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ARTICLEINFO ABSTRACT

Art.icl.e Type: Introduction: Musa paradisiaca peel has inhibited microbial growth and enhanced wound

Original Article healing in animal models. However, the study on its effect as a dosage form is lacking. In the
) ) present study, the antimicrobial and wound-healing effects of a spray gel of M. paradisiaca peel

Article History: extracts were evaluated in rabbits.
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Methods: The antimicrobial and wound healing activities of a spray gel were tested at different
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concentrations (10%, 15%, and 20%) of banana peel extract, categorized as low concentration
(SGL), medium concentration (SGM), and high concentration (SGH) groups, respectively. The

Igey words: antimicrobial effects against Escherichia coli and Staphylococcus aureus were investigated by
anana . measuring inhibition zone diameters. Burns were inflicted on the back area of rabbits using hot
Wound healing

steel. Macroscopic and microscopic examinations were performed.

Results: The spray gel containing banana peel extract exhibited inhibition zone diameters
Spray of 14.2 + 0.38 mm and 14.6 + 0.21 mm against Escherichia coli and Staphylococcus aureus,
Collagen respectively. SGH showed the strongest wound-healing activity of all the samples, which was
comparable with bioplacenton (BG) as a positive control. The wounds healed on days 16, 16, 20,
and 22 for bioplacenton, SGH, SGM, and SGL, respectively. There was a significant difference
(P<0.05) in collagen density and epidermal thickness between the treatment groups and the
negative control (1.2 % sodium carboxymethyl cellulose (Na-CMC)).

Conclusion: The result indicates that the spray gel of M. paradisiaca peel ethanolic extract
possesses antimicrobial and wound-healing activities, emphasizing its potential to be developed
as a wound healing agent.

Antimicrobial property

Implication for health policy/practice/research/medical education:

The current study presents scientific evidence that supports the efficacy of a spray gel formulation containing banana peel extract
as an antimicrobial agent. This particular spray gel formulation also promoted the faster healing of burn wounds in rabbits. Asa
result, the banana (M. paradisiaca) peel spray gel exhibits promising potential as an effective medicinal treatment for facilitating
wound healing.

Please cite this paper as: Rizka R, Yuandani, Sumaiyah. Wound healing and antimicrobial activities of a spray gel of banana
(Musa paradisiaca L.) peel extract in rabbit (Oryctolagus cuniculus) models. ] Herbmed Pharmacol. 2023;12(4):567-574. doi:
10.34172/jhp.2023.48080.

Introduction

The agriculture and food sectors play a crucial role in
economies worldwide. Indonesia, an agricultural country
with rich biodiversity boasts diverse plant species across
its regions. Bananas are cultivated in over 130 nations and
encompass more than 50 different species, each characterized
by unique leaves, stems, roots, and fruits (1). Bananas have
a wide range of culinary uses, from simple consumption to
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inclusion in salads, sandwiches, desserts, and baked goods
(2). Conversely, bananas are the lowest-priced sources of
carbohydrates, potassium, vitamins, and minerals, so they
are referred to as foods that produce energy (3).

Based on the data from the Indonesian Central Statistics
Agency, Indonesia produced 8.1 million tons of bananas in
2020, with one of the varieties being the Barangan banana
(Musa paradisiaca L.), native to North Sumatra. Barangan
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bananas have traditionally been used to treat dandruff and
promote healthy skin (4,5). Banana peels, which are often
discarded, have been employed as organic fertilizer and
animal feed due to their high fiber content (6). Transformation
of banana peels into high-value pharmaceutical preparations
will provide advantages in the development of health
products. Previous studies have demonstrated that the
extracts of M. paradisiaca peel could inhibit microbial
growth and enhance wound healing in animal models (7).
Banana peels have bioactive compounds, according to recent
research, which can be used to create products with health
benefits like antimicrobial (8-10) and antioxidant (11-13)
properties. Banana peel contains pharmacologically effective
tannins, glycosides, flavonoids, and saponins that speed up
the healing of burns (6,14,15). M. paradisiaca peels contained
the highest total phenols, total flavonoids, and total tannins
compared to the other eight bananas tested (16). It has been
shown to have broad-spectrum antimicrobial activity and
good efficacy against both Gram-positive and Gram-negative
microorganisms (9). However, transforming banana peels
into valuable pharmaceutical products could offer significant
benefits for health product development.

