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Abstract

Enhancing stability and antimicrobial properties of nanomaterial and its application in biological field is a burgeoning field of
research. In this study, silver nanoparticle decorated graphene oxide (Ag’NP@GO) nanocomposite were synthesized using
ecofriendly method. Lantana camara plant extract was selected as a green reducing agent. High phytochemical constituents
[Total Phenols—10.44 (TAE) and 9.95 (GAE), Total Tannins—5.98 (TAE) and 5.75 (GAE), Total Flavonoids—8687 mg
QE/Kg] in aqueous phytoextract was responsible for the reduction of Ag* into silver nanoparticles (Ag’NP). The successful
formation of nanocomposite was confirmed by the characterization of GO and Ag’NP@GO by UV-VIS, FTIR spectroscopy
and XRD. Morphology and size of nanocomposite was confirmed with SEM-EDX and HR-TEM imaging. Results showed that
silver nanoparticles (Ag’NPs) with an average size of 51 and 76 nm from Debye-Shrerrer’s equation and SEM, respectively
were impregnated onto GO sheets. The antibacterial activity of synthesized nanocomposite was tested against bacteria and
fungus using Kirby-Bauer test. The zone of inhibition was observed for Bacillus subtilis (21 mm), Staphylococcus aureus
(18 mm), Escherichia coli (21 mm), Pseudomonas putida (21 mm) and Candida albicans (31 mm). Complete inhibition of
Aspergillus niger was found at 400 mg/L. All results of the present study affirmed the potential applications of Ag’NP@GO
as an antimicrobial agent against biological contaminants.
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1 Introduction

Silver has inherent antimicrobial properties against various
bacteria and is classified under the broad spectrum cate-
gory [13]. It exhibits wide range of antimicrobial action like
interacting with thiol groups in bacterial enzymes and pro-
teins, inhibiting cell division, damaging the cell envelope [6]
and interacting with nucleic acid especially altering DNA
bases and phosphate groups [65]. Due to less surface area
and higher cost, it is difficult to realize the desired concen-
tration of bulk metallic silver materials. Zero valent silver
nanoparticles (Ag°NPs) have larger surface area, which
shows effective antimicrobial and anticancer properties with
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minimal concentration [2, 51]. However, the practical appli-
cation of silver nanoparticles is often hampered by the
self-aggregation or precipitation resulting in loss of antibac-
terial activity [39]. Therefore, it becomes essential to develop
highly stable and dispersed AgONPs. Pristine AgNPs are
very difficult to handle in liquid phase also their recovery for
reuse, similarly separation of Ag°NPs in the form of powder
is very time consuming and an expensive technique. Hence,
attempts have been made by many researchers to couple
AgONPs with the other nanostructures in order to overcome
the above practical difficulties. Research has been carried
out with respect to coating of AgNPs on cotton cellulose
[21] or in-situ reduction of Ag* ions to Ag’ NPs on the
surface of other nanostructured materials such as nanosil-
ica, nanoclay, or zeolite [8, 10, 38]. Similarly, AgONPs has
been successfully used in combination with nanostructured
carbon family members such as CNT or multi-walled CNT
(MWCNT) [35, 67] activated carbon fibers [66] and newest
one is Graphene family members such as Graphene Oxide
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(GO) [44, 68], Reduced Graphene Oxide (RGO) or pristine
graphene layers.

In the recent times Graphene oxide (GO) has attracted
attention due to its 2D honeycomb lattice structure of car-
bon atoms [3]. Graphene oxide has high surface area and
has carboxylic, carbonyl, hydroxyl and epoxide groups on
the sides, thus it is strongly hydrophilic and forms sta-
ble colloidal dispersions in water [53]. Silver nanoparticles
embedded on graphene oxide (GO- Ag?NPs) were studied
for applications like visible photocatalysis degradation and
adsorbent of various dyes like Rhodamine and Indigoamine
[47,70]. The application also include electrochemical sensor
for detection of amino acids [42], desalination [61], filtra-
tion [34] and heavy metal removal [43]. For the synthesis
of GO- AgNPs, a strong chemical reducing agent such as
sodium borohydrate, hydrazine monohydrate or polyethy-
lene amine has been used. [7, 15]. The major drawback of
these chemical reducing agent is that, they are inflammable,
carcinogenic and have cytotoxic properties. However, green
chemistry synthesis approach such as natural plants phy-
toextract based nanoparticle synthesis is a better option. The
reactions are completed in a few minutes to few hours at
room temperature. Apart from synthesis time, low energy
consumption, low cost, less chances of failure and ease of
characterization [1] has attracted more attention in recent
years.

