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ABSTRACT

The plant species selected in the current research work was Citron, Citrus medica. Extracts of this plant are well known
to possess numerous biological properties, especially antibacterial and antioxidant properties. In view of this, the current
study was structured to determine the antioxidant and antibacterial properties of biochemically synthesized silver
nanoparticles (NPs) from peel extract of Citrus medica. Multi-drug-resistant pathogenic bacteria were identified in
clinical samples obtained from a local hospital in the city of Bangalore. The antibacterial efficacy of silver nanoparticles,
which were produced biochemically using peel extracts from Citrus medica fruit, was assessed using the disc diffusion
technique. The DPPH free radical scavenging technique for antioxidant assay was conducted using a spectrophotometric
technique.The results of the antibacterial activity analysis in this study demonstrated that silver NPs, synthesized using
the peel extract of Citrus medica fruit, exhibited efficient antibacterial effects against various pathogenic Gram-negative
bacteria (Pseudomonas aeruginosa, Klebsiella pneumonia, Escherichia coli) and a Gram-positive bacterium
(Staphylococcus aureus), as indicated by the observed zone (Zone of Inhibition). Additionally, the bio-chemically
synthesized plant-based silver nanoparticles displayed effective free radical scavenging properties, demonstrating their
antioxidant activity. The present findings indicate that biochemically produced silver NPs can serve as potent
antibacterial agents against pathogenic bacteria that are resistant to many antimicrobial agents, and also exhibit
notable capabilities in scavenging free radicals.
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INTRODUCTION

In the last few years, the advancement of nanosciences has resulted in a significant increase in scientific
research focused on the study of nanoparticles. Additionally, a growing interest has been observed in
utilizing plants for the environmentally friendly production of NPs through green biosynthesis [1, 2, 3].
Compared to the chemical and physical methods, biological pathways are simple, fast, economical, as well
as, above all, efficient and eco-friendly [4, 5, 6]. The compounds observed in the extracts have the ability
to operate as effective decreasing as well as capping agents [7, 8, 9]. They inhibit the excessive
development of nanoparticles and reduce their tendency to aggregate in colloidal synthesis. Additionally,
these molecules have the ability to impact and customize the characteristics of the produced
nanoparticles, enhancing their effectiveness in a highly suitable manner for various uses [10,11]. Plants
that possess pharmacological effects are of great interest and offer significant potential for the synthesis
of green AgNPs. Citrus is a medicinal plant that possesses a diverse range of pharmacological
characteristics. Considering a worldwide production of 124.3 million tons per year, it is the broadly
cultivated fruit crop worldwide [12, 13, 14, 15]. Citrus, comprising over 70 species, is the most extensive
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genus within the Rutaceae family [16, 17, 18, 19]. Due to their abundant bioactive compounds, like
flavonoids, polyphenols, as well as vitamins [20, 21], these fruits possess notable anti-inflammatory, anti-
tumor, and antioxidant properties, along with the cardiovascular as well as neuro protective effects [22,
23]. They serve as a significant store of minerals that help decrease water retention as well as enhance
bone density and skeletal strength. Multiple researches have demonstrated that Citrus fruit cultivars have
the potential to enhance human health by acting as antibacterial agents and antioxidants [24, 25], anti-
inflammatory [26], and anti-tumor products [27]. It is very rich in bioactive substances, like citric acid
[28], phenolic compounds [29], flavonoids [30], carotenoids [31], and ascorbic acid [32]. Thus, this study
intended to biochemically synthesize silver NPs by utilizing the aqueous extract that was derived from
the peel of Citrus medica. With regard to this background information, this work was designed to assess
the antioxidant and antibacterial properties of silver nanoparticles that were generated biochemically
utilizing peel extracts from Citrus medica. Gram-negative bacteria (P. aeruginosa, K. pneumonia, E. coli),
and Gram-positive bacteria (S. aureus) were utilized to prove the AgNPs’ antibacterial properties, and the
antioxidant activity of these AgNPs and Citrus medica peel extract were examined with the DPPH free
radical scavenging technique.

MATERIAL AND METHODS

Chemicals Used in the Experimental Plan

Silver nitrate (AgNOs), and DPPH, were obtained from Sigma Co., USA; bacterial nutrient agar and broth
were obtained from Merck, Germany. The reagents of all compounds were utilized in their initial
condition.

Pathogen Collection

Multi-antibiotic-resistant bacterial isolates like K. pneumonia, E. coli, P. aeruginosa, and S. aureus were
aseptically isolated from clinical samples of a local hospital in Bangalore [33] and the bacterial isolates
were confirmed by several microscopic observations like Gram's staining. Motility, capsule, as”well as
spore production were assessed following the protocol outlined by Collins and Lyne [34]. The bacterial
pathogens had been additionally verified using specialized biochemical tests, as outlined by Barrow and
Feltham [35].

