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Abstract— Graphene Oxide (GO) and Polyaniline (PANI) were synthesized by modified Hummers method and Oxidative polymerization 
respectively. GO-PANI and GO-PANI-Mupirocin composites were synthesized by simple dispersion methods during polymerization. The 
synthesized composites were characterized by Scanning Electron Microscopy (SEM) and Fourier Transform Infrared Spectroscopy (FT-IR). 
Characterization results confirmed their formation. Antibacterial activity of prepared composites was tested by well diffusion method for 
three different concentrations, 100µg/mL, 200µg/mL and 300µg/mL against two prokaryotic bacterial species, S. aureus and E. coli. 
Bacterial growth was inhibited by the composites sample and measured by zone of inhibition (ZOI) diameter. Both composites showed 
concentration dependent activity i.e. activity increased with increasing concentration. The minimum ZOI diameter was 13.5 mm and the 
maximum was 27.0 mm means that the synthesized composites had greater antibacterial activity against the bacteria. As an antibiotic, 
Mupirocin was used, GO-PANI-Mupirocin composite showed greater activity than GO-PANI. Since these composites inhibited the bacterial 
growth which indicates that they may act as anti-microbial agent for different microorganisms. 

Index Terms— Antibacterial Activity, Composite, Graphene Oxide, Mupirocin, Polyaniline, Well Diffusion, Zone of Inhibition 

——————————      —————————— 

1 INTRODUCTION                                                                     
HE increasing resistance of the microorganisms towards 
antibiotics has been led to serious health problems in the 
recent years. Most infection-causing bacteria are resistant 

to at least one of the antibiotics that are generally used to erad-
icate the infection. This problem encourages the researchers to 
study the new agents which can effectively inhibit microbial 
growth [1]. 
Graphene oxide (GO) have recently emerged as a new allo-
tropic form of carbon that provides an alternative path to Gra-
phene [2]. It is a single-atomic-layered material which is ob-
tained by the synthesis of graphite with strong oxidizing 
agents, available in large quantities at inexpensive prices. 
Structurally GO is chemically modified Graphene, containing 
hydroxyl, carbonyl and epoxy functional groups [3]. Since 
these groups have a high affinity to water molecules, it is hy-
drophilic and can be easily dissolved in water and other sol-
vents allows it to be uniformly deposited onto wide ranging 
substrates in the form of thin films or networks, which makes 
it potentially useful for microelectronics, such as field effect 
transistors, solar cells, sensors and adsorbent for heavy metal 
removal [4], [5]. It has been also used as a promising material 

for preparing new composites [6]. It is well known that GO 
and its composites possess anti-microbial properties and have 
been used as anti-bacterial and antifungal agents [7], [8]. GO is 
reported possess antimicrobial property against various mi-
crobial. There are three steps in the mechanism of antibacterial 
activity of GO towards Escherichia coli [9]. Inhibition activity 
also shown by GO against Escherichia coli and Pseudomonas 
aeruginosa [10]. 
Conducting polymers have attracted a plethora of interest 
among scientists and researchers in recent years owing to its 
potential applications in various fields like electrochemical 
display, sensors, catalysis, redox capacitors, electromagnetic 
shielding and in secondary batteries. Among the conducting 
polymers, Polyaniline (PANI) is one of the promising poly-
mers due to high conductivity, simple synthesis procedure, 
good environmental stability and reversible acid base chemis-
try in aqueous solution and large variety of applications. PANI 
exists in a variety of forms that differ in chemical and physical 
properties. After the polymerization from aniline monomer, 
PANI can be found in one of the three idealized oxidation 
states; Leucoemeraldine-white/clear and colorless fully re-
duced state, Emeraldine-green for emaraldine salt (ES) where-
as blue for emaraldine base (EB) and Pernigraniline-blue/violet 
fully oxidized state [11]. 
 
