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Abstract  
This research investigated the efficacy of 

graphene oxide (GO) and sodium alginate (SA) 
solutions in inhibiting the growth of 
Staphylococcus aureus and Escherichia coli 
bacteria coated on filter papers. The study 
compared the antibacterial properties of GO 
solution alone, GO mixed with SA at different 
ratios, and a control group. In the experiment, 
S. aureus and E. coli bacteria were cultured. 
The coated filter papers were soaked in the 
aforementioned bacteria and dried in a sterile 
cabinet. Finally, the dilutions were performed, 
sequentially. The results show that filter paper 
coated with 1% GO solution gave the best 
antibacterial activity against E. coli which had 
45.79% reduction, but it did not significantly better than the paper coated with GO mixed with SA (ratio 
1:1) which had 45.02% reduction. All coated paper samples had low antibacterial activity against S. 
aureus significantly (p-value < 0.05). GO solution normally lacks adhesion properties but mixing it 
with SA provided adhesion while maintaining antibacterial activity. This research can be applied to 
antimicrobial paper, textile industries, prosthesis organs and canvas printing. Further research is needed 
to explore human applications’ long-term effectiveness and safety. 
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1. Introduction 

Paper is a highly popular material for 
packaging due to its ease of biodegradation 
compared to other synthetic materials. More 
than 2.5 million tons of paper [1 - 2] are used 
worldwide to create packaging for food. 

Additionally, various forms of paper packaging 
have been employed for materials, equipment, 
and daily-life items to reduce direct manual 
contact, which can be a source of various 
contaminants. Developing paper with 
antimicrobial properties has led to the concept 
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of active packaging, a future-oriented 
packaging trend. This has become a significant 
area of scientific research and development as it 
adds value to various industries, such as the 
food industry, by preserving food quality, 
extending shelf life, maintaining color, flavor, 
and nutritional value [3 - 4], and enhancing 
convenience during transportation and 
distribution. It's particularly suitable for 
businesses with shorter food shelf lives, 
reducing costs related to food loss and returns 
caused by product spoilage before reaching the 
consumer. 

Research on developing antimicrobial 
properties in paper dates back to 1985 [5], 
primarily for medical applications, using 
various antimicrobial agents like halogenated 
aromatic nitriles, dichlorophene, vanillin, 
vanillin mixed with cationic surfactants, clove 
oil, and guava leaf extracts. From the study, 
there were research works related to the 
development of paper with antibacterial 
properties. In 2016, the antibacterial 
effectiveness of vanillin-coated rigid paper 
against three types of bacteria: Bacillus cereus, 
Staphylococcus aureus, and Escherichia coli 
was proposed. They experimented with 
different concentrations (15%, 20%, 25%, 30%, 
35%, and 40% w/v) of vanillin in ethanol to coat 
the paper. The antibacterial effectiveness was 
evaluated using the agar-disc diffusion method. 
The study found that as the concentration of 
vanillin increased, the antibacterial 
effectiveness also increased. The paper with the 
highest effectiveness in inhibiting B. cereus was 
followed by S. aureus and E. coli in that order 
[6]. In addition, the effectiveness of coated 
paper in inhibiting the growth of Colletotrichum 
gloeosporioides, the fungus responsible for 
anthracnose disease in post-harvest mangoes 
was presented. The evaluation of the coating 
paper's effectiveness was done using 1.5% 
(w/v) concentrated chitosan-coated paper and 
chitosan-coated paper mixed with varying 
concentrations (0.5%, 1%, 2%, and 4% w/v) of 
vanillin. A dual culture technique was used to 
assess the inhibition of C. gloeosporioides 
growth. The study found that chitosan-coated 
paper mixed with 1% (w/v) vanillin had the best 

effectiveness in inhibiting the growth of the 
fungus [7]. Furthermore, a sturdy paper 
revealing resistance against microbial growth 
by using a hydrophobic starch coating at 
concentrations of 5% and 8% (w/v) was 
proposed. This hydrophobic starch acted as a 
carrier substance, and canola oil was used as a 
component at concentrations of 5%, 10%, and 
15% (w/v) relative to the weight of the starch. 
When tested for effectiveness against the 
growth of three types of bacteria, namely B. 
cereus, E. coli, and S. aureus, it was found that 
paper coated with 8% hydrophobic starch and 
15% canola oil exhibited good inhibitory 
properties against all three types of bacteria [8]. 
Besides, paper combined with extracts from 
guava leaves that inhibited the S. aureus 
bacteria was presented. This paper was intended 
for use in food packaging [9]. In 2020, silver 
nanoparticles mixed with a coating agent to coat 
sugarcane bagasse paper were presented. The 
inhibitory effects on the growth of Bacillus 
subtilis, S. aureus, and Staphylococcus 
epidermidis were found to be similar between 
coated and uncoated sugarcane bagasse paper 
[10].  

