Sys Rev Pharm 2024; 15(9): 302-310

A multifaceted review journal in the field of pharmacy

E-ISSN 0976-2779 P-ISSN 0975-8453/DOI: 10.31858/0975-8453.15.9.302-310

Research Article

Nutritional, Phytochemical Composition and In Vitro
Functional Properties of Ripe and Unripe Plantain
(Musa paradisiaca) Fruit Peels

Fred Omon Oboh’, Samuel Edosewele Ugheighele, Destiny Damiete Davidson and Naomi Eseohe Ugbeva

Department of Biological Sciences, Benson Idahosa University, Benin City, Nigeria

Article History: ~ Submitted: 03.09.2024  Accepted: 23.09.2024 ~ Published: 30.09.2024

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 Lig-
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_ =0.208
mg/L and IC,=0.301 mg/mL, respectively. However,
the unripe peels, which demonstrated activity com-

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).
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parable to that of the standard, gallic acid. The a-am-
ylase inhibitory activity of the aqueous extracts of the
peels was high. The unripe peels had a higher value
IC,,=0.024 mg/L, same as acarbose compared to the
ripe peels IC_=0.088 mg/mL. The hydroethanolic ex-
tract of the unripe peels demonstrated a significantly
lower a-amylase inhibitory activity 1C,=0.040 mg/mL
compared to acarbose IC,,=0.024 mg/mL. However,
it exhibited a far higher o-glucosidase inhibitory ac-
tivity, with IC_=0.007 mg/mL and IC_=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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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 ] 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, a-amylase and a-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
a-amylase and a-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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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, a-glucosidase, a-amylase, and p-nitrophenyl a-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 benedicts 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 H,O/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 a-amylase and a-glycosidase inhibitory activates of both the aqueous
and hydroethanolic extracts of plantain peels.

Alpha-amylase inhibitory activity: The a-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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Alpha-glucosidase inhibitory activity: a-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 IC,
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
I 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 IC, 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 IC_| 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 ug/
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.
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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 OH CH.O, 138.122
(@]
HO
2 Caffeic acid 0 CH,O, 180.16
HO
N 0H
HO
3 Capsaicin Ho, C H _NO 305.40
\Oﬁ/n N 187727 3
0
4 Lanosterol C,H,0 432.8
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5 Syringin Ho | C,H,0, 373.37
HO” "0
wo " ol
6 B-Sitosterol C,H, 0 414.71
7 Sitoindoside I C, H,0, 815.26
5
8 Sitoindoside IT 1 C,H,,0, 841.29
o
9 Mpyricetin i, C.H, O, 318.24
HO. O 0| O oH
HO' 'OH
OH O
10 Quercetin OH C.H,0O, 302.236
oH
=
HOL_ P
| |
7 oH
OH O
11 Cyclomusatenol’ OOH CH,0, 16.05
12 Cyclomusatenone’ HIEEY CH,0 154.25
C (i
13 Kaempferol C.H,0, 286.23
14 Luteolin C.H O, 286.24
15 Apigenin OH C.H,0, 270.0528
HO. O 0 ‘
OH ©

Note: ‘May be artifacts arising during analysis
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Figure 1: Chromatograms (HPLC) of compounds present in Musa paradisiaca extracts; (a) Ripe peels and (b) Unripe peels

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 5.01 491
Caffeic Acid 11.29 11.78
Capsaicin 3.54 3.52
Lanosterol 1.65 1.54
Syringin 1.17 0.34
B-Sitosterol 0.41 0.53
Sitoindoside I 0.41 0.51
Sitoindoside IT 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
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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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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
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Figure 4: Alpha-amylase inhibitory activity of aqueous extracts of ripe and unripe peels of Musa paradisiaca

Note: ( = ) Unripe mean and ( = ) Ripe mean

In contrast, the activity of the aqueous extract from the unripe peels was
high with an IC,, value of 0.024 mg/mL, which was much lower than that
of the ripe peels, which had an IC_| 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 a-amylase and
a-glucosidase inhibitory activities.

