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ABSTRACT 
 

Aim: Lemons are a treasure trove in nature, belonging to the Rutaceae family and rich in vitamin C, 
as well as various macro and micronutrients. They are widely known for boosting immunity and can 
potentially be used as a natural source of medication. D-limonene is one of the main bioactive 
compounds present in lemons, and it is responsible for the refreshing fragrance of lemons. The 
study aims to identify whether the waste from lemons can be used as potential nutraceuticals or 
functional foods 
Study Design: We took five different species for comparative antibacterial studies from Citrus 
species those are C. aurantifolia, C. limetta, C. sinensis, C.reticulata, and C. maxima.  
Place and Duration of Study: Biotechnology lab, Techno India University, Kolkata. The duration of 
this study was 1 year. 
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Methodology: In this comparative study, the major parts (pulp, seed, and peel) of a fruit were used 
for the experiments. It is important to reduce the amount of waste in the environment by creating 
creative and cost-effective, eco-friendly waste management techniques. The antibacterial potential 
against E. coli and S. aureus was thoroughly measured using the Kirby-Bauer disc diffusion 
method. 
Results: The results show that in the case of E. coli inhibition , the peels of C. reticulate (58.33 ±0.4 
mm), the seeds of C. aurantifolia (58.33 ±0.4 mm), and the pulp of C. aurantifolia (55.33 ±2.94 mm)  
perform well compared to other samples. In the case of S. aureus inhibition, the peels of C. limetta 
(51±1.41mm), the seeds of C. aurantiifolia (58.33 ±0.4 mm), and the pulp of C. aurantifolia 
(49±2.82mm) perform well compared to other samples. 
Conclusion: Hence, the results indicate that PEELs can be potential antimicrobial agents and have 
discovered that various parts of the citrus fruit exhibit a wide range of antimicrobial effects against 
both gram-positive and gram-negative bacteria. 
 

 
Keywords: Citrus peel; seed; pulp; antimicrobial; citrus fruits. 
 

1. INTRODUCTION  
 
Citrus fruit belongs to the Rutaceae family. They 
are rich in citric acid and ascorbic acid, 
strengthening our immune system .Citrus fruits 
are one of the most widely grown fruits and are 
an important source of physiologically active 
substances and phytochemicals [1]. They can 
potentially be employed as a natural medication 
source or a major component of functional food 
since they are an excellent source of bioactive 
compounds and are high in ascorbic and citric 
acid, which boosts our immune systems. These 
compounds are mostly recognized in their edible 
parts. On the other hand, limonoids—typical 
citrus fruit triterpenoids with an intensely bitter 
taste and potentially anticarcinogenic and 
chemo-preventive properties can be extracted 
from seeds [2]. 
 
Citrus fruits increase waste generation when 
consumed raw or juiced. Conventional rubbish 
disposal techniques contaminate land and 
waterways, potentially harming aquatic 
environments .Consequently, to lessen the 
quantity of waste that builds up In the 
environment, it is essential to create creative 
processes and economical, ecologically friendly 
waste management techniques [3]. 
 
Bacterial infections worldwide are a leading 
cause of illnesses, physical impairments, and 
deaths. Medicinal plants are thought to offer a 
safer and more affordable alternative for treating 
bacterial infections because they contain a 
diverse array of phytochemicals. Natural 
medicines made from medicinal plants have 
antibacterial properties that can be used to treat 
viral, fungus, and bacterial illnesses. 
Microorganisms are becoming more resistant to 

antibiotics, despite the pharmaceutical industry 
having developed several new ones during the 
past three decades [4]. Many years of 
antibacterial study have been conducted on 
citrus peels, pulp, and seeds, and it has been 
demonstrated that seed wastes consist of a 
substantial number of essential oils and 
polyphenols with antimicrobial activity. Bioactive 
chemicals [5] with potential medicinal 
applications can be found in abundance in citrus 
trash. Numerous advantageous characteristics of 
these compounds have been discovered, such 
as their anti-aging, anti-mutagenic, anti-
carcinogenic, and anti-allergenic effects. One 
particularly interesting source of natural 
chemicals with potential for therapeutic use is 
Citrus sinensis. New medications may therefore 
be developed as a result of more research into 
the extraction and application of these 
substances from citrus trash [6]. 
 
