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Abstract

The increasing incidence of cancer cases and multi-drug-resistant bacteria, which are major threats to humankind, forces the
research world to innovate new molecules to deal with them. The main aim of the present work is to prepare silver nanoparti-
cles using macroalgal polysaccharides and to study biological activities. The silver nanoparticles (NPs) were prepared using
polysaccharides extracted from the marine macro alga Portieria hornemannii by stirring them with 1 mM silver nitrate after 24 h
at 90 °C. The formed silver nanoparticles were characterized using UV-visible spectrophotometry, Fourier transform infrared
spectroscopy (FTIR) analysis, Transmission Electron Microscopy (TEM) analysis, selected-area electron diffraction (SAED),
and Energy Dispersive X-ray (EDX) analysis. UV-visible spectrum analysis revealed a surface plasmon peak at 380 nm, show-
ing the development of silver nanoparticles. The nanoparticle size varied between 40 and 50 nm and the functional group was
analyzed using FT-IR spectrum. The broadband was observed at 3304 cm™ (hydroxyl and amino group) and the narrow band
was observed at 2907 cm™ (C—H stretching vibration), 1657 cm™' (stretching of carbonyl groups), and 1001 cm™ (C-O stretching
vibration). The crystalline nature of silver NPs was confirmed by SAED. EDX analysis reveals the purity and the chemical com-
position of silver NPs. Nanoparticles were highly effective against Proteus mirabilis (24 mm zone of inhibition) and Bacillus sub-
stilis (24 mm zone of inhibition). The anticancer activity of the silver nanoparticles tested against colorectal adenocarcinoma cell
lines increased at increasing concentrations of nanoparticles.
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INTRODUCTION oususeful industrial products such as alginates, carra-
geenan, phycocolloids and agar (Chandraprabha et al.,
2012; Al-Dhabi et al., 2019). Among seaweeds, Sar-

gassum is one of the important groups and has antimi-

Marine algae are widely distributed in the sea and are
plant-like organisms in coastal waters (Bhuyaret al.,

2020). They are generally attached to sand, rocks,
dead plants and algae from underwater and are availa-
ble on the sea surface (Bhuyaret al., 2019a). The size
of macroalgae or seagrass varieswidely;however, they
are grouped under multicellular algae (Bhuyaret al.,
2019b). Seaweed contains several micro and macronu-
trients, carbohydrates, proteins, aminoacids, and vita-
mins. Seaweeds are widely used to extract vari-

crobial activity with various pathogenic bacteria such as
Pseudomonas aeruginosa, Escherichia coli, Shewanel-
la sp., Salmonella sp., Klebsiella pneumoniae, Esche-
richia coli, and Staphylococcus aureus(Ayesha et al.,
2010). Nanotechnology is an emerging field and the
green synthesis of nanoparticles has attracted much
more attention in recent years because of its excellent
antibacterial, antifungal and anticancer properties
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(Elango et al., 2016). These nanoparticles show superi-
or, unique and excellent properties and have attracted
much more attention for their unique properties that are
not observed in macroscopic forms. They achieved
these characteristics because of their increased surface
—to—volume ratio (Sahayarajet al., 2012; Surendra et
al., 2016).

Recently, nanostructured or nanophasic substances
exhibited maximum potential to achieve selectivity and
specific processes, mainly in pharmaceutical and bio-
logical applications, showing various health benefits.
Silver has been widely used to treat various infections.
It is generally non-toxic and exhibits bacteriostatic activ-
ity against several bacterial floras. Silver nanoparticles
have a wide range of biological applications such as
antifungal, antibacterial against several drug-resistant
bacteria, wound healing, preventing bacterial and fun-
gal infections, and anti-inflammatory properties. Silver
ions are also used in the formation of bone cement,
dental resin composite materials, ion coating and ion
exchange fibers for medical devices because of its anti-
bacterial activities. These silver nanoparticles show
strong activity against Gram-positive and Gram-
negative bacteria, fungi, viruses and other pathogenic
organisms (Bhuyaret al., 2020). Silver nanoparticles
can be green synthesized using algae extract by an
environmentally friendly approach as they do not re-
quire highly toxic chemicals. Marine algae are available
throughout the season and naturally have biological
and reducing power. Hence, researchers are interested
in marine macro algae-mediated green synthesis of
silver nanoparticles (Vijayaraghavan et al., 2022). The
green synthesized nanoparticles were characterized
using UV-Visspectroscopy, Dcanning electron micros-
copy (SEM), Dynamic light scattering (DLS) and Ab-
sorbance spectroscopy (Arasu et al., 2019). The study's
main objective was to synthesize silver nanoparticles
using marine macro alga (Portieria hornemannii) ex-
tract, characterize the nanoparticles using analytical
methods, and study the antibacterial and anticancer
properties of the nanoparticles.