When our skin comes to a wide range of bacterial invaders, the 
skin is able to present a first line defense against these in-
vaders. However when the skin’s natural defense weakens 
accidentally or intentionally, the role for antibacterial emerge. 
Most antibacterial used topically offer several advantages, 
such as avoidance of systemic toxicity leading to fewer side 
effects, decreased induction of bacterial resistance, and the 
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high concentration of antibacterial agent at the site of infection 
[12]. One good example is mupirocin (pseudomonic acid A), 
an antibiotic produced by Pseudomonas fluoresces which has 
been shown to possess high activity against staphylococci, strep-
tococci, and certain Gram-negative bacteria such as Neisseria 
gonorrhea and Saemophilus influenza. Its clinical use has been 
limited to topical preparations, commonly available as a 2% 
ointment, due to its high protein binding and marked reduc-
tion of its antibacterial activity in the presence of human se-
rum [13]. Its mechanism of action is by inhibiting bacterial 
protein synthesis by specific reversible binding to bacterial 
isoleucyl tRNA synthase [14]. 
 
In the present study, we prepared GO-PANI and GO-PANI-
Mupirocin composites. The prepared specimen was evaluated 
for the antibacterial activity test against Gram positive Staphy-
lococcus aureus and Gram negative Escherichia coli bacteria. Var-
ious methods were used to identify the structure and chemical 
nature of the composites. Though, identically both GO and 
PANI has antibacterial activity revealed by many researchers, 
but their composite’s antibacterial activity still now unex-
posed. So we hope that, this information may be useful to 
evaluate the potential use of these composite incorporated 
with antimicrobial agents as a prophylactic use against bacte-
rial infections in the near future. 

2 METHODOLOGY 
2.1 Chemicals 
Flake graphite, Sodium nitrate, Potassium permanganate, Sul-
furic acid (98%), Hydrogen peroxide, Aniline, Ammonium 
peroxodisulfate (APS), Cetyl trimethyl ammonium bromide 
(CTAB), Hydrochloric acid (35%) obtained from Merck, Ger-
many with high purity and Mupirocin obtained from Sigma 
Aldrich with 99.5% purity. Deionized water (H2O) was used as 
solvent to prepare all of the solutions utilized in this work. 

2.2 Preparation 
Graphene oxide (GO) and Polyaniline (PANI) were prepared 
by modified Hummers’ method [15] and oxidative chemical 
polymerization [16] respectively. GO-PANI and GO-PANI-
Mupirocin composite were prepared by the dispersion of GO 
and Mupirocin solution separately due to the polymerization 
of aniline. 

2.2.1 Preparation of GO-PANI Composite 
Aniline monomer (5 mL) was transferred into the 100 mL 
beaker containing 10 mL water and kept in ice bath with con-
tinuous stirring for 5 min. Then 35% HCl (5 mL) was added 
and stirred for 5 min. 500 mg Cetyl trimethyl ammonium 
bromide (CTAB) (500 mg) was transferred in 100 mL beaker 
containing 10 mL water under stirring for 5 min till it dis-
solved in water. Then 500 mg Ammonium peroxodisulfate 
(APS) was transferred in a 100 mL beaker containing 10 mL 
water under stirring for 5 min till it dissolved in water and 
then added to the monomer contents drop wise. After then 
solid GO powder (30 mg) was dissolved in 70 mL water and 
ultrasonicated for 30 min till it disperse in water and then 
added to the monomer contents drop wise and ultrasonicated 

for additional 2 hr. The contents were then washed several 
times with double distilled water. Finally, the mixture was 
centrifuged to obtain the GO-PANI solid composite which was 
then dried overnight in oven at 700C [17, 18]. 