In this current study the antibacterial properties 
of citrus seed, peel, and pulp extracts from Citrus 
reticulata, Citrus limetta, Citrus aurantifolia, 
Citrus sinensis, and Citrus maxima and d-
limonene (essential oil rich in terpenes found in 
the rind of citrus fruits) were investigated using 
the agar-well diffusion methodagainst 
Staphylococcus aureus and Escherichia coli a 
gram-positive and a gram-negative bacteria 
respectively. 
 

1.1 Literature Study 
 
Seeds were found to contain alkaloids, saponins, 
and other compounds that contribute to their 
antimicrobial activity. The antimicrobial effects of 
Citrus limetta were also highlighted, attributed to 
the presence of limonene and other compounds 
[7]. The essential oil exhibited dose-dependent 
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activity against S. aureus, more so than against 
E. coli, according to the results of the 
antibacterial activity analysis. In comparison to 
ampicillin, the positive control, its antibacterial 
activity is significantly lower [8]. 
 
According to the results of the antibacterial 
activity analysis, the essential oil exhibits dose-
dependent activity against S. aureus more so 
than it does against E. coli. In contrast to 
ampicillin, the positive control,its antibacterial 
activity is significantly lower [9]. 
 
The study revealed that extracts from citrus 
fruits, specifically Citrus reticulata and Citrus 
limetta, have demonstrated antibacterial 
properties against certain bacterial strains. Citrus 
reticulata peel extract was more effective against 
gram-positive bacteria, particularly showing a 
high inhibition zone against Klebsiella 
pneumoniae. On the other hand, Citrus limetta 
peel extract was found to have superior 
antibacterial effectiveness against specific 
bacterial strains compared to its juice extract, 
especially in inhibiting gram-positive bacteria like 
Bacillus sp. However, Citrus limetta juice extract 
was more efficient than its peel extract against 
gram-negative bacteria. It's worth noting that 
10% DMSO did not exhibit any inhibition zone. In 
the case of Citrus maxima, its peel extract 
showed stronger antibacterial action against 
Bacillus sp among gram-positive bacteria, while 
its juice extract was more effective against S. 
aureus and had a maximum inhibition zone 
against E. coli. The study also found that the 
juice extract of Citrus maxima was more efficient 
against gram-negative bacteria than its peel 
extract [10]. 
 
Citrus aurantifolia is rich in phytochemical 
components such as flavonoids alkaloids tannins 
and phenols all of which have been shown to 
have antibacterial qualities [11]. It was found that 
ethanolic extract of pomelo (Citrus maxima) 
seeds and pulp exhibited the largest zones of 
inhibition for Staphylococcus aureus. The 
ethanolic extract of pomelo (Citrus maxima) 
seeds and pulp showed low inhibition zone 
against Escherichia coli and Bacillus subtilis 
compared to ethanolic extract of grapefruit 
(Citrus paradisi) seeds and pulp. Ethanolic 
extract of grapefruit (Citrus paradisi) seeds and 
pulp showed inhibition zones more for 
Staphylococcus aureus compared to Bacillus 
subtilis Escherichia coli [12]. The inhibition zones 
for the Bacillus subtilis in the investigated pomelo 
(Citrus maxima) seeds and pulp ethanolic extract 

is higher than the grapefruit seeds extract 
sample [13]. 
 
It was identified that beneficial antibacterial effect 
has contributed to the antimicrobial activity of 
citrus flavonoids, such as naringenin and 
hesperidine. The research also showed clear 
disparity between the antimicrobial activity of the 
pomelo (Citrus maxima) seeds and pulp 
ethanolic extract and the grapefruit (Citrus 
paradisi) seeds and pulp ethanolic extract [14]. 
 
In the study, it was found that pulp has more 
antioxidant activity and antimicrobial activity as 
compare with the orange peel [15]. It was also 
observed that limonene showed a significant 
antibacterial activity in the growth and 
reproduction of S. aureus. The number of 
colonies lowered gradually with the increased 
concentration of limonene [16]. It was determined 
that the antibiotic potential and antibacterial 
activities of lemon is significantly higher against 
drug-resistant phenotypes compared to other 
fruits [17]. 
 

