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ABSTRACT

The growing prevalence of antibiotic resistance amongst clinically important pathogens necessitates
the search for potential healing powers in herbal plant. In this study therefore, nutritional composition
and in vitro antimicrobial activities of aqueous extract of unripe plantain (Musa paradisiaca) peels were
evaluated using the disc diffusion technique against Staphylococcus aureus, Escherichia coli,
Micrococcus flavus and Pseudomonas aeruginosa. The microorganisms were isolated after subculture
and purified and preliminary antimicrobial sensitivity test of the extract was carried out with the isolated
microorganisms at different dilution of the extract (6.25mg/ml, 12.5mg/ml, 25mg/ml, 50mg/ml and
100mg/ml). The results of proximate analysis revealed the following: moisture (7.47±1.25%), ash
(17.59±1.05%), fat (3.67±1.20 %), protein (6.5±1.40%) and carbohydrate (64.7±1.28%) with calorific value
of 277.74±2.02Kcal/100g DM. Thus, the nutritional value of Musa paradisiaca peels is high and as such it
could be used as feed additives. The extract had antimicrobial activities against Pseudomonas
aeruginosa, Escherichia coli, Staphylococcus aureus and Micrococcus flavus with varying degrees. The
minimum inhibitory concentration of the extract was determined to be 100mg/mL and the growth
inhibition zones of 5mm exhibited by the extract at 100mg/ml dilution, against Escherichia coli were
significantly higher (P<0.05) compared to inhibition zones of 3mm for Staphylococcus auerus, 2mm for
Micrococcus flavus and 2mm for Pseudomonas aeruginosa respectively at the same concentration. The
findings in this prospective study indicated that unripe plantain peels contained appreciable amount of
nutrients and antimicrobial properties and as such could be useful in ethno-medicine for the treatment
of microbial infections caused by these microorganisms.
Keywords: Microorganisms, disc diffusion, growth inhibition zones.

INTRODUCTION
The importance of traditional system of medicine and
certain traditional medical practices has now been

recognized all over the world (Satyabati, 2006). That
human beings are still dependent on nature for remedies
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is well apparent from the fact that all the major systems of
medicine, example Ayurreda, Unani and Homeopathy are
largely based on drugs of plant origin (Chatterjee and
Prakashi, 1997).
Exploring traditional herbal medicines in the context of
modern science is the need for optimum and proper
utilization of traditional plant drugs. In the past decade,
WHO (recognizing the importance of herbal medicine)
has passed many resolutions for improving the quality
and efficacy of plant drugs (Subramanian, 2001). Plant
drugs are frequently considered to be less toxic and free
from side effects than the synthetic ones (Momin, 2007).
Some of the drugs used today such as codeine,
morphine, atropine, cocaine and ephedrine have
originated from medicinal plants (Ajoy et al., 2011).
Musa paradisiaca (plantain), a tropical plant, is one of
the oldest and best known fruit of the world. It is a
delicious and seedless fruit that is available in all seasons
at a price which is within every body's reach. It has been
consumed since many years by mankind for nutritious
and delicious fruits. Different species of Musaceae have
been discovered. These include Musa paradisiaca
(plantain) now called Musa acumintum (Banana), Musa
ornate, Musa aurantiaca, etc (Ajoy et al., 2011).
There are piles of scientific support on the efficacy of
medicinal plants in the management of ulcer of different
etiologies (Akah et al., 2007). The medicinal properties of
these plants are attributed mainly to the presence of
flavonoids, but they may also contain other organic and
inorganic compounds such as coumarins, alkaloids,
terpenoids, tannins, phenolic acids and anti-oxidants;
micronutrients like copper, manganese and zinc (Prabha
et al., 2011).
In the traditional medicinal systems of India, all the
parts of Musa specie (family Musaceae) are used for the
treatment of various diseases (Gurumaa, 2008) and
extensive investigations have proved the antiulcerogenic, ulcer healing activities and wound healing
activity (Agarwal et al., 2009) of Musa paradisiaca. Young
leaves are used as a cool dressing for blisters and burns
(Chopra et al., 2006). Aqueous extract of unripe Musa
paradisiaca peels and leaves of Musa paradisiaca has
been reported to show antimicrobial activity against
Staphylococcus
and
Pseudomonas
species
in
dehydrogenase assay. In the assay, extract of Musa
paradisiaca peels showed activity against both bacteria
strains than leaf extract. The Musa paradisiaca peels
extract was found to be more active against
Staphylococcu than Pseudomonas species (Mohammad
and Saleha, 2011). Plantain flakes have also been tested
and found safe and cost-effective in the treatment for
diarrhea in critically ill patients (Mohammad and Saleha,
2011; Orhan, 2001).