Burns are integumentary system wounds that occur
when the skin comes into contact with heat sources like
fire, hot water, chemicals, electricity, or radiation resulting
in tissue loss or damage (17). Burns cause many problems
due to their high volume/risk and high cost. Firstly, burns
result in a considerable number of deaths, with an estimated
180000 fatalities occurring annually, predominantly in low-
and middle-income countries (18). Secondly, burns can be
financially burdensome with an average total cost of burn
care, which was estimated to be $US 15250 per patient in
2011 (19). Burn therapy aims to alleviate discomfort, protect
against epithelial damage, and reduce the risk of bacterial or
fungal infections. Numerous techniques, including genomics,
transcriptomics, proteomics, and metabolomics, can enhance
our understanding of the molecular mechanisms underlying
the health-promoting effects of banana peel, enhancing our
understanding of banana peel and its phytochemicals (20).

Although there are synthetic drug-based products available
in the market, this study suggests exploring pharmaceutical
products with natural resources that are non-toxic to enhance
wound healing. Previous studies have primarily focused
on the wound-healing properties of banana peels in cream,
ointment, and gel forms, with no investigation into spray
gel (21,22). In a world that is becoming more crowded with
advancing technologies, practicality is essential. Developing
a spray gel for burn treatment using natural ingredients offers
enhanced ease of application and skin comfort. The spray
gel should have a consistent and lightweight texture that is
easily absorbed, leaving no heavy or sticky residue. It should
also be non-irritating and designed to be user-friendly (23).
Another advantage of the spray gel is the ability to apply
it to the wound without using a cotton swab, reducing the
risk of infection and ensuring longer drug skin contact time

compared to other preparations (24,25). Musa paradisiaca
peel has demonstrated broad-spectrum antimicrobial
activity and efficacy against both Gram-positive and Gram-
negative microorganisms, making it an effective antibacterial
agent (9). This study aims to demonstrate the effectiveness of
a spray gel containing banana peel extract against Escherichia
coli and Staphylococcus aureus, as well as its potential for
wound healing in rabbits.

Materials and Methods

Material

Sodium carboxymethyl cellulose (Na CMC) (Hexpharm
Jaya, Indonesia), copovidone (Graha Jaya Pratama
Kinerja, Indonesia), propylparaben (Graha Jaya Pratama
Kinerja, Indonesia), methylparaben (Graha Jaya Pratama
Kinerja, Indonesia), propylene glycol (Smart Lab,
Indonesia), ethanol (Hexpharm Jaya, Indonesia), aquadest
(Hexpharm Jaya, Indonesia), Bioplacenton® (Kalbe Farma,
Indonesia), Staphylococcus aureus ATCC® 25923™ (Smart
Lab, Indonesia), and Escherichia coli ATCC® 25923™
(Smart Lab, Indonesia) were used in this study.

Plant materials

The peels from banana collected in Binjai, North Sumatra,
Indonesia were used. According to the Herbarium
Medanese at the University of North Sumatera, this plant
was a species of M. paradisiaca, belonging to the Musaceae
family (920/MEDA/2022).

Preparation of banana peel extract

The peels of bananas were collected, cleaned with water,
then cut into small pieces and dried. After drying, the
banana peels were blended and stored in a plastic jar at
room temperature until needed. Thereafter, the dried
banana peel powder was macerated with ethanol. The
solvent was then eliminated using a rotary evaporator to
obtain Banana peel extract (26).

Formulation of spray gel

Copovidone was dissolved in 96% ethanol and stirred
until completely dissolved (A). Na CMC was dissolved in
60°C purified water, allowed to stand for 30 minutes, and
then stirred until completely dissolved and formed a clear
gel (B). Mixture A was added thoroughly to mixture B and
stirred to get homogeneous. Methyl paraben and propyl
paraben were dissolved in 96% ethanol and then added
to a mixture of A and B. Propylene glycol and extract
were added to the mixture until completely dissolved.
The remaining purified water was added until it reached a
predetermined weight. The resulting spray gel was placed
in a tightly closed container (27).

Antimicrobial activity
The Microbiology Laboratory of the Faculty of
Pharmacy at the University of North Sumatra offered the
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antimicrobial test. The disc diffusion method was used to
evaluate antibacterial activity against E. coli and S. aureus
(28). The microbial suspensions were prepared according
to the guidelines of the National Committee for Clinical
Laboratory Standards (CLSI 2009) by diluting them with
sterile saline to achieve a turbidity level equivalent to
0.5 McFarland (approximately 1.5 x 10®* CFU/mL) (29).
The prepared suspensions were then stored at 4 °C. Petri
plates containing 20 mL of sterile Nutrient Agar were
used. A uniform inoculum suspension was swabbed onto
the agar surface and allowed to solidify. Once solidified,
sterile discs with a diameter of 6 mm were used to create
wells on the agar plates. Each well was then filled with
100 pL of spray gel containing different concentrations
(10%, 15%, and 20%) of banana peel extract. The plates
were subsequently incubated at 37 °C for 24 hours.
Each concentration was tested in triplicate under sterile
conditions. After the incubation period, the antimicrobial
activity was determined by measuring the diameter of the
zone of inhibition surrounding the wells (30).

