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INTRODUCTION  

 

Multidrug resistance (MDR) is the most serious global 

threat to the health sector (Chinemerem et al., 2022), 

escalating steeply over the years due to inappropriate 

usage and disposal of millions of antibiotics into the 

environment (Saleem and Saeed, 2020). Antibiotic re-

sistance spreads mainly through horizontal gene trans-

fer in bacteria and poses an enormous challenge for 

the successful treatment of infectious diseases, causing 

a steep increase in the death rate (Lerminiaux and 

Cameron, 2019). MDR is responsible for causing about 

700,000 deaths each year, and if it continues to rise at 

this rate, it is expected to increase to 10,000,000 

deaths per year by 2050 (Gelband et al., 2015). 

Amongst the MDR strains, ESKAPE pathogens namely, 

Enterococcus faecium, Staphylococcus aureus, 

Klebsiella pneumoniae, Acinetobacter baumannii, 

Pseudomonas aeruginosa, and Enterobacter species, 

are the major reason for the spread of nosocomial in-

fections in ICUs and are capable of aggressive out-

breaks (Santajit and Indrawattana, 2016). WHO desig-

nated the “priority status” to the MDR ESKAPE patho-

gens, stating the urgent need for antimicrobial develop-

ment for these pathogens (World Health Organization, 

2017). One of the strategies recommended for combat-

ing antibiotic resistance is the use of non-antibiotic 

compounds with significant antimicrobial activity in 

combination with failed antibiotics, thereby enhancing 

antimicrobial efficacy (Brown, 2015). Hence, there is an 

immediate need to discover antimicrobial agents 

against MDR pathogens, which can substantially re-

duce the burden of antibiotic resistance on the health 

sector.   
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Plants have been used to treat diseases since time im-

memorial (Jones, 1996). Researchers are focused on 

isolating and identifying new bioactive compounds from 

various plant components such as fruit, flowers, leaves, 

and stems to develop better drugs to combat antibiotic 

resistance (Saleem and Saeed, 2020). Though exten-

sive work has been done on the antimicrobial activity in 

most plant species (Khameneh et al., 2019), studies on 

the antimicrobial potential of non-edible parts of fruits 

such as fruit peels are very limited. Fruit peels of Carica 

papaya (papaya), Ananas comosus (Pineapple), Musa 

acuminata (Cavendish banana), and Punica granatum 

(Pomegranate) are rich in bioactive compounds and 

have potential pharmacological applications (Bhavani et 

al., 2023; Jeon et al., 2022; Meena et al., 2022; Mo et 

al., 2022). Studies have shown fruit peels have a much 

higher antimicrobial activity than fruit pulp (Jain, 2011; 

Neglo et al., 2021). Therefore, the isolation of antimicro-

bial compounds from fruit peels can help enhance anti-

microbial activity by acting alone or in combination with 

antibiotics (Fazly et al., 2018).  

Fruit peels are considered agro-waste and are discard-

ed in large quantities by the food industry throughout 

the year (Ain et al., 2020), accounting for about 60% of 

the total fruit and vegetable waste generated (Zhang et 

al., 2020). Hence, the utilization of these fruit peels as a 

potential antimicrobial agent is an eco-friendly approach 

to providing a solution to antibiotic resistance and waste 

management. The present study aimed to analyze the 

antimicrobial activity of the fruit peels of Carica papaya 

(papaya), Ananas comosus (Pineapple), Musa acu-

minata (Cavendish banana), Punica granatum 

(Pomegranate) peels against selected MDR ESKAPE 

pathogens namely, Pseudomonas aeruginosa (MTCC 

424), Klebsiella pneumoniae (MTCC 109), and Staphy-

lococcus aureus (MTCC 3160). The qualitative screen-

ing of phytochemicals and structural elucidation using 

Gas chromatography-mass spectrometry (GC-MS) and 

Fourier Transform Infrared Spectroscopy (FT-IR) was 

done to identify and detect the compounds that could 

be responsible for the antimicrobial activity. Further-

more, this study aimed to encourage the sustainable 

utilization of fruit peels as an effective, low-cost, natural 

antimicrobial agent that could serve as an alternative to 

antibiotics and minimise the agro-waste generated, 

thereby providing a healthy environment for mankind. 

 

MATERIALS AND METHODS 

 

Collection of fruit peel and preparation of fruit peel 

powder 

Fresh fruits of C. papaya, A. comosus, M. acuminata, 

and P. granatum peels were obtained from the local 

market in Bengaluru, Karnataka, India, in 2023. They 

were cleaned and washed, and the peels were separat-

ed. The peels were dried in a hot air oven at 40-45°C 

for 6 days. The dried sample was then powdered using 

a grinder and stored in airtight containers at 4°C. 