MATERIALS AND METHODS

Study area

The marine macro alga, P. hornemannii was collected
from the South Coast of India. It was collected in the
rocky coastal region of the Kanniyakumari coast (8° 5'
17.9016" N and 77° 32' 18.4272" E). The location of the
sampling station is depicted in Fig. 1a. The collected
marine macro alga was brown and is illustrated in Fig.
1b.

Extraction of phytochemicals from the marine alga
The marine alga was collected from the Southern tip of
India (Kanniyakumari) and was washed with tap water

to remove all impurities and epiphytes. It was dried,
and the dried alga was used to extract polysaccha-
ridesas described previously (El-Rafie et al., 2013). 50
g of dried algal powder was soaked in 500 mL ethyl
acetate and stirred for 72 h. It was stirred frequently,
and the mixture was filtered using a Buchner funnel. It
was evaporated using a rotary evaporator and the sam-
ple was concentrated by evaporating solvent at 80 rpm
under vacuum conditions (Helan et al., 2016).

Gas-Chromatography-Mass Spectrophotometry
(GC-MS) analysis of algal extract

The ethyl acetate extract was used for GC-MS analy-
sis. GC-MS chromatograph was combined with the
mass selective detector, which consists of an HP-5 MS
low bleed capillary column and helium gas was used as
a carrier. The flow rate was maintained at1.25 mL/min.
The temperature was maintained at 200 °C and pro-
grammed to 250°C in the injector line. About 10 yl sam-
ple was loaded and the separated phytochemicals were
detected. The mass spectrum was matched with the
National Institute of Standards and Technology (NIST)
library (Yaazh Xenomics, Coimbatore, India) and the
compounds were identified.

Extraction of alga polysaccharide

The collected alga was sun-dried for 2 — 3 days, and
the dried seaweed was used to extract polysaccha-
rides. Briefly, 10 g of dried seaweed was stirred with
500 mL double distilled water for 4 h. It was further fil-
tered using a funnel and the pH of the solution was
adjusted to 7.0 using 0.1 N NaOH. To this solution (50
mL) 150 mL ethanol was added. It was stirred continu-
ously for 30 min , filtered and used to reduce silver na-
noparticles (Alvarez-Vifas et al., 2022).

Green synthesis of silver nanoparticles

Silver nanoparticles were prepared using algal polysac-
charides, as described previously. Briefly, 25 mL of the
algal extract (polysaccharide) was mixed with 25 mL of
aqueous silver nitrate (1 mM) solution with continuous
stirring. The temperature of the solution was increased
to 90 °C. It was centrifuged at 5000 rpm for 10 min. and
the clear supernatant was removed. The developed
silver nanoparticles were collected and characterized
(Bindhu et al., 2020).

Characterization of silver nanoparticles

The development of silver nanoparticles was analyzed
using a UV-Visible spectrophotometer. Fourier-
transform infrared spectroscopy (FT-IR) analysis was
performed and the functional group was determined.
The nanoparticles were dried and prepared in KBr pel-
lets, and the functional group was analyzed using a
Shimadzu FT-IR model 8300 machine (400 — 4000
cm). The morphology of the green synthesized nano-
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particles was determined using a Jeol JEM-1010 elec-
tron microscope equipped with photomicrographedinte-
grated with Energy Dispersive X-ray (EDX) analyser
(Femi-Adepoju et al., 2019; Arokiyarajet al., 2014).The
crystalline nature of silver nanoparticles was tested by
a Selected Area Electron Diffraction (SAED) pattern as
described previously (Wan Mat Khalir et al., 2020).