Preparation of the Citrus medica Peel Aqueous Extract

The Citrus medica peel had been extracted by refluxing 20g of cleaned and dried peel in 200ml of
deionized water at a temperature of 60°C while shaking for a duration of 15 mins. A transparent, light-
yellow solution was acquired. Once the extract solution had cooled to room temperature, it was filtered
using Whatman No.1 filter paper (Whatman, Fisher Scientific, Pittsburgh, PA, USA) to remove any
particles in the suspension. The resulting extract had been then split into 2 portions: one portion had
been stored at 4 to 8°C for future usage, whereas the other portion was subjected to vacuum oven drying
at 40°C for 48 h to obtain the powdered Citrus medica peel extract.

Biochemical Synthesis of Silver Nanoparticles from Citrus medica Peel Extract

The biochemical synthesis had been performed as per the technique explained by Naseem et al. [36], with
some adjustments. A 10ml solution of Citrus medica peel extract was combined with a 90 ml solution of
newly manufactured silver nitrate (AgNOs) in a 250ml flask. The mixture had been continuously stirred
with a hot plate magnetic stirrer at a rotation speed of 200rpm. The stirring took place at a temperature
of 60° C in a dark environment. The mixed solution grew turbid and reddish-brown after 30 min, and the
colloidal suspension's yellow color changed to brown, signifying the creation of silver NPs. After
centrifuging the suspension for 20 min at 15,000 rpm to produce a dark brown precipitate, it was twice
washed with double-sterilized water as well as once with methanol to eradicate the Citrus medica peel
extract and purify the AgNPs. The final powder precipitate had been dried to produce silver NPs. To
obtain the optimal situations for Citrus medica peel extract (Citrus medica PE-AgNPs) production of
AgNPs, we varied the concentration of peel extract, the duration of contact, as well as the concentration of
AgNOs. We also used UV spectroscopy to look at the form of the controlled AgNPs.

Characterization of Silver Nanoparticles UV Spectral Analysis

After 30 min, the reaction medium's UV spectra were measured to monitor the reduction of pure Ag* ions.
A small portion of the material (400-700 nm) was collected for UV spectrum examination.

Antibacterial Activity Determination

Using peel extracts from Citrus medica fruit, biochemically produced silver NPs were tested for their
antibacterial activity with the disc diffusion technique [37]. Nutrient agar medium plates had been
prepared, sterilized, as well as solidified and then were used for inoculating the selected Gram-negative
and positive bacterial cultures using the spread plate method. After being dipped in a solution of silver
nanoparticles (100 pg/ml), the sterile discs were put in a nutrient agar plate and incubated for 28 h at
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37°C. The zones of inhibition for silver nanoparticles, silver nitrate, and Citrus medica PE-AgNPs were
measured. Zone diameter mean values were reported after the experiments were conducted three times.
Antioxidant Assay

Using a modified version of Lakhedari et al's technique [38], the Citrus medica peel extract and
antioxidant activity of AgNPs were assessed with the DPPH free radical scavenging technique. Methanol
was utilized as the control and Vitamin C was utilized as the standard. DPPH radical-scavenging is a
simple decolorization technique. The decrease of DPPH and the shift in color from deep violet to yellow
occur when the antioxidant component is added to 1,1-dipheny I-2-Picrylhydrazyl methanolic solutions in
their oxidized form. To achieve different concentrations (0.025, 0.050, 0.125, 0.250, 0.5 & 1 mg/ml) of the
synthesized AgNPs-Citrus medica peel extract solution, 2 ml of a standard DPPH (0.1mM) solution was
added to 1ml of methanol-diluted solution. Additionally, standard methanolic solutions of Vitamin C were
also added. The mixture was then shaken and allowed to sit at room temperature in the dark. Following a
one-hour incubation period, the free radical scavenging activity was assessed by utilizing a UV
spectrophotometer to measure each solution's absorbance (A) at 517 nm and the equation mentioned
below to estimate the percentage inhibition (1%):

1% =[(A control sample A test sample)/A control sample)] 10

RESULTS AND DISCUSSION

UV Spectral Analysis Biochemically Synthesized AgNPs Using Citrus medica Peel Extract