2.2.2 Preparation of GO-PANI-Mupirocin Composite 
Aniline monomer (5 mL) was transferred into the 100 mL 
beaker containing 10 mL water and kept in ice bath with con-
tinuous stirring for 5 min. Then 35% HCl (5 mL) was added 
and stirred for 5 min. 500 mg Cetyl trimethyl ammonium 
bromide (CTAB) was transferred in a 100 mL beaker contain-
ing 10 mL water under stirring for 5 min till it dissolved in 
water. Then 500 mg Ammonium peroxodisulfate (APS) was 
transferred in a 100 mL beaker containing 10 mL water under 
stirring for 5 min till it dissolved in water and then added to 
the monomer contents drop wise. After then solid GO powder 
(30 mg) was dissolved in 70 mL water and Mupirocin (20mg) 
was dissolved in 80 mL water separately and ultrasonicated 
for 30 min till dispersion in water and then added to the mon-
omer contents drop wise and ultrasonicated for additional 2 
hr. The contents were then washed several times with double 
distilled water. Finally, the mixture was centrifuged to obtain 
the GO-PANI solid composite which was then dried overnight 
in oven at 700C [17, 18]. 

2.3 Antimicrobial Activity Test by Well Diffusion Method 

2.3.1 Bacterial strains 
Clinically important two microorganisms, one prokaryotic 
Gram negative bacteria Escherichia coli (ATCC-25922) and oth-
er prokaryotic gram positive bacteria Staphylococcus aureus 
(ATCC 11632) were included in the study.  

2.3.2 Culture of Bacteria 
Bacteria were cultured on Mueller Hinton broth (MHB) for 24 
hour. Four to five well isolated colonies were transferred and 
inoculated using sterile loop into the tube of sterilized 0.8% 
saline solutions (10 mL) having 3 ml of Mueller Hinton broth 
(MHB). The inoculums was emulsified inside the saline tube to 
avoid clumping of the cells and incubated at 37°C for three 
hours. The broth culture was adjusted to 0.5 McFarland stand-
ards which equal approximately 8x108 CFU/mL of broth. 

2.3.3 Preparation of Nutrient Agar Medium  
To carry out the antibacterial activity test, Mueller Hinton 
Agar (MHA) medium as nutrient agar medium was prepared 
by using beef extract (2.0 g), acid hydrolysate of casein(17.5 g), 
starch (1.5 g) in 1000 mL distilled water and the pH was ad-
justed to 7.0 and agar (17.0 g) was added to the solution. The 
agar medium was sterilized in aquilots of 15 mL at a pressure 
of 15 lbs for 15 min. This nutrient agar medium was trans-
ferred into sterilized petri dishes in a laminar air flow unit and 
allowed to solidify.   

2.3.4 Antibacterial Activity Test of GO-PANI and GO-
PANI-Mupirocin Composite 
Susceptibility of isolates to GO-PANI and GO-PANI-
Mupirocin composites sample was measured in vitro by em-
ploying well diffusion method. This method allows for the 
rapid determination of the efficacy of the sample by measur-
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ing the diameter of the zone of inhibition that results from 
diffusion of the sample reagent into the medium surrounding 
the well. After solidification of the MHA media, a 24 hours 
culture of each organism was standardized to 0.5 McFarland 
standard culture, which was then cultivated as a lawn culture 
on the solid surface of the MHA medium. A cotton swab was 
dipped into broth tube containing young culture of microor-
ganism and was streaked evenly in three directions over the 
entire surface of the MHA plate for uniform inoculums to ob-
tain confluent growth. The plate was then allowed to dry for 
30 to 45 minutes. Wells were made into MHA. GO-PANI and 
GO-PANI-Mupirocin composites sample (100μg/mL, 
200μg/mL and 300μg/mL) were then poured to the wells of the 
inoculated plates using micropipette within 5 min after the 
plates were placed in an incubator at 37°C. After 36 to 48 h of 
incubation, inhibition zone diameter around disc was meas-
ured in mm using Intech antibiotic zone reader (model IN -
1215, India). All the experiments were done in triplicate and 
average values were taken into account. 