The aim of the study was to synthesize and characterize
silver nanoparticles embedded on the surface of functional-
ized graphene oxide. The reduction of silver nanoparticles
was carried out using Lantana camara aqueous leaf extract.
L. camara (Family—verbenaceae) is also known as wild
or red sage. It is considered a waste biomass, notorious
weed, which grows profusely and is available worldwide.
Scratching, stomachache, rheumatism, wound healing, bil-
iary fever, toothache, bronchitis , antiseptic, and other
illnesses have all been treated using different portions of the
L. camara [16, 25]. Proteins, carbohydrates, common sec-
ondary metabolites, and minor components of phytosterols,
saponins, tannins, and phycobatannin were found in quanti-
tative phytochemical analyses of L. camara. Also, threefold
total sugars and maximum amounts of phospholipid con-
tent were found in the leaves of L. camara [23]. Hence,
the presence of phenolics, flavonoids, terpenoids, alkaloids,
lipids, proteins, and carbohydrates was attributed for the
reduction of Ag* to Ag’ nanoparticles [37]. As a result,
this plant extract serves as both a reducing and a capping
agent simultaneously, without the use of chemicals. Fur-
ther, the study also focuses on characterization and testing of
these nanocomposites against biological contaminants and
arriving at an optimum concentration needed for their inhi-
bition.
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2 Material and Methods
2.1 Chemicals, Reagents and Media

Chemicals were purchased locally. Analytical-grade AgNOs3,
liquor ammonia, KMnOy4, H;O, (30%), H2SO4 (98%),
H3PO4 (85%) used in this study were purchased from Merck,
India. Graphite flakes were purchased from S. D Fine Chem-
icals, India. Luria Bertani agar, Mueller Hinton broth and
Potato Dextrose agar were purchased from Himedia Ltd,
India. Bacterial and Fungal cultures were purchased from
National Centre for Cell Science, India.

2.2 Preparation of Aqueous Phyto Extract

For the preparation of aqueous extract, plant material (Lan-
tana camara) weighing 2 g was added to 25 mL sterile
deionised (DI) water. The mixture was kept overnight in a
dark place and gently heated in a microwave oven at 900 Hz
for 2-3 min. The extract was then filtered through syringe fil-
tration (porosity 0.45) and was preserved in a refrigerator
at 4 °C for further use.

2.3 Phyto-Chemical Assay of Prepared Phyto Extract

Total phenol Content (TPC) and Total Tannin content (TTC)
were analyzed using Folin-Ciocalteu method [5, 18]. For
Total Flavonoids determination, aluminum chloride colori-
metric method was used [40]. Plant extract (0.5 mL) was
mixed with 1.5 mL of methanol, 0.1 mL of 10% aluminum
chloride, 0.1 mL of 1 M potassium acetate and 2.8 mL of
deionised water. The reaction mixture was allowed to stand
at room temperature for 30 min and the absorbance of the
reaction mixture was measured at 415 nm. The calibration
curve was prepared by using Quercetin at concentrations of
12.5-100 mg/L in methanol. The reducing power of water
extracts of plant material was determined by the method of
Oyaizu [31]. For antioxidant assay, DPPH (2, 2-diphenyl-
1-picryl-hydrazyl-hydrate) scavenging method was used;
0.1 mL of extracts was mixed with 2.9 mL of 0.1 mM DPPH
solution. Negative control was prepared by mixing 0.1 mL of
methanol with 2.9 mL of DPPH solution. The radical scav-
enging activity was calculated in terms of Ascorbic Acid
Equivalent [40].

2.4 Synthesis of Graphene Oxide (GO) Nanosheets

Improved Hummer’s Method with minor modification was
used to make GO nanosheets from natural graphite pow-
der [29, 60]. In a nutshell, graphite powder was added to a
low-temperature combination of conc. HySO4 and H3PO4
(1:9). Followed by addition of KMnQj in same reaction ves-
sel and was kept under stirring condition for 12 hat45 °C. GO
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dispersion was obtained by addition of 20 mL 30% H»O,.
Purification was done by multiple washing with HCI and
Type I deionised water until the pH was reached to 7. Finally,
the GO nanosheets dispersion were dried at 55 °C overnight.