Animals

Six rabbits, with four burns area in each rabbit, were
used in the study. Each burn represented one test animal.
Hence, each group consisted of four test animals (31).
There were six groups, including a positive control group
(Bioplacenton (BG)), a group that received no treatment
(NC), a 10% low concentration spray gel group (SGL),
a 15% medium concentration spray gel group (SGM),
a 20% high concentration spray gel group (SGH), and
negative control administered with 1.2% Na-CMC
(SG). The number of test animals was calculated using
Frederer’s formula (32). The procedure was approved by
the University of North Sumatra’s ethics committee (0596/
KEPH-FMIPA/2022).

Wound healing activity

The back skin of the rabbits was shaved and lidocaine was
injected intramuscularly to anesthetize them. A metal
plate with a 20 mm diameter was heated using a blue
flame for three minutes and then applied to each rabbit’s
back for five seconds to create burn wounds (32). Four
burns were applied to each of the six healthy male rabbits,
with a weight range of 1500 to 2000 g each (31,33). The
rabbits were randomly divided into six treatment groups.
To ensure equal immune reactions among the rabbits,
they were subjected to the same environmental and food
conditions during the 5-day acclimatization phase. The
six treatment groups (BG, NC, SGL, SGM, SGH, SG)
received topical treatments twice daily, in the morning and
evening. The data obtained were then used to calculate the
percentage of burn healing (34).

Wound contraction (%)

_ Wound size on the day 0— Wound size on a specific day <100

wound size on day 0

Wound healing and antimicrobial effects of M. paradisiaca

The effectiveness of healing was assessed both
macroscopically and microscopically. The macroscopic
assessment involved examining healing time and wound
contraction rate, while the microscopic assessment
involved observing the histology of collagen density and
epidermal thickness. Throughout the duration of the
investigation, each rabbit was provided with pelleted food
and water while housed in the animal testing facility.

Histological evaluation

Histological analyses were conducted to evaluate the
healing rates for various therapies. Tissue samples were
taken from the wound site at the end of the research to
evaluate epidermal thickness and collagen density. Image]®
software (section 105, National Institutes of Health, USA)
was used to measure the epidermal thickness and collagen
density under a microscope at three different sites. For
the collagen density evaluation, five histologic fields
(400x magnification) of each histological section were
photographed, and a scoring procedure was employed to
calculate the proportion of collagen-containing regions
(35). The total healing score for each case was determined
by summing the results for each category. Score 0 indicated
no collagen fibers detected, score 1 indicated low (<10%)
collagen fiber density, score 2 indicated intermediate (10-
50%) collagen fiber density, score 3 indicated high (50-
90%) collagen fiber density, and score 4 indicated highly
dense (90-100%) collagen fiber density in the wound
areas (36).

Statistical analysis

The study utilized the SPSS 26.0 program for data analysis.
One-way ANOVA was used to compare the means
between groups, and a post hoc test of Bonferroni was
employed to compare each group. Significant differences
in the control group were indicated at P<0.05.

Results

Antimicrobial activity

Figure 1 shows the antimicrobial activity of the spray gel of
banana peel extract. The zone of inhibition was measured
in mm following a 24-hour incubation. The zone of
inhibition, measured in millimeters following a 24-hour
incubation, indicated the presence of antibacterial activity
in the SGL (10%), SGM (15%), and SGH (20%) spray gel
formulations containing banana peel extract. The average
diameter of the inhibition zone for S. aureus in the spray gel
preparations with extract concentrations of 10%, 15%, and
20% was 14.6 mm, 13.5 mm, and 12.3 mm, respectively.
For E. coli in the spray gel preparations with the extract
concentrations of 10%, 15%, and 20%, the average diameter
of inhibition zones was 14.6 mm, 13.5 mm, and 12.3 mm,
respectively. Statistical analysis with one way ANOVA in
each group showed the inhibition zones in the sample
groups were significantly different (P<0.05).
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Figure 1. The antimicrobial effect of spray gel of banana (Musa paradisiaca) peel extract against Escherichia coli and Staphylococcus aureus. SGH: 20%
high concentration spray gel group; SGM: 15% medium concentration spray gel; SGL: 10% a low concentration spray gel; BG: positive control group; NC:
negative control group. Data are presented as mean + SEM (n = 3). *Significant difference with the positive control group (P < 0.05). **Significant difference
with the negative control group (P < 0.05), analysed with One way ANOVA and Bonferroni’s post hoc tests.

