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ABSTRACT

The environmentally safe and sustainable development of silver nanoparticles (AgNPs) have
garnered increasing attention from scientists and researchers. Green synthesis provides a
resilient and cost-effective approach to silver nanoparticle (AgNP) production, making it
highly suitable for applications in medicine and pharmaceuticals. This green approach
minimizes environmental impact while offering a viable alternative to conventional
nanoparticle production methods. This research introduces an efficient approach to develop
silver nanoparticles (AgNPs) utilizing silver nitrate (AgNOs) and extracts from medicinal
plants Saussurea lappa and Glycyrrhiza glabra, both recognized for their bioactive properties.
Silver nanoparticles (AgNPs) were generated through a controlled chemical reaction involving
1 mM silver nitrate with extracts of Saussurea lappa and Glycyrrhiza glabra. The resulting
nanoparticles were thoroughly characterized and assessed for their antimicrobial qualities. UV-
visible spectrophotometry was used to comprehensively examine the produced AgNPs. Both
gram-positive and gram-negative bacteria were considerably more susceptible to the
antibacterial action of the generated AgNPs.

Keywords: Silver nanoparticles, green synthesis, bioactive compounds, Saussurea lappa,
Glycyrrihza glabra, UV-visible spectrophotometry, antimicrobial action

INTRODUCTION

Silver-containing nanoparticles (AgNPs) are extensively recognized for strong antimicrobial
activity and ability to inhibit microbial growth effectively. However, the increasing tolerance
of pathogenic microorganism to antimicrobial agents has become a significant challenge for
the healthcare industry, leading to extensive research on the topic' 'l Generally, nanoparticles
are defined as particles with a size of less than 100 nanometres. Although chemical and physical
techniques are capable of yielding highly pure and unerringly established nanoparticles, they
are often costly, energy-intensive, and pose environmental risks. To address these concerns,
this paper explores an eco-friendly method for synthesizing AgNPs through extracellular
biosynthesis. Biosynthesis techniques utilize plant extracts to generate nanoparticles. One
particularly promising approach within biosynthetic processes is the application of botanical
extracts in nanoparticle production. Green synthesis methods have recently gained attention as
an important and evolving sector of nanotechnology. !
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Nanobiotechnology as of now is among most expeditiously advancing fields in High-tech
material engineering. Within this discipline, plants and plant-based derivatives perform a
fundamental role in formulation of Nanomaterials. ¥ Selection of plants Saussurea lappa and
Glycyrrhiza glabra n this study is rooted in its well-documented medicinal properties.
Saussurea Lappa from the Asteraceae family is a renowned medicinal plant. commonly known
as costus in English, this plant is recognized by various regional names in India, including Kur
in Bengali, Kuth in Gujarati, Sepuddy in Malayalam, Postkhai in Punjabi, and Kushta in
Sanskrit. [* It contains a variety of bioactive compounds, including Sesquiterpene lactones,
Essential oils, Inulin, Taraxasterol, Beta-sitosterol.

Glycyrrhiza Glabra belonging to Fabaceae family, is a popular medicinal plant and commonly
known as Licorice, Yashtimadhu, Mulaithi, Jethimadh. Glycyrrhiza glabra exhibits a broad
array of therapeutic effects including Anti-inflammatory, Antimicrobial, Anticancer and
Antioxidant properties. [°! Licorice is rich in bioactive compounds, including Glycyrrhizin,
Flavonoids, Phenolic compound, Polysaccharides, Sterols and Alkaloids. [°]

This paper presents a prompt and streamlined process for synthesizing nanocomposites using
botanical extracts of Saussurea Lappa and Glycyrrhiza glabra. It also interpretate and
investigate suppressive activity against bacterial strains of Gram-negative and Gram-positive
bacteria. AgNPs were exposed to Gram-positive microscopic organisms such as
Staphylococcus aureus and Enterococcus faecalis, as well as Gram-negative bacteria such as
Escherichia coli and Pseudomonas aeruginosa. !’

