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Abstract. The antibacterial potential of fruit peel waste 
(banana, orange and lemon) has been a topic of increasing 
interest due to its potential applications in food preservation 
and the development of natural antimicrobial agents. In the 
present study, the efficacy of fruit peel extracts against common 
food‑borne pathogens was investigated. Ethanol and methanol 
extracts were obtained by solvent extraction techniques. 
Agar well diffusion and minimal inhibitory concentration 
tests were used to assess the antimicrobial activity of the 
extracts against Gram‑positive (Staphylococcus aureus) and 
Gram‑negative [Escherichia coli, Pseudomonas aeruginosa 
(P. aeruginosa) and Salmonella  typhi (S.  typhi)] bacteria. 
To further characterize the extracts, FTIR spectroscopy and 
phytochemical analysis were used. The antibacterial activity 
of the extracts was found to be particularly effective against 
S. typhi and P. aeruginosa. When compared to the methanol 
extracts, the ethanol extracts had greater antibacterial efficacy 
with an inhibition zone of 19 mm against S. typhi using lemon 
ethanol followed by 18 mm inhibition against P. aeruginosa 
with orange ethanol. Moreover, the extracts were found to 
contain alkaloids, flavonoids, tannins and saponins in variable 
amounts, which is consistent with their antibacterial action. 
Orange and lemon extracts had the most antioxidant efficacy. 
Fruit peel extracts containing antimicrobial substances had 
functional groups that were identified by FTIR analysis. On 
the whole, the present study emphasizes that fruit peel waste 
may be a valuable source of naturally occurring antimicrobial 
agents, highlighting their potential use in food safety and 
healthcare, as well as their significance in sustainable waste 
management.

Introduction

The potential long‑term health effects of food‑borne patho‑
gens render them a serious public health concern. Pathogenic 
bacteria and their toxins are the primary factors responsible 
for food‑borne diseases. These bacteria have the potential to 
pollute food at any stage of the food production and distri‑
bution process, ranging from the farm to the final consumer. 
Consuming raw or undercooked meat, poultry, fish, eggs, 
dairy products, and infected fruits and vegetables may lead 
to food‑borne diseases. As a consequence of the growing 
prevalence of pathogens that are resistant to several drugs, it 
is crucial to actively seek for novel antimicrobial medicines. 
Several fruits have been examined for their ability to impede 
the proliferation of harmful bacteria. Fruits may potentially 
provide natural antibacterial agents which can be used to 
counteract the increase in drug‑resistant bacterial strains (1,2).

Fruits and vegetables are widely consumed and play a vital 
role in diet; however, on the other hand, their waste has become 
a main concern worldwide. Horticulture waste refers to organic 
materials, such as leaves, stems, roots, flowers and fruit that are 
generated from the production and maintenance of horticul‑
tural crops (e.g., fruits, vegetables and ornamental plants) (3). 
These materials are considered as waste as they are removed 
from the crops as a part of pruning, thinning, harvesting, or 
other horticultural practices. Horticultural waste is a valu‑
able resource for composting and soil improvement, and it 
can also be used for biogas production and as a feedstock for 
bioenergy production. Apart from this, horticultural waste can 
lead to issues for waste management and disposal, as it greatly 
contributes to the global output of organic waste. Furthermore, 
horticultural waste needs to be treated in a manner that is envi‑
ronmentally sound according to standards set forth by various 
nations. Pakistan solely generates ~49.6 million tons of solid 
waste a year, which has been increasing by >2.4% annually (4). 
The utilization of horticultural waste, such as lemon, banana 
and orange peels, for antimicrobial activity is a key issue due 
to the need for alternative and sustainable solutions against 
food‑borne pathogens. The peel and pulp of these plants 
exhibit notable medicinal properties. Studies in the past have 
confirmed the presence of a substantial amount of bioactive 
compounds exhibiting potential benefits to human health as 
bactericidal, fungicidal and disease‑controlling agents for 
food products (5,6).
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Previously, the efficient antimicrobial potential of orange, 
yellow lemon and banana peel against various Gram‑negative 
[Pseudomonas aeruginosa (P. aeruginosa), Klebsiella pneu-
moniae, Serratia marcescens, Escherichia coli (E. coli), Proteus 
vulgaris and Salmonella typhi (S. typhi)] and Gram‑positive 
bacteria [Staphylococcus aureus (S. aureus), Enterococcus 
faecalis, Aeromonas hydrophila, Streptococcus pyogenes, 
Listeria monocytogenes and Lacticaseibacillus casei] was 
reported (7). Similarly, the antimicrobial and antioxidant poten‑
tial of jackfruit waste parts (peel pomace, seed and fiber) was 
found to be effective against Xanthomonas axonopodis (8). The 
exploration of horticultural waste for its antibacterial properties 
has prospects for further investigations and advancement, since 
there are still numerous aspects to be comprehended. This may 
help enhance the understanding of harnessing the peel waste 
as a promising natural antimicrobial resource. Therefore, the 
present study aimed to assess the capacity of these organic 
chemicals to enhance the longevity of food items. The present 
study tested extracts and powders derived from several fruits 
to assess their efficacy as antioxidants and antibacterial agents 
against different food‑related diseases. The tests conducted 
involved examining the impact of fruit extracts and powders on 
the growth of pathogenic microorganisms.