The results for these activities, along with those for acarbose, an a-amylase
and a-glucosidase inhibitor drug used for the management of type 2 dia-
betes mellitus, are presented in (Tables 5 and 6).

Table 5 shows the a-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 IC, values of 024 mg/ml vs. 0.040 mg/mL,
respectively.
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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
Co?:legl;ga;f)lon Percentage inhibition (Mean + SD)

Hydroethanolic™ extract of un-

ripe peels of Musa paradisiaca Acarbose
0.1 70.30 + 0.55* 80.66 + 0.62°
0.2 74.73 £ 0.57° 82.56 + 0.55°
0.3 75.78 £0.21* 84.90 + 0.44°
0.4 77.27 £0.32* 88.76 + 0.54°
0.5 78.49 £ 0.31° 90.96 + 0.86°
IC,, 0.040 0.024

Note: Results are expressed in Mean + SD (n=3) "Hydroethanol: H,0/
EtOH 70:30 v/v; *Means with different superscripts on the same row
differ significantly (p<0.05)
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The a-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 a-glucosidase inhibitory activity with IC,|
value of 0.007 mg/mL, compared to acarbose, which had an IC_ 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
Concent;:;gon (mg/ Percentage inhibition (Mean * SD)
Hydroethanolic’
extract of unripe Acarbose
peels of Musa
paradisiaca
0.1 71.66 = 0.36* 74.56 + 0.15°
0.2 73.99 +£0.43* 75.54 + 0.34°
0.3 75.41 £ 0.49* 76.57 + 0.16"
0.4 82.05+0.31* 78.25 + 0.56"
0.5 82.43 £0.26* 83.08 £ 0.28*
IC,, 0.007 0.021
Note: Results are expressed in Mean + SD (n=3) "Hydroethanol: H,0/
EtOH 70:30 v/v; ®®Means 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 I). 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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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 a-amylase and a-glucosidase activity. Both quer-
cetin and capsaicin exert anti-inflammatory effects by directly block-
ing Mitogen-Activated Protein Kinase (MAPK) pathways, NF, B ac-
tivity and the expression of inflammatory cytokines (Hanhineva K et
al., 2010; Kumar N and Goel N, 2019; Pico ] and Martinez MM, 2019;
Anhé 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, a-amylase and a-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).

B-Sitosterol promotes antitumorigenic processes in prostate cancer cells
and rodent models of prostate cancer. It also exhibits 5a-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 (Dormén 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 9" 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 a-amylase
and a-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, a-glucosidase and
a-amylase inhibitors, 5a-reductase inhibitors for anti-prostate enlarge-
ment, antioxidants, antimicrobial agents and anticancer (antitumorigenic)
agents in various therapeutic preparations.
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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 a-amylase and a-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 a-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 IC, , 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 IC,  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 a-amylase inhibitory activity of the
hydroethanolic extract was high, and similar to that of acarbose; however,
it was significantly lower IC_, values of 0.040 mg/mL vs. 0.024 mg/mL for
acarbose. Conversely, the a-glucosidase inhibitory activity of this extract
was much higher than that of acarbose IC_=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, a-glucosidase and
a-amylase inhibitory, 5a-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
a-amylase and a-glucosidase inhibitory activities comparable to those of
acarbose, with high potential for use in the prevention and management of
type 2 diabetes mellitus.

REFERENCES

1. Adamu AS, Ojo IO, Oyetunde JG. Evaluation of nutritional values in
ripe, unripe, boiled and roasted plantain Musa paradisiaca pulp and
peel. Eu ] Basic Appl Sci. 2017; 4(1): 2059-3058.

2. Rosero-Chasoy G, Serna-Cock L. Effect of plantain Musa paradisiaca
dominico harton peel flour as binder in frankfurter-type sausage.
Acta Agron. 2017; 66(3): 305-310.