Many researchers are interested in 
exploring the potential of graphene oxide (GO), 
a new type of material and allotrope of carbon 
because of its favorable properties such as 
strength, good electrical conductivity, high 
flexibility, and the ability to be twisted and bent. 
It possesses antibacterial properties and is non-
toxic to the human body. Examples of using 
graphene for antibacterial purposes were 
presented in 2023. A GO solution with calcium 
lactate that had antimicrobial properties to 
create antimicrobial filter paper was presented. 
The results show that the GO solution had 
antibacterial properties, but the antimicrobial 
properties weakened when GO was mixed with 
calcium lactate solution [11]. 

GO is currently being utilized in various 
technological fields worldwide. It finds 
applications in disease detection devices such as 
sensors, nanoscale drug delivery systems in 
medicine, and electronics circuits, solar panels, 
and batteries. Many regions, including the 
United States, Europe, and Asia, are actively 
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researching graphene to adapt it to diverse 
industries. The continuous research efforts are 
directed towards making graphene more 
accessible and cost-effective, to cater to a wide 
range of industries and thereby promoting its 
widespread usage. 

Graphene, a single-atom-thick sheet of 
carbon arranged in a honeycomb lattice shown 
in Fig. 1, was discovered in 2004 [12]. This 
groundbreaking discovery earned them the 
Nobel Prize in Physics in 2010 and sparked 
significant global interest in this new material. 
Each carbon atom in graphene bonds to three 
neighbors, resulting in antibacterial properties, 
strength and flexibility, high electrical 
conductivity, non-toxicity, and 
biodegradability. This makes graphene distinct 
from other carbon allotropes.  

 

 
 

Fig. 1 Structure of carbon atoms of  
           single-layered graphene 
 

If multiple layers of graphene are stacked 
on top of each other, the resulting structure 
resembles a pencil’s lead and is known as 
graphite, as shown in Fig. 2. The initial 
separation of graphene layers can be achieved 
using a simple technique called 
micromechanical cleavage or the "Scotch tape 
method." This involves placing a piece of 
adhesion tape onto a graphene sample and then 
peeling it off. The process is repeated by placing 
another piece of tape onto the peeled graphene 
layer and peeling that off as well. With each 
iteration, the thickness of the graphene layers on 
the tape thins gradually (Fig. 3), eventually 
yielding a single-atom-thick layer. 

 

 
 

Fig. 2 Structure of graphene crystal 
 

 
 

Fig. 3 Scotch tape method of graphene synthesis  
          from graphite block [13] 
 

Initially, the obtained graphene sheets were 
small, irregular flakes measuring less than 1 
square millimeter. Scientists sought methods to 
produce larger graphene with controlled 
properties, optimizing structure and synthesis 
techniques for various industrial applications. 

Graphene Oxide (GO) exhibits significant 
antibacterial properties due to its unique 
physicochemical characteristics. The inhibition 
of bacterial growth by GO can be attributed by 
physical disruption. o GO has sharp edges and 
a high surface area, which allow it to physically 
penetrate and damage bacterial cell membranes. 
This process, often referred to as "nanoknives," 
leads to cell lysis and ultimately bacterial death 
[14 - 15]. 

It is not only physical disruption, but also 
oxidative stress. GO generates reactive oxygen 
species (ROS) when in contact with bacterial 
cells. ROS can damage critical biomolecules 
such as DNA, proteins, and lipids, disrupting 
vital cellular processes and causing cell death 
[16 - 18]. 

The electrostatic interaction is one of the 
antibacterial mechanisms of GO. The 
negatively charged GO interacts with the 
positively charged components of bacterial cell 
walls, particularly in Gram-negative bacteria 
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like E. coli. This interaction leads to membrane 
destabilization, leakage of intracellular 
contents, and bacterial death [19 – 21]. 

In addition to graphene, certain substances 
also possess antibacterial properties. Sodium 
alginate (NaC6H7O6) or SA, a hydrocolloid, 
thickens and gels food upon contact with 
calcium. Sodium alginate also has excellent 
adhesion properties due to its chemical structure 
containing hydroxyl and carboxyl groups. 
These properties allow it to adhere well to 
various surfaces. SA can be used in food 
stabilization, water treatment and energy 
storage components [22 - 24]. Because of its 
adhesion properties, sodium alginate is often 
used as a binder or to link different substances, 
particularly in systems requiring flexibility. 