Materials and methods

Sample collection and processing. Fruit peel waste, including 
orange (Citrus sinensis), banana (Musa paradisiaca) and lemon 
(Citrus limonium) were obtained from local markets in Karachi, 
Pakistan. The obtained products were at the stage of becoming 
horticultural when they were secured from the market and were 
not appropriate for consumption in the fresh market. The fruit 
surfaces were thoroughly washed and rinsed with distilled 
water. The peels were separated and dried in a hot‑air oven at 
35˚C for 3 days until completely dry. After drying, the samples 
(orange and lemon) were crushed using a mortar and pestle and 
then grinded to a fine powder using an electric grinder (West 
point WF‑9491). For the bananas, the peels were dried, chopped 
and weighed. A total of 30 g of banana peels were homogenized 
with 20 ml distilled water. The powder was stored in an airtight 
glass jar at 4˚C for use in subsequent analyses.

Preparation of extract. Methanol and ethanol (Sigma‑Aldrich) 
were used as solvents for the extraction of bioactive compounds 
from the peel waste. The solvents are polar and effectively 
dissolve antimicrobial compounds, such as phenols and flavo‑
noids commonly found in plant materials (9). The grounded 
material (5 g) was extracted with the solvents and placed in 
airtight glass jars. Extraction was carried out for 3 days at 
room temperature. The resulting extracts were filtered using 
Whattman filter paper and kept in a dark room for evaporation. 
The dried powder of each extract was stored in dark bottles and 
kept at 4˚C for further use. The stock solution was prepared by 
dissolving 0.1 g of each extract in 1 ml DMSO (Thermo Fisher 
Scientific, Inc.) to yield a concentration of 100 mg/ml.

Microorganism and cultural conditions. The Gram‑negative 
bacteria used were P. aeruginosa, E. coli and S.  typhi. The 
Gram‑positive bacteria used during the study was S. aureus. 
The bacterial cultures were taken from the culture bank of 

Ziauddin University, Karachi, Pakistan. Bacterial cultures were 
sub‑cultured for microbial cultivation in tryptic soy broth (Merck 
Millipore) at 37˚C for 24 h and used as an inoculum for antimi‑
crobial analysis. The bacterial strains were maintained on tryptic 
soy agar (TSA) slants (Merck Millipore) at 4˚C during the study.

Determination of the antimicrobial activities of the extracts. 
The antimicrobial activity of the fruit peel extracts was esti‑
mated against food‑borne pathogens with the agar well diffusion 
method. The log phase broth culture of the bacterial strain was 
swabbed evenly on the sterile surface of TSA plates. A total of 
100 µl of each fruit peel solvent stock solution was loaded in 
the respective well. The plates were incubated at 37˚C for 24 h. 
Commercially available broad‑spectrum antibiotics including 
1.0% chloramphenicol and 0.3% gentamicin (Sigma‑Aldrich) 
were used as a positive control, whereas a respective solvent 
without extract was used as a negative control. Antimicrobial 
activity was estimated by measuring the diameters of the inhi‑
bition zone with a millimeter ruler and tabulated.