309 Systematic Review Pharmacy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Arun KB, Madhavan A, Reshmitha TR, Thomas S, Nisha P. Musa
paradisiaca inflorescence induces human colon cancer cell death by
modulating cascades of transcriptional events. Food Funct. 2018;
9(1): 511-524.

Okareh OT, Adeolu AT, Adepoju OT. Proximate and mineral
composition of plantain Musa Paradisiaca wastes flour; a potential
nutrients source in the formulation of animal feeds. Afr ] Food Sci
Technol. 2015; 6(2): 53-57.

Omale J, Okafor PN. Comparative antioxidant capacity, membrane
stabilization, polyphenol composition and cytotoxicity of the leaf and
stem of Cissus multistriata. Afr ] Biotechnol. 2008; 7(17).

Cordero AE, Gémez M, Castillo JH. Polyphenolic resin synthesis:
Optimizing plantain peel biomass as heavy metal adsorbent.
Polimeros. 2015; 25(4): 351-355.

Auta SA, Kumurya AS. Comparative proximate, mineral elements
and antinutrients composition between Musa sapientum (Banana)
and Musa paradisiaca (Plantain) pulp flour. Sky ] Biochem Res. 2015;
4(4): 025-030.

Barroso WA, Abreu IC, Ribeiro LS, da Rocha CQ, de Souza HP, de
Lima TM. Chemical composition and cytotoxic screening of Musa
cavendish green peels extract: Anti proliferative activity by activation
of different cellular death types. Toxicol In Vitro. 2019; 59: 179-186.

D’Eliseo D, Pannucci E, Bernini R, Campo M, Romani A, Santi L, et
al. In vitro studies on anti-inflammatory activities of kiwifruit peel
extract in human THP-1 monocytes. ] Ethnopharmacol. 2019; 233:
41-46.

Association of Official Analytical Chemists (AOAC) official methods
of analysis. ] Assoc Off Anal Chem. 2010.

Cheng LC, Murugaiyah V, Chan KL. Developing a validated HPLC
method for the phytochemical analysis of antihyperuricemic
phenylethanoid glycosides and flavonoids in Lippia nodiflora. Nat
Prod Commun. 2017; 12(11): 1934578X1701201105.

Tang SZ, Kerry JP, Sheehan D, Buckley DJ. Antioxidative mechanisms
of tea catechins in chicken meat systems. Food Chem. 2002; 76(1):
45-51.

Kamtekar S, Keer V, Patil V. Estimation of phenolic content, flavonoid
content, antioxidant and alpha amylase inhibitory activity of marketed
polyherbal formulation. ] Appl Pharm Sci. 2014; 4(9): 061-065.

Telagari M, Hullatti K. In-vitro a-amylase and a-glucosidase
inhibitory activity of Adiantum caudatum linn. and celosia argentea
linn extracts and fractions. Indian ] Pharmacol. 2015; 47(4): 425-429.

Ighodaro OM. Evaluation study on nigerian species of Musa
paradisiaca peels. Researcher. 2012; 4(8): 17-20.

Shadrach I, Banji A, Adebayo O. Nutraceutical potential of ripe and
unripe plantain peels: A comparative study. Chem Int. 2020; 6(2): 83-
90.

Hanhineva K, Torronen R, Bondia-Pons I, Pekkinen ], Kolehmainen
M, Mykkénen H, et al. Impact of dietary polyphenols on carbohydrate
metabolism. Int ] mol Sci. 2010; 11(4): 1365-1402.

Kumar N, Goel N. Phenolic acids: Natural versatile molecules with
promising therapeutic applications. Biotechnol Rep. 2019; 24: €00370.
Pico J, Martinez MM. Unraveling the inhibition of intestinal glucose
transport by dietary phenolics: A review. Curr Pharm Des. 2019;
25(32): 3418-3433.