2. MATERIALS AND METHODS  
 

2.1 Materials 
 
2.1.1 Collection of samples 
 
Sample collection was done from local vendors 
in Kolkata, West Bengal between August 2023 
and October 2023 throughout the year. The 
collected sample of seeds, peels, and pulps were 
then powdered in a hot air oven. According to 
Sulaiman et al., It is best to limit the interval 
between sample harvest and experimental work, 
as dried samples are easier to work with than 
fresh samples, which are difficult to handle and 
tend to disintegrate easily [18]. Oven drying that 
uses thermal energy to eradicate moisture from 
samples is considered an easy and rapid 
process that preserves phytochemicals and 
essential antioxidants as mentioned by [19]. D-
limonene source from Sigma-Aldrich 
 

2.1.2 Microorganisms 
 
Staphylococcus aureus and Escherichia coli 
bacterial strains were obtained from the 
Department of Biotechnology, Techno India 
University, West Bengal, Salt Lake, Kolkata-
700091. The bacteria strains were grown in 
Himedia M002-100G Nutrient broth at 370 
Celsius or 98.6 Fahrenheit in a shaker incubator 
overnight. 
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2.1.3 Sample preparation 
 
The dehydrated samples were then powdered 
finely using a household blender and 1 g of every 
sample was then added to 20 ml of double 
distilled water to make a final concentration of 50 

mg/ml. After thoroughly mixing the mixture, it was 
left in the dark for an entire night on a vibration 
table set to a low setting. After passing the 
mixture through the Whatman No. 1 filter paper, 
the aqueous extract was obtained and used 
without any additives. 

 
1   2    3 

 

 
 

Image 1. The samples are A – Citrus aurantifolia, B- Citrus reticulata, C – Citrus limetta, D- 
Citrus maxima, E- Citrus sinensis. 1 denotes pulp, 2 denotes seed and 3 denotes peel of the 

above-mentioned samples 
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2.2 Methodology 
 
The Kirby-Bauer test was used to assess 
antibiotic susceptibility. Extracts and d-limonene 
were tested using the disc diffusion method on 
agar plates. Samples were added to filter paper 
discs and placed on bacterial plates, which were 
then incubated to observe the zones of inhibition. 
 

3. RESULTS AND DISCUSSION 
 
The seeds, pulp, and peel of a total of 5 
commonly found citrus species samples were 
taken namely Citrus reticulata, Citrus limetta, 
Citrus aurantifolia, Citrus sinensis, and Citrus 
maxima along with d-limonene, a vital essential 
oil found in every citrus species. Water extracts 
of the samples were subjected to the Kirby-Bauer 
test for antibiotic susceptibility. We chose two 
different bacteria, Staphylococcus aureus,and 
Escherichia coli which are gram-positive and 
gram-negative respectively. Different 
concentrations of ampicillin were also subjected 
to the test to compare the efficiency of the 
samples. 
 

3.1 Antimicrobial Efficacy of Samples 
against Gram-negative Bacteria 
Escherichia coli 

 
Different concentrations of Ampicillin have 
shown different inhibitory zones on E. coli. Every 
time 40 µl of the sample was used for the 
treatment 0.4 mg 64 ± 2.44 mm, 0.2 mg - 63 ± 

2.5 mm, 0.1 – 53.66 ±1.6 mm, 0.05 mg  - 50 ±1.5 
mm, 0.025mg – 40 ±1.5 mm [Fig. 2]. 
 
The result shows C. aurantiifolia and C.maxima 
have the highest antimicrobial activity among 
other samples. Sd measured (n=3) for each 
sample [Fig. 3] Pictures show the zones in which 
the samples have inhibited bacterial growth. 
Seed extracts of C. aurantiifolia (58.33 ±0.4 mm) 
and C. maxima (57 ±3.5 mm) showed good 
antibacterial efficacy [Fig. 6]. 
 
C. reticulata and C.sinensis have the highest 
antimicrobial activity among other samples. Sd 
measured (n=3) for each sample [Fig. 4]        
Pictures show the zones in which the                          
samples have inhibited bacterial growth. Peel 
extracts of C. reticulate (58.33 ±0.4 mm) and C. 
sinensis (57 ±3.5 mm) showed good antibacterial 
efficacy. 
 
The result shows C. aurantiifolia and C.maxima 
have the highest antimicrobial activity among 
other samples. Sd measured (n=3) for each 
sample [Fig. 5] Pictures show the zones in which 
the samples have inhibited bacterial growth. Pulp 
extracts of C. aurantiifolia (55.33 ±2.94 mm) and 
C. reticulata (50±2.6 mm) showed good 
antibacterial efficacy [Fig. 6]. 
 