 

Preparation of fruit peel extract 

The fruit peel extract was prepared by adding 10 g of 

each powdered peel sample separately into a conical 

flask containing 50 ml of methanol, followed by extrac-

tion for 2 days. After extraction, the samples were 

evaporated using a rotary evaporator to obtain the con-

centrated extract (RE100-S LED Digital Rotary Evapo-

rator). The yield of each fruit peel sample was calculat-

ed as gram (g) of extract per 10 g of dried peel. The 

concentrated extract was then mixed in DMSO 

(Dimethyl sulfoxide). The stock solutions were prepared 

by dissolving each extract in an appropriate amount of 

DMSO to get a 1g/mL concentration. The dilutions for 

the antibacterial activity were done using the stock so-

lution of the extract. These were stored at 4oC for anti-

bacterial sensitivity assay. 

 

Pathogenic bacteria and culture 

The pathogenic bacterial strains, Pseudomonas aeru-

ginosa (MTCC 424), Klebsiella pneumoniae (MTCC 

109) (gram-negative bacteria), and Staphylococcus 

aureus (MTCC 3160) (gram-positive bacteriae) were 

obtained from Microbial Type Culture Collection and 

Gene Bank (MTCC), Chandigarh, India. The pure bac-

terial cultures were sub-cultured in Mueller Hilton broth 

(MHB) and incubated at 37°C for 24 h. They were used 

as the inoculum for the antibacterial sensitivity test.  

 

Antibacterial activity of extracts by well diffusion 

method 

The antibacterial activity of the selected fruit peels was 

measured using the agar well diffusion method (Martin, 

2003). The Mueller Hilton agar (MHA) medium was 

poured into sterile petri plates, followed by which 100 µl 

of the bacterial suspension was spread uniformly over 

the MHA media. The media was then punched with 

5mm diameter wells using a sterile cork borer. The 

wells were then loaded with various concentrations of 

the extracts such as 100 mg/mL, 80 mg/mL, 60 mg/mL, 

40 mg/mL, 20 mg/mL). The plates were then incubated 

at 37ºC for 24 h, and then the zone of inhibition was 

measured (in mm). Each extract was tested three times 

to obtain triplicates and the obtained data was tabulat-

ed for each fruit peel extract against each of the tested 

pathogenic bacteria. Streptomycin (300 mcg) and 

DMSO were used as positive control and negative con-

trol, respectively.  

 

Minimum Inhibitory Concentration (MIC) 

The lowest concentration of the extract that inhibits the 

visible growth of the pathogenic strains is referred to as 

the Minimum inhibitory concentration (MIC) (Zaki et al., 

2022), which was determined by broth dilution assay 
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(Agarwal et al., 2020). The MIC values were expressed 

as mg/mL. The control wells contained MHB and inocu-

lum of the bacterial strains. The percentage of antibac-

terial activity was estimated using the formula (Eq. 1). 

      Eq.1 

Qualitative phytochemical screening  

The fruit peel powder of C. papaya, A. comosus, M. 

acuminata, and P. granatum were subjected to qualita-

tive phytochemical analysis to detect the presence of 

various phytochemical constituents (phenols, tannins, 

glycosides, saponins, flavonoids, alkaloids, terpenoids, 

and steroids) using standard procedures (Dubale et al., 

2023; Harborne, 1973). 

 

Structural Elucidation- FT-IR and GC-MS analysis 

The detection of the bioactive components present in 

the fruit peel extracts was determined by FT-IR and GC

-MS analysis (Hadi et al., 2016). Structural determina-

tion of the various functional groups present in the fruit 

peel extract was carried out using a Shimadzu FTIR 

spectrophotometer, IRSpiritTM, equipped with an attenu-

ated total reflectance (ATR) accessory, QATR-STM. The 

FT-IR spectra were recorded at a scanning range of 

400-4000 cm-1. Gas chromatography and mass spec-

trometry analysis of the fruit peel extracts was carried 

out in Shimadzu GC-MSQP2010SE system. The chlo-

roform extract of the fruit peel (1 µL) was injected 

through the GC-MS system. This instrument contains a 

quadrupole mass detector fitted with a capillary column 

of thickness 30 m x 0.25 µm and 0.25 µm. Helium 

(99.99%) was used as the carrier gas. The compounds 

in the extracts were identified by matching the mass 

spectra with NIST (National Institute of Standards and 

Technologies) USA, Library (Irawan et al., 2017). 