Determination of the minimal inhibitory concentration. The 
minimum inhibitory concentration was calculated using the 
broth dilution method. Bacterial strains were sub‑cultured 
into tryptic soy broth (TSB) (Merck Millipore) and incubated 
at 37˚C for 24 h. Dilutions were prepared and the concentra‑
tion was adjusted to 106‑107 microorganisms per ml to use as 
an inoculum. The microbial culture was added into 9 ml sterile 
broth containing various concentrations of extract ranging from 
1 to 100 mg/ml. The cultures were incubated at 37˚C for 24 h 
and the growth of microorganisms was noted. The tube with no 
microorganism containing the lowest concentration of the test 
material was considered the minimal inhibitory concentration.

Determination of antioxidant activity. 2,2‑Diphenyl‑
1‑picrylhydrazyl (DPPH) assay was performed to investigate 
the antioxidant activity of the fruit peels. The extract was 
mixed with DPPH solution (Merck Millipore); the sample 
extract included ~100 µl and 3.9 ml of ethanolic and metha‑
nolic DPPH solution. The samples were mixed by vortex and 
kept in a dark place at room temperature for 30 min. The 
absorbance was measured and the results were reported as the 
percentage inhibition of DPPH radicals (10).

Phytochemical analysis. Different biochemical tests including 
Dragendorff's, Wagner, Mayer, Hager test (alkaloid), ninhydrin 
test (glycoside), ferric chloride test (tannin), foam test (sapo‑
nins) and alkaline reagent test (flavonoids) were performed for 
analyzing the extract chemical composition (11).

Test for alkaloids. Dragendorff's test was performed by 
the addition of 1 ml Dragendorff's reagent (Merck Millipore) 
to the 1 ml of each extract and the formation of an orange or 
reddish‑brown precipitate indicates the presence of alkaloids. 
For Wagner's test, 1 ml of each extract was mixed with 2‑3 drops 
of Wagner's reagent (Sigma‑Aldrich) and a reddish‑brown 
precipitate confirms the presence of alkaloids. 2 to 3 drops of 
Mayer's reagent (CDH Fine Chemicals) was added to the extract 
(1 ml) to examine the formation of a white or cream precipitate 
suggesting alkaloids are present. In the case of Hager's test, 
1 ml of extract and Hager's reagent were mixed and a yellow 
precipitate indicates alkaloids in the sample.
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Test for glycosides. The Ninhydrin test for glycosides 
involves adding a few drops of ninhydrin reagent (Thermo 
Fisher Scientific, Inc.) to the peel extract and heating the 
mixture for 2‑3 min. The formation of a blue or violet color 
indicates the presence of glycosides.

Test for tannins. Ferric chloride test was performed by 
mixing the peel extract with 0.1% FeCl2 and the formation of 
brownish‑green or bluish‑black color indicates the presence of 
tannins. 

Test for saponins. The foam test for saponins was 
performed by adding 10 ml sterile distilled water to 2.5 ml 
of each peel extract, followed by vigorous shaking for 30 sec. 
After shaking the sample was left for 30 min to settle. The 
formation of stable honeycomb‑like froth indicated the 
presence of saponins.

Test for flavonoids. A total of 1 ml of extract was added to 
2 ml of 2 % sodium hydroxide. The formation of a yellow color 
confirms the presence of flavonoids.

Antibiotic susceptibility test. Antibiotic tests can be conducted 
according to National Committee Laboratory Standards (12) 
for the following antibiotic discs: Chloramphenicol (20 µg), 
Amoxicillin (20 µg), Ciprofloxacin (5 µg), Gentamicin (10 µg), 
Tetracycline (30 µg) and Nalidixic acid (20 µg). Disc diffusion 
assay was performed. The bacterial culture was spread on the 
agar plates and antibiotic disc were placed and the plates were 
incubated at 37˚C for 24 h. The zone of inhibition was measured 
to assess the susceptibility of antibiotic against the bacterial strain. 

FTIR analysis. The FTIR spectra was recorded to identify the 
functional groups using the FTS‑65, Bio‑Rad spectrophotom‑
eter (Bio‑Rad Laboratories, Inc.). The FTIR spectrum was 
scanned from 4,000 cm‑1 to 400 cm‑1 with a resolution of 4cm‑1. 