2.4.1 Phyto-Synthesis of Silver Nanoparticles Embedded
Graphene Oxide Nanosheet (Ag°NP@GO
Nanocomposite)

100 mL of GO dispersion (1.005 mg/mL) was added with
calculated weight of AgNOj3 so that final concentration of
Ag* ions was 10 mM. This mixture was allowed to stand
overnight. Finally, 15 mL of fresh aqueous plant extract
of Lantana camara was added and mixed vigorously. The
above mixture was heated in microwave oven at 900 Hz
for 120 s. Dark brown mass was separated by centrifuga-
tion at 5000 rpm; pellet was washed thrice with acetone and
deionized water followed by drying at 40°C [11]. Dried mate-
rial was ground and stored for further characterization and
antimicrobial studies. During the above synthesis, one set
of a blank system (i.e. GO dispersion with 10 mM AgNO3
solution without plant extract) was run parallel to check the
effect of microwave on the formation of nanoparticles.

2.5 Characterization of Synthesized Nanocomposite

Characterization of GO, Ag'NP’s and Ag’NP@GO was
done with UV-Visible spectrophotometer (Labtronics, India
Model-LT290 with spectral scanning software MetaSpec Pro
Ver. 2.0), FT-IR spectra (Bruker, Germany. Model: Vertex 80)
by KBr powder pressed pellets method. Energy-dispersive x-
ray (EDX) spectrometry and Scanning Electron Microscopy
(SEM-EDX, Quanta 2000), HRT- TEM (JEOL, Model: JEM
2100F) and XRD (PANalytical, X’ Pert Pro) for confirming
the crystal phase formation size of metal nanoparticles based
on Debye-Shrerrer’s formula.

ju— kv
~ BCos'

dp

where, dp = Average crystallite size (nm), k = Scherrer con-
stant. K =0.94 for spherical crystallites with cubic symmetry,
N = X-ray wavelength, For XRD, Cu Ka average = 1.54178
A9, p = FWHM (Full Width at Half Maximum) of, XRD
peak, 6 = XRD peak position, half of the Bragg angle 26 (in
radians)

2.6 Inhibition of Bacteria using Synthesized
Nanocomposite

This test was performed using Agar well diffusion technique
[46]. Four bacterial strain (Escherichia coli, Pseudomonas
putida, Bacillus subtilis and Staphylococcus aureus) were

mixed individually in phosphate buffer (pH 7.2), vortexed
and optical density adjusted to 0.5 [48]. 1 mL of each bacte-
rial culture was bulk seeded in sterile Luria Bertani molten
agar, poured and allowed to solidify. Further, using a steril-
ized cork borer, wells were dug and 100 pL of synthesized
nanocomposite (25, 50, 100, 200, 300, 400 and 500 mg/L)
and saline (Control) were added to these wells. The plates
were incubated at 37 °C for 24 h. Zone of inhibition were
measured and mean values are reported.

2.7 Determination of Minimum Inhibitory
Concentration (MIC) and Minimum Bactericidal
Concentration (MBC)

MBC is the lowest concentration of antimicrobial that will
prevent the growth of an organism, while MIC is the lowest
concentration of nanoparticles that will impede the visible
growth of a bacterium. In brief, 96 well micro titer plate-
based method was adapted, each well was first added with
sterile 100 WL the Mueller Hinton broth followed by the 100
WL of varying concentration of nanomaterial in dispersion
form. Lastly 50uL bacterial culture of known cell density
(O.D at 600 nm adjusted at 0.1) was added. The plates were
incubated for 24 h at 37 °C. Inoculating culture in growth
media without test samples served as a negative control.
Finally, 40 L of INT (p-iodonitrotetrazolium salt) dye solu-
tion was added and incubated at 30 °C for 30 min and the
color change of dye from yellow to pink by viable bacte-
ria was observed and reported. Bactericidal Concentration
(MBC) was evaluated by streaking a loop full of the sample
from the wells with concentrations corresponding to MIC
and above on sterile nutrient agar plates.