Every time 40 µl of the sample has been used for 
the treatment 0.4 mg 65± 2.44 mm, 0.2 mg - 63 ± 
2.5 mm, 0.1 – 53.66 ±1.6 mm, 0.05 mg - 30.5 
±1.5 mm, 0.025mg – 20 ±1.5 mm [Figs. 7, 8] 

 

 
 

Fig. 1. Diagrammatic representation of the antimicrobial activity of Ampicillin on E. coli 
bacteria 



 
 
 
 

Sengupta et al.; Microbiol. Res. J. Int., vol. 34, no. 9, pp. 10-24, 2024; Article no.MRJI.121946 
 
 

 
15 

 

 
 

Fig. 2. A pictorial representation of the inhibitory zones of ampicillin 
 

 
 
Fig. 3. Diagrammatic representation of the antimicrobial activity of the seed samples on E. coli 

bacteria 
 

 
 
Fig. 4. Diagrammatic representation of the antimicrobial activity of the peel samples on E. coli 

bacteria 
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Fig. 5. Diagrammatic representation of the antimicrobial activity of the pulp samples on E. coli 

bacteria 
 

 
 
Fig. 6. Pictorial representation of the antimicrobial activity [zone of inhibition] of the seed peel 

and pulp samples on E. coli bacteria 
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Table 1. Inhibitory zones (mm) of three different parts of citrus fruits of five different species 
 

Part Samples Zone of Inhibition(mm) 

Seed C. aurantifolia 58.33±0.471 
C. reticulata 47.66±3.09 
C. limetta 31±4.89 
C. maxima 57±3.55 
C. sinensis 45±3.45 

Peel C. aurantifolia 54±2.82 
C. reticulata 65.33±6.16 
C. limetta 43±8.06 
C. maxima 46±3.09 
C. sinensis 58±2.16 

Pulp C. aurantifolia 55.33±2.94 
C. reticulata 50±2.82 
C. limetta 17±1.63 
C. maxima 23.66±3.29 
C. sinensis 31±2.16 

 

 
 

Fig 7. Different concentrations of D limonene have shown different inhibitory zones on E.coli 
 

 
 

Fig. 8. Pictorial representation of the anti microbial activity of the bioactive compounds D- 
Limonene 
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Table 2. Range of concentration of d-limonene treatment along with their Inhibitory zones 
(mm) 

 

Treatment Inhibitory zones (mm) 

0.4 65±2.44 
0.2 63±2.5 
0.1 53.66±1.6 
0.05 30.5±1.5 
0.025 20±1.5 

 

 
 

Fig. 9. Diagrammatic representation of the antimicrobial activity of Ampicillin on S. 
aureusbacteria 

 

 
 

Fig. 10. Pictorial representation of the anti microbial activity of Ampicillin on S. aureus bacteria 
 

3.2 Antimicrobial Efficacy of Samples 
against Gram-Positive Bacteria 
Staphylococcus aureus 

 

Different concentrations of Ampicillin have shown 
different inhibitory zones on S. aureus.  Every 
time 40 µl of the sample was used for the 
treatment 0.4 mg 70 ± 2.44 mm, 0.2 mg - 65 ± 
2.5 mm, 0.1 – 60.2 ±1.6 mm, 0.05 mg  - 60 ±1.5 
mm, 0.025mg – 55±1.5 mm [ Figs. 9 and 10]. 

The result shows C. aurantiifolia and C.maxima 
have the highest antimicrobial activity among 
other samples. Sd measured (n=3) for each of 
the samples Pictorial representations show the 
zones in which the samples have inhibited 
bacterial growth. Seed extracts of C.              
aurantiifolia (58.33 ±0.4 mm) and C.                      
maxima (57 ±3.5 mm) showed good antibacterial 
efficacy. 
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Fig. 11. Diagrammatic representation of the antimicrobial activity of the seed samples on E. 
coli bacteria 

 

 
 
Fig. 12. Diagrammatic representation of the antimicrobial activity of the peel samples on E. coli 

bacteria 
 

 
 