Results 

Antibiotic sensitivity of microbial strains. E. coli and P. aerugi-
nosa exhibited resistance, and S. aureus and S. typhi exhibited 
sensitivity against chloramphenicol. P. aeruginosa, S. aureus 
and S. typhi exhibited sensitivity and E. coli exhibited resistance 
against amoxicillin. S. aureus, S. typhi and E. coli exhibited 
sensitivity and P. aeruginosa exhibited resistance against cipro‑
floxacin. E. coli, S. aureus and S. typhi exhibited sensitivity 
and P. aeruginosa exhibited resistance against gentamicin. 
E. coli and P. aeruginosa exhibited resistance, and S. aureus 

and S. typhi exhibited sensitivity against tetracycline. All three 
P. aeruginosa, E. coli and S. aureus exhibited resistance, and 
E. coli exhibited sensitivity against nalidixic acid (Table I). 
These data indicate that certain bacteria exhibit resistance to 
multiple antibiotics, which is a great concern in clinical settings 
as it limits treatment options. The presence of resistance in 
common pathogens highlights the need for the ongoing moni‑
toring of antibiotic susceptibility patterns to guide effective 
treatment strategies and combat antibiotic resistance.

Antimicrobial activity of the extracts. The antimicrobial activity 
of orange peel along with two solvents was tested against four 
food‑borne pathogens, namely E. coli, P. aeruginosa, S. typhi 
and S. aureus using the agar well diffusion method. Orange 
peel with ethanol exhibited an 18‑mm inhibition zone for 
both S. typhi and P. aeruginosa. An inhibition zone of 12 mm 
was observed for E. coli and 8 mm for S. aureus. Orange 
peel with methanol exhibited a 17‑mm inhibition zone for 
S. typhi, 10 mm for P. aeruginosa, and no inhibition zone was 
observed for E. coli and S. aureus. The antimicrobial activity 
of lemon peel along with two solvents was tested against four 
food‑borne pathogens, namely E. coli, P. aeruginosa, S. typhi 
and S. aureus using the agar well diffusion method. Lemon 
peel with ethanol exhibited a 19‑mm inhibition zone for 
S. typhi and 16 mm for P. aeruginosa. An inhibition zone of 
13 mm was observed for E. coli and no inhibitory activity was 
noted against S. aureus. Lemon peel with methanol exhibited 
a 15‑mm inhibition zone for S. typhi, 13 mm for P. aeruginosa, 
12 mm for E. coli and 10 mm for S. aureus.

The antimicrobial activity of banana peel along with 
two solvents and the same concentration was tested against 
four food‑borne pathogens, namely E. coli, P. aeruginosa, 
S. typhi and S. aureus using the agar well diffusion method. 
Banana peel with ethanol exhibited a 12‑mm inhibition zone 
for S. typhi and an 8‑mm inhibition zone was observed for 
E. coli. No notable activity was observed for P. aeruginosa 
and S. aureus. Banana peel with methanol exhibited a 15‑mm 
inhibition zone for S. typhi, 9 mm was observed for E. coli and 
11 mm for S. aureus (Table II).

These results indicate that citrus peels, particularly lemon 
and orange, possess marked antimicrobial properties against 
food‑borne pathogens, with lemon peel exhibiting the highest 
efficacy, particularly against S.  typhi and P.  aeruginosa, 
as evidenced by the largest zones of inhibition when using 
ethanol extracts. Orange peel also exhibited considerable 

Table I. Antibiotic susceptibility test.

Antibiotic	 Escherichia coli	 Pseudomonas aeruginosa	 Staphylococcus aureus	 Salmonella typhi

Chloramphenicol	 R	 R	 S	 S
Amoxicillin	 R	 S	 S	 S
Ciprofloxacin	 S	 R	 S	 S
Gentamicin	 S	 R	 S	 S
Tetracycline	 R	 R	 S	 S
Nalidixic acid	 R	 S	 R	 R

R, resistance; S, sensitivity. 
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activity, although this was slightly less effective than lemon 
peel. By contrast, banana peel demonstrated limited anti‑
microbial effects, particularly against E. coli and S. aureus, 
suggesting that while it has some potential, it is not as potent 
as the citrus alternatives. Overall, these findings highlight the 
promising role of natural extracts from citrus fruits as potential 
antimicrobial agents in food safety applications.