2.8 Antifungal Activity of Synthesized
Nanocomposite

Two fungi were used namely, Candida albicans and
Aspergillus niger. For antifungal activity against Candida,
agar well diffusion technique was used and for Aspergillus,
disc diffusion method was performed. In brief, sterile potato
dextrose agar plates were coated with synthesized nanocom-
posite using a sterilized glass spreader. Further, sterile paper
discs were loaded with fungal spores and were placed at
the center of the plate containing nanocomposite. The plates
were incubated at 30 °C for 3 to 4 days. The growth of fun-
gus in form of mycelium was compared with that of blank
(without nanocomposite).
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Fig.1 A UV-Vis spectrum of 07 (A)
AgONPs synthesized with
Lantana camara at different
reaction time B Comparative
UV-Visible Spectrum of GO,
Ag® NPs, and AgPNP@GO
using Lantana Camara plant
extract as reducing agent
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3 Result and Discussion
3.1 Phyto-Chemical Assay of Prepared Plant Extract

Total Phenolic Content (TPC) was found to be 10.44 (TAE
i.e. Tannic Acid Equivalent) and 9.95 (GAE i.e. Gallic Acid
Equivalent), respectively. Similarly, Total Tannin Content
(TTC) was 5.98 (TAE) and 5.75 (GAE). It was also found
that non tannin group of phenolic compounds were also
present in significant concentration [4.46 (TAE) and 4.20
(GAE)]. According to DPPH test, 23% Scavenging Activ-
ity was observed whereas, Total Flavonoid Content (TFC)

@ Springer
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was figured as 8687 mg QE/Kg i.e. mg of quercetin equiv-
alent per kg of dry matter. Along with this positive test
of Ferric Reducing Antioxidant Power Assay (FRAP) also
proved the reduction potential of the phytochemical present
in the plant extract. According to a study by Jain et al. [33],
nearly 14 compounds were detected and quantified from
Lantana camara leaves extract by HPLC, namely protocat-
echuic acid, p-hydroxybenzoic acid, vanillic acid, syringic
acid, Vanillin, p-coumaric acid, caffeic acid, gentisic acid, m
-coumaric acid, o -coumaric acid, ferulic acid, salicylic acid,
t-cinnamic acid and methyl coumarin which were major con-
tributory members in total phenol content of the plant extract.
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Fig.2 XRD pattern of Natural Graphite, GO and AgNP@GO synthesized using plant extract as a reducing agent

From overall phytochemical analysis, it was established that
the plant extract has enough concentration of Total Pheno-
lic (TPC), tannin (TTC), Flavonoids (TFC) and Antioxidant
group of compounds which can act as a potent green reducing
agent for the reduction of the metal ions to metal nanopar-
ticles as compared to blank solution. No color change was
observed in the blank experiment without the plant extract,
thus showing the necessity of the extract for the Ag* ions

reduction under the experimental conditions. Also, phytoex-
tract act as a stabilizing agent which prevents nanoparticles
from the process of agglomeration.

3.2 Synthesis and Characterization
of Nanocomposite

When Lantana camara plant extract was mixed with freshly
prepared silver nitrate solution, the mixture turned from col-
orless to yellowish brown. The effect of time on biogenic

@ Springer
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Fig. 5 HR-TEM micrographs of Ag’NP@GO nanocomposite showing
Ag® NP impregnated on GO nanosheet (I, III and IV- size distribution of
AgONPs anchored to GO sheets and I-selected area electron diffraction
(SAED) pattern)

Table 1 Percent weight contribution of elements Ag, C and O atoms in
AgNP@GO nanocomposite

Element Weight% Atomic% NetInt  Error K

% ratio
C 22 49 231 59 0.2
o 22 37 76 13 0
Ag 56.2 14 895.8 3 0.5

Kg'NPs
| 76 nm
4

WD HV mag det pressure HFW | - 5 pum
11.2 mm 20.00 kV 20 000 x LFD 65 Pa 12.8 ym ICON

synthesis of Ag’NPs using Lantana camara plant extract is
shownin Fig. 1 A. A characteristic surface plasmon resonance
(SPR) peak observed in the visible region ranging from 400
to 500 nm with Apax of 454 nm was indicative of formation
of AgNPs and such peak was not present in the UV—Vis-
ible spectra of silver nitrate solution. The peak’s intensity
grew for the first 6 h and then remained constant. Broad-
ened SPR peak indicated the formation of varied sized poly
disperse Ag’NPs [32]. Position of the SPR peak generally
depends upon the shape and size of nanoparticles [20]. Blue
or red-shifts in the hpx of the SPR peaks could be related to
obtaining Ag’NPs of various shapes and sizes [49].

