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Abstract: Graphene oxide (GO) possess a potential as an antimicrobial 
agent in the aquaculture sector to substitute the role of antibiotic. 
Meanwhile, the consumption of Asian clam Corbicula fluminea has been 
gaining popularity throughout Malaysia in a line with the increasing cases 
of food poisoning caused by pathogenic bacteria resulted from the clam 
consumption. Thus, this experiment was conducted to investigate the 
potential of graphene oxide (GO) as an antibacterial filter in controlling 
pathogenic bacteria i.e. Escherichia coli, Salmonella spp., Vibrio spp. and 
coliform bacteria. A total of 180 clams were reared in both systems i.e. 
system installed with graphene oxide (GO system) and system with normal 
filter (Control system) for 2 weeks. Then, the bacteria were screened and 
enumerated from Asian clam tissue and farm water samples using total plate 
count (TPC) method and most probable number (MPN) method by 
comparing these two rearing systems. The results showed all isolated 
bacteria were 100 % reduced from farm water while coliform bacteria with 
94% reduction in GO system. Conversely, bacteria reduction in clam tissue 
sample in GO system was varied and relatively low for coliform bacteria, 
Salmonella spp., total bacteria, Vibrio spp. as it reduced by 60.71 %, 31.38 
%, 18.16 % and 1.34 %, respectively, while E. coli showed increasing 
bacteria count by 12.52 %. Therefore, it can be concluded that GO system 
is effective in reducing pathogenic bacteria in water compared to Asian clam 
tissue sample. 

Keyword: Graphene oxide, antibacterial filter, Asian clam, Corbicula 
fluminea 
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1. Introduction 
Graphene oxide (GO) is another derivative of graphene under oxide- 
functionalization. The involvement of graphene oxide in water purification is a great 
idea since it demonstrated effective removal of pollutants at any concentrations [2] 
by acting as separation and sorbent material due to their high porosity, large surface 
area and high hydrophobicity [8]. The wrinkled surface of graphene can disrupt 
bacterial viability directly by trapping bacteria within the GO surface thus damaging 
their cell membrane [17]. Furthermore, researchers have studied the potential of GO 
in the aquaculture field where it showed positive results when applied as an 
antibacterial agent [15], immunostimulator [14] and immunosensor [20]. 

 
Asian clam or Corbicula fluminea is a famous traditional snack among 

Kelantanese but now consumed by people throughout Malaysia. However, food 
poisoning cases are common with the consumption of this clam that shown by the 
symptoms like diarrhoea, fever, nausea, abdominal cramping, dehydration, 
headache, and vomiting [12]. Polluted environment especially water and the clams’ 
natural behaviour that tend to filter all the micro-particles including pathogenic 
bacteria such as E. coli, Salmonella spp., Vibrio spp. and coliform bacteria [13] are 
the main reason of this issue. Therefore, by combining the water purification and 
antibacterial properties of GO, this study aims to evaluate the effectiveness of GO in 
reducing pathogenic bacteria concentration in Asian clam and water in the system by 
comparing the system fixed with graphene oxide (GO system) and the system with 
normal filter system (Control system). 

 
2. Methodology 

 
2.1 Preparation of graphene oxide 
The oxidation of graphite was started by mixing sulphuric acid, phosphoric acid and 
potassium permanganate (Merck, USA) before subjected to continuous stirring for 3 
consecutive days. The changing colour of the mixture from dark purplish hue to dark 
brown indicated oxidation process. Then, hydrogen peroxide (Merck, USA) was 
added to stop the oxidation process and the colour of the mixture immediately 
changed to bright yellow signifying graphite oxide production. Later, the graphite 
oxide was washed thrice with hydrochloric acid (Merck, USA) aqueous solution and 
deionized water until pH of 4-5 is achieved resulted to the thickening of graphene 
solution and formation of GO solution [9]. The absorption feature of the rGO-Ag 
nanocomposite was characterized using EvolutionTM 600, a UV-visible 
spectrophotometer within the range of 200 - 800 nm. XRD pattern of the 
nanocomposite was recorded on a D5000 Siemen X-ray diffractometer in a 2θ range 
of 5 - 80º with monochromatic Cu Kα source (λ=1.5406 Å). Next, cotton wools were 
dipped in GO solution on both sides before being dried and dipped in GO and distilled 
water. Then, the beaker was heated in an oven. Lastly, the cotton was rinsed with 
distilled water thrice and dried at room temperature to complete the process. 
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2.2 Testing graphene oxide as an antibacterial filter 
Asian clams Corbicula fluminea (n=180) with shell length ranged from 11 mm to 17 
mm was collected from Rantau Panjang river, Kelantan. The clams were placed in 
two aquariums. One aquarium was installed with GO filter while another aquarium 
was installed with normal filter. The clams were reared in both systems for 2 weeks. 
During that, water parameter i.e. dissolved oxygen, temperature, pH and salinity were 
also measured with multiparameter (YSI, USA) and recorded as 7.06 mg/L, 27.0 ºC, 
7.88 and 0.03, respectively. At the end of the testing period, the clams and water 
samples were collected from both systems. The water was directly proceeded with 
bacteriological analysis while for the clams, their flesh was taken out from the shell 
and homogenised in a sterilized container [4]. 

