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I. BACKGROUND

Seaweeds are a taxonomically distinct assemblageaofoalgae that inhabit various
marine and brackish ecosystems. These organisnitsitepimotosynthetic capabilities, cannot
produce flowers, and typically adhere to a stahlbswgate characterized by low light
availability of approximately 0.01%(Behera et #022). Additionally, they demonstrate
adaptability to challenging conditions such as pleeiphery of reefs, areas with turbulent
waves, and intertidal zones. Seaweeds are catedanto three distinct groups, namely red
(Rhodophyta), brown (Phaeophyta), and green (Cplyri@), based on their biochemical and
cellular characteristics(Watt and Scrosati, 20T4e larger seaweeds exhibit a sophisticated
anatomical organization featuring specialized @ssthat facilitate the transport of nutrients
and photosynthetic products. In contrast, some sedpossesses a nearly indistinguishable
structure(Baweja et al., 2016). The dimensionsaixeeds exhibit a range of sizes, spanning
from smaller forms consisting of a single cellaoger forms composed of multiple cells. The
smaller seaweeds exhibit a size range of a fewmaters, while the larger seaweed species
can exceed lengths of 30 to 50 meters. AdditiondHgre is a discernible variation in cell
size between these two categories. Certain cellibiexmore nuclei and organelles
responsible for protein synthesis(Lomartire and ¢abres, 2023). According to Rayapu et
al.,, the presence of proteins is expected to fatdli the accelerated growth of
seaweeds(Rayapu et al., 2017).The substances fourtdem include lipids, vitamins,
minerals, polysaccharides, polyphenols, and prstdihere is a total of approximately 1,800
species of green seaweeds that inhabit marine amagnts. Red seaweeds exhibit
comparatively lower levels of diversity when comgzhto the other two groups.The seaweed
is drying in a shaded environment to enhance dsage capabilities, thereby extending its
shelf life(Friedlander, 2008). In contemporary tsnéhe utilization of seaweeds is widely
acknowledged as an environmentally sustainable oagpr within the field of
nanotechnology(Vidyasagar et al., 2023).

Many individuals have turned to biological approegio address toxicity due to their
inherent safety and environmentally friendly nafafB et al., 2022; Walling et al., 2023).
These methods also serve as functionalizing ligaedabling nanoparticle utilization in
biomedical therapies and enhancing their capaoitynfetal binding. Numerous techniques
are currently accessible for the environmentallyenfdly production of nanoparticles,
utilizing diverse biological resources such as mariorganisms, plant extracts,
microorganisms, and microfluidics(Jiménez-Gonzadtzal., 2012). Among these, plant
extracts and bio-reductants have emerged as particaignificant for the green synthesis of
nanoparticles due to their advantageous charatsrisncluding ease of handling, cost-
effectiveness, and widespread availability.Silvemaparticles have garnered significant
attention in nanotechnology due to their uniquegpprties(Joicy et al., 2023; Yan and Chen,
2019). Silver has been widely recognized as anméerbbial agent within the medical
domain for an extended period (Lesjak et al., 20A4¥ording to Martinez-Gutierrez et al.,
antimicrobial properties in AgNPs can facilitatee tdevelopment of a broader range of
nanosilver products(Martinez-Gutierrez et al., 201Phese may include contraceptive
devices, wound dressings coated with nanosilver samdical implements. In addition to
these attributes. Recently, there have been repbnising silver nanoparticles in various
applications, such as detergents, paint formulatiand the textile industry.
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The utilization of silver nanoparticles (AgNPs) hgarnered significant attention in
various fields. This is primarily due to the remanle physicochemical properties of AgNPs
(Khamhaengpol and Siri, 2017)and their subsequetengtial for application (Jamil et al.,
2015). The material demonstrates catalytic activibptable chemical stability, and
antibacterial properties, rendering it highly premg for various biological applications
(Andersson et al., 2016; Mufoz-Escobar et al., 20Nevertheless, silver nanoparticles
(AgNPs) have a crucial function in exhibiting a itpvel of reactivity, which effectively
hinders the processes of oxidation and aggregatimong particles. The demand for
environmentally friendly methods of metal-nanopaeti synthesis, which do not involve
toxic chemicals, has been steadily increasing. Has led to a subsequent rise in the
development of green nanopatrticle preparation igcies (Chen et al., 2008).