AIMS/ OBJECTIVE
The aim of this study is to evaluate the nutritional and
antimicrobial properties of aqueous extract of unripe
plantain peels on different strains of microorganism;
Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa and Micrococcus flavus.
The objective of this study is to investigate the
proximate composition and in vitro antimicrobial activities
of aqueous extract of unripe plantain peels on different
strains of microorganisms: Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa and
Micrococcus flavus.

MATERIALS AND METHOD
Plant Material Procurement
Mature bunch of fresh unripe plantain was purchased
from Eke Market in Afikpo North Local Government Area,
Ebonyi State, Nigeria. The plant material was identified
and authenticated by a herbarium curator at the Science
Laboratory Technology Department, Akanu Ibiam Federal
Polytechnic, Unwana, Afikpo, Ebonyi State. The peels
from the plantain fingers only were used.
Experimental organisms
The test organism such as Staphylococcus aureus,
Escherichia coli, Micrococcus flavus and Pseudomonas
aeruginosa were clinically cultured and obtained from the
Microbiology Laboratory, Department of Science
Laboratory
Technology,
Akanu
Ibiam
Federal
Polytechnic, Unwana. All the microorganisms were
isolated after subculture and were checked for purity and
o
were maintained on Nutrient Broth at 4 C in the
refrigerator until required for analysis. The standardized
cultures of the organisms were used throughout the
experiment.
Extraction procedure
The peels from the plantain fingers were cut into small
pieces and air dried for two weeks and then ground into
powder with mortar and pestle. The extraction process
was carried out using soxhlet reflux extraction technique
with water and the extract was evaporated using rotary
evaporator in other to concentrate the extract at the
appropriate concentration and was stored in a refrigerator
until the experimental analysis.
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Table 1. Proximate Composition of Unripe Plantain (Musa
Paradisiaca Peels)
Parameters
Moisture
Ash
Fat
Protein
Carbohydrate
1
Calorific value (Kcal100g- DM)

Proximate analysis

Amount (%)
7.47±1.25
17.59±1.05
3.67±1.20
6.50±1.40
64.75±1.28
277.74±2.02

The recommended methods of the Association of Official
Analytical Chemists (AOAC, 1999) were used for the
determination of moisture, ash, crude lipid, crude fibre,
crude protein and carbohydrate contents.

microorganism were used for the experiment and were
divided into 9 groups designated A-I with 5 plates per
group with different dilution. Groups A-D served as the
test groups, E-H as negative control while group I
containing standard drug (Chloramphenicol) served as
the positive control.

Estimation of energy value

Statistical analysis of data

The sample calorific value was estimated (Kcal) by
multiplying the percentage crude protein, crude lipid and
carbohydrate by the recommended factor (2.44, 8.37 and
3.57 respectively) used in vegetable analysis (AsibeyBerko and Tayie, 1999).

Analysis of variance (ANOVA) for the data was carried
out using SPSS window version 15.1 Chicago, USA and
multiple comparisons performed using LSD. p-values of
<0.05 were considered statistically significant.
RESULTS

Preparation and impregnation of Musa paradisiaca
peel disc
Discs of about 6.0mm diameter were punched from
Whatman’s No. 1 filter paper (UK) by the use of a
perforator. Batches of about 100 discs were arranged in
a petri-dish allowing a distance of 2-4mm between each
of them. And the discs were sterilized in an oven at about
o
121 C for 15 min. About 2 drops of the different serial
dilution concentrations of the aqueous extract of Musa
paradisiaca peels were added to the different discs. The
discs were arranged in separate Petri-dishes and dried in
an incubator at temperature 37°C for 2-3 h for complete
absorption to take place.
Bacterial sensitivity test
The level of susceptibility of each of the test organism
was determined using agar disc diffusion method as
outlined in Suresh et al. (2008).
Experimental design
A total of 45 culture plates with different strain of

The proximate composition of unripe plantain (Musa
Paradisiaca) peels
The proximate composition of Musa paradisiaca peel is
shown in table 1. The results revealed the following:
moisture (7.47±1.25%), ash (17.59±1.05%), fat
(3.67±1.20%), protein (6.50±1.40%) and carbohydrate
(64.7±1.28%)
with
calorific
value
of
277.74±2.02Kcal/100g DM.
Determination of minimum inhibitory concentration
(MIC)
The Minimum Inhibitory Concentration values for
Staphylococcus auerus, Escherichia coli, Micrococcus
flavus, Pseudomonas aeruginosa, by the aqueous extract
of unripe plantain (Musa paradisiaca) peels is shown in
table 2.
At low concentrations (from 6.25mg/mL to 50mg/mL),
the aqueous extract was not inhibitory to the test
organisms and activity was only observed at 100mg/mL.
So, the Minimum Inhibitory Concentration for aqueous
extracts of unripe plantain peels was determined to be
100mg/mL.