Antimicrobial assay

The antimicrobial activity of silver nanoparticles was
analyzed against bacteria (Staphylococcus aureus
(MTCC 10787), Streptococcus mutans(MTCC890),
Bacillus subtilis (MTCC736), Klebsiella pneumoniae
(MTCC109), Pseudomonas aeruginosa(MTCC1688)
and Proteus mirabilis (MTCC425)) and fungi
(Aspergillus flavus(MTCC13062) andCandida albicans
(MTCC3017)). All bacterial and fungal strains were ob-
tained from Microbial Type Culture Collection and Gene
Bank, India. All bacterial strains were cultivated in a
nutrient broth medium for 24 h, whereas fungi were
cultured for 74 h at 37 °C. 10 ug silver nanoparticles
were dissolved in dimethyl sulfoxide and antimicrobial
activity was evaluated using the disc diffusion method
(Zhang et al., 2020). Mueller-Hinton agar plates were
prepared and 0.1 mL bacterial or fungal suspension
was spread using a cotton swab. The sample or stand-
ard was loaded and incubated at 37 °C and the zone of
inhibition (mm) was determined. The antimicrobial ac-
tivity was assessed based on the zone of inhibition

Intensity

b
Fig. 1. Map showing the sampling location of Kanniyakumaricoast (a) and characterized P. hornemannii

around the disc on the agar surface (Atif et al., 2019).

Anticancer activity

Anticancer activity of the silver nanoparticles was test-
ed using colorectal adenocarcinoma cell lines (DLD1)
and procured from National Centre for Cell Sciences
(NCCS), Pune, India. Briefly, the cancer cell lines were
maintained in RPM1 culture medium and incubated for
24 h. 100 uyg sample was suspended in dissolved in
DMSO and added separately at five different concen-
trations (6.25 pL, 12.5 pL, 25 pL, 50 pL and 100 pL).
DMSO was used as the negative control. The cells
were incubated for 2 days at 30 £ 1 < and the effect of
nanoparticles on cancer cell lines was assessed (Malar
et al., 2020).

RESULTS AND DISCUSSION

GC-MS analysis of ethyl acetate fraction of

P. hornemannii

GC-MS analysis revealed that the marine algae exhibit-
ed the presence of significant bioactive compounds.
The prominent components were Cyclohexanepropa-
noic acid (RT — 6.667 min), hexadecanoic acid (RT -
14.01 min), 2,3-Dihydro-benzofuran (RT — 4.858 min).
The other minor compounds such as beta-Sitosterol
(RT - 35.783 min)and Campesterol (RT — 33.75 min).
The GC-MS spectrum of the ethyl acetate fraction of P.
hornemannii is depicted in Fig. 2.
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Fig. 2.GC-MS spectrum of ethyl acetate fraction of marine alga collected at Kanniyakumari coast
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Characterization of silver nanoparticles

The algal extract was mixed with 1 mM silver nitrate,
and the silver ions' development was monitored using a
UV-visible spectrophotometer. In the present study, an
algal polysaccharide was used to prepare silver nano-
particles and the capping property of an algal polysac-
charide as reported previously by Surendra et al.
(2016). It was revealed that such amino bond capping
agents are involved in reducing silver ions to silver na-
noparticles. A characterized peak observed between
350 nm and 450 nm revealed the formation of silver
nanoparticles (Fig. 3a). The colour of the silver nitrate
solution changed to dark brown, indicating nanoparticle
synthesis. Green synthesis of silver nanoparticles ex-
hibited higher yield at higher temperatures (>60 °C)
than at room temperature (30 °C). The improved nano-
particle synthesis at higher temperatures may be due to
the excitation of surface plasmon vibrations at in-
creased temperatures (Valsalamet al., 2019). Rapid
accumulation of the reactant substances further in-
duced the development of small nanoparticles (20 — 40
nm). The temperature was increased to 90 °C to im-
prove the yield and obtain small-sized nanoparticles.
The development of silver nanoparticles was confirmed
using UV-visible spectrophotometry analysis. It has
been reported that metal nanoparticles, such as iron
silver nanopatrticles, develop the SPR absorption band.
In the present study, silver nanoparticles showed a
maximum absorbance peak between 350 nm and 450
nm, revealing the formation of silver nanoparticles. The
characterized peak within this range has been reported
previously in silver nanoparticles derived from the cya-
nobacterium Oscillatoria limnetica( Hamoudaet al.,
2019).