Anhé FE, Desjardins Y, Pilon G, Dudonné S, Genovese MI, Lajolo
FM, et al. Polyphenols and type 2 diabetes: A prospective review.
Pharm Nutr. 2013; 1(4): 105-114.

Vol 15, Issue 9 September October, 2024


https://pubs.rsc.org/en/content/articlehtml/2017/fo/c7fo01454f
https://pubs.rsc.org/en/content/articlehtml/2017/fo/c7fo01454f
https://pubs.rsc.org/en/content/articlehtml/2017/fo/c7fo01454f
https://www.researchgate.net/profile/Oladejo-Adepoju/publication/275035286_Proximate_and_mineral_composition_of_plantain_Musa_Paradisiaca_wastes_flour_A_potential_nutrients_source_in_the_formulation_of_animal_feeds/links/55303e750cf2f2a588ab0ada/Proximate-
https://www.researchgate.net/profile/Oladejo-Adepoju/publication/275035286_Proximate_and_mineral_composition_of_plantain_Musa_Paradisiaca_wastes_flour_A_potential_nutrients_source_in_the_formulation_of_animal_feeds/links/55303e750cf2f2a588ab0ada/Proximate-
https://www.researchgate.net/profile/Oladejo-Adepoju/publication/275035286_Proximate_and_mineral_composition_of_plantain_Musa_Paradisiaca_wastes_flour_A_potential_nutrients_source_in_the_formulation_of_animal_feeds/links/55303e750cf2f2a588ab0ada/Proximate-
https://www.ajol.info/index.php/ajb/article/view/59240
https://www.ajol.info/index.php/ajb/article/view/59240
https://www.ajol.info/index.php/ajb/article/view/59240
https://www.scielo.br/j/po/a/Qwx9rFX9mrtbx97Hx8ntB8b/?lang=en
https://www.scielo.br/j/po/a/Qwx9rFX9mrtbx97Hx8ntB8b/?lang=en
https://www.scirp.org/reference/referencespapers?referenceid=2129616
https://www.scirp.org/reference/referencespapers?referenceid=2129616
https://www.scirp.org/reference/referencespapers?referenceid=2129616
https://www.sciencedirect.com/science/article/abs/pii/S0887233319300268
https://www.sciencedirect.com/science/article/abs/pii/S0887233319300268
https://www.sciencedirect.com/science/article/abs/pii/S0887233319300268
https://www.sciencedirect.com/science/article/abs/pii/S0378874118320415
https://www.sciencedirect.com/science/article/abs/pii/S0378874118320415
https://www.scirp.org/reference/ReferencesPapers?ReferenceID=1519360
https://www.scirp.org/reference/ReferencesPapers?ReferenceID=1519360
https://journals.sagepub.com/doi/abs/10.1177/1934578X1701201105
https://journals.sagepub.com/doi/abs/10.1177/1934578X1701201105
https://journals.sagepub.com/doi/abs/10.1177/1934578X1701201105
https://www.sciencedirect.com/science/article/abs/pii/S0308814601002485
https://www.sciencedirect.com/science/article/abs/pii/S0308814601002485
https://japsonline.com/abstract.php?article_id=1329&sts=2
https://japsonline.com/abstract.php?article_id=1329&sts=2
https://japsonline.com/abstract.php?article_id=1329&sts=2
https://journals.lww.com/iphr/fulltext/2015/47040/in_vitro___amylase_and___glucosidase_inhibitory.16.aspx
https://journals.lww.com/iphr/fulltext/2015/47040/in_vitro___amylase_and___glucosidase_inhibitory.16.aspx
https://journals.lww.com/iphr/fulltext/2015/47040/in_vitro___amylase_and___glucosidase_inhibitory.16.aspx
https://www.researchgate.net/profile/Osasenaga-Ighodaro/publication/288915888_Evaluation_study_on_Nigerian_species_of_Musa_paradisiac_peels_Phytochemical_screening_proximate_analysis_mineral_composition_and_antimicrobial_activities/links/5afdf4c50f7e9b98e0
https://www.researchgate.net/profile/Osasenaga-Ighodaro/publication/288915888_Evaluation_study_on_Nigerian_species_of_Musa_paradisiac_peels_Phytochemical_screening_proximate_analysis_mineral_composition_and_antimicrobial_activities/links/5afdf4c50f7e9b98e0
http://bosaljournals.com/index.php/chemint/article/view/166
http://bosaljournals.com/index.php/chemint/article/view/166
https://www.mdpi.com/1422-0067/11/4/1365
https://www.mdpi.com/1422-0067/11/4/1365
https://www.sciencedirect.com/science/article/pii/S2215017X19302383
https://www.sciencedirect.com/science/article/pii/S2215017X19302383
https://www.ingentaconnect.com/content/ben/cpd/2019/00000025/00000032/art00002
https://www.ingentaconnect.com/content/ben/cpd/2019/00000025/00000032/art00002
https://www.sciencedirect.com/science/article/abs/pii/S2213434413000406
https://www.idpublications.org/wp-content/uploads/2016/12/Full-Paper-EVALUATION-OF-NUTRITIONAL-VALUES-IN-RIPE-UNRIPE-BOILED-AND-ROASTED-PLANTAIN.pdf
https://www.idpublications.org/wp-content/uploads/2016/12/Full-Paper-EVALUATION-OF-NUTRITIONAL-VALUES-IN-RIPE-UNRIPE-BOILED-AND-ROASTED-PLANTAIN.pdf
https://www.idpublications.org/wp-content/uploads/2016/12/Full-Paper-EVALUATION-OF-NUTRITIONAL-VALUES-IN-RIPE-UNRIPE-BOILED-AND-ROASTED-PLANTAIN.pdf
https://biblat.unam.mx/hevila/Actaagronomica/2017/vol66/no3/1.pdf
https://biblat.unam.mx/hevila/Actaagronomica/2017/vol66/no3/1.pdf