 
2.3 Bacteriological analysis 
In order to enumerate E. coli, Salmonella spp., Vibrio spp. and total bacteria, TPC 
method was applied. Three selective agars i.e. Xylose Lysine Deoxycholate agar 
(XLD), Eosine Methylene Blue (EMB) agar, Thiosulphate-Citrate-Bile Salt-Sucrose 
(TCBS) agar (Oxoid, England) and a universal agar Trypticase soy agar (Himedia, 
India) were used in this study. After the incubation period was over, the formed 
bacteria colonies were counted and confirmed by using BBL crystal kit (BBL, USA). 
Colonies count below than 25 was categorized as TFTC that stand for too few to 
count [18]. The colonies formed were expressed as colony forming units (CFU/ml) 
by using the following formula [7]: 

 
        ×   

= (1) 
     

Meanwhile, MPN method was used in the enumeration of coliform bacteria. The 
number of test tube that showed positive result was counted and the bacteria 
concentration was found out by referring to MPN index table [13]. The percentage of 
the effect of GO antibacterial filter on bacterial reduction was calculated as follows:  
 
Ƞ = (N1-N2)/N1 x 100% 

 
where  N1  is  the number of surviving bacterial colonies from Control system and 
N2 is the number of surviving bacterial colonies from GO system   [21].   The   
bacteria concentration was converted to log function before calculating the percentage 
of bacteria reduction 

 
3. Results 
The UV-visible absorption spectra of GO are shown in Figure 1a. As revealed by the 
spectrum, two characteristic peaks of GO were observed at 227 and 299 nm, which 
were assigned to the π → π* transition of aromatic C-C bond and the n → π* transition 
of C=O group, respectively while Figure 1b displays the XRD patterns of GO. It was 
seen that the characteristic peak of GO centered at 10.0o, which was assigned to the 
(0 0 1) reflection of GO [5] and the morphology of the GO was demonstrate in the 

(2) 
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FESEM image (Figure 1c). It is clearly shown that, large surface graphene oxide with 
transparent thin film-like structure was synthesized. 

Figure 1: a) UV-vis absorption, b) XRD pattern and c) FESEM of GO. 
 

According to Table 1, the number of isolated bacteria (CFU/mL), i.e., total 
aerobic bacteria and Salmonella spp. from farm water sample in GO system was too 
few to be counted while Vibrio spp. was not existing in the system. Thus, the bacteria 
reduction for these bacteria was 100 % reduced. Similarly, the MPN level of coliform 
bacteria in GO system for farm water sample was 14.6 MPN/100mL that the bacteria 
reduction became 94 % when compared to Control system. In contrary, the result for 
GO system in Asian clam tissue sample was varied between the tested bacteria. 
Salmonella spp., total aerobic bacteria, Vibrio spp. and coliform bacteria presented 
lower bacteria count in GO system compared to Control system. This has resulted to 
the positive of bacteria reduction percentage for Salmonella spp., total aerobic 
bacteria, Vibrio spp. and coliform bacteria i.e. 31.38 %, 18. 16 %, 1.34 % and 60.71 
%, respectively. In contrary, the current result of isolated E. coli in GO system was 
higher than the Control system. This has made the percentage of bacteria reduction 
to be in negative value or in a simpler word, E. coli was increased in GO system by 
12.52 %. 