Since SA has antimicrobial and adhesion 
properties, it is suitable for blending with GO, 
which has low adhesion to flexible materials, in 
paper coating to create antimicrobial paper.  

This article utilizes S. aureus and E. coli, 
commonly encountered bacteria, to test the 
effectiveness of the proposed antibacterial 
paper. S. aureus, a gram-positive bacterium, 
commonly found on the skin and mucous 
membranes. It can cause infections like skin 
abscesses, respiratory tract infections, and food 
poisoning [25 - 26]. 

E. coli, is a Gram-negative bacterium 
typically residing in the gut. While most strains 
are harmless, some can cause infections like 
diarrhea and urinary tract infections. 
Transmission often occurs through 
contaminated food or poor hygiene [27 - 28]. 

This research aims to compare the efficacy 
of GO and sodium alginate (SA) solutions that 
have antimicrobial properties in adhering to 
paper for studying its effectiveness in inhibiting 
S. aureus and E. coli bacteria. The filter paper 
was selected as a model in this study because of 
its simplicity, uniform structure, and wide use 
in scientific research for testing antimicrobial 
coatings. The uniformity of filter paper ensures 
consistent results when evaluating the efficacy 
of antimicrobial agents like the GO-SA coating. 
Additionally, its porous nature allows for 
effective absorption and interaction with 
bacterial cultures, making it an ideal substrate 

for this experiment. This approach allows for 
accurate measurement and analysis of the 
antibacterial properties of the coating, paving 
the way for further research on its application to 
other types of packaging materials in industrial 
settings. Moreover, it assesses the effectiveness 
of inhibition against S. aureus and E. coli 
bacteria on paper coated with various 
concentrations of GO solution. 
 
2. Materials and Methods 

This research aims to assess the antibacterial 
effectiveness and adhesion properties of hard 
paper coated with a solution of GO and SA, all 
known for their inhibitory properties against 
bacterial growth. This research used S. aureus 
and E. coli for antibacterial tests. The method of 
this research could be divided into 3 parts which 
are bacterial culture, preparation of the coated 
filter paper and analysis of the coated filter 
paper with different conditions and sample 
dilutions. The details  of these methods are 
shown as follows: 

 
GO and SA sources 

The source of GO in this research using the 
Hummer method was carried out by researchers 
from the graphene laboratory at the Department 
of Physics, Faculty of Sciences, King’s 
Mongkut University of Technology Thonburi 
(KMUTT) as part of an academic collaboration. 

The SA used in this research was bought 
from Chemipan Corporation Co., Ltd, Bangkok. 
Thailand. 

 
Bacterial culture 

This research used E. coli and S. aureus to 
test the antimicrobial properties of GO and GO 
mixed with SA solutions. The microorganism to 
be tested was inoculated into 10 mL of tryptic 
soy broth (TSB) liquid medium, which is a 
general-purpose culture medium that is used to 
grow a wide variety of microorganisms to 
provide the nutrients that the microorganism 
needs to grow, and incubated at 37°C for 24 
hours. The first two transfers of the inoculum 
were incubated for 24 hours each, but the last 
transfer was incubated for 18 hours because the 
microorganism was already in the exponential 
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growth phase. The number of microorganisms 
was counted, then the 18-hour-old microbial 
solution was diluted to an appropriate 
concentration to be used as the starting 
inoculum for further testing. This step is done to 
ensure that the concentration of the inoculum is 
appropriate for the subsequent tests. The desired 
concentration varies depending on the specific 
test being performed. (In this test, the initial 
inoculum concentration was 8 Log CFU) [29]. 

 
Preparation of the coated filter paper 

In this research, the 0.5 x 0.5 cm filter papers 
were coated with varying concentrations of 
graphene and a fixed concentration of sodium 
alginate. The filter paper without coating was 
used as a control. The filter papers were coated 
with 1% w/v of GO and 2% w/v of SA, which 
are commonly used in research and industry 
[30], to evaluate their antibacterial properties.  

The GO and SA mixtures were prepared by 
dissolving 1 %  ( w/v) of graphene oxide in 
distilled water and 2% (w/v) of sodium alginate 
in a separate distilled water solution. These 
solutions were then mixed at specific ratios (1:1, 
2:1, 3:1) using a magnetic stirrer at 500 rpm for 
30 minutes to ensure complete homogenization 
and uniform dispersion of GO and SA. 

The GO ratios (1 : 1 , 2 : 1 , and 3 : 1 )  were 
selected based on preliminary trials to evaluate 
the balance between the antibacterial efficacy of 
GO and the adhesive properties provided by SA. 
These ratios were chosen to systematically 
study the effect of increasing GO concentration 
relative to SA on both adhesion and 
antibacterial performance. 