Nevertheless, numerous conventional methodologiesynthesizing nanoparticles
with precise size and composition exist. Nanopi@gicomposed of high metal content have
been synthesized using environmentally friendly hods, employing compounds such as
CdO, ZnO, Sm203, and other metals. These synthesisiques avoid the use of toxic
chemicals and aim to achieve the smallest posptntiécle size (Thakkar et al., 2010; Thema
et al., 2015; Thovhogi et al., 2015). The synthe$iaovel nanoparticles exhibiting diverse
sizes and shapes significantly influences theietiahtly dynamic properties. Nanoparticles
(NPs) exhibit significant influence due to their mploology, size, and structure, with the
characteristic feature of having smaller diametemsging from 1 to 100 nanometers.
However, it possesses a substantial surface aceras numerous applications in medicine
and industry, including but not limited to biologlcengineering, electron devices, and
catalysts. Various techniques for synthesizing parnales exist, including extractions and
gum-based approaches. The control of nanoparthf® Gize stabilization and monitoring
was achieved through the use of polysaccharidegjeasonstrated by Andersson et al.
(Andersson et al., 2016). The primary aim of thigeistigation is to propose an efficient and
effective method for the green synthesis of AgNRBjch have demonstrated notable
biological characteristics.

II. METHODS

1. Seaweed Coallection: Chondrococcus hornemannii (Lyngbye), a species of red seaweed,
was obtained from the coastal region of Villoondie€&rtham. This particular location
was situated in the region between Rameswaram amibd&h, which are both located in
the state of Tamil Nadu, India. The identificatiointhe seaweed was conducted through
the utilization of morphological characterizatiorhe seaweed was thoroughly washed
using running tap water and two subsequent washts avl0% SDS solution. The
washed seaweeds were subjected to a drying prémessie week at a temperature of
37°C. The concentrated aqueous liquid extracts wepared using hot extraction with
water as the solvent. The powder was combined avitlolume of water twice as large
and subsequently subjected to boiling. Subsequetitty samples that had undergone
boiling were filtrated. The filtered samples weteern further filtered. The resulting
filtrate was stored at 4°C for subsequent experiatigmocedures.

2. Synthesis of Nanoparticles: A 1 millimolar (mM) silver nitrate (AgNO3) solutiofrom

Sigma-Aldrich served as a source of silver ionsaseguently, the aqueous liquid extract
of Chondrococcushornemannii, measuring 1 mL, was solubilized in a solutiontagring

Copyright © 2024 Authors Page | 198



Futuristic Trends in Biotechnology
e-ISBN:978-93-5747-504-4
lIP Series, Volume 3, Book 20, Part 4, Chapter 3
AN EVALUATION OF THE BIOACTIVITIES OF SILVER
NANOPARTICLES SYNTHESIZED FROM RED MARINE MACROALGE

50 mL of silver nitrate with a concentration of lillrmolar. The colorless solution
(AgNO3 solution) was transformed into a dark browolor through direct visual
observation, and the samples were subsequentlffiederusing Ultraviolet-visible
spectroscopy. The utilization of an aqueous extilacived from seaweeds as a negative
control was implemented in the study. All experita¢procedures were replicated twice
and conducted in triplicate. Following centrifugatj the liquid portion above the
sediment, known as the supernatant, was meticyl@xstacted. The concluding residue
was retained for future utilization.

3. Screening of AgNPs. The investigation focused on examining the contmwsiof
phytochemicals in the aqueous extract. The reseasthodology followed the protocol
established by Farnsworth in 1966(Farnsworth e.8B5).

4. Characterization of AgNPs. A volume of 1 mL of the prepared sample was areslyz
using UV spectroscopy at various wavelengths, eynpdpa spectrophotometer. The
absorbance spectra were recorded using a UV spactameter (UV-1800m, Shimadzu)
within the 300-700 nm wavelength range. Followingt&hour reaction, the mixture
containing synthetic silver nanoparticles (AgNPsderwent centrifugation at 13,000
revolutions per minute (rpm) for 15 minutes at mperature of 4°C. Subsequently, the
supernatant was meticulously extracted. The pelidse dissolved in sterile MilliQ
water and filtered through a Millipore filter (0.461) to remove impurities. The FTIR
spectrum of the dried reaction mixture was obtainsihg Bruker Optik GmbH,
Germany (Model: TENSOR 27).