Fig. 13. Diagrammatic representation of the antimicrobial activity of the pulp samples on E. 
coli bacteria 
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Fig. 14. Zone of inhibition of seeds, peels, and pulps of all five citrus species along with d-
limonene against gram-positive bacteria Staphylococcus aureus 

 
Table 3. Inhibitory zones (mm) of three different parts of citrus fruits of five different species 

 

Part Samples Zone of Inhibition(mm) 

Seed C. aurantifolia 46.33±0.47 
C. reticulata 37±1.41 
C. limetta 51±1.41 
C. maxima 39.66±3.09 
C. sinensis 46.33±0.94 

Peel C. aurantifolia 49±2.82 
C. reticulata 37.66±0.4 
C. limetta 52.66±2.49 
C. maxima 26±2.16 
C. sinensis 46.33±0.943 

Pulp C. aurantifolia 55±2.44 
C. reticulata 44.33±2.49 
C. limetta 17±1.63 
C. maxima 29±1.24 
C. sinensis 16±0.94 
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Fig. 15. Diagrammatic representation of the anti microbial activity of the bioactive compound 

D- Limonene on S. aureus bacteria 
 

 
 

Fig. 16. A pictorial representation of the anti microbial activity of the bioactive compound D- 
Limonene on S. aureus bacteria 

 
Table 4. Range of concentration of d-limonene treatment along with their Inhibitory zones 

(mm) 
 

Treatment Inhibitory zones (mm) 

0.4 60±2.44 
0.2 55±2.5 
0.1 40±1.6 
0.05 30.5±1.5 
0.025 10±1.5 

 
The seeds of citrus species Citrus limetta and 
Citrus sinensis both hada high zone of inhibition 
of 51±1.41mm and 46.33±0.94mm respectively 
against Staphylococcus aureus followed by 
Citrus aurantifolia with a zone of 46.33±0.47mm. 

In the case of peels, Citrus limetta gave the 
highestzone ofinhibition of 52.66±2.49mm 
followed by Citrus aurantifolia with a zone of 
49±2.82mm. In the case of the pulp portion of the 
fruit,Citrus aurantifolia gave the highest zone of 
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inhibition of 55±2.44mm followed by Citrus 
reticulata with an inhibition zone of 
44.33±2.49mm. [Fig. 14]. 
 
Different concentrations of D limonene have 
shown different inhibitory zones on S. aureus. 
Every time 40 µl of the sample has been used for 
the treatment 0.4 mg 60 ± 2.44 mm, 0.2 mg - 55± 
2.5 mm, 0.1 – 40 ±1.6 mm, 0.05 mg - 30.5 ±1.5 
mm, 0.025mg – 10 ±1.5 mm [ Figs. 15, 16]. 
 

4. DISCUSSION 
 
The significant antimicrobial activities observed 
after treating three different parts of lemons can 
be attributed to the bioactive compounds 
present, particularly limonene. Limonene is a 
monocyclic monoterpene with strong antioxidant 
qualities [20] that can scavenge reactive oxygen 
species and react with bacterial proteins due to 
its basic characteristics. The natural compounds 
present in our samples demonstrate therapeutic 
behavior and can exhibit antimicrobial 
activities.Ampicillin is a common β-lactam 
antibiotic in clinical settings and used as a control 
in microbiological research. It has been validated 
for quantitative analysis in injectable solutions 
using turbidimetric tests and Staphylococcus 
aureus as the test microorganism [21]. 
Escherichia coli is a versatile bacterium found in 
various environments, including the 
gastrointestinal tracts of warm-blooded animals 
[22,23]. While E. coli has traditionally been used 
as an indicator for fecal contamination, recent 
research has shown that certain strains of the 
bacteria can survive and thrive outside the 
intestines, calling into question its accuracy as an 
indicator [22]. E. coli exhibits genetic diversity 
and subspecies structure, with different groups 
inhabiting various ecological niches and following 
different life history strategies [24]. Some strains 
have the potential to cause enteritis and other 
illnesses in humans and animals [25,24]. 
Environmental factors affect the genetic makeup 
and long-term survival of E. coli populations 
[22,24]. Understanding the life history and 
ecology of E. coli can improve its usefulness as a 
model organism and has implications for 
assessing water quality and controlling the 
spread of disease [23,24] Seeds of C.aurantifolia 
(58.33±0.471) and C. maxima (57 ±3.5 mm) 
showed good antibacterial efficacy [Fig. 6] peel 
extracts of C. reticulata (58.33 ±0.4 mm) and C. 
sinensis (57 ±3.5 mm) showed good antibacterial 
efficacy. Pulp extracts of C. aurantiifolia (55.33 
±2.94 mm) and C. reticulata (50±2.6 mm)showed 
good antibacterial efficacy [Fig. 6] Every time 40 