To ensure a uniform coating, 0.5 × 0.5 cm 
filter paper squares were immersed in the 
prepared GO-SA mixtures for 2 minutes, as 
shown in Fig. 5. Excess solution was carefully 
removed by gently blotting the coated paper 
against sterilized filter paper. The coated filter 
papers were then dried in a sterile cabinet at 
37°C for 15 minutes, as illustrated in Fig. 6. 

The filter paper used in this study had a basis 
weight of 80 g/m² and a thickness of 0.18 mm, 
which provided a consistent surface for coating. 
These characteristics ensured that the coating 

adhered evenly and allowed for reproducible 
results. 

 
Analysis of the coated filter paper with different 
conditions and sample dilutions  

This test was used to evaluate the 
antibacterial properties of GO and its mixtures 
with SA against S. aureus and E. coli [29].  

 

 
 

Fig. 4 A 0.5 x 0.5 cm filter paper coated  
           by graphene oxide 

 
To ensure a uniform coating, 0.5 × 0.5 cm 

filter paper shown in Fig. 4 was immersed in the 
prepared GO-SA mixtures for 2 minutes, as 
shown in Fig. 5. Excess solution was carefully 
removed by gently blotting the coated paper 
against sterilized filter paper. The coated filter 
papers were then dried in a sterile cabinet at 
37°C for 15 minutes, as illustrated in Fig. 6. 

 

 
 

Fig. 5 The coated filter papers immersed in the  
           suspension of tested bacteria in a  
           sterilized container for 2 minutes 
 

 
Fig. 6 Drying of coated filter papers in a sterile  
          cabinet for 15 minutes 

To quantify the initial bacterial 
concentration on the coated filter papers, 1 mL 
of the bacterial suspension, after contact with 
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the coated paper, was added to 9 mL of 0.1% 
peptone solution (1:10 dilution). Each dilution, 
tenfold, was then performed sequentially. 
Aliquots of 100 μL from appropriate dilutions 
were plated onto agar plates containing the 
selected media. Mannitol Salt Agar (MSA) was 
used to culture S. aureus, while MacConkey 
Agar was used for E. coli. According to Fig. 7, 
the images qualitatively illustrated bacterial 
survival, where colony density and color 
changes reflect the survival percentage 
presented in Table 1. The control group showed 
high colony density, corresponding to a high 
survival percentage. In contrast, the groups 
treated with GO or GO:SA exhibited a 
reduction in colony density, aligning with the 
percentage decrease indicated in Table 1. 

Uncoated filter papers and sterile peptone 
solutions were used as negative controls. Plates 
were incubated for 24 to 48 hours at 35°C ± 
2°C. Colonies on each plate were counted, and 
the initial bacterial concentrations on the paper 
discs were calculated based on the dilution 
factor and colony count. 

        
a.                                     b. 

 
Fig. 7 Bacterial growth on selective media for 
E. coli and S. aureus after testing with different 
formulations. 
(a) Growth of S. aureus on MSA 
(b) Growth of E. coli on Mac 

 
The surviving bacteria were analyzed using 

the spread plate technique, plating 100 μL of 
appropriately diluted samples onto the 
respective agar media. The colonies formed on 
the culture medium were then observed. The S. 
aureus on MSA caused the medium to change 
from pink to yellow, with yellow colonies. The 
E. coli on MacConkey agar resulted in dark pink 
colonies. Finally, the colonies on each plate 
were counted to quantify the number of 
surviving bacteria. If necessary, additional 

confirmation tests were performed to verify 
colony identity. 
 

3. Results and Discussion 
Comparing the antibacterial activity against 

S. aureus and E. coli, filter paper coated with 
various concentrations of graphene mixed with 
SA showed significant effectiveness compared 
to the control (uncoated paper).  
Table 1 summarizes both bacterial strains at 
different graphene concentrations. 

According to Table 1, GO has high 
antibacterial properties against E. coli, but these 
properties are reduced with S. aureus. The 
antibacterial properties of GO were reduced 
when mixed with SA.  

To evaluate the effectiveness of different 
treatments in reducing bacterial survival, the 
two-sample assuming unequal variances was 
conducted to compare the reduction percentage 
between E. coli and S. aureus. The analysis 
yielded a p-value of 0.0012 (one-tailed) and 
0.0025 (two-tailed), both of which are below the 
significance threshold of 0.05. These results 
confirmed that the difference in reduction 
percentages between E. coli and S. aureus is 
statistically significant. 