 

Statistical analysis  

The data obtained were expressed as mean ± standard 

deviation (SD). Statistical analysis was performed us-

ing one-way ANOVA with SPSS software, version 24, 

and a significance level of p-value < 0.05.  

 

RESULTS AND DISCUSSION 

 

Antibacterial activity of fruit peel extracts by well 

diffusion method  

The antibacterial activity of the selected fruit peel ex-

tract, namely C. papaya, A. comosus, M. acuminata, 

and P. granatum against selected pathogenic strains at 

different concentrations are presented in Table 1. The 

results of the Well-diffusion method measured by the 

No. 
Pathogenic 

microbes 
Peel extract 

Zone of inhibition (mm) 
Positive 

Control 

Nega-

tive 

Control 

20 mg/ml 
40 mg/

ml 

60 mg/

ml 

80 mg/

ml 

100 

mg/ml 

Strepto-

mycin 
DMSO 

1 S. aureus 

P. granatum 
12.10 ± 

0.10e 

13.10 ± 

0.10d 

14.10 ± 

0.10c 

15.10 ± 

0.06b 

20.10 ± 

0.06a 

20.06 ± 

0.05 

  

NA 

C. papaya 
6.10 ± 

0.10f 

7.10 ± 

0.10e 

8.06 ± 

0.10d 

9.13 ± 

0.06c 

10.10 ± 

0.10b 
NA 

A. comosus NA NA NA 
8.10 ± 

0.10c 

10.20 ± 

0.10b 
NA 

M. acuminata 9.10 ± 11.10 ± 11.17 ± 12.13 ± 13.23 ± NA 

2 
P.  

aeruginosa 

P. granatum 11.10 ± 14.17 ± 16.17 ± 18.13 ± 20.13 ± 

6.06 ± 

0.06 

NA 

C. papaya 
8.13 ± 

0.10d 

10.17 ± 

0.06c 

11.13 ± 

0.15b 

11.17 ± 

0.15b 

15.20 ± 

0.10a 
NA 

A. comosus NA 
6.10 ± 

0.10e 

9.10 ± 

0.10d 

11.10 ± 

0.10c 

15.13 ± 

0.06b 
NA 

M. acuminata NA 8.03 ± 11.07 ± 12.07 ± 13.07 ± NA 

3 
K.  

pneumoniae 

P. granatum NA NA NA NA 6.10 ± 

20.20 ± 

0.10 

  

NA 

C. papaya NA NA NA 
8.10 ± 

0.10c 

11.20 ± 

0.00b 
NA 

A. comosus 
7.10 ± 

0.10f 

8.10 ± 

0.10e 

14.10 ± 

0.10d 

19.10 ± 

0.10c 

22.23 ± 

0.32a 
NA 

M. acuminata NA NA 
6.10 ± 

0.10d 

12.17 ± 

0.21c 

14.10 ± 

0.10b 
NA 

Values are expressed as mean ± SD of triplicate tests with standard deviation. Zone of inhibition (mm) includes the diameter of the well, 

which is 5 mm. Positive control: Streptomycin (300 µg). Negative control: DMSO - Dimethyl sulfoxide. NA: not active, no inhibition.  

Table 1. Zones of Inhibition (mm) of the fruit peel extracts against the selected microbial strains  
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zone of growth inhibition reveal that all the selected fruit 

peel extracts produced notable antibacterial activity 

against both gram-positive (S. aureus) and gram-

negative bacteria (P. aeruginosa and K. pneumoniae) 

(Table 1). It was observed that there was a significant 

increase (p<0.05) in the antimicrobial activity of the fruit 

peels with an increase in the concentration of the ex-

tract (Table 1). It was observed that the effectiveness of 

the fruit peel extracts against S. aureus (gram-positive 

bacteria) was in the order of P. granatum > M. acu-

minata > C. papaya > A. comosus at 100mg/mL con-

centration. The P. granatum extracts showed a high 

inhibition zone at 100mg/ml (20.10 ± 0.06 mm) concen-

tration against S. aureus, which was comparable to the 

positive control, streptomycin (20.06 ± 0.05 mm). Also, 

it was noted that S. aureus was resistant to the antibac-

terial activity of C. papaya peel at lower concentrations 

(20-60 mg/mL).  

