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Abstract

Banana (Musa spp.) and sweet potato (Ipomoea batatas) peels are often discarded during food processing,
yet they contain a wealth of bioactive compounds with promising health and industrial benefits. This study
set out to explore the chemical composition and biological potential of these underutilized byproducts. The
peels were first subjected to ethanol extraction using a Soxhlet apparatus. To better understand the
chemical profiles of the extracts, Gas Chromatography—Mass Spectrometry (GC-MS) and Fourier
Transform Infrared Spectroscopy (FTIR) were employed. The GC-MS analysis showed that banana peel
extract was particularly rich in cis-oleic acid (24.85%) and resorcinol (19.02%), while sweet potato peel
extract had a higher concentration of palmitic acid (39.66%) and pyrogallol (17.94%). FTIR spectroscopy
supported these findings, revealing prominent O—H stretching bands around 3300-3400 cm™, C=0
stretching peaks near 1700 cm ™, and C—0 vibrations between 1000—1300 cm 7, all indicative of phenolic
and fatty acid structures. Antioxidant assays revealed that banana peel extract exhibited stronger firee
radical scavenging activity, particularly at lower concentrations. On the other hand, sweet potato peel
extract demonstrated notable antibacterial effects, especially against Pseudomonas aeruginosa. These
findings therefore point to the untapped potential of banana and sweet potato peels as valuable resources
for developing natural antioxidant and antibacterial agents. Their utilization not only adds value to
agricultural waste but also supports sustainable and eco-friendly approaches in food, pharmaceutical and
cosmetic industries.
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Introduction quantities of waste, primarily in the form of peels

are generated during their processing and

Banana (Musa spp.) and sweet potato (Ipomoea consumption. These peels which are traditionally

batatas) are essential staple crops that play a crucial regarded as agricultural by-products are now

role in ensuring food security, particularly in recognized as potential sources of high-value

tropical and subtropical regions [1]. However, large bioactive compounds including  phenolics,
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flavonoids and other phytochemicals with

established pharmacological, nutritional and

industrial significance [2, 3].

To explore and harness these bioactive constituents
effectively, it is imperative to employ suitable
extraction and analytical techniques. Ethanol is
commonly utilized as an extraction solvent due to
its broad polarity range, enabling efficient recovery
of both polar and non-polar compounds from plant
matrices [4, 5]. Its non-toxic and eco-friendly
nature also makes it preferable for applications in

food, pharmaceutical and cosmetic industries.

Following extraction, a robust and sensitive
analytical method is required to identify and
the of
phytochemicals present in the extracts. Gas

Spectrometry (GC-MS)

characterize complex  mixture
Chromatography—Mass
serves this purpose effectively, offering high-
resolution separation and precise identification of
volatile and semi-volatile constituents [7, 8]. The
integration of ethanol extraction with GC-MS
analysis thus provides a comprehensive and
reliable approach for profiling the chemical
composition of banana and sweet potato peels,
thereby elucidating their potential value as raw
materials for various industrial applications.
Previous works reported the ethanolic extract of
banana peel (Musa paradisiaca forma typica) to
have a very strong antioxidant activity [26]. Sweet
potato peel was also reported to have the highest
antioxidant activity as compared to other parts [27].

Profiling the aqueous ethanolic extracts of banana
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and sweet potato peels with GC-MS could reveal a

wide array of compounds with potential
applications across multiple industries [7]. This
research aims at investigating the chemical
composition of ethanolic extracts from banana and
sweet potato peels using GC-MS. By evaluating the
spectral profiles and bioactive compounds present,
the study seeks to promote the utilization of these
agricultural byproducts, reducing waste and
contributing to the development of value-added

products.