To get both antibacterial properties from 
GO and adhesion properties from SA, the ratio 
of GO and SA should be 1:1 to get the best 
antibacterial property for E. coli. For S. aureus, 
GO and SA had low antibacterial properties.  

The results show that SA exhibits 
significant antibacterial effects against E. coli, 
aligning with the findings of Muzammil Talib 
[31], who tested the effectiveness of SA 
combined with nanoparticles, such as silver and 
magnesium oxide, against E. coli. Moreover, 
Fatma Mohamed [32] also found that SA had 
antibacterial properties to E. coli when 
combined with silver nanoparticles. It is 
because of cell wall structure of E. coli is a 
Gram-negative bacterium with a thinner 
peptidoglycan layer surrounded by an outer 
membrane composed of lipopolysaccharides. 
This structural composition makes it more 
susceptible to the antibacterial effects of GO, 
which disrupts the bacterial membrane through 
oxidative stress and direct physical interactions.
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Table 1  Comparative study on the antibacterial efficacy of GO and SA-coated filter paper against S. 
aureus and E. coli at various concentrations compared to the control. 
 

Treatment Survival of bacteria tested (log CFU)  Bacteria Reduction Percentage (%) 
E. coli S. aureus  E. coli S. aureus 

Filter paper 6.53 6.20  - - 
SA (2%) 4.83 5.39  26.19 13.06 
GO (1%) 3.54 5.16  45.79 16.77 

GO:SA (1:1) 3.59 5.36  45.02 13.55 
GO:SA (2:1) 4.33 5.19  33.70 16.29 
GO:SA (3:1) 3.87 5.37  40.73 13.39 

In contrast, S. aureus, a Gram-positive 
bacterium, has a thicker peptidoglycan layer 
that acts as a barrier, reducing the penetration 
and effectiveness of GO. This structural 
difference limits the interaction of GO-SA with 
the bacterial membrane, leading to lower 
antibacterial efficacy. 

In addition, the mechanism of GO 
interaction also affects this result. GO's sharp 
edges and high surface area facilitate physical 
damage to bacterial membranes. The thinner 
and less robust outer membrane of E. coli 
allows GO to penetrate more easily, causing cell 
lysis. Conversely, the thicker cell wall of S. 
aureus offers greater protection, reducing the 
effectiveness of GO.  

Furthermore, SA enhances adhesion and 
uniform coating on the filter paper, improving 
the overall antibacterial performance. However, 
its role is primarily supportive in providing 
adhesion rather than directly enhancing GO's 
antibacterial properties, which may contribute 
to the greater efficacy observed against E. coli 
compared to S. aureus. 

Finally, GO generates reactive oxygen 
species (ROS), the highly reactive molecules 
containing oxygen [16], which can damage 
bacterial DNA, proteins, and membranes. E. 
coli is less equipped to handle oxidative stress 
compared to S. aureus, which has stronger 
antioxidative defense mechanisms. This 
contributes to the differential susceptibility 
observed between the two bacterial strains. 

These findings suggest practical 
applications in multiple industries. In the textile 
industry, GO-SA coatings could be applied to 
fabrics, enhancing antimicrobial properties for 

medical textiles such as hospital gowns, masks, 
and wound dressings. In food packaging, 
antimicrobial paper coated with this mixture 
could help prevent bacterial contamination, 
improving food safety. Additionally, its 
adhesive and antibacterial properties could 
make it suitable for biomedical applications, 
such as prosthetics or antimicrobial coatings for 
medical devices. Finally, in printing, this 
material might be used for specialized canvas 
prints or functional coatings, providing 
durability along with bacterial resistance. 

Future work should explore more bacterial 
strains, including those for specific 
applications, and investigate long-term 
effectiveness, safety, cytotoxicity, and in vivo 
studies for human suitability. 

 

4. Conclusion 
This research investigated the potential of 

GO and SA solutions for coating filter papers to 
inhibit the growth of S. aureus and E. coli. The 
experiment compared the antibacterial 
properties of GO solution alone, GO mixed with 
SA at different ratios, and a control group.  

The result shows that filter paper coated 
with GO showed the best antibacterial activity 
against E. coli (45.70% reduction), which is 
close to paper coated with GO mixed with SA 
(ratio 1:1) (45.02% reduction). On the other 
hand, all coated paper samples had low 
antibacterial activity against S. aureus 
significantly (p-value < 0.05).  

This research has potential applications in 
antimicrobial paper, textiles, and prosthetics. 
Further studies are needed to confirm its long-
term effectiveness and safety, as well as test 
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GO-SA composites on various materials to 
evaluate adhesion durability. 
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