The Infrared spectrum was analyzed and the functional
groups were identified. The broadband was observed
at 3304 cm™ (hydroxyl and amino group) and the nar-
row band was observed at 2907 cm™ (C—H- stretching
vibration), 1657 cm™ (stretching of carbonyl groups),
and 1001 cm™ (C—-O stretching vibration) (Fig. 3b). In
this study, a broad peak was observed at 370-380 indi-
cating the silver nanoparticles in the medium. The func-
tional groups observed in FT-IR analysis were similar
tothose in theearlier study (Mohanta et al., 2017). Vi-
bration bands in the IR spectrum were similar to silver
nanoparticles prepared using aqueous rhizome extract
of Zingiber officinale and Curcuma longa (Venkatadri et
al., 2020). The particle size of the silver nanoparticles
was analyzed using TEM. The particle size was ap-
proximately 40 — 50 nm (Fig. 3c). The crystalline nature
of silver nanoparticles was determined by the SAED
analysis (Fig. 3d). EDX spectra was analyzed from the
nanoparticles synthesized using algal extractconfirming
the crystalline nature of silver nanoparticles (Fig. 3e)
and exhibited various peaks at 39.02, 43.08, and 66.04
at 26. In present study, the highly intense EDX peaks

showed crystalline nature. The EDX pattern observed in
this study was similar to nanoparticles prepared using
Actinobacteria (Vimala ef al., 2022).

Antimicrobial properties of silver nanoparticles

The green synthesized nanoparticles were used to test
antimicrobial activity against Gram-negative and Gram-
positive pathogenic bacteria (S. aureus, S. mutans, B.
subtilis, K. pneumoniae, P. aeruginosa and P. mirabi-
lis). Nanoparticles were highly effective against P. mira-
bilis (24 mm zone of inhibition) and B. substilis (24 mm
zone of inhibition). Moreover,particles were also highly
effective against other pathogens, viz. P. aeruginosa, K.
pneumoniae, S. aureus and S. mutans (Fig. 4). The
disc diffusion test revealed that the green synthesized
NPs were highly active against C. albicans and A. fla-
vus (Fig. 5). Nanoparticles directly or indirectly act on
pathogenic Gram-positive and Gram-negative bacteria
(Al-Dhabi et al., 2018). Bacteria exposure to silver na-
noparticles leads to particles binding on the cell sur-
face. Further, silver nanoparticles interact with proteins
and weakencell wall structure. Nanoparticles disrupt
bacterial cell walls, damaging microbial cell factories
(George et al., 2020). In this study, the green synthe-
sized nanoparticles showed significant antibacterial and
antifungal activity against Gram-positive and Gram-
negative bacteria.

Anticancer activity

The anticancer activity of the silver nanoparticles was
tested against colorectal adenocarcinoma cell lines.
The cytotoxicity activity was observed after 48 h of
treatment with 6.25 pL - 100 pL silver nanoparti-
cles.Cytotoxic activity was observed at 6.25 uL nano-
particle concentrations, 12.3% inhibition, and 64.3%
inhibition at 100 uL concentrations. This revealed that
anticancer activity or cytotoxic effect against adenocar-
cinoma cell lines increased at increasing concentrations
of nanoparticles (Fig. 6).The anticancer activity of silver
nanoparticles was reported previously. In a study, Al-
duraihemet al. (2023) reported the anticancer activity of
silver nanoparticles prepared using Acacia nilotica pod
extract. Rajawat et al. (2016) reported the anticancer
properties of green silver nanoparticles prepared using
black tea leaf extract and showed activity against MCF-
7 breast cancer cell lines.