Further, UV—Visible spectra of GO, pristine Ag’NP, and
Ag"NP@GO (Fig. 1B) showed that GO sample had a strong
absorption peak at 230 nm, which is due to the m-7* tran-
sitions of aromatic C—C bonds present in GO 2D structure.
However, Ag”NP@GO spectrum showed two different peaks
at 240 nm and 445 nm each formed corresponding to the
excitation of the plasmon graphitic structure and features
of AgONPs, respectively. The near conjugation of Ag'NP
and the GO sheet caused electron transfer and a rise in the
transition energy, which caused the red-shift. These findings
corroborate the Ag’NP@GO composite’s effective creation.
Similar observation was reported by Chen et.al [8] and Chook
et.al [12].

XRD was used to examine the crystalline structures of nat-
ural graphite and synthesized Graphene oxide. The stacking
order of natural graphite and Graphene oxide is connected
to the feature diffraction peak. As shown in Fig. 2, natural
graphite powder shows an intense peak at 26.6°, whereas
the feature diffraction peak of synthesized GO appears at
20 = 10.0°. Natural graphite has an interlayer distance of
3.34 A°, which was raised to 8.833 A° for GO. The presence
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Fig.6 EDX spectrum showing 2.00K
Elemental composition of the Ag
Ag'NP@GO nanocomposite 1.80K
with peak position 160K
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Fig. 7 Minimum Inhibitory
Concentration (MIC) and P. putida BMBC
Minimum Bactericidal BaMIC
Concentration (MBC) of test
bacteria E.Coli
S.aureus
B.subtilis
0 100 200 300 400 500 600
Conc (mg/L)
Table 2 Average values of Zone
of Inhibition (in mm) for Conc B. subtilis S. aureus E. coli P. putida
Ag°NP@GO nanocomposites of ~ (Mg/L)
various concentrations against
selected bacterial species 0 - - - -
25 - - - -
50 - - - 12
100 18 - - 12
200 19 11 11 14
300 20 14 11 16
400 21 14 18 18
500 21 18 21 21

of intercalated H>O molecules trapped between hydrophilic
graphene oxide sheets and the attachment of different oxide
groups between the carbon layers is indicated by the rise
in interlayer distance (d-spacing) when graphite oxidizes.
From XRD pattern of the Ag"NP@GO nanocomposite apart
from the diffraction peak of GO concerted at 26 of 10.7°, the
peaks at 20 = 38.19°, 44.38°, 64.53°,77.40° and 81.61° can
be respectively indexed to the (111), (200), (220), (311) and

@ Springer

(222) diffractions of metallic Ag nanoparticles, suggesting
the successful formation of metallic AgNP’s on the sur-
face of GO nanosheets. In-case of XRD difractogram of
Ag"NP@GO, intensity of GO peak position is little sup-
pressed due to the surface decoration of GO nanosheet
with AgONPs [28]. According to Shrerrer’s formula aver-
age particle size of the nanocomposite was observed to be
51 nm.
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Figure 3 shows the Fourier transform infrared (FTIR)
spectra of GO and Ag’NP@GO. The C=C bonding of the
aromatic rings of the GO carbon skeleton structure is rep-
resented by the existence of an absorption band at around
1591 cm™!. The presence of other oxygenated functional
groups can also be detected, including O-H stretching vibra-
tion at approximately 3424 cm~! and O—H bending vibration
at 1381 cm™!, C=0 stretching of carboxylic acid and or car-
bonyl moiety functional group at approximately 1729 cm™!,
C-O stretching with phenolic hydroxyl group C—OH bending
observed at approximately 1209 cm~!, and C—O at approx-
imately 1051 cm~! [71]. Similar observation were reported
by Haldorai et al. [26] indicating successful formation of
AgNP@GO nanocomposite. However, the total removal of
water could not be achieved as GO absorbs moisture from the
air due to its hydrophilic groups (oxy, hydroxyl and epoxy)
on GO nanosheet which was also detected in FTIR spec-
trum.