Materials and Methods

Samples Collection and Preparation

Fresh Potatoes and Banana were bought at
Wurukum market in Makurdi and taken to the
Department of Chemistry, Benue State University,
Makurdi, Nigeria. Healthy potato tubers and
Banana were selected and washed with distilled
water to remove any adhering dirt or residues,
peeled carefully and peels blanched for 3 minutes.
After blanching, the peels were dried in an oven at
40°C until they maintained consistent weight. They
were then pulverized using a mortar, sieved with a

40 micron mesh and kept for further use.
Extraction

Exactly 1000 g of each peels powder was
subsequently extracted using70 % absolute ethanol
in a Soxhlet apparatus at the ethanol boiling point
for 48 h. The crude extract obtained from the peels
was concentrated using a rotary evaporator, coded

as sample A and B and stored for further analyses.
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Characterization of Extracts
GC-MS analyses

GC-MS analyses were carried out using the
GCMS-QP2010 PLUS SHIMADZU, Kyoto Japan.
The column used was Perkin Elmer Elite - 5
capillary column measuring 30 m x 0.25 mm with
a film thickness of 0.25 mm composed of 95 %
Dimethyl polysiloxane. The carrier gas used was
Helium at a flow rate of 0.5 mL/min. Exactly 1 pL.
sample injection volume was utilized. The inlet
temperature was maintained as 250 °C. The oven
temperature was programmed initially at 80 °C for
4 min, then an increase to 200 °C, and then
programmed to increase to 280 °C at a rate of 20 °C
ending at 5 min. Total run time was 25 min. The
MS transfer line was maintained at a temperature of
200 °C. The source temperature was maintained at
180 °C. GC-MS was analyzed using electron
impact ionization at 70 eV and data was evaluated
using total ion count (TIC) for compound
identification and quantification. The spectrums of
the components were compared with the database
of spectrum of known components stored in the

GC-MS library [8].

Fourier transform infrared spectroscopy (FT-

IR) analyses

Fourier transform infrared spectroscopy (FT-IR)
analyses were performed on isolated samples to
have a prompt result regarding the biomineral. A
few crystals were mixed with KBr (Merck for
spectroscopy) and pulverized in an agate mortar to

form a homogenous powder from which, under a
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pressure of 7 tons, the appropriate pellets were
prepared. All spectra were recorded from 4000 -400
cm! using a Pelkin Elmer 3000 MX spectrometer,
United States of America. Scans were 32 per
spectrum with a resolution of 4 cm™!. The IR spectra
were analyzed using the spectroscopic software
Win-IR Pro Version 3.0 with a peak sensitivity of 2

cml.

Antioxidant Assay

With hydrogen peroxide (H20)

The reaction mixture composed of 500 pL of 1,10
phenanthroline, 1000 pL of Sodium phosphate
buffer, 500 pL of ferrous sulfate, 500 pL of
hydrogen peroxide and 500 pL of different
concentration of the sample 200-1000 pg/mL. The
content was incubated for 30 min at room
temperature after which the absorbance was
recorded at 536 nm against the reagent blank.
Distilled water was used in place of sample as blank
while ascorbic acid was used as positive control

having the same concentration as the sample [9].

Scavenging activity (%) = ?_;IZX 100
Eqn. 1
Where A is the absorbance of sample, B is the
absorbance of control and C is the absorbance of
distilled water in place of H>O, and sample.

Anti-bacterial Test Analyses

Agar well technique was employed in the assay of
the sample against bacterial pathogens. Bacterial
pathogen was standardized using 0.5 MacFarland
standards which is expected to give an approximate

cell number of 1.0 x 108 CFU/mL. Standardized
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isolates (Klebsiella pneumoniae, Proteus mirabilis
and Pseudomonas aeruginosa) were spread on
sterile Mueller Hinton agar plates for growth of
bacteria. Wells were made into the agar plates using
sterile cork borer (5 mm diameter). The different
concentrations were introduced into the wells for
bacterial isolates and left for about 1 h for diffusion
to occur before incubating at 37 °C for 24 h.
Diameter of clear zones obtained were measured

and recorded accordingly. The appearance of zone

of clearance indicates susceptibility of isolate to the

antimicrobial agents (samples) [10].
Results and Discussion

In this research, potato and banana peels were
collected, extracted using ethanol, characterized
and investigated for antioxidant and antibacterial
activities and the results are presented in Table 1-3

and Figure 1-2.