21.

22.

23.

24.

25.

26.

27.

Oboh FO: Nutritional, Phytochemical Composition and In Vitro Functional Properties of Ripe and Unripe Plantain
(Musa paradisiaca) Fruit Peels

Fraga CG, Croft KD, Kennedy DO, Tomés-Barberan FA. The effects
of polyphenols and other bioactives on human health. Food Funct.
2019; 10(2): 514-528.

Sivakumar B, Boovarahan SR, Kurian GA. Anti-proliferative potential
of sodium thiosulfate against HT 29 human colon cancer cells with
augmented effect in the presence of mitochondrial electron transport
chain inhibitors. Asian Pac ] Trop Biomed. 2020; 10(7): 333-340.
Ghosal S, Saini KS. Sitoindosides I and II, two new anti-ulcerogenic
sterylacyl glucodises from Musa paradisiaca. ] Chem Res. 1984; (4).
Macoska J.A. The use of beta-sitosterol for the treatment of prostate
cancer and benign prostatic hyperplasia. Am ] Clin Exp Urol. 2023;
11(6): 467-480.

Huff MW, Telford DE. Lord of the rings-the mechanism for
oxidosqualene: Lanosterol cyclase becomes crystal clear. Trends
Pharmacol Sci. 2005; 26(7): 335-340.

Dorman G, Flachner B, Hajdu I, Andras C. Target identification and
polypharmacology of nutraceuticals. ] Nutraceuticals. 2021. 315-343.

Li E Zhang N, Wu Q, Yuan Y, Yang Z, Zhou M, et al. Syringin

310 Systematic Review Pharmacy

28.

29.

30.

31

32.

prevents cardiac hypertrophy induced by pressure overload through
the attenuation of autophagy. Int ] Mol Med. 2017; 39(1): 199-207.
Liu J, Zhang Z, Guo Q, Dong Y, Zhao Q, Ma X. Syringin prevents
bone loss in ovariectomized mice via TRAF6 mediated inhibition of
NF-«B and stimulation of PI3K/AKT. Phytomedicine. 2018; 42: 43-
50.

