and 
animal nutrition, as ingredient in animal feed, and as an adjunct in flours 
and meals for human consumption (D’Eliseo D, et al., 2019). For the un-
ripe and semi-ripe fruits used for flour production, whole fruits could be 
rinsed, sliced without peeling, and dried, prior to grinding into flour. This 
flour can be blended as required for adequate functionality, with conven-
tional flours produced without the peel.
The results of this study, were similar to those previously reported by (Ig-
hodaro OM, 2012; Shadrach I, et al., 2020), who noted a similar nutritional 
composition in both the ripe and unripe peels. Additionally, the high ash 
mineral content observed is consistent with the use of this material as an 
alkali for soap boiling. 

Qualitative and quantitative analyses of the compounds pres-
ent in the aqueous extract of Musa paradisiaca peels
The results of the qualitative analysis (Table 2) showed the presence of alka-
loids, flavonoids, phenols, reducing sugars and amino acids.
Further, analysis using HPLC-MS revealed a total of 15 compounds, which 
included phenolic compounds sterols, and sitoindosides (Figure 1). Nota-
bly, quercetin consisted almost half of the total compounds identified with 
levels of 49.13% in the unripe peels and 41.75% in the ripe peels.
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Antioxidant capacity
The antioxidant capacity of the aqueous extract of the Musa paradisiaca 
peels was determined through its DPPH radical scavenging activity and 
ferric reducing antioxidant activity. The peels exhibited modest DPPH rad-
ical scavenging activity (Figure 2), with the aqueous extract of the unripe 
peels having higher scavenging activity than the ripe peels however, both 
exhibited lower activity compared to gallic acid of the same concentration.
Ferric iron reducing activity, the aqueous extract of the ripe peels showed 
high values, similar to those of the standard, gallic acid across all concen-
trations considered. In contrast, the ferric reducing activity for the extract 
of Musa paradisiaca peels but was much lower (Figure 3). 
Overall, the aqueous extract of Musa paradisiaca peels may be useful in 
the prevention and management of this oxidative stress related conditions 
(Oduje AA, et al., 2015).

Anti-hyperglycaemic activity
Alpha-amylase inhibitory activity of the aqueous extract of Musa para-
disiaca unripe peels: The anti-hyperglycaemic activity of the aqueous and 
hydroethanolic extracts of the Musa paradisiaca peels was determined by 
assessing their α-amylase and α-glycosidase inhibitory activities, com-
pared them with those of acarbose, a drug used for the management of 
type 2 diabetes in Figure 4.
The extracts exhibited significant α-amylase inhibitory activity, consistent 
with their high content of compounds know to inhibit these enzymes. The 
activity of the aqueous extract of the unripe peels was high, surpassing that 
of the ripe peels IC50, value of 0.024 mg/mL for unripe vs. 0.088 mg/mL for 
ripe across all concentrations considered. This difference aligns with the 
higher concentration of enzyme inhibitors found in the unripe peel extract 
(Table 4). However, the IC50 values for the unripe extract and acarbose were 
comparable 0.24 mg/mL (Table 5) (Evans WC, 1997).

Alpha-amylase and alpha-glucosidase inhibitory activity of 
the hydroethanolic extract Musa paradisiaca unripe peels
Results for the hydroethanolic extracts of the Musa paradisiaca unripe 
peels and acarbose, (Table 5) show that α-amylase inhibitory activity of the 
hydroethanolic extract was high, and similar to that of acarbose; however, 
it was significantly lower IC50, values of 0.040 mg/mL vs. 0.024 mg/mL for 
acarbose. Conversely, the α-glucosidase inhibitory activity of this extract 
was much higher than that of acarbose IC50=0.007 mg/mL for the extract 
vs. 0.021 mg/mL for acarbose.

CONCLUSION 
Musa paradisiaca fruit peels are rich sources of macronutrients, diet-
ary fiber and minerals, making them suitable for utilization in both hu-
man and animal nutrition. They contain a broad spectrum of bioactive 
compounds, potentially useful as anti-inflammatory, α-glucosidase and 
α-amylase inhibitory, 5α-reductase inhibitors for anti-prostate enlarge-
ment, antioxidants, antimicrobial agents, and anticancer antitumorigenic 
agents in various therapeutic preparations. Their aqueous and hydro-
ethanolic extracts exhibited high in vitro antioxidant capacity as well as 
α-amylase and α-glucosidase inhibitory activities comparable to those of 
acarbose, with high potential for use in the prevention and management of 
type 2 diabetes mellitus. 
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