Table 1: Qualitative and Quantitative Phytochemical Analyses of Banana and Potato Peels Ethanolic

Extracts by GC-MS

S/N Banana Peel Extract Potato Peel Extract
Compound % Composition Compound % Composition
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The GC-MS results for banana and potato peel
extracts showed great differences in their chemical
makeup and compositions (Table 1). Banana peels
contained Cis-Oleic acid (24.85 %) which is the surface-active agents and lubricants.
most abundant compound, a monounsaturated fatty

industrial or biological applications, Arachidic acid
(5.31 %), saturated fatty acid, and Oleic acid amide

(4.22 %), a derivative of oleic acid that is used in

acid widely present in plant-based oils, Resorcinol =~ Both extracts contain significant amounts of fatty

(19.02 %), known for its antioxidant properties and  acids. However, banana peel is richer in unsaturated

often used in chemical formulations and skincare  fatty acids, particularly cis-oleic acid, while potato

products, 3-O-Methyl-d-glucose (14.50 %), sugar  peel contains more saturated fatty acids, mainly

derivative that reflects the carbohydrate content in ~ palmitic acid. Zou et al. (2022) reported similar

banana peel, 7-Tetradecenal (8.12 %), a fatty = compounds [11]. Potato peel has higher levels of

aldehyde that might contribute to bioactivity or  phenolic compounds such as pyrogallol, which

flavor, Palmitic acid (6.44 %), saturated fatty acid  suggests stronger antioxidant properties. The

commonly found in fats and waxes, Phytol (4.28  compounds identified in this research have also

%), used in the synthesis of chlorophyll and  been reported [12, 13]. In contrast, banana peel

vitamins and [soamyl acetate (2.61 %), widely used  contains resorcinol, but in lower concentrations.

as a flavoring agent. Potato peels on the other hand ~ Banana peel has a greater presence of carbohydrate-

predominantly contained Palmitic acid (39.66 %),  related compounds, such as 3-O-Methyl-d-glucose

indicating a higher concentration of saturated fatty =~ and methyl alpha-D-glucopyranoside, suggesting a

acids in the peels, Pyrogallol (17.94 %), a phenolic ~ higher sugar content [14]. Alaa (2024) also reported

compound known for its antioxidant properties and  similar results [15].

widely used in various chemical processes,
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Figure 1:Fourier Transform Infrared Spectral of Banana Peels Ethanolic Extract
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Figure 2: Fourier Transform Infrared Spectral of Potato Peels Ethanolic Extract.

From the spectral, both banana (Figure 1) and
potato (Figure 2) peels contain similar functional
groups, but their compositions differ in terms of
the specific compounds and their relative
abundance. These differences reflect the unique
biochemical composition of each plant material.
Both extracts display broad O-H stretching bands
at ~3300-3400 cm™', with banana peels showing
a more intense peak, suggesting a higher content
of hydroxyl groups, possibly from phenolics,

alcohols, or water [16].

The potato peel extract exhibits a stronger C=0

stretching peak around 1700 cm™, indicating a
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higher  presence  of  carbonyl-containing
compounds such as starch degradation products
or organic acids. Both extracts showed absorption
in the range 1000-1300 cm™, indicative of C-O
stretching, though the peak is slightly sharper in
the potato peel extract, indicating a greater
presence of ester or ether groups [17]. Dahiru et
al. (2018) also reported these absorption bands
from banana peels [18]. The spectra suggest that
potato peels have a higher concentration of
carbonyl compounds and phenolics, while banana
peels likely contain

more  hydroxyl-rich
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compounds such as polysaccharides and water as

depicted by GC-MS analysis.