Abdul Basith KM, Hashim M]J, King JK, Govender RD, Mustafa H,
Al Kaabi J. Epidemiology of type 2 diabetes-global burden of disease
and forecasted trends. ] Epidemiol Glob Health. 2020; 10(1): 107-111.
Salehi B, Ata A, Anil Kumar N, Sharopov E Ramirez-Alarcon K,
Ruiz-Ortega A, et al. Antidiabetic potential of medicinal plants and
their active components. Biomolecules. 2019; 9(10): 551.

Oduje AA, Oboh G, Ayodele AJ, Stephen AA. Assessment of the
nutritional, anti-nutritional, and antioxidant capacity of uripe, ripe,
and over ripe plantain Musa paradisiaca Peels. Int ] Curr Adv Res.
2015; 3: 63-72.

Evans WC. Trease and Evans’ pharmacognosy. Gen Pharmacol. 1997;
2(29): 291.

Vol 15, Issue 9 September October, 2024


https://www.spandidos-publications.com/ijmm/39/1/199
https://www.spandidos-publications.com/ijmm/39/1/199
https://www.sciencedirect.com/science/article/abs/pii/S0944711318300552
https://www.sciencedirect.com/science/article/abs/pii/S0944711318300552
https://www.sciencedirect.com/science/article/abs/pii/S0944711318300552
https://link.springer.com/article/10.2991/jegh.k.191028.001
https://link.springer.com/article/10.2991/jegh.k.191028.001
https://www.mdpi.com/2218-273X/9/10/551
https://www.mdpi.com/2218-273X/9/10/551
https://www.researchgate.net/profile/Adeniyi-Adefegha/publication/283027739_Interaction_of_Plantain_Musa_paradisiaca_Peel_Extracts_Unripe_Ripe_and_Over_Ripe_with_Key_Enzymes_Linked_to_Hypertension_Angiotensin-I_converting_enzyme_and_Their_Antioxidant_Activ
https://www.researchgate.net/profile/Adeniyi-Adefegha/publication/283027739_Interaction_of_Plantain_Musa_paradisiaca_Peel_Extracts_Unripe_Ripe_and_Over_Ripe_with_Key_Enzymes_Linked_to_Hypertension_Angiotensin-I_converting_enzyme_and_Their_Antioxidant_Activ
https://www.researchgate.net/profile/Adeniyi-Adefegha/publication/283027739_Interaction_of_Plantain_Musa_paradisiaca_Peel_Extracts_Unripe_Ripe_and_Over_Ripe_with_Key_Enzymes_Linked_to_Hypertension_Angiotensin-I_converting_enzyme_and_Their_Antioxidant_Activ
https://www.infona.pl/resource/bwmeta1.element.elsevier-7d87dfdc-b9e0-3d0f-867d-8c7daa5af06c
https://pubs.rsc.org/en/content/articlehtml/2019/fo/c8fo01997e
https://pubs.rsc.org/en/content/articlehtml/2019/fo/c8fo01997e
https://www.cabidigitallibrary.org/doi/full/10.5555/20203264624
https://www.cabidigitallibrary.org/doi/full/10.5555/20203264624
https://www.cabidigitallibrary.org/doi/full/10.5555/20203264624
https://www.cabidigitallibrary.org/doi/full/10.5555/20203264624
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=9705636
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=9705636
https://e-century.us/files/ajceu/11/6/ajceu0152305.pdf
https://e-century.us/files/ajceu/11/6/ajceu0152305.pdf
https://www.cell.com/ajhg/abstract/S0165-6147(05)00127-6
https://www.cell.com/ajhg/abstract/S0165-6147(05)00127-6
https://www.sciencedirect.com/science/article/abs/pii/B9780128210383000239
https://www.sciencedirect.com/science/article/abs/pii/B9780128210383000239
https://www.spandidos-publications.com/ijmm/39/1/199