Silver nanoparticles are recognized for their antibacterial properties, though their precise
mechanism remains under study. Research suggests that when these nanoparticles attach to
bacterial cell membranes, they may disrupt respiration and permeability, leading to cellular
instability. Additionally, silver ions have been found to interfere with DNA replication in
bacteria, preventing their reproduction 181,

MATERIALS AND METHOD

Materials

Dry stems of plant Saussurea lappa and dry roots of plant Glycyrrhiza glabra were purchased
from a wholesale dealer named Batliwala, Dhan Mandi, Udaipur as shown in Figure 1. The
specimen copy of samples was kept in the Pharmacognosy Laboratory. The Pharmacognosist
authenticated the plant samples. The details of the authentication are presented in Figure 2. The
plant samples were kept at room temperature for three days and later transferred in an incubator
adjusted at 37°C for a duration of 24 hours. Following completion of the incubation period,
dried specimens were separately granulated into finely crushed powders with a sterile mortar
and pestle as shown in Figure 3. The powdered samples were then stored in jar at room
temperature for subsequent use.
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(a) (b)
Figure 1: Images of dried sample of (a) Saussurea Lappa and (b) Glycyrrhiza Glabra
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Figure 3: Powdered sample of (a) Saussurea lappa and (b) Glycyrrhiza Glabra

Method

Plant Extract preparations

The powdered samples from each dried plant, weighing 10 grams each, were combined with
100 mL distilled water in a 250ml flask. The samples underwent heat treatment using a water
bath regulated at 80°C for a time period of 20 minutes. On reaching environmental temperature,
the mixtures were carefully strained using a sterile stainless-steel strainer and subsequently
passed through Whatman filter paper.

The obtained extracts were then collected individually and refrigerated at 4°C for preservation.
Throughout the entire experiment, strict sterility measures were upheld to ensure precision,
reliability, and contamination-free results.

Qualitative Phytochemical Assessment

Phytochemical analysis was conducted on plant extracts to discover existence of various
natural metabolites in them. Alkaline reagent test, Froth formation, Liebermann-Burchard
reaction, Ferric Chloride test, Quinone identification, Salkowski procedure and Keller Killiani
test were conducted to identify the presence of bioflavonoid substance, foaming agents,
steroids, botanical tannic compounds, quinones, bioactive terpenes and glycosides respectively.
) The findings are displayed in Tables 1 and 2.

Flavonoids (Alkaline Reagent Test): A 0.1 ml portion of plant-derived solution when added to
2 ml dilute sodium hydroxide. Intense yellow colour indicates flavonoids.

Saponins (Froth Test): A solution of 0.5 ml natural plant extract and 2.5 ml distilled water was
agitated vigorously. Froth indicates presence of saponins.

Steroids (Liebermann-Burchard Test): 0.1 ml natural plant concentrate mixed with 1 ml
chloroform, 1mL acetic anhydride and few drops of strong sulfuric acid produce red colour in
lower layer indicating existence of steroid compounds.

Qualitative test for tannins with ferric chloride: A solution was formed by mixing 1 ml plant
extract with 1 ml distilled water, then incorporating a few drops of 5% ferric chloride. A distinct
green precipitate confirms tannin presence in the solution.

Quinones: Herbal extract measuring 0.5 ml was poured to 0.2 ml strong hydrochloric acid
produce yellow colour verifying quinones presence.

Terpenoid screening through the Salkowski test: The mixture was formed by combining 1 ml
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plant extract with 0.4 mL of chloroform and to it 0.2 ml purified sulfuric acid was introduced.
red-brown colour indicates terpenoids.

Glycosides (Keller Killiani Test): 1ml plant extract was blend with 0.4 ethanoic acid and 0.2
ml ferric chloride solution. To it 0.2 ml purified sulfuric acid was added. Reddish brown ring
indicates presence of Glycosides.

Silver nanoparticle (Ag NP) preparations

Saussurea lappa:

A silver nitrate (AgNO3) solution with a 1 mM concentration was made in a 250 ml container.
It was placed on magnetic stirrer and agitated forl5 minutes at room temperature under dark
condition and plant extract and silver nitrate were added in 1:5 ratio in small aliquots at an

interval of every 1 minute for reduction into Ag+ ions. [19111]

It was further kept on magnetic stirrer for 20 minutes at 60 °C. A shift in color was observed,
changing from deep-yellow to greenish-brown. Finally, pH was adjusted to 9 and stored in dark
condition for a period of 24 hours. Following centrifugation at 5000 rpm for a total of 10
minutes, the washing process was carried out two times, ensuring purity. The resulting
nanoparticles were assessed via UV- Visible Spectrophotometer at 250nm-700nm.
Glycyrrhiza glabra:

A silver nitrate (AgNO3) solution with a 1 mM concentration was made in a 250 ml container.
It was kept on magnetic stirrer for 10 minutes at room temperature under continuous stirring.
Plant extract and silver nitrate were added in 1:4 ratio in small aliquots at an interval of every

1 minute for reduction into Ag+ ions.