Conclusion

Algal polysaccharide was used for the green synthesis
of silver nanoparticles. The developed nanoparticles
exhibited antibacterial and antifungal activities. The
formed silver nanoparticles showed potent activity
against various Gram-positive and Gram-negative bac-
teria; and pathogenic fungi. Anticancer activity was test-
ed against cancer cell lines and exhibited anticancer
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Fig. 3.Characterization of green synthesized silver nanoparticles using marine algal extract. (a) UV-Visible spectrum of
algal polysaccharide-reduced silver nanoparticles, (b) FT-IR spectrum of the nanopatrticles, (c) TEM analysis of nanopar-
ticles, (d) SAED analysis, and (e) EDX analysis of silver nanopatrticles.
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Fig. 4. Antibacterial activity of silver nanoparticles against Gram-positive and Gram-negative bacteria. Error bar
represents standard deviation.

Fig. 5. Antimicrobial activity of silver nanoparticles against bacteria (a) and fungi (b). Green synthesized nanoparticles
were loaded on the disc and the zone of inhibition was assayed after 24 h (for bacteria) and after 72 h (for fungi); Zone of
inhibition expressed as mm.
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Fig. 6. Anticancer activity of silver nanoparticles against adenocarcinoma cell lines; Green synthesized silvernanoparti-
cles treated with cell lines at various concentrations (A-6.25 uL sample, 12.5 uL sample, 25 uL sample, 50 uL sample,
and 100 uL sample) and incubated for 48 h. Nanopatrticles induced morphological changes among cell lines.

activity in a dose-dependent manner. Hence, the pre-
sent findings seem to be an alternative approach since
using silver nanoparticles is largely considered an alter-
native to various sectors, including anticancer therapy.

Conflict of interest
The authors declare that they have no conflict of
interest.

REFERENCES

1. Al-Dhabi, N. A., Ghilan, A. K. M., Arasu, M. V.
&Duraipandiyan, V.(2018). Green biosynthesis of silver
nanoparticles produced from marine Streptomyces sp. Al-
Dhabi-89 and their potential applications against wound
infection and drug resistant clinical pathogens. J. Photo-
chem. Photobiol. B:  Biol.189, 176-184.https://
doi.org/10.1016/j.jphotobiol.2018.09.012.

2. Al-Dhabi, N. A.& Valan Arasu, M.(2018). Environmentally-
friendly green approach for the production of zinc oxide
nanoparticles and their anti-fungal, ovicidal, and larvicidal
properties. Nanomaterials.8(7), 500.https://doi.org/10.33
90/nano8070500.

3. Alduraihem, N.S., Bhat, R.S., Al-Zahrani, S.A., Elnagar,
D.M., Alobaid, H.M. & Daghestani, M.H.( 2023). Anti-
cancer and antimicrobial activity of silver nanoparticles
synthesized from pods of Acacia nilotica. Processes, 11
(2), 301.https://doi.org/10.3390/pr11020301.

4. Alvarez-Vifias, M., Gonzalez-Ballesteros, N., Torres, M.D.,
Lépez-Hortas, L., Vanini, C., Domingo, G., Rodriguez-
Arguelles, M.C. & Dominguez, H. (2022). Efficient extrac-
tion of carrageenans from Chondrus crispus for the green
synthesis of gold nanoparticles and formulation of printa-
ble hydrogels. Int. J. Biol. Macromol. 206, 553-566.https://
doi.org/10.1016/j.ijbiomac.2022.02.145.

5. Arasu, M. V., Arokiyaraj, S., Viayaraghavan, P., Kumar, T.
S. J., Duraipandiyan, V.& Al-Dhabi, N. A.(2019). One step
green synthesis of larvicidal, and azo dye degrading anti-
bacterial nanoparticles by response surface methodology.
J. Photochem. Photobiol. B: Biol.190, 154-162.https://
doi.org/10.1016/j.jphotobiol.201 8.11.020.

6. Arokiyaraj, S., Arasu, M. V., Vincent, S., Prakash, N. U.,
Choi, S. H., Oh, Y. K., et al.(2014). Rapid green synthesis
of silver nanoparticles from Chrysanthemum indicum L
and its antibacterial and cytotoxic effects: an in vitro study.
Int. J. Nanomed.9, 379.https://doi.org/10.2147/IJN.S5 3546.