3 RESULTS AND DISSCUSSION  

3.1 Scanning Electron Microscopic (SEM) Analysis 
The synthesized GO-PANI Composite and GO-PANI-
Mupirocin composites were studied by SEM (JEOL, JSM-
7600F, USA). A fixed working distance of 8.0-9.3 mm and a 
voltage of 5-10 kV were used.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A coralline-like morphology of GO-PANI composite was ob-
served in which GO host was surrounded by PANI shown in 
Fig. 1. In addition, each flaky layer of the GO uniformly piles 

up while layers of composite have individual directions due to 
the influence of PANI, indicating that Oxidative polymeriza-
tion affects the ordering structure of GO. Where PANI was 
randomly distributed around the GO sheets and a strong 
bonding between PANI and GO could be observed. 
On the other hand the GO-PANI-Mupirocin composite also 
formed a coralline-like morphology which attributed that GO 
host was surrounded by PANI particles followed by Mupiro-
cin shown in Fig. 2. Taking a closer view on the composite sur-
face, it was surprised to observe the rough PANI coating layer 
on the GO sheet which is further coated by Mupirocin formed 
a sandwich like structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2 Fourier Transform Infrared Spectroscopic (FT-IR) 
Analysis 
FT-IR (Model 3116465, Shimadzu, Japan) spectrum of GO-
PANI composite was shown in Fig. 3. Some sharp peaks ap-
peared at 1556 cm-1 indicated the presence of benzene ring. 
Several low intense peaks at 800 cm-1, 820 cm-1 and 880 cm-1 
indicated the out-of-plane deformation (bending) of =C-H for 
monosubstituted or 1,2-disubstituted ring and out-of-plan 
bending of N-H for amine, 1105 cm-1 were due to the stretch-
ing vibration of C-N bond, 1230 cm-1 and 1290 cm-1 respective-
ly showed the presence of stretching C-N bond on primary 
and secondary amine, 1730 cm-1 due to C=O stretching of car-
boxylic acid group, 2922 cm-1 due to aromatic ring stretching 
of C-H bond, 2922 and 2852 cm-1 also for the O-H stretching of 
carboxylic acid group, a broad and wide peak at 3443 cm-1 at-
tributed to the O-H stretching vibrations of the C-OH groups  
and for C-N stretching  of primary and secondary amine. 
FT-IR spectrum of GO-PANI-Mupirocin composite was shown 
in Fig. 4. There were characteristic peaks of GO and PANI as 

 
Fig. 1. SEM images of GO-PANI composite at the magnifications 
(a) 5000, (b) 30000 and (c) 50000.  

 

 
Fig. 2. SEM images of GO-PANI-Mupirocin composite at the 

magnifications (a) 5000, (b) 30000 and (c) 50000. 
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usual shown in Fig. 3. Principal peaks for Mupirocin appeared 
at 950-764 cm-1 for epoxy group, 1352 cm-1 for C-O stretching 
of ether, 1645 cm-1 for conjugation of C=O with unsaturated 
C=C bond, 1713 cm-1 for C=O for ketone, carboxylic acid and 
ester group. At 3435 cm-1, 2925 cm-1 and 2861 cm-1 appeared 
large wide and low intense peak for O-H stretching of carbox-
ylic acid and C-OH group which meant that most of the OH 
and COOH group vanished through bonding. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

3.3 Antibacterial Activity Study 
Consequence of antibacterial activity demonstrates the for-
mation of zone of inhibition (ZOI). Zone of inhibition is the 
area on an agar plate where growth of a control organism is 
prevented by an antibiotic/antibacterial agent usually placed 
on the agar surface. If the test organism is susceptible to the 
antibiotic, it will not grow where the antibiotic is present. The 
size of the zone of inhibition is a measure of the compound's 
effectiveness, the larger the clear area around the antibiotic/ 
antibacterial agent, the more effective the compound. The 
clear zone surrounding the samples in the remaining plates 
showed the activity of the samples. The zone surrounding the 
samples was clear that showed complete zone of inhibition. 
The space surrounding the complete zone of inhibition was 
partial zone of inhibition where the activity decreased than 

complete zone of inhibition. The results showed that the zone 
of inhibition increased with the increasing concentration of the 
samples on the entire microorganism. 

