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Abstract

In present research work graphene silver nanocomposite (rGO@AgNCs) was synthesized by using the sapodilla peel extract under the photochemical 
irradiation. Antibacterial potential GO@AgNCs was studied against dental pathogen viz. Bacillus pumilus, Pseudomonas aeruginosa, Enterococcus faecalis, 
Escherichia coli, and Staphylococcus aureus.The minimum inhibitory concentration of GO and rGO@AgNCs was studied against dental pathogen in which the 
fabricated rGO@AgNCs exhibited highest MIC of 7.81 µg/mL against Pseudomonas aeruginosa while the least MIC of 15.62 µg/mL was observed against 
Staphyloccous aureus and GO exhibited highest MIC of 62.5 µg/mL against Pseudomonas aeruginosa and Staphyloccous aureus. Thus rGO@AgNCs may show 
to be superior antibacterial agents against dental pathogens.

INTRODUCTION
Recently, graphene has involved in both academic and 

industrial interest because graphene is a material made of 
carbon atoms that are bonded together in a repeating pattern of 
hexagons [1]. Evidently, graphene have been exposed in a wide 
range of applications, such as electronic, energy storage and 
supercapacitor, batteries (fuel cells, solar cells), and bioscience/
biotechnologies because of its unique physicochemical 
properties: high surface area, excellent thermal conductivity and 
electric conductivity and strong mechanical strength [2,3].

In recent years graphene-based nanocomposites have great 
potential in various biomedical applications including drug/gene 
delivery, imaging, antibacterial and anti-cancer activities [4]. In 
which graphene acts either as a functional element or a substrate 
for immobilizing the other constituents such as metal likes silver, 
gold, zinc oxide, copper etc [5]. From the category of inorganic 
materials silver has unique optical, electronic, and catalytic 
properties, which are different from their bulk counterparts and 
hence lead to more attention in various areas of applications 
like catalysis [6], chemical sensing [7], antibacterial [8], and 
biosensing [9,10]. In recent years, various investigations have 
been reported for synthesis of GO based Ag nanocomposite by 
several methods like chemical [11], thermal [12], microwave 
[13], and green methods [14]. In chemicals reduction method 
chemical such as Hydrazine (N2H4) [15], Sodium borohydride 
(NaBH4) [16], Dimethyl hydrazine (C2H8N2) [17], Hydroquinone 
(C6H6O2) [18], Sulphuric acid (H2SO4) [19], and Aluminium 

powder (Al) [20], involved in the reduction and functionalization 
of graphene oxide. These types of chemical reducing agent have 
highest number of toxicity which laid down during processing or 
in the final product. Green approach for reduction of graphene 
oxide is desirable from which natural reducing agents, plant 
extracts have been considerably exploited due to their low 
cost, bulk availability and biocompatibility for the synthesis of 
graphene metal nanocomposite [21]. In developed countries, 
42% of food waste is produced by households, while 39% losses 
occur in the food manufacturing industry, 14% in food service 
sector and remaining 5% in retail and distribution. So, now days 
various scientists focused on utilization of raw material for new 
products and applications [22]. Manilkara zapota is commonly 
known as sapodilla/ chikoo and grown in huge quantities in India, 
Pakistan and Mexico. The fruit and its peel contain high amounts 
of saponin, which has astringent properties similar to tannin and 
in addition, ethanolic extract of peel exhibited highest amount of 
flavonoid and total phenol contents [23,24]. It has antioxidant 
activity because of compounds contained polyphenols catechin, 
epicatechin, leucocyanidin, leucodelphinidin, leucopelargonidin, 
chlorogenic acid, and gallic acid is in unripe sapodilla fruit 
and ripe fruit, the level of 5-caffeoyl quinic acid was measured 
recently in the peel and pulp [25].

Among the various metal likes cadmium, gold, platinum, 
zinc, etc silver showing strong antibacterial properties and 
been applied in various applications such as medical coating, 
water filtration and home appliances [26,27]. Nano silver 
incorporated graphene nanocomposites were prepared through 
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in-situ generation of silver nanoparticles within exfoliated 
graphene network for packaging and medical applications due 
its antimicrobial properties [28]. Hence, we report herein simple 
greeneco-friendly method for synthesis of GO@AgNCs by using 
sunlight irradiation and Manilkara zapota fruit peel extract as 
a reducing agent for enhanced antibacterial potential against 
dental pathogens.