µl of the limonene  sample has been used for the 
treatment 0.4 mg 65± 2.44 mm, 0.2 mg - 63 ± 2.5 
mm, 0.1 – 53.66 ±1.6 mm, 0.05 mg - 30.5 ±1.5 
mm, 0.025mg – 20 ±1.5 mm [ Figs. 7, 8] and the 
S.aureus baceteria the result shows Seed 
extracts of C. aurantiifolia (58.33 ±0.4 mm) and 
C. maxima (57 ±3.5 mm) showed good 
antibacterial efficacy. Staphylococcus aureus, a 
common bacterium, is responsible for many 
infections acquired in the community and in 
hospitals [26,27]. It can cause a wide range of 
diseases, from minor skin infections to more 
serious conditions such as endocarditis, sepsis, 
and toxic shock syndrome, as it possesses 
multiple characteristics that allow it to evade the 
body's defenses [26,27,28]. S. aureus can 
colonize human skin and mucous membranes, 
with about 30% of people being chronic carriers 
[27]. The bacterium's ability to form biofilms on 
medical devices facilitates healthcare-associated 
infections [26]. Methicillin-resistant S. aureus 
(MRSA) is becoming increasingly common in 
hospitals and communities due to its resistance 
to several antibiotics, posing a serious risk to 
public health [26,29,28]. S. aureus infections 
have a significant financial cost and impact both 
human and animal health [28]. In the case of 
peel extracts, Citrus limetta gave the highest 
zone of inhibition of 52.66±2.49mm followed by 
Citrus aurantifolia with a zone of 49±2.82mm. In 
the case of the pulp portion of the fruit,Citrus 
aurantifolia gave the highest zone of inhibition of 
55±2.44mm followed by Citrus reticulata with an 
inhibition zone of 44.33±2.49mm.  [Fig. 14] 
Different concentrations of D limonene have 
shown different inhibitory zones on S. Aureus. 
Every time 40 µl of the sample has been                    
used for the treatment 0.4 mg 60 ± 2.44 mm, 0.2 
mg - 55± 2.5 mm, 0.1 – 40 ±1.6 mm, 0.05 mg - 
30.5 ±1.5 mm, 0.025mg – 10 ±1.5 mm [ Figs. 15, 
16]. 
 

5. CONCLUSION 
 
In our research, we discovered that various parts 
of the citrus fruit exhibit a wide range of 
antimicrobial effects against both gram-positive 
and gram-negative bacteria. Our findings indicate 
that citrus reticulata peels demonstrated the most 
significant zone of inhibition at 65.33±6.16mm 
against E. coli, while the pulps of citrus 
aurantifolia displayed the highest zone of 
inhibition at 55±2.44mm against S. aureus. 
Furthermore, d-limonene, an essential              
bioactive compound present in different                   
citrus species, exhibited the highest zone of 
inhibition.  



 
 
 
 

Sengupta et al.; Microbiol. Res. J. Int., vol. 34, no. 9, pp. 10-24, 2024; Article no.MRJI.121946 
 
 

 
23 

 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 

Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of manuscripts.  
 

ACKNOWLEDGEMENTS 
 

The authors acknowledge the vice chancellor of 
Techno India University for providing the 
biotechnology lab facility. The study did not 
receive external funding support. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Suri, Shweta, Anupama Singh, Prabhat K. 
Nema. Current applications of citrus fruit 
processing waste: A scientific outlook. 
Applied Food Research. 2022;2(1): 
100050. 
DOI: 10.1016/J.AFRES.2022.100050 

2. Sengupta, Sudeshna, Subhrajyoti 
Banerjee, Sourya N. Nayek, Piu Das, 
Deotima Chakraborty, Ananya Mukherjee, 
Trishita Mandal, Atreyee Majumder, 
Moumita Saha, Sirshendu Chatterjee, and 
Malavika Bhattacharya. A brief 
comparative study of the natural sources 
(Lemons) in the basis of protein, vitamin C, 
their antibacterial, anthelminthic and cell 
viability on immune cells. International 
Journal of Herbal Medicine. 
2023;11(5):14–21. 
DOI: 10.22271/flora.2023.v11.i5a.883 