7.

8.

10.

11.

12.

13.

14.

15.

Atif, M., llavenil, S., Devanesan, S., AlSalhi, M. S., Choi,
K. C., Vijayaraghavan, P., et al. (2020). Essential oils of
two medicinal plants and protective properties of jack
fruits against the spoilage bacteria and fungi. Ind. Crops
Prod. 147, 112239.https://doi.org/10.1016/
j-indcrop.2020.112239.

Ayesha, H., Sultana, V., Ara, J. &Ehteshamul-Haque, S.
(2010). In vitro cytotoxicity of seaweeds from Karachi
coast on brine shrimp. Pak. J. Bot. 42(5), 3555-3560.
Bhuyar, P., Rahim, M. H. A,, Yusoff, M. M., Maniam, G.
P.& Govindan, N. (2019). A selective microalgae strain for
biodiesel production in relation to higher lipid profile. Mae-
joint. J. Energy Environ. Commun.1(1), 8-14.https://
doi.org/10.54279/mijeec.v1i1.244895 .

Bhuyar, P., Rahim, M. H., Sundararaju, S., Maniam, G.
P.& Govindan, N. (2020). Antioxidant and antibacterial
activity of red seaweed Kappaphycusalvarezii against
pathogenic bacteria. Glob. J. Env. Sci. Manage.6(1), 47-
58.

Bhuyar, P., Sundararaju, S., Rahim, M. H. A., Ramaraj,
R., Maniam, G. P.& Govindan, N. (2021). Microalgae culti-
vation using palm oil mill effluent as growth medium for
lipid production with the effect of CO, supply and light
intensity. Biomass Con. Biorefin.11, 1555-1563.https://
doi.org/10.1007/s13399-019-00548-5.

Bhuyar, P., Yusoff, M. M., Rahim, M. H. A., Sundararaju,
S., Maniam, G. P.& Govindan, N. (2021). Effect of plant
hormones on the production of biomass and lipid extrac-
tion for biodiesel production from microalgae Chlorella sp.
J. Microbiol. Biotechnol. Food Sci9, 671-674.https://
doi.org/10.15414/JMBFS.2020.9.4.671-674.

Bindhu, M. R., Umadevi, M., Esmail, G. A., Al-Dhabi, N. A.
& Arasu, M. V.(2020). Green synthesis and characteriza-
tion of silver nanoparticles from Moringa oleifera flower
and assessment of antimicrobial and sensing properties.
J. Photochem. Photobiol. B: Biol.205, 111836.https://
doi.org/10.1016/j.jphotobiol.2020.111836.

Chandraprabha, M. M., Seenivasan, R., Indu, H., &
Geetha, S. (2012). Biochemical and Nanotechnological
Studies in Selected Seaweeds of Chennai Coast. J. Appl.
Pharmaceut. Sci.2(11), 100-107.

Elango, G., Roopan, S. M., Dhamodaran, K. |., Elumalai,
K., Al-Dhabi, N. A. & Arasu, M.V.(2016). Spectroscopic
investigation of biosynthesized nickel nanoparticles and its
larvicidal, pesticidal activities. J. Photochem. Photobiol. B:
Biol.162,  162-167.https://doi.org/10.1016/j.jphotobiol.20
16.06.045.

75


https://doi.org/10.1016/j.jphotobiol.2018.09.012
https://doi.org/10.3390/nano8070500
https://doi.org/10.3390/nano8070500
https://doi.org/10.3390/pr11020301
https://doi.org/10.1016/j.ijbiomac.2022.02.145
https://doi.org/10.1016/j.jphotobiol.2018.11.020
https://doi.org/10.2147/IJN.S53546
https://doi.org/10.1016/j.indcrop.2020.112239
https://doi.org/10.1016/j.indcrop.2020.112239
https://doi.org/10.54279/mijeec.v1i1.244895
https://doi.org/10.54279/mijeec.v1i1.244895
https://doi.org/10.15414/JMBFS.2020.9.4.671-674
https://doi.org/10.1016/j.jphotobiol.2020.111836
https://doi.org/10.1016/j.jphotobiol.2020.111836
https://doi.org/10.1016/j.jphotobiol.2016.06.045
https://doi.org/10.1016/j.jphotobiol.2016.06.045