MATERIALS AND METHODS

Materials

Sapodilla fruit were collected from local market (Shirpur, 
Maharashtra, India). Graphite flakes were provided by Asbury 
Carbons, New Jersey. Sulfuric acid, Hydrochloric acid and 
Silver nitrate were purchased from Merck Specialties Pvt. 
Ltd., Mumbai, and Potassium Permanganate purchased from 
Loba Chemie Pvt. Ltd, Mumbai. Hydrogen peroxide was 
purchased from RFCL Limited, Mumbai. All other chemicals 
and reagents were of analytical grade and used as received 
without purification.

Synthesis of Graphene Oxide (GO)

GO was prepared by the oxidation of natural graphite powder 
according to modified Hummers method [29]. 

Preparation of aqueous sapodilla peel extract

Sapodilla peel extract was prepared by taking sapodilla fruit 
washed with distilled water, and peeled off manually then this 
peels were cut into small pieces using a sharp knife. About 10 
g of peel were mixed with 25 ml boiled distilled water and left 
for 1 h. The extract obtained by filtration was used for further 
experiments. 

Preparation of rGO@AgNCs nanocomposite

The rGO@AgNCs was prepared by treating the aqueous 
solutions of GO, sapodilla peel extract and silver ammonia 
solution to bright sunlight. Firstly, 0.1M of silver ammonia 
solution was prepared separately by mixing 100 mL of 0.1M of 
AgNO3 solution with 200 mL of 0.1 M aqueous ammonia solution. 
Then, 1 mL of GO (0.1 mg/mL) and 20 mL of 0.1 M silver ammonia 
solutions were taken in a beaker and the mixture was stirred. 2 
mL of freshly prepared aqueous sapodilla peel extract was added 
in above mixture under stirring and treated with bright sunlight. 
Between a few seconds of sunlight treatment, brown colour 
of mixture solution started to change dark yellowish brown 
indicating the formation of rGO@AgNCs. Then, the reaction 
mixture was covered with an aluminium foil and kept in dark 
for an hour to allow AgNPs to depositon GO sheets. Finally, the 
brown solution was centrifuged at 4000 rpm for 10 min and the 
precipitate was washed with distilled water for three times. The 
final product used for further studies [14].

Isolation of microbes from dental diseases 

Collection of samples for isolation of microorganism: 
Bacterial strains were isolated from samples obtained from 
dental caries and dental abscess collected from the local dental 
clinic. The samples were collected in 100 mL sterile containers 
and analyzed for the presence of bacterial strains.

Isolation and enrichment: 5 mL of the collected sample was 
inoculated in an Erlenmeyer flask containing 100 mL nutrient 
broth and incubated at 30 °C for 72 hours on a rotary shaker at 
150 rpm. Each culture broth was successively sub-cultured thrice 
in order to obtain a pure culture.

Screening of dental caries and dental abscess bacteria: 
After 72 hours incubation, 0.1 mL of each culture broth was 
streaked on to Mueller hinton agar (MHA) medium and incubated 
for 48 hours at 30 °C; total colonies exhibiting growth on MHA 
plates were selected by repeating sub-culturing. Each isolate 
having grown onto these plates was re-streaked on nutrient agar 
and designated by a specific code.

Identification of selected isolates: From the twelve 
isolates, preliminary identification of three isolates (namely 
DC1, DA1 and DA2) was performed as per Bergey’s manual of 
systemic bacteriology [30]. Identification mainly included study 
of morphological, cultural and biochemical characteristics [31].

Antibacterial activity:

Antibacterial activity agar well method: The bacterial 
growth inhibitory potential of the selected GO and rGO@AgNCs 
was determined by using the agar well diffusion method [32,33].

Determination of minimum inhibitory concentration 
(MIC) for bacteria: For determination of MIC Mueller-Hinton 
broth was used. 96-well microtiter plate, magnifying mirror and 
overhead projector were required for the MIC experimentation. 
The MIC evaluations were performed in triplicates using micro-
dilution broth method [34,35].

Characterization

The synthesized GO and rGO@AgNCs was characterized 
by the UV–visible spectra were recorded between 800-400 nm 
on UV 1800 spectrophotometer Shimadzu, Japan using quartz 
cuvettes. The functional groups of GO and rGO@AgNCs was 
examined using a DRS 8000 IR spectrophotometer Shimadzu 
8400s, Japan and scanned over a wave range of 4000-400 cm-1. 
The morphology and elemental analysis of GO and rGO@AgNCs 
was examined under Scanning electron microscope (SEM) with 
15 kV acceleration voltage and observations were carried out 
on Bruker, 1530-2 FESEM/ EDX, Germany. The particle size and 
zeta potential of synthesized GO and rGO@AgNCs was measured 
using Nanoplus 3 Particulate System, Micromeritics, USA and 
antibacterial potencial was measured by calculating zone of 
inhibition and minimum inhibitory concentration.