Scanning Electron Microscopy (SEM) micrographs were
used to investigate the status of GO based silver nanocom-
posites after drying their dispersions. The top surface of the
SEM images of the Ag’NPs @GO nanocomposites revealed a
thick surface, while many Ag"NPs, white shiny dots (marked
with a yellow arrow in Fig. 4), and were randomly dis-
tributed on the GO surface. They were in aggregates with
uneven forms and a wide size distribution. HR-TEM anal-
ysis further revealed the deposition of AgNP on the upper
and lower layers of the crumpled silk waves like GO sheets
(Fig. 5). The black-and-white contrast of the particles dis-
tinguishes between the depositions of Ag”NP on translucent
GO sheets.

Gao et.al [24] reported wrinkled Curtain like appearance
of GO nanosheet proves a nano form of 2D carbon material.
Further the purity of the synthesized Ag’NPs was investi-
gated by EDX spectral measurements (Table 1). The EDX
spectra (Fig. 6) showed the presence of elemental compo-
sition of C (30.36%) and O (36.57%) atoms. The surface
and in-situ anchoring of Ag°NPs in GO nanosheet can be
proved with very strong intensity of EDX spectra for Ag
(33.06%). Thus, the aqueous extract of leaves of Lantana
camara is found to be a powerful eco-friendly reducing agent
for reducing metal salts into their nanostructures. Singh et.al
[59] stated that nanoparticles synthesized from plant sources
were found to be much more stable than those formed by
microbes and fungus.

3.3 Inhibition of Bacterial Species using Synthesized
Nanocomposite

A zone of inhibition (ZOI) test is a qualitative method to mea-
sure antimicrobial activity to inhibit microbial growth. Itis an
area of media where microorganism are unable to grow, due
to presence of a nanocomposite that impedes their growth.

Greater efficacy yields larger microbe-free zones surround-
ing nanocomposite containing well after overnight growth
on solid media. Staphylococcus aureus, bacteria colonize the
skin, gastrointestinal tract, and the blood stream infections
are associated with significant mortality [62]. Pathogenic
E. coli strains cause intestinal and extra-intestinal virulence
by secreting the adhesins, toxins, iron acquisition factors,
lipopolysaccharides that affect a wide range of cellular pro-
cesses [36]. Bacillus and Pseudomonas putida are common
in soil and water, but they have also been identified as
opportunistic human pathogens that can cause nosocomial
infections. [19]. Hence, inhibiting these bacteria is of great
importance. From the antibacterial assay, it was observed
that Ag°NP@GO showed effective inhibitory action against
all the test bacteria (Table 2). With the increase in the con-
centration of the nanocomposite inhibitory activity was also
increased. Concentrations ranging from 25 to 500 mg/L
were tested against selected bacterial species. Pseudomonas
putida was most sensitive with zone of inhibition of 12 mm at
50 mg/L. At concentration of 100 mg/L only B. subtilis and P.
putida were inhibited (ZOI-18 and 12 mm, respectively). To
inhibit all four organism, minimum of 200 mg/L concentra-
tion of nanocomposite was required. S. aureus (ZOI-18 mm)
resisted more at concentration of 500 mg/L as compared to
other organisms (ZOI-21 mm). The cell wall and cell shape of
Gram-positive bacteria, such as S. aureus, have many layers
of peptidoglycan with 30—100 nm thickness, teichoic acid,
and phosphated sugar [58] which make them resist to many
antimicrobial. The results of Minimum Inhibitory Concen-
tration and Minimum Bactericidal Concentration are in line
with that of results of inhibition test. The MIC values for
the Ag’NP @GO nanocomposite were found to be 100 mg/L
for B. subtilis and 300 mg/L for S.aureus (Fig. 7). Similar
results i.e. no zone of inhibition for S.aureus at 100 mg/L
and inhibition for E.coli were obtained by Chook et.al [12]
where they used microwave-assisted technique for synthe-
sis of similar nanocomposite. The MBC reported by Moraes
et.al [50] against S.aureus and E.coli was 30 mg/L; how-
ever the synthesis of nanocomposite was through chemical
reduction using sodium citrate. The gram-negative bacteria
were more susceptible to the inhibitory action. This could
be due to the presence of thin peptidoglycan layer present
in the cell wall of gram-negative organism as compared to
gram positive bacteria [4]. Overall, the antibacterial action of
the AgNP@GO nanocomposite can be explained as “Trap
and Kill” mechanism. Where, GO nanosheet with 2D struc-
ture and surface functional groups and charges helps to bind
the bacterial cells like a trapping agent and Ag°NPs embed-
ded in GO sheet makes the bacterial cell non-viable. Silver
nanoparticles interact with bacterial membrane thereby alter-
ing the permeability and changing the cell structure leading
to cell death [45]. According to Kurantowicz et al. [41], bac-
teria can cling to the GO surface, resulting in the highest
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Table 3 Antifungal Assay of
Aspergillus niger and Candida
albicans

Diameter of Mycelial Zone of Inhibition in mm
Growth (mm)

Conc. (mg/L)
0
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31
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antibacterial activity. GO is characterized by a high degree
of oxygenated functional groups: carbonyl, carboxylate, and
hydroxyl which must be attracting bacteria since these groups
are present on nutrients (amino acids, fatty acids).