It was further kept on magnetic stirrer for 20 minutes at 60 °C. The solution gradually
darkened, transitioning from yellow to dark-brown. Finally, pH was adjusted to 9 and stored in
dark condition for a period of 24 hours. Following centrifugation at 5000 rpm for a time period
of 10 minutes, followed by two rounds of washing. ?! A UV-Visible Spectrophotometer set to
200-700 nm was then used to analyze the nanoparticles.

UV-Visible spectral analysis
A UV-Vis spectral (Systronics 199 Dual beam spectrophotometer) examination of silver
nanoparticles developed was conducted, focusing on wavelengths between 200 and 1000 nm.
The green synthesized Saussurea lappa silver nanoparticles were added with distilled water as
solvent in cuvette (Quartz cuvette 10mm) and the result was recorded. Similarly, the green
synthesized Glycyrrhiza glabra silver nanoparticles were added with distilled water as solvent
in cuvette (Quartz cuvette 10mm) and the result was recorded.

Antimicrobial Action of Nano silver particles

Evaluation of Antimicrobial effect was performed on 1.5% Mueller-Hinton Agar. ['*) An
overnight culture of pathogens S. aureus, P. aeruginosa, E. coli, and E. faecalis were prepared
at 1:20 dilution. This culture was spread on the plates and 6 mm wells were formed with
corkborer. A range of nanoparticle solutions (5 puL, 10 pL, 15 pL, and 20 uL) were dispensed
into separate wells, then incubated at 37°C for a period of 12 to 24 hours. The antimicrobial
potential of silver nano powders obtained from Saussurea lappa and Glycyrrhiza glabra was
analysed using zone of inhibition against the strains of Pseudomonas aeruginosa, Escherichia
coli, Enterococcus faecalis, and Staphylococcus aureus. The zone of inhibition was noted in
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RESULTS AND DISCUSSIONS

Quualitative Phytochemical Assessment

Qualitative phytochemical screening for Saussurea Lappa was performed and the observations
are noted below and in table 1. Flavanoids, terpenoids and glycosides are absent from
Symplocos racemosa extract whereas saponins, steroids, tannins, and quinones are present.

Similarly, for Glycyrrhiza glabra extract presence of all phytochemical turned out to be
positive.

(a) (b)
Figure 4: Images showing aqueous extract of (a) Saussurea Lappa and (b) Glycyrrhiza glabra
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Figure 6: Glycyrrhiza glabra plant extract qualitative phytochemical Results

Table 1 Results of secondary metabolite test of Saussurea Lappa

econdary Metabolites Results
Test Components

Flavanoids Negative

Saponins Positive
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Tannins Positive
Steroids Positive
Quinone Positive
Terpenoids Negative
Glycosides Negative

Table 2 Results of secondary metabolite test of Glycyrrhiza glabra

econdary Metabolites Results
Test Components

Flavanoids Positive
Saponins Positive
Tannins Positive
Steroids Positive
Quinone Positive
Terpenoids Positive
Glycosides Positive

Silver nanoparticle (Ag NP) synthesis

Saussurea lappa: The reaction led to development of silver nanoparticles (AgNPs), visibly
altering color of solution, A noticeable color shift occurred, turning the deep-yellow solution
greenish-brown. This change validated the completion of the reaction. ['*) The nanoparticles
underwent characterization via UV-Visible spectrophotometric analysis.

Figure 7 Silver nanoparticles of Saussurea lappa

Glycyrrhiza glabra: The image below illustrates the formation of AgNPs, causing the yellow
solution to transition into a dark-brown hue. The observed color change confirms the final
phase of the reaction between the extract and AgNOs. A UV-Visible spectrophotometer was
employed to characterize the nanoparticles. °]
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Figure 8 Silver nanoparticles of Glycyrrhiza glabra
UV-Visible spectral analysis
A 10 mm quartz cuvette was used to contain green-synthesized silver nanoparticles suspended
in distilled water, with scanning performed within the 240-700 nm wavelength range, as
illustrated in Figures 9 and 10. UV—Vis spectrophotometry facilitated the identification of
AgNPs within the solution.