Rose, P. L. et al. / J. Appl. & Nat. Sci. 16(1), 69 - 76 (2024)

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

El-Rafie, H.M., EI-Rafie, M. & Zahran, M.K. (2013). Green
synthesis of silver nanoparticles using polysaccharides
extracted from marine macro algae. Carbohy. Polymer. 96
(2), 403-410. https://doi.org/10.1016/j.carbpol.2013.0
3.071.

Femi-Adepoju, A.G., Dada, A.O., Otun, K.O., Adepoju,
A.O. &Fatoba, O.P. (2019). Green synthesis of silver na-
noparticles using terrestrial fern (GleicheniaPectinata
(Willd.) C. Presl.): characterization and antimicrobial stud-
ies. Heliyon, 5(4), e01543. https://doi.org/10.1016/
j-heliyon.2019.e01543.

George, A., Raj, D. M. A, Raj, A. D., lrudayaraj, A. A.,
Arumugam, J., Prabu, H. J., et al.(2020). Temperature
effect on CuO nanoparticles: antimicrobial activity towards
bacterial strains. Surfac. Interface. 21, 100761.https://
doi.org/10.1016/j.surfin.2020.100761.

Hamouda, R.A., Hussein, M.H., Abo-Elmagd, R.A.
&Bawazir, S.S. (2019). Synthesis and biological charac-
terization of silver nanoparticles derived from the cyano-
bacterium Oscillatoria limnetica. Sci. Rep. 9(1),
13071.https://doi.org/10.1038/s41598-019-49444-y.

Helan, V., Prince, J. J., Al-Dhabi, N. A., Arasu, M. V., Aye-
shamariam, A., Madhumitha, G., et al. (2016). Neem
leaves mediated preparation of NiO nanoparticles and its
magnetization, coercivity and antibacterial analysis. Re-
sult. Phy.6, 712-718.https://doi.org/10.1016/
j.rinp.2016.10.005.

Malar, T. J., Antonyswamy, J., Vijayaraghavan, P., Kim, Y.
0., AI-Ghamdi, A. A., &Elshikh, M.S.(2020). In-vitro phyto-
chemical and pharmacological bio-efficacy studies on
Azadirachta indica A. Juss and Melia azedarach Linn for
anticancer activity. Saud. J. Biol. Sci.27(2), 682-688.
Mohanta, Y.K., Panda, S.K., Bastia, A.K. & Mohanta, T.K.
(2017). Biosynthesis of silver nanoparticles from Protium
serratum and investigation of their potential impacts on
food safety and control. Front. Microbiol. 8, 626.https://
doi.org/10.3389/fmicb.2017.00626.

Rajawat, S., Kurchania, R., Rajukumar, K., Pitale, S., Sa-
ha, S. & Qureshi, M.S. (2016). Study of anticancer proper-
ties of green silver nanoparticles against MCF-7 breast
cancer cell lines. Green Process. Syn. 5(2), 173-
181.https://doi.org/10.1515/gps-2015-0104.

Sahayaraj, K., Rajesh, S.& Rathi, J. M. (2012). Silver na-
noparticles biosynthesis using marine alga Padina
pavonica (Linn.) and its microbicidal activity. Dig. J. Nano-
mater. Biostructures.7(4), 1557-1567.

Surendra, T. V., Roopan, S. M., Al-Dhabi, N. A., Arasu, M.
V., Sarkar, G. &Suthindhiran, K.(2016). Vegetable peel

26.

27.

28.

20.

30.

31.

32.

waste for the production ofZnO nanoparticles and its toxi-
cological efficiency, antifungal, hemolytic, and antibacteri-
al activities. Nanoscale Res. Lett. 11, 1-10.https://
doi.org/10.1186/s11671-016-1750-9.