In this study, the isolated bacteria of E. coli on EMB agar appeared metallic 
sheen green but some of the bacteria colony appeared purplish white in terms of 
colour. Meanwhile, Salmonella spp. showed a combination colour of black, red, pink 
and colourless bacteria colonies on XLD agar. On the other hand, yellow colonies of 
Vibrio spp. were observed in the TCBS agar. At some parts of the agar, colour 
changes occurred where the initial green agar turned into yellow. In this study, only 
metallic green sheen colony for E. coli, red, pink and colourless colony for 
Salmonella spp. and yellow colony for Vibrio spp. were selected for CFU/mL 
reading. Plus, BBL crystal kit results showed all the selected colonies belonged to the 
correct bacteria strain. 
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4. Discussion 
The results from this study revealed that GO system is effective in reducing 
pathogenic bacteria in farm water sample compared to Asian clam tissue samples. The 
results also showed that GO system can reduce Salmonella spp., Vibrio spp. and total 
bacteria in Asian clam tissue samples. The current findings are consistent with a study 
by [11] who found that graphene is predominant in inhibiting Salmonella bacteria, 
even better than the antibiotic kanamycin. The mechanism of graphene against 
pathogenic bacteria was discovered by [1] who discovered that cell wall of both Gram- 
positive and Gram-negative bacteria were damaged due to direct contact with 
extremely sharp graphene nanowalls. Plus, [17] added on the antibacterial activity of 
GO for the nanomaterial disrupting cell membrane of targeted bacteria i.e. bacteria 
cell deposited on graphene nanosheets resulting in the damage of bacterial membrane 
due to direct contact with the nanosheets. On the other hand, high number of bacteria 
in clams’ tissue sample than in the water during the study can be explained by the 
prolonged contamination time [10] that increased the accumulation of bacteria within 
the flesh of the shellfish species. It is a valid explanation since the substrate of the 
rearing system was collected from Asian clams’ natural habitat, thus increasing the 
possibility for the clams to gather bacteria from the substrate into their tissue. Being 
adapted to have another way of acquiring food instead of filter-feeding, i.e. deposit 
feeding [23] has allowed the Asian clam to feed on all edible particles in the 
sediments, including bacteria [6]. The most notable results in the present study are the 
high number of CFU/mL for E. coli in Asian clam tissue samples from GO system. 
The result is contradicted to the E. coli results from the farm water sample since the 
bacteria were completely eliminated from the system. A study found that E. coli was 
slowly eliminated than non-E. coli coliform species after undergoing depuration 
process [18]. Not only that, there is also a significant difference in bacteria inhibiting 
rates between mussels and infaunal bivalve (naturally burrowing edible bivalve) [18]. 
On the contrary, [11] reported that graphene can inhibit E. coli effectively. The real 
reason of unsuccessful elimination of E. coli is still undetermined and the further 
studies must be carried out in this area. According to [16], the presence of some 
purplish white colonies of E. coli may due to the lack of sheen production that is 
caused by interference by the composition of samples. Meanwhile, Salmonella spp. 
can produce various colour of colony on XLD selective agar such as pink and 
colourless colonies instead of red colony that can be explained by its characteristic as 
hydrogen sulphide negative [22]. These results were in line with the present study 
where bacteria colonies in pink and colourless in colour were selected to be counted. 
Meanwhile, yellow colonies produced on XLD agar in this study were believed to be 
E. coli. [3]. 

5. Conclusion 
GO antibacterial filter possess potential in reducing pathogenic bacteria in farm water 
compared to Asian clam tissue sample that the GO need to be upgraded to improve its 
function as antibacterial filter such as incorporating with other compounds of 
nanomaterials. 

  



14th International UMT Annual Symposium

IOP Conf. Series: Earth and Environmental Science 494 (2020) 012001

IOP Publishing

doi:10.1088/1755-1315/494/1/012001

7

6. References 
[1] Akhavan O and Ghaderi E 2010 Toxicity of graphene and graphene oxide 

nanowalls against bacteria ACS Nano. 4 5731-36 
[2] Andrianto E, Subiyanto G, Marlina N, Citra H and Lintang C 2018 Preparation 

of graphene oxide and composites as super adsorbent for water 
purification application MATEC Web of Conf. 

[3] Aryal S 2018 Xylose lysine deoxycholate (XLD) agar - principle, uses, 
composition, preparation and colony characteristics Microbiological Info 

[4] Asai Y, Kaneko M, Ohtsuka K, Morita Y, Kaneko S, Noda H and Hara-Kudo 
Y 2008 Salmonella prevalence in seafood imported into Japan J. of Food 
Protect. 71 1460–64 

[5] Chang B et al 2012 Facile hydrothermal preparation of titanium dioxide 
decorated reduced graphene oxide nanocomposite Int. J. Nanomed. 7 
3379-87 

[6] Chen X D, Chen Z L, Sun J Y, Zhang Y F and Liu Z F 2016 Graphene glass: 
direct growth of graphene on traditional glasses Acta Physico - Chimica 
Sinica. 32 14-27 