RESULTS AND DISCUSSION

Characterization of GO and rGO@AgNCs 
nanocomposite

UV spectroscopy analysis: The UV spectrum of synthesized 
GO showed maximum peak absorption at 229 nm (Figure 1A) 
which is attributed to π–π* transition of the atomic C–C bonds 
and a shoulder peak at ~300 nm is due to n–π* transitions of C–O 
group. The interaction of AgNPs on the surface of GO by in situ 
reduction of GO and AgNO3 using sapodilla peel extracts, a new 
two band emerged at 425 nm and 254 nm (Figure 1B). The band 
at 425 nm corresponding to the characteristic surface plasmon 
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absorption band of AgNPs. The disappearance of characteristic 
peaks of GO and the emerging of new band at 254 nm 
corresponding to the reduction of GO by electrostatic conjugation 
that is π–π* transition of aromatic C-C bond between GO and 
reduced GO. From that indication a simultaneous reduction of 
both GO and AgNO3 and the formation of rGO@AgNCs.

Fourier Transform Infrared (FTIR) Spectroscopy

FTIR spectra of GO: From the FT-IR spectrum of GO (Figure 
2A) showed the formation of many oxygen containing groups, 
such as hydroxyl (OH) stretching at 3356 cm-1, C-H stretching at 
2895 cm-1 and 2911 cm-1, carbonyl(C=O) at 1758 cm-1, unstable 
double bond (C=C) at 1658 cm-1 and peak at 1156 cm-1 due to 
epoxy or alkoxy group(C-O). The introduction of these oxygen-
containing groups resulted in the increase of the interlayer 
spacing between graphite sheets but did not exfoliate them 
totally.

FTIR spectra of rGO@AgNCs: From the FT-IR spectrum 
of rGO@AgNCs (Figure 2B) showed the formation of many 
oxygen containing groups, such as hydroxyl (OH) stretching 
at 3403cm-1, carbonyl(C=O) at 1725 cm-1, unstable double 
bond (C=C) at 1597 cm-1 and peak at 1121 cm-1 and 1025 due 
to epoxy or alkoxy group(C-O). Interestingly the interaction 
between the nanoparticale and GO were strong enough to 
ensure the nanoparticale remain attached even after the sunlight 
and sapodilla peel extract usage and the reduction of GO was 
evidenced by the decrease or even suppression of different 
oxygen functionalities in rGO@AgNCs.

Scanning Electron Microscopy (SEM): The surface 
morphology at synthesized GO, rGO@AgNCs was analyzed using 
SEM analysis. The SEM images of plane GO, and rGO@AgNCs is 
shown in Figure 3A and 3B. The GO can be observed as stacked 
structure of GO nanosheets, the SEM images of original graphene 
is also rough, alike to GO but it does not shows presence of 
multiple stacked sheets which is visible in the SEM images of GO 
and features a curly morphology with a thin, wrinkled structure. 
Other difference of original graphene and GO is absence of oxygen 
containing functional group in graphene. In the case of rGO@

AgNCs the stacked structure of GO sheets converted to rough 
structure due to deposition of Ag on the GO. The SEM images of 
GO and rGO@AgNCsclearly indicate the distinct change in surface 
morphology, which gives further confirmation of successful 
construction of rGO@AgNCs.

Elemental analysis using EDX: The elemental analysis of 
synthesized GO (Figure 4A) and rGO@AgNCs (Figure 4B) indicate 
for endorsement of the presence of Ag, and other elements such 
as Carbon and Oxygen. At the same instant determination of 
impurities, if any. Elemental analysis of synthesized GO and 
rGO@AgNCs were studied using SEM-EDX analysis. In the case 
of GO, carbon and oxygen were determined from the spectra, 
in which presence of carbon as well as oxygen was found to be 
34.31 % and 65.69 % respectively. From the obtained spectra 
of the EDX analysis, presence of oxygen was confirmed which is 
attributed to oxygen containing functional groups present on GO. 
The spectrum of rGO@AgNCs further demostrated the presence 
of 90.57 % silver, 6.83 % Oxygen and 2.60 % Carbon presence 
of these all elements in the rGO@AgNCs as well as decreasing 
quantity of oxygen functionalities in rGO@AgNCs as compare to 
GO determines successful formation of the rGO@AgNCs.