A UV spectrophotometer was utilized to detect color changes in the aqueous solution during the
biochemical synthesis of AgNPs using Citrus medica peel extract. This was in contrast to the control
sample, which consisted of extract as well as silver nitrate solution, which did not exhibit any absorption
band under the same conditions, as depicted in Fig. 1. The peak at 520nm indicates SPR (‘Surface Plasmon
Resonance’), which is caused by free electrons in metal feeling thrilled during the synthesis of AgNP [39,
40]. This revealed that when the silver ion was exposed to the bioactive components of the plant extract,
it was decreased to elemental silver and then to silver NPs, changing the optical features of the silver
nitrate solution” [41].
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Figure 1:. UV spectrophotometer analysis of Biochemically synthesized AgNPs
using Citrus medica peel extract in comparison with the control sample (extract
and silver nitrate solution)

Antibacterial Activity

By employing the good agar diffusion technique, the sample's antibacterial activity was assessed in vitro
against 4 bacterial strains: three Gram-negative bacteria (E. coli, K. pneumonia, and P. aeruginosa); and
one Gram-positive bacteria (S.aureus). The various diameters of the zones of inhibition are noted inTable
1. Four levels of activity were identified by Ponce et al. [42] based on the bacterial sensitivity toward the
test sample: (i) resistance D<8mm, (ii) sensitive 9mm D 14mm, (iii) very sensitive 15mm D 19mm, and
(iv)extremely sensitive D>20 mm.

With regard to this investigation, Table 1's results showed that biochemically synthesized silver NPs
using Citrus medica fruit peel extract have efficient antibacterial activities on the test isolates, as specified
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by the diameter of their zone. This was observed after the discs were incubated with all of the tested
bacteria for 24 h. The zone was 21mm for E. coli, 18mm for K. pneumonia, 20mm for P. aeruginosa and S.
aureus- 16 mm. In contrast, the zone of inhibition for peel extract of Citrus medica alone was 8.5mm for E.
coli, 8mm for K. pneumonia, 7mm for P.aeruginosa, and S. aureus-6.5 mm. In contrast, the test reveals that
the silver nitrate solution is ineffective against the isolates that were examined (Table 1 and Figure 2).

Table 1: Zone of inhibition activity of the biochemically synthesized silver NPs using peel extracts of
Citrus medica fruit against the test bacteria
Zone of Inhibition (mm)
Test Bacterial Pathogens Solution-Silver Citrus medica Citrus medica Peetl
Nitrate Peel extract extract” / Silver
nanoparticles

Klebsiella pneumonia 0 8 18
Escherichia coli 0 8.5 21
Pseudomonas aeruginosa 0 7 20
Staphylococcus aureus 0 6.5 16

Figure 2: Antibacterial activity of biochemically synthesized silver NPs“from peel extracts of
Citrus medica fruit against the test bacterium E. coli (P1), K. pneumonia (P2), P. aeruginosa (P3), S.
aureus (P4). C—Citrus medica PE-AgNPs; B-Citrus medica PE; A-Silver Nitrate Solution

On the contrary, Table 1's results demonstrated “that the Citrus medica aqueous extract lacked
antibacterial activity because the levels of activity fell within the resistance D < 8 mm range and the low
concentration of silver nitrate (1 mM) failed to form a zone of inhibition around the well containing the
silver nitrate [43, 44]. Agains E. Coli, the highest antibacterial capacity was attained, with maximal
inhibitory zone widths of 21 mm, as opposed to 16 mm for S. aureus. However, Table 1's results also
showed that biochemically produced AgNPs with an aqueous Citrus medica peel extract demonstrated a
significant bactericidal strength against both Gram-positive and Gram-negative bacteria, with zone
spanning from 21 to 16 mm. As per this result, Gram-negative strains were more susceptible than Gram-
positive strains [45]. Gram-negative bacteria have a thin peptidoglycan layer and an additional
lipopolysaccharide outer membrane, which suggests the incidence of a periplasmic membrane layer.
These factors are most likely accountable for this. This configuration might make it easier for released
ions and nanoparticles to enter the cell. Nonetheless, covalently linked teichuronic and teichoic acids are
present in the thick peptidoglycan coating of Gram-positive bacteria's cell walls. This coating may operate
as a barrier against the inhibitory effects of AgNPs and Ag* [46]