[7] Chouhan S 2015 Enumeration and identification of standard plate count 
bacteria in raw water supplies IOSR J. of Env. Sc. Toxic. and Food Tech. 
9 67–73 

[8] Feng X, Yang S, Wen C and Xiao C 2017 Ag2, CO3 @ PVDF / GO 
ultrafiltration membrane for water purification CIESC J. 68 2169-76 

[9] Huang N M, Chia L H N, Yarmo C H and Muhamad M R 2011 Simple room- 
temperature preparation of high-yield large-area graphene oxide Inter. J. 
Nanomed. 6 3443–48 

[10] Kershaw S, Campos C, Reese A, Mitchard N, Kay D and Wyer M 2013 Impact 
of chronic microbial pollution on shellfish (United Kingdom: Cefas 
Publication) 

[11] Krishnamoorthy K, Veerapandian M, Zhang L H, Yun K and Kim S J 2012 
Antibacterial efficiency of graphene nanosheets against pathogenic 
bacteria via lipid peroxidation J. Phy. Chem. 116 17280-87 

[12] Lee S W and Wee W 2012 Characterization of Vibrio alginolyticus isolated 
from a white leg shrimp (Litopenaeus vannamei) with emphasis on its 
antibiogram and heavy metal resistance patterns Veterin. Arhiv. 82 221-7 

[13] Lee S W, Wendy W, Zalina C M, Ruhul A and Sukree H 2013 A study of 
Edwardsiella tarda colonizing live Asian clam, Corbicula fluminea, from 
Pasir Mas, Kelantan, Malaysia with the emphasis on its antibiogram, heavy 
metal tolerance and genetic diversity Veterin. Arhiv. 83 323-31 

[14] Lee S W, Anámt M N, Wendy W, Zulhisyam A Z and Hasnita C H 2016 
Graphene oxide, GO, as immunostimulator in controlling Motile 
Aeromonad Septicemia (MAS) due to Aeromonas hydrophila in red hybrid 
tilapia, Oreochromis sp. farming J. of Ani. Vet. and Fish. Sc. 4 1-4. 

[15] Lee S W, Mustaqim M T, An'amt M N, Wendy W and Huang N M 2014 The 
potential of graphene oxide as antimicrobial agent against pathogenic 
bacteria isolated from aquaculture sites J. of Pharma., Bio. and Chem. Sc. 
5 220-4 

  



14th International UMT Annual Symposium

IOP Conf. Series: Earth and Environmental Science 494 (2020) 012001

IOP Publishing

doi:10.1088/1755-1315/494/1/012001

8

[16] Leininger D J and Franc¸ois Elvinger J R R 2001 Use of eosin methylene blue 
agar to differentiate Escherichia coli from other gram-negative mastitis 
pathogens J. Vet. Diag. Inv. 13 273-5 

[17] Li J, Liu X, Lu J, Wang Y, Li G and Zhao F 2016 Anti-bacterial properties of 
ultrafiltration membrane modified by graphene oxide with nano-silver 
particles J. of Colloid and Interface Sc. 484 107-15 

[18] Marti´nez O, Rodri´guez-Calleja J, Santos J, Otero A and Garci´a-Lo´pez, M 
2009 Foodborne and indicator bacteria in farmed molluscan shellfish 
before and after depuration J. of Food Protect. 72 1443–9 

[19] Maturin L and Peeler J 2001 Aerobic plate count Bacteriological Analytical 
Manual (USA: FDA Publication) Chapter 3 

[20] Natarajan A S D K S, Raja S and Senthil K A 2016. An elegant analysis of 
white spot syndrome virus using a graphene oxide/methylene blue based 
electrochemical immunosensor platform Nature 7 1-11 

[21] Nguyen T P, Ngo V K T and Phan H P (2009). Fabrication of antibacterial water 
filter by coating silver nanoparticles on flexible polyurethane foams J. of 
Phy. Conference Series, 187 012079 

[22] Park S H, Ryu S R and Kang D H 2012 Development of an improved selective 
and differential medium for isolation of Salmonella spp. J. of Clin. 
Microb. 50 3222-6 

[23] Thorp J  H  Burgers  D  C  2011  Mussels  and  clams  Phylum  Mollusc,  
Class Bivalvia Field Guide to Freshwater Invertebrates of North America 
(United States: Boston Academic Press) Chapter 3 pp 83-95 

 
7. Acknowledgement 
This project was funded by the Ministry of Education under the Transdisciplinary 
Research Grant Scheme (R/TRGS/A0.700/000387A/007/2016/000391). 
 