3.3.1 Antibacterial Activity Study of GO-PANI Compo-
site 
The zone of inhibition of GO-PANI composite against E. coli 
and S. aureus were shown in Fig. 5. (a) and (b). As the concen-
tration of GO-PANI composite increased, the zone of inhibi-
tion also increased. The inhibition zone diameter against E. coli 
were 17.0 mm, 22.0 mm, 24.5 mm and against S. aureus were 
13.5 mm, 18.5 mm, 23.5 mm for the concentration 100μg/mL, 
200μg/mL and 300μg/mL respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3.2 Antibacterial Activity Study of GO-PANI-Mupirocin 
Composite 
GO-PANI-Mupirocin composite showed considerable antibac-
terial activity on both the bacteria tested. Formation of zones 
of inhibition of GO-PANI-Mupirocin composite against E. coli 
and S. aureus were shown in Fig. 6. (a) and (b). The diameter of 
inhibition zone measured for E. coli were 18.0 mm, 26.5 mm, 
27.0 mm and for S. aureus were 16.0 mm, 18.5 mm, 23.0 mm for 
the concentration 100 μg/mL, 200 μg/mL and 300μg/mL re-
spectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 1 
Inhibition zone diameter of GO-PANI and GO-PANI-
Mupirocin composite against E. coli and S. aureus 

 
Fig. 3. FTIR analysis of GO-PANI composite. 

 

 
Fig. 4. FTIR analysis of GO-PANI-Mupirocin composite. 

 

 
Fig. 5. Formation of Zone of inhibition against (a) E. coli and (b) 
S. aureus by GO-PANI composite. 

 

 
Fig. 6. Formation of Zone of inhibition against (a) E. coli and (b) 
S. aureus by GO-PANI-Mupirocin composite. 

 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 6, June-2019                                                                                                        1479 
ISSN 2229-5518  

IJSER © 2019 
http://www.ijser.org  

 

Synthesized 

Sample 

Bacteria 

E. coli S. aureus  

Concentration 

(µg/mL) 

100 200 300 100 200 300 

Diameter of inhibition zone (mm) 

GO-PANI 

composite 

17.0 22.0 24.5 13.5 18.5 23.5 

GO-PANI-

Mupirocin 

composite 

 

18.0 

 

26.0 

 

27.0 

 

16.0 

 

18.5 

 

23.0 

 

4 CONCLUSION 
This study demonstrated the preparation of GO and PANI 
NPs by using modified Hummers method and oxidative 
chemical polymerization respectively. GO-PANI and GO-
PANI-Mupirocin composites were synthesized by simple dis-
persion method during polymerization. Characterization was 
done by SEM and FTIR analysis. Characterization results con-
firmed the formation of the species. 
Antibacterial activity test was done by agar diffusion method 
for three different concentrations of prepared GO-PANI and 
GO-PANI-Mupirocin composites as 100μg/mL, 200μg/mL and 
300μg/mL against two prokaryotic bacterial species, S. aureus 
and E. coli. Both composites showed higher inhibition activity. 
Their inhibition activity was confirmed by measuring diame-
ter of inhibition zone. Again their inhibition activity increased 
as the concentration increased. In case of GO-PANI-Mupirocin 
composite the inhibition zone diameter was slightly higher 
than GO-PANI due to the addition of Mupirocin. This implied 
that both the bacteria were susceptible to the antibiotic Mupi-
rocin. The minimum inhibition zone diameter was 13.5 mm 
and maximum was 27mm that means the synthesized samples 
showed greater antibacterial activity. Since all specimens in-
hibited the microbial growth which proved that they can be 
act as useful antibacterial agent for different microorganisms. 
These composites may be helpful for the future drug design. 
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