Estimated minimal inhibitory concentration of the extracts. 
The investigation of the minimal inhibitory concentration 
of various extracts revealed that orange peel extracts, both 
ethanol and methanol, demonstrated a notable ability to 
inhibit the growth of P. aeruginosa and S. typhi at concentra‑
tions of 50 mg/ml. Furthermore, both the orange ethanol and 
banana methanol extracts were effective against S. aureus, 
P. aeruginosa and E. coli at a lower concentration of 25 mg/ml. 
A notable finding was that several extracts, including orange 
and lemon in both the ethanol and methanol forms, exhibited 
minimal inhibitory concentration values as low as 12.5 mg/ml 
against E. coli, P. aeruginosa and S. aureus, indicating potent 
antimicrobial potential. The most potent activity was observed 
with the orange methanol, lemon methanol and banana ethanol 
extracts, which exhibited minimal inhibitory concentration 
values of 3.125 mg/ml against P. aeruginosa and E.  coli. 
However, it is noteworthy that the lemon and banana methanol 
extracts did not demonstrate any inhibitory effect on S. aureus, 
S. typhi, P. aeruginosa, or E. coli, suggesting variability in the 

antimicrobial efficacy of these natural extracts depending on 
the pathogen and solvent used (Table III). Overall, these results 
underscore the potential of citrus and banana peels as sources 
of natural antimicrobial agents, with varying effectiveness 
based on the type of extract and target organism.

Antioxidant ability of the extracts. The antioxidant capability 
was tested on all samples of orange, lemon and banana peel 
with both ethanol and methanol solvents. Orange peel with the 
ethanol extract exhibited 59.8% antioxidant activity. Orange 
peel with the methanol extract exhibited 61.4% antioxidant 
activity. Lemon peel with ethanol exhibited 44.5% antioxidant 

Table II. Antimicrobial potential of fruit peel waste against microbial strains.

	 Zone of inhibition (mm)
	------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Peel extract	 Staphylococcus aureus	 Salmonella typhi	 Pseudomonas aeruginosa	 Escherichia coli

Orange (Et)	 8	 18	 18	 12
Orange (Mt)	 0	 17	 10	 0
Lemon (Et)	 0	 19	 16	 13
Lemon (Mt)	 10	 15	 13	 12
Banana (Et)	 0	 12	 0	 8
Banana (Mt)	 11	 15	 0	 9

Et, ethanol extract; Mt, methanol extract.

Table IV. Antioxidant activity.

Peel extract	 Antioxidant activity (%)

Orange (Et)	 59.8
Orange (Mt)	 61.4
Lemon (Et)	 44.5
Lemon (Mt)	 59.6
Banana (Et)	-
Banana (Mt)	 13.9

Et, ethanol extract; Mt, methanol extract.

Table III. Minimal inhibitory concentration of peel extract evaluated against microbial strains.

	 Minimal inhibitory concentration (mg/ml)
	------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Peel extract	 Staphylococcus aureus	 Salmonella typhi	 Pseudomonas aeruginosa	 Escherichia coli

Orange (Et)	 25	 6.25	 50	 12.5
Orange (Mt)	 6.25	 50	 3.125	 12.5
Lemon (Et)	 6.25	 3.125	 12.5	 6.25
Lemon (Mt)	 ‑	 ‑	 3.125	 ‑
Banana (Et)	 12.5	 ‑	 ‑	 3.125
Banana (Mt)	 12.5	 ‑	 25	 25

Et, ethanol extract; Mt, methanol extract.
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activity. Lemon peel with the methanol extract exhibited 59.6% 
antioxidant activity. Banana peel along ethanol did not exhibit 
any antioxidant activity. Banana peel with methanol exhibited 
13.9% antioxidant activity (Table IV). These findings suggest 
that citrus peels, particularly orange and lemon, are rich 
in antioxidants, which may be beneficial for health applica‑
tions. Overall, these results highlight the varying degrees of 
antioxidant potential among different fruit peels and solvents, 
emphasizing the importance of selecting appropriate sources 
for antioxidant applications.