Published by Basic Research Journal of Microbiology

Enemchukwu et al. 45

Table 2. Determination of Minimum Inhibitory Concentration of
Aqueous Extract of Musa Paradisiaca Peels
Microorganism
6.25
+
+
+
+

Pseudomonas aeruginosa
Escherichia coli
Staphylococcus auerus
Micrococcus flavus

Concentration (mg/mL)
12.5
25 50 100
+
+
+
–
+
+
+
–
+
+
+
–
+
+
+
–

+ = Growth, – = No growth.

Table 3. Determination of Zone of Inhibition of Aqueous Extract of Musa
Paradisiaca Peel.
Microorganism
Staphylococcus auerus
Escherichia coli
Micrococcus flavus
Pseudomonas aeruginosa

6.25
–
–
–
–

Concentration (mg/mL)
12.5
25 50 100 w
–
–
–
3
̶
–
–
–
5
̶
–
–
–
2
̶
–
–
–
2
̶

Std*
6
6
8
7

*means Standard drug (Chloramphenicol), w means negative control(distilled
water), – means no growth inhibition.

Determination of zone of inhibition
The sensitivity pattern of Staphylococcus auerus,
Escherichia coli, Micrococcus flavus and Pseudomonas
aeruginosa as exhibited by the aqueous extract of Musa
paradisiaca peels and the standard antibiotic drug
(Chloramphenicol) is shown in table 3. From the results,
activity was only observed at 100mg/mL concentration of
extract with the growth inhibition zone of the following;
3mm, 5mm, 2mm and 2mm for Staphylococcus auerus,
Escherichia coli, Micrococcus flavus, and Pseudomonas
aeruginosa respectively and the standard antibiotic
exhibited the following activity; 6mm, 6mm, 8mm and
7mm for Staphylococcus auerus, Escherichia coli,
Micrococcus flavus, and Pseudomonas aeruginosa
respectively.
DISCUSSION
Discovering and harnessing the hidden potentials of
plants with medicinal properties is the basis for
unleashing novel antimicrobials for the fight against
antimicrobial resistance. The present study investigated
the nutritional evaluation and in vitro antimicrobial
potentials of aqueous extract of Musa paradisiaca (unripe
plantain) peels against different strains of clinical isolates
of Staphylococcus aureus, Escherichia coli, Micrococcus
flavus and Pseudomonas aeruginosa Musa paradisiaca
(Plantain) is a major starch of importance in the human
tropical zone of Africa, Asia, Central and South America.
It is undoubtedly one of the oldest cultivated fruits in west

and Central Africa. It is consumed as an energy yielding
food and desert. Fruits such as plantain are important
contribution to the diets of many low and middle class
people in many African settings (Stover and Simmonds,
2007). In the traditional medicinal systems, all the parts of
Musa specie (family Musaceae) are used for the
treatment of various diseases (Gurumaa, 2008).
Extensive investigations have proved the antiulcerogenic,
ulcer healing activities and wound healing activity
(Agarwal et al., 2009) of plantain. The results (table 1)
indicated that Musa paradisiaca peels have appreciable
amount of nutrients. Similar appreciable nutritional values
have been reported by other researchers for similar
plants (Aja et al., 2010; Akubugwo et al., 2007a, b).
However, there were variations which could be as a
result of plant species, genotype and other environmental
factors (Gardens et al., 1996; Ezeamuzieji et al., 1994).
These results have shown that Musa paradisiaca peels
could serve as alternative source of feed for animals and
humans.The result of determination of Minimum Inhibitory
concentration of aqueous extract of Musa paradisiacal is
shown in table 2. The Minimum Inhibitory Concentration
was determined at100mg/mL against the selected strains
of microorganisms. Among the controls, group I (positive
control) (microorganism with chloramphenicol has the
highest zones of inhibition than the group E– H(negative
control) (microorganisms with distilled water) which has
no zone of inhibition at all. Sensitivity to extract was
observed at 100mg/mL against all the test
microorganisms. Zone of inhibitions observed at
100mg/mL against all the test organisms varied
tremendously which of course are different from that of
Published by Basic Research Journal of Microbiology
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the standard drug (chloramphenicol). In this study, Musa
paradisiaca peels extract was found to be more active
against
Staphylococcus
(Gram-positive)
than
Pseudomonas species (Gram-negative) which is in
agreement with the study of Mohammad and Saleha
(2011).
CONCLUSION
The findings in this prospective study indicated that
unripe plantain peels contained appreciable amount of
nutrients and antimicrobial properties against the test
organisms used in this study and as such could be useful
in ethno-medicine for the treatment and management of
microbial infections and related ailments caused by these
bacteria.
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