The antibacterial activity of the fruit peel extract against 

the selected gram-negative bacteria namely, P. aeru-

ginosa and K. pneumoniae, was in the order P. gran-

atum > C. papaya > M. acuminata > A. comosus, and 

A. comosus > M. acuminata > C. papaya > P. gran-

atum respectively. It was observed that all the fruit ex-

tracts were highly effective against P. aeruginosa, and 

the Zone of Inhibition (ZOI) of P. granatum (11.10 ± 

0.10 mm) at a concentration as low as 20mg/ml, which 

was significantly higher than the positive control, strep-

tomycin (6.06 ± 0.06 mm). However, K. pneumoniae 

was found to be resistant to fruit peel extracts at con-

centrations of 20-80mg/mL in P. granatum, 20-60mg/

mL in C. papaya, and 20-40 mg/mL in M. acuminate. 

Interestingly, the extract of A. comosus was effective 

against K. pneumoniae at a concentration as low as 20 

mg/mL, and showed a significantly high inhibition zone 

(22.23 ± 0.32 mm), when compared to the control 

streptomycin (20.20 ± 0.10 mm).  

Hence, it was noted that the fruit peels show compara-

ble activities with the tested standard antibiotic 

(Streptomycin) and show high antibacterial efficacy 

against the tested pathogens, especially at 100mg/mL. 

This could be due to the wide spectrum of bioactive 

compounds like polyphenols, flavonoids, tannins, and 

anthocyanins, which possess antimicrobial potential in 

fruit peels (Zaki et al., 2022). The present study 

showed that the antimicrobial efficiency of A. comosus 

was in the order: P. aeruginosa < K. pneumoniae < S. 

aureus which followed the trend observed by Okoh et 

al. (2019). The present results were also consistent with 

the findings of Zaki et al. (2022) and Hanafy et al. 

(2021) who showed that P. granatum has stronger anti-

bacterial activity than M. acuminate peels against S. 

aureus and P. aeruginosa. However, limited or no find-

ings have been reported on the efficacy of P. granatum 

against K. pneumoniae. Also, there are numerous find-

ings on the antimicrobial activity of C. papaya fruit and 

leaf extract (Sharma et al., 2020; Dagne et al., 2021; 

Romasi et al., 2013; Singh et al., 2020), however, there 

is limited or no information regarding the antimicrobial 

efficiency of C. papaya peel. Hence, the present study 

would help understand fruit extracts' role as a natural 

antimicrobial agent in disease treatment. 

 

Minimum Inhibitory Concentration (MIC) 

The Minimum Inhibitory Concentration of the pathogen-

ic strains against the selected fruit peel extracts was 

determined and tabulated in Table 2. Under visual in-

spection, the MIC of the tested fruit peel extracts 

ranged from 6.25 to 100mg/mL for the tested bacteria. 

The results showed that all four fruit peel extracts (C. 

papaya, A. comosus, M. acuminata, and P. granatum) 

showed significant antibacterial properties. P. gran-

atum, C. papaya and, M. acuminata showed lower MIC 

values (better antibacterial activity) (12.5 mg/mL), 

against S. aureus when compared to A. comosus (50 

mg/mL). The MIC value of M. acuminate and P. gran-

atum (12.5 mg/mL), against S. aureus was following the 

findings of Zaki et al. (2022) and Nozohour et al. (2018) 

respectively. Additionally, P. granatum and C. papaya 

also showed lower MICs against P. aeruginosa (12.5 

mg/mL) compared to A. comosus and M. acuminata (50 

mg/mL). However, when tested against K. pneumoniae, 

A. comosus showed very low MIC value (6.25 mg/mL), 

followed by M. acuminata (25 mg/mL), C. papaya and 

P. granatum (100 mg/mL). The MIC value of M. acu-

minate (50 mg/mL), against P. aeruginosa was in ac-

cordance with Sirajudin et al. (2014).  

Spectrophotometric readings gave values of MIC rang-

ing from 6.25 to 100mg/mL It was observed that all the 

fruit peels demonstrated similar antibacterial activities 

as visually determined MIC against P. aeruginosa. 