3. Seid, Lamria, Delloula Lakhdari, Ouafia 
Belgherbi, Ines Laourari, Nasrin Golzadeh, 
Dalila Chouder. Valorization of citrus 
sinensis wastes for the production of 
orange essential oil: Identification of 
chemical composition and antibacterial 
activity. Journal of Fundamental and 
Applied Sciences. 2023;14(3):490–508. 
DOI: 10.4314/jfas.1252 

4. Gupta, Renu, Sangeeta Sharma. Role of 
alternatives to antibiotics in mitigating the 
antimicrobial resistance crisis. The Indian 
Journal of Medical Research. 
2022;156:464–77. 
DOI: 10.4103/ijmr.IJMR_3514_20 

5. Roquia, Amatur, Wafa Mustafa Al-Lawati, 
Intisar Salim Al-Hadrami, Safa Saleh Al-
Abdali, Mizna Abdul Rahman Al-Rabaani, 
and Gopika Gopal. Biogenic synthesis, 

characterization and antimicrobial activity 
of silver nanoparticles mediated by oil 
extracted from waste seeds of citrus 
sinensis. Nano LIFE. 2022;13(01): 
2350003. 
DOI: 10.1142/S1793984423500034 

6. Baker, Doha Hussien Abou, Eman Ahmed 
Ibrahim, Zeinab Abd El-Rhaman Salama. 
Citrus peels as a source of bioactive 
compounds with industrial and therapeutic 
applications. Biochemistry; 2021. 

7. Mohammed, Rehab Mobark Osman, Saad 
Mohmmed Hussein Ayoub. Study of 
phytochemical screening and antimicrobial 
activity of &lt; I & gt; CitrusAurantifolia&lt; 
/I&gt; Seed Extracts. American Journal of 
Analytical Chemistry. 2016;07(03):254–59. 
DOI: 10.4236/ajac.2016.73022 

8. Valarmathy K, Gokulakrishnan M, Salma 
Kausar M, Kusum Paul. A study of 
antimicrobial activity of ethanolic extracts 
of various plant leaves against selected 
microbial species. 2010;1. 

9. Al-Aamri, Maha S, Nour M, Al-Abousi, 
Sausan S, Al-Jabri, Tanveer Alam, Shah 
A. Khan. Chemical composition and In 
vitro antioxidant and antimicrobial activity 
of the essential oil of Citrus aurantifolia L. 
leaves grown in eastern oman. Journal of 
Taibah University Medical Sciences. 
2018;13(2):108–12. 
DOI: 10.1016/J.JTUMED.2017.12.002 

10. Shakya, Alisha, Bhawana Luitel, Pragati 
Kumari, Ritu Devkota, Puspa Raj Dahal, 
Richa Chaudhary. Comparative study of 
antibacterial activity of juice and peel 
extract of citrus fruits. Tribhuvan University 
Journal of Microbiology. 2019;6:82–88. 
DOI: 10.3126/tujm.v6i0.26589 

11. Garba, Suleiman Abubakar, Baha’Uddeen 
Salisu, Muhammad Yusha’u, Abdulrazak 
Hussain. In vitro assessment of 
antibacterial activity of Citrus aurantifolia 
extracts. UMYU Journal of Microbiology 
Research (UJMR). 2016;1. 
DOI: 10.47430/ujmr.1611.001 

12. Sahlan, Muhamad, Vina Damayanti, Dewi 
Tristantini Budi, Heri Hermansyah, 
Wijanarko Anondho, Yuko Olivia. 
Antimicrobial activities of pomelo (Citrus 
maxima) seed and pulp ethanolic extract. 
P. 30002 in AIP Conference Proceedings. 
2018;1933. 

13. Lahlou, Mouhssen. Methods to study the 
phytochemistry and bioactivity of essential 
oils. Phytotherapy Research. 2004;18(6): 
435–48. 