5. Zeta Potential: Silver nanoparticles (AgNPs) exhibit a°+charge and have been
observed to possess ‘d eharge on their surfaces. In this study, the ssitedAgNPs,
weighing 1mg, were dissolved in sterile deionizexter measuring 1 mL.

6. Antimicrobial Activity: The antimicrobial efficacy of various concentrasofl, 3, 5
mM) of fabricated AgNPs was assessed against Grsithy@ and negative bacterial
strains. Notably, the lowest concentration (5 m¥MAgNPs exhibited superior inhibitory
activity against the bacterial pathogen. Subsedyethie LB Agar medium plate, which
consisted of 1% of the suitable bacterial culturea aconcentration of 1x104 Colony
Forming Units per milliliter, was evenly distributeonto the surface of the Petri plate.
The solution should be allowed to cool for approxiety 5 to 10 minutes. Following this,
three distinct concentrations (1, 3, and 5 mM) ghNRs were introduced into each well.
Subsequently, the Petri plates were subjecteddabation at a temperature of 37°C for
one night. The diffusion of AgNPs into the agart@les employed to inhibit bacterial
growth.

7. Antioxidant Efficacy: A solution containing 100 microliters of 0.2 nmtiolar DPPH
was prepared by dissolving it in methanol suitalide high-performance liquid
chromatography (HPLC). Subsequently, this solutiwas combined with different
concentrations of silver nanoparticles (25, 50, &% 100 micrograms per milliliter).
Subsequently, the reaction mixtures were meticlyobkended and subjected to a 30-
minute incubation period under conditions of dadséMethanol was utilized as a blank,
while ascorbic acid served as the standard(Chaiad),62001). The quantification of the
scavenging activity of free radicals was determined
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1. RESULTS

1.

Synthesis of AgNPs: The process of synthesizing AgNPs involved the daatlon of a

5 mL extract obtained from seaweed with a solubdb®AgNO3 (50 mL). This mixture
was then incubated at a temperature of 28°C fond#s. The bioremediation process
involving the conversion of AgNO3 into AgNPs wasnfioned through visual
observation of color changes. Figure 1 shows that ¢olor solution undergoes a
transition from its initial state, characterized dnjoration, to a colorless state (AgNO3).
Eventually, the solution progresses further toimtsareddish-brown hue (AgNPs).

UV-Vis Spectroscopy: UV-Vis spectroscopy, specifically utilizing the UM00m
instrument manufactured by Shimadzu, was employgeatanfirm the formation of
AgNPs. The spectroscopic analysis was conductdamibhe 200 to 800nm wavelength
range. The presence of AgNPs was confirmed by tesepce of surface plasmon
resonance band, with peaks at 300 and 400nm. Téerapobtained from the newly
prepared AgNPs were utilized to assess the phdibstaof the samples and were
subsequently compared to the spectra obtained $ilwer samples. The sample's ampule
consisted of a quartz cell, while a blank was pregpausing Molecular grade water
(Figure 2).

FTIR Spectroscopy: The utilization of this instrument has proven to highly
advantageous in identifying functional groups clésethe interaction between metal
particles and biomolecules. These functional groygtgy a crucial role in the
bioreduction of Ag+ and also serve as primary agéontcapping and stabilizing(Dada et
al., 2016). The seaweed extract has been foundniaio carbohydrates, flavonoids, and
glycosides, which have demonstrated a significapiacity for reducing Ag+ ions.The
technique was employed to characterize and idethi®y chemical constituents on the
surfaces of the AgNPs, as depicted in Figure 3.

XRD: The XRD patterns of the AgNPs exhibited distincd anell-defined peaks,
indicating their crystalline structure. This obssien was further supported by XRD
analysis, and the corresponding image is presentéidure 4.