However, there were slight variations in MIC values 

No. 
Pathogenic 

microbe 

Visual MIC (mg/mL) Spectrophotometric MIC (mg/mL) 

P.  

granatum 

C.  

papaya 

A.  

comosus 

M.  

acuminata 

P.  

granatum 

C.  

papaya 

A.  

comosus 

M.  

acuminata 

1 S. aureus 12.5 12.5 50 12.5 12.5 25 50 12.5 

2 P. aeruginosa 12.5 12.5 50 50 12.5 12.5 50 50 

3 K. pneumoniae 100 100 6.25 25 100 100 6.25 50 

Table 2. Minimum Inhibitory Concentration (MIC) values of fruit peel extract against selected microbial strains (mg/mL) 
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tested against S. aureus and K. pneumoniae compared 

to the visual MIC. C. papaya showed higher spectro-

photometric MIC values (25 mg/mL) when compared to 

the visual MIC (12.5 mg/mL) against S. aureus. Howev-

er, M. acuminata showed higher spectrophotometric 

MIC values (50 mg/mL) when compared to the visual 

MIC (25 mg/mL) against K. pneumoniae, which is con-

sistent with the findings of Ramadani et al. (2022).  Fig. 

1 shows the bacterial growth inhibition (% Inhibition) 

pattern of S. aureus, P. aeruginosa, and K. pneumoni-

ae, respectively, due to the exposure to different con-

centrations of fruit peel extracts.  

 

Qualitative phytochemical screening 

Data presented in Table 3 show the qualitative phyto-

chemical screening of the fruit peels. The present study 

showed the presence of medicinally important phyto-

chemical compounds in the peels of C. papaya, A. 

comosus, M. acuminata, and P. granatum such as phe-

nols, tannins, glycosides, saponins, flavonoids, alka-

loids, terpenoids, and steroids. The phytochemical 

screening of M. acuminata and C. papaya was con-

sistent with the findings of Siddique et al. (2018), who 

reported that M. acuminata and C. papaya are rich 

sources of alkaloids, tannins, phenols, flavonoids and 

saponins, which exhibit potent antibacterial activity 

against S. aureus, B. subtilis, P. aeruginosa, and E. 

coli. Similarly, the fruit peels of A. comosus exhibited 

moderate to high concentrations of flavonoids, phenols, 

tannins, saponins, alkaloids, and terpenoids in the pre-

sent study. These findings align with the study by Hikal 

et al. (2021), which demonstrated that the phytochemi-

cal constituents of A. comosus peels contribute to their 

antibacterial activity against S. aureus, Vibrio cholerae, 

P. aeruginosa, and E. coli. Phytochemical screening of 

P. granatum peels showed high levels of phenols, tan-

nins, and flavonoids, consistent with Gopalraaj and 

Velayudhannair's findings (2024). Similar findings were 

reported by Sweidan et al. (2023), who reported the 

richness of phytochemicals, especially phenols, flavo-

noids and tannins in P. granatum, which have signifi-

cant antioxidant and antimicrobial activity against P. 

aeruginosa, and Micrococcus luteus.  Hence, the anti-

bacterial activity exhibited by the fruit peel extracts are 

Fig. 1. Inhibition of the growth of (a) S. aureus (b) P. aeruginosa (c) K. pneumoniae caused by fruit peel extracts at differ-

ent concentrations (3.125-100 mg/mL) 

Fruit peel Phenols Tannins Glycosides Saponins Flavonoids Alkaloids Terpenoids Steroids 

P. granatum ++++ ++++ +++ +++ ++++ +++ +++ +++ 

C. papaya + ++ +++ +++ ++ ++ + + 

A. comosus ++ ++ + +++ ++ +++ ++ + 

M. acuminata ++ ++ + +++ ++ ++ +++ + 

+Trace, ++Moderate, +++High, ++++Very High −Absent 

Table 3. Qualitative phytochemical screening of fruit peels of P. granatum, C. papaya, A. comosus, and M. acuminata  



 

157 

Gopalraaj, J. and Velayudhannair, K. / J. Appl. & Nat. Sci. 17(1), 152 - 161 (2025) 

majorly due to the presence of these phytochemical 

compounds. Flavonoids and phenols are highly effec-

tive against gram-positive bacteria by acting on the 

peptidoglycan layer and damaging the cell membrane 

(Hikal et al., 2021). This justifies the present observa-

tion that all the selected fruit peels, especially P. gran-

atum with very high levels of flavonoids and phenols 

were highly effective against gram-negative bacteria, S. 

aureus. Most of the phenolic compounds from plant 

sources are non-toxic for human consumption and, 

hence, could be effectively used to prevent the growth 

of these microbes (Hikal et al., 2021). Saponins are 

known to increase bacterial cell wall permeability, al-

lowing antibacterial substances to enter the cells and 

cause cell lysis (Eshamah et al., 2013). Tannins work 

against microorganisms by hydrogen bonding, iron 

deprivation, or specific interactions with essential pro-

teins in the microbial cell (Hikal et al., 2021). Glyco-

sides (Křen and Řezanka, 2008), alkaloids (Huang et 

al., 2022), terpenoids (Huang et al., 2022), and steroids 

(Dogan et al., 2017) inhibit bacterial growth by increas-

ing cell permeability and inhibiting protein synthesis in 

microbes. Hence, these important phytochemical com-

pounds could be responsible for the antimicrobial activi-

ty shown by these fruit peels. 