Phytochemical activity of the extracts. The phytochemical 
analysis of the ethanol and methanol extracts from orange, 
lemon and banana peels exhibited variations in the presence of 
bioactive compounds (Table V). Both the ethanol and methanol 
extracts exhibited a moderate presence of alkaloids across all 
three fruit peels. Notably, flavonoids were found in moderate 
amounts in the ethanol extracts of all three peels, with orange 
peel exhibiting a particularly high concentration, indicating 
its potential as a rich source of these beneficial compounds. 
Tannins also displayed a similar trend, with orange peel 
again demonstrating a high presence compared to the lemon 
and banana peels, which had moderate levels. Saponins were 
detected at moderate levels in both banana peel extracts, while 
the orange and lemon peels exhibited no saponin content 
in either solvent. Additionally, glycosides were present in 
moderate amounts in the ethanol extracts of the orange and 
banana peels, with the methanol extract of orange exhibiting a 
high concentration; however, both lemon peel extracts lacked 
glycosides. These findings suggest that orange peel is particu‑
larly rich in several phytochemicals, which may contribute to 
its antioxidant and antimicrobial properties, while lemon and 
banana peels exhibit a more limited profile, highlighting the 
potential for utilizing citrus peels in health‑related applications.

Results of FTIR analysis. The functional groups that are 
present on the surface of the peels were identified using FTIR 
spectroscopy. The results of the analysis of the banana peel 
methanol and ethanol extracts are illustrated in Figs. 1 and 2, 
which demonstrate the presence of numerous functional groups 
on the surface of the peel. From the spectra, band shifting and 
the possible involvement of O‑H stretching were observed with 
the alcohol compound around the broad peak 3,700‑3,584 cm‑1. 
The absorption band at 3,350.4 cm‑1 was attributable to the O‑H 
stretching vibration of phenolic compounds, which specifically 

indicates the presence of hydroxyl groups in the extract. The 
peaks at 2,924.3 and 2,850.7 cm‑1 were caused by the CH2 
anti‑symmetric stretch of methyl groups shown in Fig.  1; 
2,400‑2,000 cm‑1 indicates potent O=C=O stretching with 
the carbon dioxide compound in both the extracts, respec‑
tively. Observations of the aromatic alcohol OH were made at 
1,316 cm‑1 and 1,231 cm‑1. At 1,044 cm‑1, a band corresponding 
to the C‑O extension of an aromatic alcohol was observed. The 
bands caused by aromatic OH wags were observed between 900 
and 750 cm‑1, and their frequency depends on how the aromatic 
rings are substituted in both extracts (13).

The functional groups that are present on the surface of the 
peels were demonstrated using FTIR spectroscopy. The results 
of the analysis of the orange peel methanol and ethanol extracts 
are shown in Figs. 3 and 4, which demonstrate the presence of 
numerous functional groups on the surface of the peel. Both 
orange peel extracts, with peaks typical of lignocellulosic mate‑
rials, demonstrated the primary functional groups contained in 
the material. The stretching of the O‑H and N‑H groups found 
in proteins, fatty acids and carbohydrates is related to the broad‑
band with a center at 3,400 cm‑1. The broad and strong absorption 
peaks (3,338 and 3,347 cm‑1) are related to the O‑H stretching 
vibrations brought on by the hydrogen bonding between intermo‑
lecular and intramolecular polymeric molecules. The carbonylic 
group of esters is associated with the band at 1.742 cm‑1. The 
peaks at 1,098 cm‑1 and 1023 cm‑1, which are distinctive bands 
of cellulose and hemicellulose from lignocellulosic materials, 
are caused by the CO stretching (14). The most intense band in 
the high‑energy region is caused by an abundance of OH groups 
from lignin and carbohydrates. The prominent band at 2,925 cm‑1 
is related to the presence of C‑H stretching vibration along with 
bending vibrations around 1,428 cm‑1 of aliphatic chains (‑CH2‑ 
and ‑CH3‑), forming the basic structure of this lignocellulosic 
material. The intense band at 1,045 cm‑1 corresponds to the link 
C‑O‑H or C‑O‑R (alcohols or esters) (15).

The results of FTIR spectra analysis of lemon peel extracts 
are shown in Figs. 5 and 6. Indicative of the presence of hydroxyl 
groups of macromolecular association (cellulose, pectin, etc.) is 
the broad peak between 3,200 cm‑1 and 3,600 cm‑1 (14). In both 
extracts (Figs. 5 and 6), significant peaks are exhibited as a O‑H 
stretch at 3,595.31 cm‑1, C‑H stretch at 2,830‑2,695 cm‑1, which 
is depicted as a carbohydrate ring, and a notable C=O stretch at 
1,710‑1665 cm‑1. The strong peak in the range of 1,319.31 cm‑1 
implies that alcohols, carboxylic acids and esters are stretching 
vibrations  (17). Bands around 1,650 and 1,750  cm‑1 are 

Table V. Phytochemical analysis of fruit peel.