3.4 Antifungal Activity of Synthesized
Nanocomposite

Candida albicans is the most prevalent fungal pathogen in
humans, causing infections ranging from mucosal to sys-
temic. Biofilm production on the host or abiotic surfaces,
such as indwelling medical devices, is linked to the major-
ity of C. albicans infections, which are associated with high
morbidity and death. Significantly, C. albicans biofilms are
naturally resistant to antimicrobial therapy, hence its sen-
sitivity to existing treatment drugs remains low [63]. The
most common storage fungus, Aspergillus niger, is seen to
constitute a severe threat to the food and herbal medicines
industries. When living organisms, including humans, are
exposed to A. niger and mycotoxins (ochratoxin A and
fuminisins), usually are affected by immunotoxicity, car-
cinogenicity and hepatotoxicity [56]. Hence its inhibition is
of utmost importance. The concentrations of Ag'NP@GO
nanocomposite, which totally inhibited the mycelial growths
of Aspergillus niger was found to be 400 mg/L, whereas
300 mg/L had mild antifungal effect. Similar nanocomposite

@ Springer

was used by Chen et.al [9] against Fusarium graminearum
fungus. The agar well diffusion test performed on Candida
albicans showed effective antifungal effect with increase in
concentration. Very low concentration i.e. 50 mg/L could
greatly inhibit C.albicans giving 26 mm zone of inhibi-
tion (Fig. 8 & Table 3). The zone of inhibition reported by
Cui et.al [14] using same nanocomposite against C.albicans
was 21 mm at 50 mg/L. Whereas, when silver nanoparticle
in combination with other polymeric material like polyani-
line and polystyrene showed mild antifungal activity against
C.albicans compared to present work [69]. The ability of
the AgNP@GO nanosheets to suppress fungi is most likely
due to direct contact with the fungi’s cell walls. The reactive
oxygen-containing functionalities of GO nanosheets might
chemically react with the organic functional groups of chitin
and other polysaccharides on the cell walls of fungi [30].
AgONPs are well established for their antifungal properties,
hence combination of GO with Ag® NPs acted synergistically
against these pathogenic fungi.

The antimicrobial results obtained in this investigation
were compared to those obtained in previous studies that used
various types of nanoparticles or nanomaterials, synthesized
using various processes, and tested against the bacteria used
in this study. The AgNP@GO preparation is simple and fea-
sible, which is one of the major advantages of the synthesis
process used in this research. We propose a cost-effective and
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rapid synthesis method using the plant extract as compared
to Shaik et al. [57], Hamouda et al. [27]. Furthermore, when
compared to the data reported in Table 4, the antibacterial
potential as ZOI was much higher. Except in the study by
Galal et al. [22], when the dosage of protein coated CulNPs
was 1000 pg/mL, which was twice as much as concentration
used in current research work.

4 Conclusion

AgNP@GO nanocomposites was successfully synthesized
in situ with simple, inexpensive, environment friendly and
non-toxic reaction set-up. Our method has the advantage that
the GO surface acts as a suitable platform for deposition
of AgONPs to form composites for bio-related applications,
using Lantana camara aqueous leaf extract as a green reduc-
tant for Ag* ions. This provides an alternative route of
synthesis to minimize the usage of energy, corrosive and haz-
ardous chemicals. Ag”NP with an average size of 76 nm were
impregnated onto GO sheets. Ag"NP@GO nanocomposites
showed effective antibacterial activity and antifungal activity.
The advantage of this surface functionalized nanocompos-
ite with low Ag content is that it reduces the concern and
risk of excessive silver use, making it a potential material
for disinfection applications and an effective solution for
public health. In conclusion, A¢NP@GO nanocomposites
has proven to be a promising nanocomposite for controlling
harmful biological contaminants.
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