Structural elucidation: FT-IR and GC-MS analysis 

The FT-IR and GC-MS Analysis was performed to iden-

tify the bioactive compounds responsible for the antimi-

crobial activity in the fruit peels of C. papaya, A. como-

sus, M. acuminata, and P. granatum. The FT-IR analy-

sis was done to detect the major functional groups pre-

sent in the fruit peel extracts as shown in Fig. 2. The IR 

spectra of M. acuminate, C. papaya, A. comosus, and 

P. granatum were similar to each other, indicating that 

they possess similar functional groups. Major functional 

groups that were identified in the fruit peels included 

alcohol, alkane, aromatic compound, fluoro compound, 

alkyl aryl ether group, alkene, halo compounds, metal 

carbonyl, aliphatic nitrile, aliphatic carboxylic acid, ali-

phatic aldehyde, aliphatic amine, aliphatic ester, and 

aliphatic silicon compounds. The functional groups 

identified using FT-IR analysis in the present study are 

in agreement with the findings of Hadi et al. (2016) for 

P. granatum; Naksing et al. (2021) for M. acuminate; 

Balavijayalakshmi and Ramalakshmi (2017) for C. pa-

paya, and Mishra et al. (2010) for A. comosus.  

Natural products, including secondary metabolites pro-

duced by plants and microorganisms, have long been 

studied for their antimicrobial activity in the search for 

eco-friendly substitutes for synthesized chemi-

Fig. 2. FT-IR profile of (a) M. acuminate (b) C. papaya (c) A. comosus (d) P. granatum fruit peels 



 

158 

Gopalraaj, J. and Velayudhannair, K. / J. Appl. & Nat. Sci. 17(1), 152 - 161 (2025) 

N
o

. 
C

o
m

p
o

u
n

d
 

F
ru

it
 p

e
e

ls
 

P
. 

g
ra

n
a

tu
m

 
C

. 
p

a
p

a
y
a
 

A
. 

c
o

m
o

s
u

s
 

M
. 

a
c

u
m

in
a

ta
 

R
e
te

n
ti

o
n

 

ti
m

e
 (

m
in

) 
A

re
a

 %
 

R
e
te

n
ti

o
n

 

ti
m

e
 (

m
in

) 
A

re
a

 %
 

R
e

te
n

ti
o

n
 

ti
m

e
 (

m
in

) 
A

re
a

 %
 

R
e

te
n

ti
o

n
 

ti
m

e
 (

m
in

) 
A

re
a

 %
 

1
 

T
ri

d
e

c
a

n
e
, 

4
-m

e
th

y
l-
 

8
.6

1
1
 

1
.4

3
 

- 
- 

8
.6

1
2
 

0
.1

5
 

8
.6

1
2
 

0
.5

2
 

2
 

9
,1

9
-C

y
c
lo

e
rg

o
s
t-

2
4

(2
8

)-
e

n
-3

-o
l,
 4

,1
4
-d

im
e
th

y
l-
, 

a
c
e

ta
te

, 
(3

.b
e

ta
.,

4
.a

lp
h

a
.,
5

.a
lp

h
a

.)
 

- 
- 

- 
- 

1
2

.6
9
0
 

3
4

.8
9
 

- 
- 

3
 

T
e

tr
a

c
y
c
lo

[6
.1

.0
.0

(2
,4

).
0

(5
,7

)]
n

o
n

a
n
e

, 

3
,3

,6
,6

,9
,9

-h
e

x
a

m
e

th
y
l-

, 
1

0
.1

6
2
 

5
9

.1
3
 

1
0

.1
6
1
 

3
6

.5
1
 

1
0

.1
6
5
 

9
.4

0
 

- 
- 

4
 

P
h

th
a

lic
 a

c
id

, 
b
u

ty
l 
o
c
t-

3
-y

l 
e

s
te

r 
1

2
.2

8
4
 

2
2

.6
7
 

- 
- 

- 
- 

1
2

.2
8
1
 

8
.1

3
 

5
 

n
-H

e
x
a

d
e

c
a

n
o

ic
 a

c
id

 
1

2
.3

4
6
 

1
0

.8
7
 

- 
- 

- 
- 

- 
- 

6
 

O
c
ta

d
e
c
a

n
e

, 
4
-m

e
th

y
l-
 

- 
- 

- 
- 

- 
- 

1
1

.2
2
2
 

4
.2

3
 

7
 

E
th

a
n

o
n

e
, 

1
-(

1
,2

,2
,3

-t
e

tr
a
m

e
th

y
lc

y
c
lo

p
e

n
ty

l)
-,

 