Antioxidant Activity

DPPH free radical scavenging was used to assess the antioxidant activity of the AgNPs as well as the Citrus
medica peel aqueous extract, and Vitamin C had been used as the standard to construct the calibration
range. There is a variation in the antioxidant potential between the extracts and the silver NPs, as Figure 3
illustrates. Both samples reacted directly as well as lowered the broad range of free radicals of DPPH [47];
the scavenging rate raised as the tested sample's concentration increased (with Citrus medica peel
aqueous extract at 25%, 30%, 42%, 51%, 65%, and 70% at 25, 50, 125, 250, 500, and 1000 pg/ml) and
with Citrus medica peel extract AgNPs at 36%, 45%, 63%, 72%, 81%, and 88% at 25, 50, 125, 250, 500,
and 1000 pg/m). The difference in antioxidant capacity between the extract and the silver nanoparticle
produced using Citrus medica peel extract could be attributed to the chemical structure [48].
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Figure 3: Antioxidant Activity of Biochemically Synthesized Citrus medica PE-
AgNPs;

The antioxidant activity of silver NPs that were biochemically produced using Citrus medica peel extracts
showed that the particles were effective at scavenging free radicals and that their antioxidant activity
increased with concentration. (Figure 2). We can conclude that this work emphasizes the therapeutic
value of AgNOs synthesized by Citrus medica peel extract as a source for antioxidant drug development
for medical care, since both biochemically synthesized silver nanoparticles using peel extracts and Citrus
medica peel aqueous extract demonstrated a considerably different performance in comparison with
Vitamin-C as a standard solution.
According to the antimicrobial activity data, silver nanoparticles that were biochemically generated using
Citrus medica fruit peel extracts showed significant antibacterial activity against the test isolates, as
specified by the size of their zone. Our findings demonstrated that the biochemically produced silver
NPs utilizing Citrus medica fruit peel extracts had an additional mechanism to get rid of bacteria not
present in Citrus medica fruit peel extracts alone. This study’s results are consistent with those made by
Hindi et al. [49].
A portion of the process underlying silver ions' ability to reduce bacteria was understood. Previous
research has shown that the silver ions' positive charge is essential to their antibacterial activity because
it creates an electrical attraction between the negatively charged cell membrane of microorganisms and
the positively charged NPs [50, 51. 52]. On the contrary, as per Sondi and Salopek-Sondi [53], the
antibacterial activity of silver NPs against Gram-negative bacteria depended on their concentration and
was directly linked to the development of pits in the bacteria's cell walls. The bacterial membrane then
became permeable due to an accumulation of silver nanoparticles, which led to the death of the cell. It is
inadequate to describe the antibacterial properties of positively charged silver nanoparticles, though,
because those investigations comprised both negatively and positively charged silver ions. As per Amro et
al. [54], the gradual release of lipopolysaccharide molecules as well as membrane proteins may result in
the creation of irregularly shaped pits in the outer membrane and alter membrane permeability because
of metal depletion. Furthermore, Sondi and Salopek-Sondi [53] hypothesize that a comparable
mechanism could be responsible for the E. coli membrane structure's disintegration when the bacteria is
treated with silver NPs [53]. Silver-generated free radicals were recently reported by Danilczuk et al. [55]
through the ESR investigation of silver NPs, suggesting that the antibacterial effects of silver NPs may be
related to the creation of free radicals as well as subsequent membrane damage caused by free radicals.
The biochemically produced silver NPs’ antioxidant activity from Citrus medica peel extracts
demonstrated the particles' efficient scavenging of free radicals. Our findings concur with those of earlier
research [56, 57, 58]. Prior research has indicated that the growth of reducing power may be the cause of
the antioxidant activity. Strong reducing agents, or reductones, are thought to react not only with
peroxides directly but also with some precursors to stop the generation of peroxides [59]. It has been
proposed that silver NPs serve as electron donors, combining with free radicals to create more stable
compounds capable of stopping the radical chain reaction. Moreover, a significant relationship was found
between the reducing power of silver nanoparticles and their ability to scavenge radicals.
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CONCLUSION

Bioactive molecules like citric acid, ascorbic acid, phenolic acids, minerals, and flavonoids are abundant in
Citrus medica peel extract. To achieve this, we employed a simple, safe, and environmentally friendly
method for the biochemical production of silver NPs with peel extract from Citrus medica. We also
improved a number of experimental parameters, such as the extract's content, and the length of the
contact time, silver nitrate may be reduced to silver ions by the phytochemicals found in Citrus medica
peel aqueous solution, like phenolic and flavonoid compounds. These ions then aggregate to form silver
NPs at the nanoscale range, where they have a greater capacity to effectively stabilize AgNP synthesis.
Because they encircle the AgNPs' core, these biomolecules have been employed as a naturally occurring
decreasing and stabilizing agent. The study's findings indicate that the silver nanoparticles made from
Citrus medica peel extract have a very intriguing capacity to lessen pathogenic bacteria, highlighting the
particles' potential use in medicine and as antibacterial and antioxidant agents against strains of bacteria
resistant to antibiotic drugs.
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