Wound healing activity

The wound healing effects of the spray gel on six groups
were analysed using one way ANOVA and post hoc
analysis of Bonferroni. The spray gel of banana peel extract
showed healing spectrum and treatment frequency, which
were noticeably different from those of the control group
(P<0.05). The average healing times for BG and SGH were
16 days, for NC 26 days, for SG 24 days, for SGL 22 days,
and for SGM 20 days (Figures 2A, 2B). Rabbits treated with

the high-concentration of spray gel experienced noticeably
greater prophylactic effects when compared to untreated
rabbits. Furthermore, there was a significant (P<0.05)
decrease in wound size when compared the treated rabbits
to the spray gel without extract and control groups.

Histological analysis
On the 26™ day, the tissue samples were examined in the
laboratory. In the area of mild injury (10% to 50% part
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Figure 2. Wound healing activity of spray gel of banana (Musa paradisiaca) peel extract. (A) Burn wounds on the initial day and healing day (Day 26). (B)
The percentage of wound reduction after treatment with spray gel. BG: Positive control group (Bioplacenton); NC: group, which received no treatment; SGL:
10% low concentration spray gel group; SGM: 15% medium concentration spray gel group; SGH: 20% high concentration spray gel group; SG: negative
control administered with 1.2% Na-CMC. Data are presented as mean + SEM (n = 4). *Significant differences of SGL and SG groups compared to the
positive control group (P < 0.05). **Significant differences of SGL, SGM and SGH groups compared to the negative control group (P < 0.05) (analysed with

One way ANOVA and Bonferroni’s post hoc tests).
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field of view), histological analysis revealed no difference
(P>0.05) in the density of collagen fibers between the NC
and SG groups, as well as between the BG, SGL, SGM, and
SGH groups. Similarly, in the area of tightly wound tissue
(90% to 100% part field of view), there was no significant
difference (P>0.05) in the density of collagen fibers. The
epidermis of SGL, SGM, and SGH had the same thickness
as that of the positive control group (P=0.116, P=0.860,
P=1.000, respectively), and significantly different
compared to the negative control group (P=0.024,
P=0.004, P=0.002, respectively). The tissue granulation
was at its best, indicating outstanding treatment outcomes
(Figure 3).

Discussion

Severe burns can lead to complications such as respiratory
distress, extensive tissue damage, organ failure, and even
death (17). As a result, many researchers have focused
on developing suitable solutions to reduce the risk of
wound infection and to shorten the recovery time for
burn injuries. These therapies often involve the use of
topical antibiotics. Compared to synthetic drugs, natural
products are less hazardous (37). Numerous plants and
plant-based products have been found to promote wound
healing. Due to their lower cost burden and therapeutic
benefits, the utilization of medicinal plants in wound care
has become increasingly popular. Banana peel can serve as
a barrier over the wound to inhibit microbial growth (8).
Its immunological properties help reduce inflammation
and accelerate the wound healing process (38).

The spray gel containing M. paradisiaca peel extract
exhibited antimicrobial activity at all concentrations
in a dose dependent manner. The spray gel containing
extract at a concentration of 20% demonstrated a greater
growth inhibition compared to a concentration of 10%.
According to the results, the spray gel of banana peel

Wound healing and antimicrobial effects of M. paradisiaca

extract was found to meet the criteria for the dormant
state at a concentration of 10%, as well as the criteria for
the moderately active state at the concentrations of 15%
and 20% (39). The mechanism action of banana peel
content involves interfering with bacterial cell metabolism
of Gram-positive and Gram-negative bacteria, as well as
reducing surface adhesion (40). In addition, it inhibits
bacterial growth by blocking the bacterial adsorption of
amino acids and carbohydrates (8).

The spray gel produced better results for S. aureus. This
outcome may be attributed to structural variations in the
cell wall of two bacteria. Gram-negative bacteria have an
additional outer layer of membranes that is impenetrable
to most chemicals, whereas Gram-positive bacteria only
have one cell membrane (41). The diameter of inhibition
zone may be increased due to the inclusion of additives
like propylene glycol and ethanol, which may enhance the
penetration of the active substance. The hydrophilic and
hydrophobic groups of propylene glycol cause changes
in permeability (42). Propylene glycol and ethanol
function as cosolvents to increase the solubility of the
active substance and modify the thermodynamic activity
of stratum corneum by altering the intracellular lipid
composition. As a result, the stratum corneum is quickly
penetrated by the active component (43).