(1
R

-c
is

)-
 

- 
- 

8
.8

8
7
 

0
.6

2
 

- 
- 

- 
- 

8
 

S
u

lf
u

ro
u

s
 a

c
id

, 
2
-p

ro
p

y
l 
u
n

d
e
c
y
l 
e

s
te

r 
- 

- 
1

1
.4

0
7
 

1
.7

4
 

- 
- 

- 
- 

9
 

2
-M

e
th

y
lt
e

tr
a

c
o
s
a

n
e
 

- 
- 

- 
- 

- 
- 

1
2

.6
6
9
 

0
.7

1
 

1
0
 

N
o
n

a
d

a
c
a

n
e
 

- 
- 

- 
- 

- 
- 

1
2

.7
0
4
 

2
.5

9
 

1
2
 

1
,3

-P
ro

p
a

n
e

d
io

l,
2
-d

o
d

e
c
y
l 

- 
- 

- 
- 

- 
- 

1
2

.9
5
5
 

1
3

.5
9
 

1
3
 

B
e

n
z
e

n
e

, 
1

,3
,5

-t
ri

c
h

lo
ro

-2
,4

-d
in

it
ro

- 
- 

- 
1

2
.2

8
0
 

4
.4

6
 

- 
- 

- 
- 

1
4
 

1
-A

c
e

to
x
y
-c

is
-2

-b
e

n
z
o

y
lo

x
y
-6

-m
e

th
o

x
y
-1

,2
,3

,4
-

te
tr

a
h

y
d

ro
n

a
p

h
th

a
le

n
e

 
- 

- 
1

2
.3

4
5
 

3
7

.2
3
 

- 
- 

- 
- 

1
5
 

1
1
-M

e
th

y
ld

o
d

e
c
a

n
o
l 

- 
- 

1
3

.0
5
1
 

1
.5

9
 

- 
- 

- 
- 

1
6
 

1
-N

o
n

e
n
e

, 
4

,6
,8

-t
ri

m
e
th

y
l-
 

- 
- 

- 
- 

8
.8

2
3
 

0
.5

4
 

8
.9

5
5
 

1
.6

2
 

1
7
 

2
,6

,1
0
,1

4
-H

e
x
a

d
e

c
a

te
tr

a
e

n
-1

-o
l,
 3

,7
,1

1
,1

5
-

te
tr

a
m

e
th

y
l-
, 

a
c
e
ta

te
, 
(E

,E
,E

) 
- 

- 
- 

- 

  1
2

.6
1
7
 

  

1
8

.7
0
 

  
- 

- 

1
8
 

K
a

u
re

n
-1

8
-o

l,
 a

c
e

ta
te

, 
(4

.b
e

ta
.)

- 
- 

- 
- 

- 
1

2
.7

8
8
 

1
1

.5
9
 

- 
- 

1
9
 

K
a

u
ra

n
-1

8
-a

l,
 1

7
-(

a
c
e
ty

lo
x
y
)-

, 
(4

.b
e

ta
.)

- 
- 

- 
- 

- 
1

2
.8

8
2
 

2
4

.4
2
 

- 
- 

2
0
 

2
,5

-c
y
c
lo

h
e

x
a

d
ie

n
e
-1

,4
-d

io
n

e
, 
2

-(
1

,1
-

d
im

e
th

y
le

th
y
l)
-5

-(
2

-m
e

th
y
l-
2

-p
ro

p
e

n
-1

-y
l)