Figure 9 UV-Visible spectral analysis of Saussurea lappa silver nanoparticles
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Figure 10 UV-Visible spectral analysis of Glycyrrhiza glabra silver nanoparticles
Antimicrobial Action of Nano silver particles
Saussurea lappa
Antibacterial action of Ag NPs derived from the selected plant extract were observed,
preventing two Gram-negative and two Gram-positive strains of bacteria, among other
bacterial species, from growing. Saussurea lappa-derived nano silver particles effectively
inhibited the growth of E. coli at a low dosage of 5 puL, with the maximum antibacterial effect
occurring at 20 uL.
Gogoi et al. [l explained that E. coli cells carry a negative charge, enabling Ag+ ions to interact
readily with their membranes and impair their function. Saussurea lappa silver nanoparticles
at different concentration exhibited a bacteriostatic effect on Pseudomonas. Regarding
Staphylococcus, antibacterial impact of nano silver particles was found to be good. Compared
to E. coli a diderm bacteria, the antibacterial action against Enterococcus was relatively lower
and showed a delayed effect. This slower response is probably attributed to the compact
peptidoglycan layer and associated teichoic acids found in the monoderms cell wall. ['7]
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(d)

Figure 8 Growth suppression zone for silver nanoparticles of Saussurea lappa tested
for its impact on (a)Staphylococcus Aureus, (b)Escherichia coli, (c)Pseudomonas
Aeruginosa and (d) Enterococcus

Glycyrrhiza glabra

The chosen plant extract used to create nano silver particles showed inhibitory effects on
bacterial growth, impacting both diderm and monoderm species. '8 At the lowest concentration
of 5 pg/mL, silver nanoparticles obtained from Glycyrrhiza glabra successfully suppressed
Pseudomonas growth, as indicated in Table 4. For Pseudomonas, the silver nanoparticles
exhibited peak antibacterial effectiveness at a 20 uL. concentration.

The bacteriostatic potential of Glycyrrhiza glabra silver nanoparticles was observed against E.
coli at varying concentrations as reported in Table 4. Nano silver particles demonstrated
exceptional antibacterial activity against Staphylococcus. When Staphylococcus aureus cells
encountered AgNPs, their cell walls weakened, allowing intracellular materials to escape into
the external environment, resulting in cell destruction. "1 Enterococcus experienced a more
intense antibacterial impact from Glycyrrhiza glabra silver nanoparticles, characterized by a
prompt response.
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Figure 8: Growth suppression zone for silver nanoparticles of Glycyrrhiza glabra
tested for its impact on (a)Staphylococcus Aureus, (b)Escherichia colli,
(c)Pseudomonas Aeruginosa and (d)Enterococcus
Table 3 Antimicrobial action of Saussurea Lappa silver nanoparticles

Synthesized | Staphylococcus | pseudomonas | Escherichia | Enterococcus
plant nano (In mm) (In mm) (In mm) (In mm)
silver
particles (in
ul)

5 3.5 7.5 11.5 2.75

10 4.5 8 12.5 3.75

15 5 8.5 12.5 3.75

20 4 9.25 13.5 4.25

Table 4 Antimicrobial action of Glycyrrhiza glabra silver nanoparticles

Synthesized | Staphylococcu | pseudomonas | Escherichia | Enterococcus
plant nano s (In mm) (In mm) (In mm)
silver (In mm)
particles (in
ul)
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5 6.5 4.5 4.5 5.25

10 7.5 8 6 6.5

15 7 6.5 7.5 6.5

20 7.5 8.25 8.5 7.5
CONCLUSION

The productive amalgamation of nano silver particles was accomplished through bio-reduction
of silver nitrate arrangements utilizing extracts from Saussurea lappa and Glycyrrhiza glabra.
The properties of these nanoparticles were examined through UV-visible spectroscopy for
characterization. Their stability, biocompatibility, and antimicrobial properties also make them
suitable for industrial and environmental remediation. In summary, our findings indicate that
herbal extracts facilitate the production of Nano silver particles. These nanoparticles
demonstrate effective antibacterial properties against both monoderm bacteria and diderm
bacteria.

The inhibitory potential of silver nanoparticles from Saussurea lappa was more articulated
against Gram-negative microbes, while their action on Gram-positive bacteria was moderate,
as their ability to induce bacterial death was comparatively lower. Glycyrrhiza glabra-derived
silver nanoparticles showed significant suppression of Gram-positive and Gram-negative
bacterial development. According to this study, nano silver particles of Saussurea lappa and
Glycyrrhiza glabra can be utilized as successful antibacterial agents against different
microorganism which can threaten human life.
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