The wound area of each group was expanded in the
early days. The extended area had a dazzling white tint
compared to the burned region. This region, resembling
a stasis area, turned white and necrotic. The wound area
in all groups grew the following day; the newly formed
region was whiter than the coagulated area. Thereafter,
each group revealed a full red ring around the wound
edge. This area corresponds to the hyperemic zone, where
there is higher blood flow. On the seventh day, the BG and
SGH developed a scar around the margin of the wound
(Figure 2A).
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Figure 3. Epidermal thickness of rabbit skin after treatment with spray gel of banana (Musa paradisiaca) peel extract. BG: Positive control group
(Bioplacenton); NC: group that received no treatment; SGL: 10% low concentration spray gel group; SGM: 15% medium concentration spray gel group;
SGH: 20% high concentration spray gel group; SG: negative control administered with 1.2 % Na-CMC. Data are presented as mean + SEM (n = 3).
*Significant differences with the control group are expressed as P<0.05 (analysed with ANOVA and Bonferroni’s post hoc tests).
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Banana peels contain a variety of bioactive compounds,
including tannin, saponin, glycoside, terpenoid/steroid,
and flavonoid, which have been linked to both direct and
indirect antibacterial effects on the healing of wounds
(44-46). During various stages of the healing process,
these chemicals accelerate wound healing including
inflammation, proliferation, and remodeling. Monocyte
activity is induced by transforming growth factor B-1,
vascular endothelial growth factor (VEGF), angiopoietin
(Ang), tyrosine kinase (Tie), and later nuclear factor
kappa B (NF-xB), which boosts interleukin-1 and
interleukin-10 production and activates the nitric oxide
pathway, matrix metalloproteinase (MMPs 2, 8, and 9),
as well as Ras/Raf/mitogen-activated protein kinase/
extracellular signal-regulated kinase, c-Jun N-terminal
kinase, and phosphoinositide 3-kinases/protein kinase
B (Akt), all of which are essential for regulating the
inflammatory response (38,47). The phenolic compounds
in banana peels can change reactive oxygen species
(ROS) generation, which may have antioxidant effects,
in addition to lowering the expression of cyclooxygenase
and lipoxygenase (48). The generation of ROS and other
chemicals is what causes this. The primary growth factor,
platelet-derived growth factor, encourages cell migration
and division in the early stages of wound healing (49).

According to the histological study, the lower epidermis
of the sample group had visible collagen fibers, suggesting
a slower healing process. The skin’s glandular structures
were restored in the SGL group, although they had
significantly fewer collagen fibers than those in the SGM
group. SGH-treated wounds were found to have a thicker
epidermis than the outcomes of all three treatments. It
was determined that the epidermal thickness of 71.44 um
was better in the wounds treated with SGH (Figure 3).
Re-epithelialization during the proliferative phase causes
fibroblast migration to the transitory matrix. Maturating
MMPs break down the matrix, speeding up tissue
regeneration and wound healing (50). Barangan banana
peel flavonoids can enhance keratinocyte migration and
epithelial attachment that go along with it to the wound as
well as increase VEGF, Ang-2, and Tie-1 production when
compared to a control condition (38).

The findings of this study are also in line with those
of Cheng et al (51), who investigated the effects of
M. paradisiaca peel extract on wound healing, and
Padilla-Camberos et al (52), who evaluated the effects
of dehydrated M. paradisiaca peel in combination with
solvents like methanol, hexane, and chloroform to treat
burns. In this study, the use of a spray gel containing
banana barangan peel extract showed higher efficacy with
rapid absorption into the skin. The use of appropriate
packaging also allowed easy and precise application
when compared to previous studies using only the extract
without pharmaceutical preparation, showing slower
wound healing (11). Although this study demonstrated

the effectiveness of a spray gel containing barangan
banana peel extract compared to previous studies, its
applicability to a range of wound types remains uncertain.
To improve our understanding of the effectiveness of
the spray gel, further research is needed, particularly
involving comparative studies to evaluate its performance
on different types of wounds.

Conclusion

The application of a spray gel formulation containing
banana peel extract has shown potential in promoting the
healing of burn wounds. The banana peel extract spray gel,
particularly at the most effective concentration of 20%,
exhibited significant antibacterial activity and accelerated
the healing process of burn wounds. However, further
studies are required to elucidate the effect on different
types of wounds.
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