Table 2: Antioxidant Properties of Potato and Banana Peels Ethanolic Extracts

Samples 200 pg/mL 400 ug/mL 600 pg/mL 800 pg/mL 1000 pg/mL
Banana Peel 89.86+1.23 87.89+0.65  89.04+0.19 89.224+0.32 88.12+0.58
Potato Peel 87.75+0.06 84.82+0.06  84.86+0.13 84.45+0.19 83.89+0.06
Control 86.63+0.23 87.75£0.23  90.79+0.23 91.91+0.45 93.924+0.57

Control = Ascorbic acid; n= 2.

The result of the comparative analysis of the
antioxidant activities of potato and banana peel
extracts at varying concentrations (200—1000
ug/mL) using hydrogen peroxide as a reactive
oxygen species (Table 2). Banana peel extract
demonstrated the highest antioxidant activity than
both potato peel extract and ascorbic acid at
concentration of 200 pug/mL. This suggests that
banana peel extract contains potent antioxidants
effective at lower concentrations [19, 20]. At the

concentrations of 400-600 ug/mL, the antioxidant

activity of Ascorbic acid supersedes both extracts.
However, the banana peel extract remains effective
and relatively stable, whereas the potato peel extract
seemed to have reached its optimal antioxidant
activity. These findings are consistent with report of
[21] and [22] who stated similar results. At higher
concentrations (800-1000 pg/mL), Ascorbic acid
becomes the most efficient antioxidant. However,
banana peel extract still shows stronger antioxidant
activity than potato peel extract, which experienced

a small reduction in activity.

Table 3: Antibacterial Activities of Potato and Banana Peels Ethanolic Extracts

Sample Concentration of Zone of Inhibition (mm)
Extract (mg/mL) Klebsiella Proteus mirabilis Pseudomonas
pneumoniae aeruginosa
B.peel 250 0+0.00 0+0.00 12.67+£2.08
125 0+0.00 0+0.00 0+0.00
62.5 0+0.00 0+0.00 0+0.00
P. peel 250 15.67+£0.58 17.00+1.00 22.33+1.53
125 13.67+£0.58 14.33+0.58 17.33+0.58
62.5 11.33+0.58 10.67+0.58 12.33+0.58
Control 0+0.00 0+0.00 0+0.00

Control = Water without extract; n = 3.
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The antibacterial effects of the extracts against
Klebsiella pneumoniae, Proteus mirabilis, and
Pseudomonas aeruginosa was also assessed (Table
3). The zones of inhibition were measured at
various extract concentrations (250 mg/mL, 125
mg/mL and 62.5 mg/mL), with the control showing
no antibacterial activity. The potato peel extract
demonstrated significant antibacterial activity
against the three bacterial strains tested. The most
prominent effect was against Pseudomonas
aeruginosa, with substantial inhibition even at
lower concentrations. Klebsiella pneumoniae and
Proteus mirabilis were also inhibited, though less
effectively  and

a  concentration-dependent

reduction in activity was observed.

In contrast, the ethanolic extract of banana peel did
not show any antibacterial activity against the tested
strains except in Pseudomonas aeruginosa at high
concentrations. The result of this research is
contrary to the report of Ehiowemwenguan et al.
[22] and Shaukat et al. [23] who stated high
antimicrobial activities of the peels. This suggests
that it may lack effective bioactive compounds
when extracted with ethanol or that the
concentration of active compounds is insufficient to

inhibit bacterial growth [24, 25].

Conclusion

In this research, the bioactive components in banana
and potato peels were extracted with ethanol using
Soxhlet method, characterized and tested for
antibacterial activities. Result of GC-MS showed
that potato peel extract has higher content of

saturated fatty acids and phenolics than banana
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peels. Spectra data of these peels suggest that potato
peels have a higher concentration of carbonyl
compounds and phenolics, while banana peels
likely contain more hydroxyl-rich compounds, such
as polysaccharides and water. However, banana
peel extract showed stronger antioxidant activity
than potato peel extract. Potato peel extract showed
promising antibacterial properties, particularly
against Pseudomonas aeruginosa, while banana
peels did not show any antibacterial effect except at
of 250 mg/mL for

higher concentration

Pseudomonas aeruginosa.
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