Zeta potential and particle size analysis: Particle size is 
the critical factor because the rate and extent of release as well 
as absorption of therapeutic materials is directly depends on 
particle size. The GO and rGO@AgNCs were analyzed by using 
Nanoplus3 particulate system. In which particle size of rGO@
AgNCs was measured. The average particle size rGO@AgNCs was 
found to be 746.2 nm and the zeta potential of this Ncs was found 
to be 65.22milivolt as shown in Figure 5A,5B. From above results 
rGO@AgNCs gives better particle size as well as potential.

Identification of isolates: The colony characteristics 
of dental caries and dental abscess isolates (DC1, DA1 and 
DA2) are summarized in Table 1. The biochemical and colony 
characteristics of DC1, DA1 and DA2 strain were investigated 
by using reported method [32]. On the basis of these colony 
characteristics, dental caries isolates namely DC1 was identified 
as Bacillus pumilus while dental abscess isolates DA1, and DA2 
were identified as Pseudomonas aeruginosa and Enterococcus 

Figure 1 UV spectra of A) GO and B) rGO@AgNCs nanocomposite.
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Figure 2 FT-IR spectrum A) GO and B) rGO@AgNCs nanocomposite.

Figure 3 SEM image of A) GO and B) rGO@AgNCs nanocomposite.

Figure 4 EDX spectra of A) GO and B) rGO@AgNCs nanocomposite.

faecalis [36]. This identification was further verified by biology 
system at the National Centre for Cell Science (NCCS), Pune. 
The isolated dental pathogens were well associated with earlier 
reported literature [36-39].

Zone of inhibition (ZOI) of GO and rGO@AgNCs: 
Antibacterial activity of the GO and rGO@AgNCs was studied using 

agar well diffusion method. In this method [i] Bacillus pumilus [ii] 
Pseudomonas aeruginosa [iii] Enterococcus Faecalis [iv] E coli [v] 
Staphyloccocus aureus cultured microorganisms were used. The 
ZOI of rGO@AgNCs are shown in the Figure 6.The developed 
rGO@AgNCs exhibited highest zone diameter of 21 mm against 
Pseudomonas aeruginosa while the least zone diameter of 19 mm 
was observed against Staphyloccous aureus and GO exhibited 
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Figure 5 A) Particale size of rGO@AgNCs B) Zeta potential of rGO@AgNCs.

Figure 6 Zone of Inhibition of the GO and rGO@AgNCs [A] E. coli. [B] S. aureous.

Figure 7 Zone of inhibition of the GO and GO@AgNCs.

highest zone diameter of 13 mm against Pseudomonas aeruginosa 
and 10 mm against Staphyloccous aureus mentioned in Figure 7. 
From which we can determined that the ZOI of rGO@AgNCs was 
larger than the ZOI of GO. 

Minimum inhibitory concentration (MIC) of GO and 
rGO@AgNCs: The MIC of GO and rGO@AgNCs was studied using 
micro dilution broth method. In this method [i] Bacillus pumilus 
[ii] Pseudomonas aeruginosa [iii] Enterococcus Faecalis [iv] E coli 
[v] Staphyloccocus aureus cultured microorganisms were used. 

The MIC of the fabricated rGO@AgNCs exhibited highest MIC of 
7.81 µg/mL against Pseudomonas aeruginosa while the least MIC 
of 15.62 µg/mL was observed against Staphyloccous aureus and 
GO exhibited highest MIC of 62.5 µg/mL against Pseudomonas 
aeruginosa and Staphyloccous aureus which are shown in the 
Figure 8. From which we can concluded that the MIC of rGO@
AgNCs was larger than the MIC of GO. Thus above observation 
concluded that the rGO@AgNCs had great antibacterial activity 
against dental pathogen. 
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CONCLUSION
The rGO@AgNCs has been effectually synthesized with an 

innovative, simple and green-eco-friendly method, using sapodilla 
peel extract as a reducing agent using sunlight irradiation. The 
developed rGO@AgNCs exhibited highest MIC of 7.81 µg/mL 
against Pseudomonas aeruginosa while the least MIC of 15.62 
µg/mL was observed against Staphyloccous aureus. GO exhibited 
highest MIC of 62.µg/mL against Pseudomonas aeruginosa 
and Staphyloccous aureus. Thus rGO@AgNCs may prove to be 
superior antibacterial agents to prevent dental disorders.
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