Zeta Potential Measurement: Zeta potential measurement is a method used tecertti
assess the net positive and negative charges p@séine surface of nanoparticles when
they are in a liquid state. The electrophoretic iitglnf nanoparticles in the U-type tube
at a temperature of 25°C was determined by usineta sizer instrument manufactured
by Beckman Coulter.The impact of the Zeta potemtiathe AQNPs nanoparticles, which
were produced using an aqueous liquid extractChbndrococcushornemannii, is
depicted in Figure 5.

Antimicrobial Efficacy: The antibacterial efficacy was initially verifiedhrough the
determination of the minimal inhibitory concentoatti(MIC), although the specific data
is not presented in this context. The present stnggstigated silver nanoparticles'
antimicrobial properties using aqueous extracts  ivddr from
Chondrococcushornemannii.
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The disc diffusion method was employed to assessatttimicrobial activity of
these nanoparticles at varying concentrations odn8 5 mM. The gram-positive
bacteriumSreptococcusaureus (Figure 6A) and the gram-negative bacteria Eschéxi
coli andPseudomonas aeruginosa (Figures 6B and C) were utilized.At the same tithe,
antibiotic streptomycin can be employed as a pasitontrol, as recommended for
evaluating the antibacterial efficacy of the systhed silver nanoparticles.The antibiotic
disc results are presented in Table 1.

Three filter paper discs with a diameter of 2.5 mmare impregnated with a
solution of AgNPs at different concentrations, ngnie 3, and 5 mM, with each disc
soaked in 2.5 mL of the respective solution. Subsetly, the aseptic discs were
positioned onto the agar plate harboriggcherichia coli, and the Petri dishes were
incubated at 37° C for 16 hours. Following the ation period, the zone of inhibition
was measured.

7. Antioxidant Efficacy: The DPPH free radical scavenging activity and spoading
outcomes are illustrated in Figure 7. In this stualyange of concentrations of synthesis
AgNPs and ascorbic acid (standard) were utilizgmkctically 25, 50, 75, and 100
pg/mL. The graph presented herein demonstrategdiest antioxidant property of
AgNPs. Notably, it is observed that as the conegioin of AQNPs is elevated, there is a
corresponding increase in the scavenging activitye AgNPs exhibit a significantly
higher antioxidant activity of 96% at a concentratof 10Qug/mL.The standard ascorbic
acid demonstrates a 92% inhibition rate when comgarqual concentrations.

V. CONCLUSION

The present study describes the green synthesis AgNPs from
Chondrococcushornemannii. This research represents the first report onsyrghesis of
silver nanoparticles using this particular organi3ime synthesized silver nanoparticles were
subjected to characterization using various tearesqThe observed antibacterial efficacy of
the AgNPs against both gram-positive and gram-meg&iacteria has been confirmed. The
AgNPs synthesized through biological means haveodstrated significant therapeutic
potential. In the future, nanotechnology holds pb& for advancements in medicine,
particularly in the development of nanomedicine ath@ manufacturing of various
pharmaceutical products.

Table: 1 Antibacterial Activity of Synthesis of AQNPs by Zone of linhibition

Zone of inhibition mM
Test pathogen Seaweed AgNPs AgNPs Streptomycin
Extract 3mM 5mM
S aureus 7.3 7.3 8.2 6.3
E. coli 6.2 7.0 9.0 6.2
P.aeruginosa | 7.0 7.2 9.2 7.0
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Figurel: Investigating the Effect of Silver Nitrate Salt tire Synthesis Of Silver
Nanoparticles (A) Aqueous Seaweed Extract (BjSajution (C)
Chondrococcushornemannii Agnps.
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Figure 2: UV-Visible Absorbance Spectrum of Agnps as a FHanobf Silver Nitrate
Concentration in Aqueous Extracts@fondrococcushornemannii.
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Figure 3: FTIR Studies oftte Silver ManoparticlesSynthesized Using an Aqueous Liq!
Extract ¢ Chondrococcushornemannii.
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Figure 4: XRD Studies oftie Silver Manoparticles Synthesized Using an Aqueous Extif
Chondrococcushor nemannii.
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Figure 6: Platedndicatingthe Antimicrobial Activities & Synthesize AgNps from
chondrococcushornemannii in the Following Method (A) WelDiffusion (B) Filter Paper
Discs (C) Antibiotic Discs.
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Figure 7: The Antioxidant Activity of Biosynthesize@dhondrococcushornemannii AgNps.
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