Peel extract	 Alkaloids	 Flavonoids	 Tannins	 Saponins	 Glycosides

Orange (Et)	 +	 +	 +	 ‑	 +
Orange (Mt)	 +	 ++	 ++	 ‑	 ++
Lemon (Et)	 +	 +	 +	 ‑	 ‑
Lemon (Mt)	 +	 +	 +	 ‑	 ‑
Banana (Et)	 +	 +	 +	 +	 +
Banana (Mt)	 +	 +	 +	 +	 +

Et, ethanol extract; Mt, methanol extract. +, compound present in low quantity; ++, compound present in high quantity; ‑, absence of compound.
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indicative of free and esterified carboxyl groups shown in Fig. 5. 
Observed between spectra in Fig. 6 at 2,852 cm‑1, 1,734.3 cm‑1, 
1,368.6 cm‑1, 1,162 cm‑1 and 572.72 m‑1 are due to the slightly 
different solvating properties of ethanol as compared to Fig. 5. 
Lemon extract with ethanol as a solvent has the highest anti‑
microbial capability. The varying functional groups across 

these fruit peels suggest a rich chemical composition that 
may underlie their antioxidant and antimicrobial properties, 
particularly highlighting the lemon peel's superior antimicrobial 
capability when extracted with ethanol. Overall, these findings 
emphasize the potential of fruit peels as valuable sources of 
bioactive compounds for health‑related applications.

Figure 2. FTIR spectra of banana sample (ethanol extract).

Figure 1. FTIR spectra of banana sample (methanol extract).
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Discussion

The pressing issue of global waste demands strategic manage‑
ment, particularly in the context of industrial and agricultural 
residues. The adherence to circular economy principles is 
pivotal for sustainable agriculture, minimizing, recycling and 

reusing agricultural waste to align with social, environmental 
and economic benefits (18,19). Addressing the substantial waste 
generated in fruit and vegetable processing poses a formidable 
challenge for the food industry, necessitating significant 
financial investment in proper disposal (8). However, these 
agricultural by‑products harbor abundant phenolic compounds 

Figure 3. FTIR spectra of orange sample (methanol extract).

Figure 4. FTIR spectra of orange sample (ethanol extract).
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and bioactive chemicals that offer antioxidant, antimicrobial 
and health‑enhancing properties  (20). Leveraging these 
natural compounds as alternatives to synthetic additives not 
only yields beneficial compounds, but also mitigates environ‑
mental impacts associated with discarding substantial fruit 
residues (21).

In the present study, local varieties of fruit peels and their 
extracts were examined, which may exhibit different anti‑
microbial properties compared to those studied previously. 
Variations in geographical location, climate and cultivation 
practices can influence the phytochemical composition of these 
peels, potentially leading to different efficacy profiles against 

Figure 5. FTIR spectra of lemon sample (ethanol extract).