 
 
 
 

Sengupta et al.; Microbiol. Res. J. Int., vol. 34, no. 9, pp. 10-24, 2024; Article no.MRJI.121946 
 
 

 
24 

 

DOI: https://doi.org/10.1002/ptr.1465 
14. Al–Âni, Waidulla, Nahla Tawfik, Youssef 

Shehab. Antimicrobial activity of           
grapefruit seeds extracts (In vitro Study). 
Al-Rafidain Dental Journal. 2011;11:341–
45. 
DOI: 10.33899/rden.2011.9091 

15. Arora, Mamta, Parminder Kaur. 
Antimicrobial & antioxidant activity of 
orange pulp and peel. International Journal 
of Science and Research. 2013;2:412–15. 

16. Han, Yingjie, Wenxue Chen, Zhichang 
Sun. Antimicrobial activity and mechanism 
of limonene against staphylococcus 
aureus. Journal of Food Safety. 
2021;41(5):e12918. 

17. Sengupta Sudeshna, Moumita Saha, 
Nishan Ghosh, Malavika Bhattacharya, 
Sirshendu Chatterjee, Ranjan Ghosh. 
Green synthesis of gold nano-conjugates 
using commonly used citrus species and 
evaluation of Its In vitro antibacterial 
efficacy against staphylococcus aureus: A 
comparative study. International Journal of 
Herbal Medicine. 2023;11:38–43. 
DOI: 10.22271/flora.2023.v11.i2a.858 

18. Sulaiman, Shaida Fariza, Azliana Abu 
Bakar Sajak, Kheng Leong Ooi, Supriatno, 
Eng Meng Seow. Effect of solvents in 
extracting polyphenols and antioxidants of 
selected raw Vegetables. Journal of Food 
Composition and Analysis. 
2011;24(4):506–15. 
DOI:https://doi.org/10.1016/j.jfca.2011.01.0
20 

19. Mediani, Ahmed, Faridah Abas, Alfi Khatib, 
and Chin Ping Ta. “Cosmos caudatus as a 
potential source of polyphenolic 
compounds: Optimisation of oven drying 
conditions and characterisation of its 
functional properties. Molecules. 
2013;18(9):10452–64. 
DOI: 10.3390/molecules180910452 

20. Gonçalves S, Monteiro M, Gaivão I, Matos 
RS. Preliminary insights into the 
antigenotoxic potential of lemon essential 
oil and olive oil in human peripheral blood 

mononuclear cells. Plants. 2024;13(12): 
1623. 
Available:https://doi.org/10.3390/plants131
21623 

21. Tótoli EG, Salgado HR. Development and 
validation of a rapid turbidimetric assay to 
determine the potency of ampicillin sodium 
in powder for injectable solution. Analytical 
Methods. 2013;5:5923-5928. 

22. Jang J, Hur H, Sadowsky MJ, 
Byappanahalli MN, Yan T, Ishii S. 
Environmental Escherichia coli: ecology 
and public health implications—A review. 
Journal of Applied Microbiology. 2017;123. 

23. Blount ZD. The unexhausted potential of 
E. coli. eLife. 2015;4. 

24. Gordon DM. The influence of ecological 
factors on the distribution and the genetic 
structure of Escherichia coli. EcoSal Plus. 
2004;1. 

25. Vila Estapé J, Zboromyrska Y. [Outbreaks 
caused by diarrheagenic Escherichia coli]. 
Gastroenterologia y hepatologia. 
2012;35(2):89-93. 

26. Al-Mebairik NF, El-Kersh TA, Al-Sheikh 
YA, Marie MA. A review of virulence 
factors, pathogenesis, and antibiotic 
resistance in Staphylococcus aureus. 
Reviews in Medical Microbiology. 
2016;27:50-56. 

27. Choudhuri A. A review on pathogenesis 
and regulatory mechanisms of infections 
from staphylococcus aureus. International 
Journal of Science, Engineering and 
Management; 2022. 

28. Pal M, Kerorsa GB, Marami LM, Kandi V. 
Epidemiology, pathogenicity, animal 
infections, antibiotic resistance, public 
health significance, and economic impact 
of staphylococcus Aureus: A 
comprehensive review. American Journal 
of Public Health Research. 2020;8:14-21. 

29. Archer GL. Staphylococcus aureus: A well-
armed pathogen. Clinical infectious 
diseases: An official publication of the 
Infectious Diseases Society of America. 
1998;26(5):1179-81. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/121946  

https://www.sdiarticle5.com/review-history/121946