 
- 

- 
- 

- 
- 

- 
1

0
.1

5
9
 

3
6

.3
6
 

2
1
 

1
-U

n
d

e
c
e

n
e
, 

7
-m

e
th

y
l-
 

- 
- 

- 
- 

- 
- 

1
0

.3
6
0
 

6
.4

3
 

2
2
 

S
u

lf
u

ro
u

s
 a

c
id

, 
d
o

d
e
c
y
l 
2

-p
ro

p
y
l 
e

s
te

r 
- 

- 
1

2
.8

9
3
 

0
.7

2
 

- 
- 

1
1

.4
0
5
 

3
.9

4
 

2
3
 

9
-O

c
ta

d
e
c
e
n

a
l 

- 
- 

1
2

.9
5
6
 

7
.0

6
 

- 
- 

- 
- 

2
4
 

N
o
n

a
d

e
c
a

n
o

ic
 a

c
id

 
- 

- 
1

2
.9

8
8
 

8
.9

3
 

- 
- 

1
2

.3
5
0
 

1
9

.3
4
 

2
5
 

2
,4

,6
,8

-T
e

tr
a

m
e

th
y
l-
1

-u
n

d
e
c
e
n

e
 

8
.8

2
2
 

5
.9

1
 

8
.8

2
1
 

1
.1

3
 

8
.8

8
6
 

0
.3

0
 

8
.8

2
1
 

1
.5

3
 

T
a

b
le

 4
. 

C
h
e
m

ic
a

l 
c
o
m

p
o
s
it
io

n
 o

f 
fr

u
it
 p

e
e

ls
 o

f 
P

. 
g

ra
n

a
tu

m
, 

C
. 

p
a

p
a
y
a

, 
A

. 
c
o

m
o

s
u
s
, 

a
n

d
 M

. 
a

c
u

m
in

a
ta

  
  



 

159 

Gopalraaj, J. and Velayudhannair, K. / J. Appl. & Nat. Sci. 17(1), 152 - 161 (2025) 

cals (Atanasov et al., 2015). GC-MS analysis was per-

formed for the selected fruit peels and based on their 

retention times and mass spectral fragmentation pat-

tern, the compounds present in the peels were identi-

fied qualitatively. The fruit peels showed the presence 

of 7 compounds in P. granatum, 12 compounds in C. 

papaya, 9 compounds in A. comosus, and 17 com-

pounds in M. acuminate, tabulated in Table 4. Tetracy-

clo[6.1.0.0(2,4).0(5,7)]nonane, 3,3,6,6,9,9-hexamethyl-, 

was recorded with the highest peak area percentage of 

59.13% in  P. granatum and 36.51% in C. papaya 

which are known to possess potential antiviral proper-

ties. The compound Phthalic acid, butyl oct-3-yl ester 

was found in significant levels in peels of M. acuminate 

(8.13%) and P. granatum (22.67). Phthalic acid esters 

(PAE) have shown antimicrobial properties by interfer-

ing with quorum sensing mediated virulence factors 

and biofilm formation in P. aeruginosa (Rashiya et al., 

2021). n-hexadecanoic acid has also shown significant 

antimicrobial activity by inhibiting biofilm formation in 

Pseudomonas aeruginosa (Sajayan et al., 2023). The 9

- Octadecenal (7.06%) have also been reported to have 

antibacterial and antioxidant properties (Aanand et al., 

2017). 1-Undecene, 7-methyl- was recorded in M. acu-

minate peels (6.43%), which is a volatile compound, 

highly effective in treating pulmonary diseases by direct 

inhalation in addition to antibiotic treatment (Corre et 

al., 2021). 1,3-propanediol, 2-dodecyl found in M. acu-

minate peels (13.59%) are effective antimicrobial 

agents and are highly effective against E. coli and P. 

aeruginosa (Iwasaki et al., 2023).  

 

Conclusion 

 

This study quantitatively assessed the antimicrobial 

potential of fruit peel extracts from C. papaya, A. como-

sus, M. acuminata, and P. granatum, highlighting their 

potential use as innovative, low-cost antimicrobial 

agents contributing to agro-waste management. These 

findings offer a promising alternative to conventional 

antibiotics, addressing the growing concern of untreata-

ble bacterial infections due to rising multidrug re-

sistance and the associated global health impact. The 

fruit peels demonstrated effectiveness against both 

gram-positive (S. aureus) and gram-negative bacteria 

(P. aeruginosa and K. pneumoniae), likely due to the 

presence of bioactive phytochemicals such as phenols, 

tannins, glycosides, saponins, flavonoids, alkaloids, 

terpenoids, and steroids, known for their antimicrobial 

properties. Additionally, GC-MS and FT-IR analyses 

confirmed the presence of functional groups and com-

pounds with potent antimicrobial activity. Therefore, the 

findings suggest that the fruit peels of C. papaya, A. 

comosus, M. acuminata, and P. granatum hold poten-

tial as effective antimicrobial agents, though further 

research is needed to optimize formulation, dosage, 

and assess potential side effects. 
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