Surendra, T. V., Roopan, S. M., Arasu, M. V., Al-Dhabi, N.
A. & Rayalu, G. M.(2016). RSM optimized Moringa oleif-
era peel extract for green synthesis of M. oleifera capped
palladium nanoparticles with antibacterial and hemolytic
property. J. Photochem. Photobiol. B: Biol.162, 550-
557 .https://doi.org/10.1016/j.jphotobiol.2016.07.032.
Valsalam, S., Agastian, P., Arasu, M. V., Al-Dhabi, N. A,
Ghilan, A. K. M., Kaviyarasu, K., et al.(2019). Rapid bio-
synthesis and characterization of silver nanoparticles from
the leaf extract of Tropaeolum majus L. and its enhanced
in-vitro antibacterial, antifungal, antioxidant and anticancer
properties. J. Photochem. Photobiol. B: Biol.191, 65-
74.https://doi.org/10.1016/j.jphotobiol.2018.12.010.
Venkatadri, B., Shanparvish, E., Rameshkumar, M. R.,
Arasu, M. V., Al-Dhabi, N. A., Ponnusamy, V. K. et al.
(2020). Green synthesis of silver nanoparticles using
aqueous rhizome extract of Zingiber officinale and Curcu-
ma longa: In-vitro anticancer potential on human colon
carcinoma HT-29 cells. Saud. J. Biol. Sci.27(11), 2980-
2986.https://doi.org/10.1016/j.sjbs.2020.09.021.
Vijayaraghavan, P., Rathi, M. A., Aimaary, K. S., Alkhattaf,
F. S., Elbadawi, Y. B.& Chang, S. W., et al. (2022). Prepa-
ration and antibacterial application of hydroxyapatite
doped Silver nanoparticles derived from chicken bone. J.
King Saud. Univ. Sci.34(2), 101749.https://
doi.org/10.1016/j.jksus.2021.101749.

Vimala, R.T.V., Rajivgandhi, G., Sridharan, S., Jayapriya,
M., Ramachandran, G., Kanisha, C.C., Manoharan, N. &
Li, W.J. (2022). Biosynthesis and Characterization of Sil-
ver  Nanoparticles  from  Actinobacteria. Meth-
od.Actinobacteriol.709-712.https://doi.org/10.1007/978-1-
0716-1728-1_103.

Wan Mat Khalir, W.K.A., Shameli, K., Jazayeri, S.D., Oth-
man, N.A., Che Jusoh, N.W. & Hassan, N.M.(2020). Bio-
synthesized silver nanoparticles by aqueous stem extract
of Entada spiralis and screening of their biomedical activi-
ty. Front. Chem. 8, 620.https://doi.org/10.3389/
fchem.2020.00620.

Zhang, X., Esmail, G. A., Alzeer, A. F., Arasu, M. V., Vi-
jayaraghavan, P., Choi, K.C. et al. (2020). Probiotic char-
acteristics of Lactobacillus strains isolated from cheese
and their antibacterial properties against gastrointestinal
tract pathogens. Saud. J. Biol. Sci.27(12), 3505-
3513.https://doi.org/10.1016/j.sjbs.2020.10.022.

76


https://doi.org/10.1016/j.carbpol.2013.03.071
https://doi.org/10.1016/j.carbpol.2013.03.071
https://doi.org/10.1016/j.surfin.2020.100761
https://doi.org/10.1016/j.surfin.2020.100761
https://doi.org/10.1016/j.rinp.2016.10.005
https://doi.org/10.1016/j.rinp.2016.10.005
https://doi.org/10.3389/fmicb.2017.00626
https://doi.org/10.3389/fmicb.2017.00626
https://doi.org/10.1515/gps-2015-0104
https://doi.org/10.1016/j.jphotobiol.2016.07.032
https://doi.org/10.1016/j.jphotobiol.2018.12.010
https://doi.org/10.1016/j.sjbs.2020.09.021
https://doi.org/10.1016/j.jksus.2021.101749
https://doi.org/10.1016/j.jksus.2021.101749
https://doi.org/10.3389/fchem.2020.00620
https://doi.org/10.3389/fchem.2020.00620
https://doi.org/10.1016/j.sjbs.2020.10.022