Figure 6. FTIR spectra of lemon sample (methanol extract).
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specific pathogens. The main aim of the present study was to 
assess the organic antimicrobial potential of orange, banana 
and lemon peels, emphasizing the repurposing of leftover 
fruit peels to manage solid waste, while aligning with envi‑
ronmental sustainability. The present study underscored the 
notable antibacterial efficacy of the tested fruit peel extracts 
against a spectrum of microorganisms. Utilizing the well 
diffusion method, the present study demonstrated substantial 
zones of growth inhibition, particularly noting the superior 
effectiveness of yellow lemon, followed by orange and then 
banana peel extracts, respectively, against Gram‑negative and 
Gram‑positive bacteria. The association between the yield 
of solvent extracts and antibacterial activity was evident, 
showcasing that yellow lemon and orange extracts paralleled 
the tested standard antibiotic, gentamicin, in their inhibitory 
potential against most bacteria. Previously, the antimicrobial 
activity of Citrus sinensis peel extracts against Streptococcus 
mutans and Lactobacillus acidophilus was found to be 8 to 
13 mm with various concentrations of the extract (22). The 
antimicrobial activity of banana (Musa paradisiaca L.) peel 
against S. aureus and Candida krusei was previously found 
to be 30 and 10 mm, respectively  (23). The antimicrobial 
activity of acetone, ethanol and ethyl acetate extract of Citrus 
limon against S. aureus, Enterococcus faecalis and S. typhi 
was previously estimated to be 9 to 16 mm in diameter (24). 
Another study revealed the potent antimicrobial activity 
in yellow banana fruit peels against Gram‑positive and 
Gram‑negative bacteria (25). Additionally, banana peels have 
been highlighted for their attributes in producing natural 
dyes and shielding cotton clothes from bacterial effects, 
owing to their rich reservoir of antioxidants and antibacterial 
elements (26). Lemon peel has been shown to exhibit efficacy 
against both Gram‑positive and Gram‑negative bacteria, with 
a heightened effect on Gram‑positive strains, possibly due 
to the lipid content in the cell walls, inhibiting teichoic acid 
within the peptidoglycan layer (27). Similarly, banana peel 
extracts, owing to their phytochemical composition including 
tannins, glycosides, alkaloids and flavonoids, have been shown 
to display antibacterial properties against Gram‑positive 
bacteria, suggesting potential in microbial infection treatment 
as a safer alternative to synthetic drugs. Combining multiple 
phytochemicals in banana peel extracts may produce syner‑
gistic effects, enhancing their antimicrobial potency compared 
to individual compounds. This multifaceted approach allows 
for a broader spectrum of activity against various patho‑
gens, including both Gram‑positive and Gram‑negative 
bacteria  (28,29). Notably, the ethanolic extract of banana 
peel has showcased superior antibacterial efficacy compared 
to the aqueous extract, attributed to the presence of specific 
compounds (8). Citrus peels, particularly from lemons and 
oranges, contain flavonoids, such as hesperidin and naringin, 
which have demonstrated antibacterial activity against food‑
borne pathogens, such as E. coli and Salmonella. Flavonoids 
can disrupt microbial cell membranes and interfere with their 
metabolic processes, leading to cell death (30,31).

These findings echo previous research, highlighting the 
substantial antimicrobial potential of citrus peel extracts 
attributed to their rich phenolic content, flavonoids and tannins. 
The observed inhibitory effects on bacterial growth suggest 
a synergistic action among various phytochemicals present 

in the extracts, possibly disrupting bacterial membranes and 
metabolic processes. The analysis of the minimum inhibitory 
concentration further supported these observations, affirming 
the ability of the extracts to inhibit microbial growth across 
various concentrations. Previous research has indicated that 
when natural preservatives derived from fruit peels are applied 
at appropriate concentrations, they can inhibit microbial 
growth without significantly altering the sensory attributes of 
the food (32). This shift towards natural preservatives aligns 
with the growing consumer demand for clean‑label products, 
as it allows manufacturers to replace synthetic additives with 
safe, bio‑based alternatives. Additionally, utilizing fruit peels 
contributes to sustainability by reducing food waste and 
enhancing the value of agricultural byproducts. The incorpora‑
tion of natural preservatives may reduce reliance on synthetic 
chemicals, which can be costly and subject to regulatory scru‑
tiny. By investing in the extraction and application of bioactive 
compounds from fruit peels, companies may lower production 
costs over time. This advancement could lead to improved 
food safety, greater consumer appeal and a more sustainable 
food supply chain. The present study highlights that metha‑
nolic and ethanolic extracts from orange, lemon and banana 
peels have potential as potent, cost‑effective antimicrobial 
agents with broad applications. However, due to their natural 
abundance and lack of adverse reactions, their application is 
hindered by variability in composition, limited spectrum of 
activity, concentration‑dependent efficacy, potential toxicity 
issues, stability concerns and regulatory challenges.

 In conclusion, the findings of the present study signify 
the immense potential of fruit peels as organic antimicrobial 
agents, offering avenues for sustainable waste management 
and eco‑friendly alternatives to synthetic additives in various 
industries. The present study underscores the relevance of 
harnessing natural compounds from agricultural waste for 
practical applications in the healthcare and food sectors, 
aligning with sustainable practices. Further research exploring 
formulation and application methods is warranted to optimize 
and commercialize these natural extracts effectively. In the 
future, these fruit peel extracts may be used as therapeutic 
agents. These fruit peel extracts may also be used to create 
antibiotic drugs.
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