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Abstract 

Nanomaterials can be used as antimicrobial additives in different applications such 

as water-borne paints. The fabrication of antimicrobial paints is important because of 

the prevention of indoor biological colonization, paint bio-deterioration, and health 

problems in people and pets. The antipathogen paints have several applications in 

different areas such as health centers, elderly care centers, emergency rooms, 

and hospitals. In this work, Ag/RGO nanocomposite was synthesized as an 

antimicrobial waterborne paint additive. The antibacterial activity of a waterborne 

paint formulated with Ag/RGO nanocomposite was evaluated against Escherichia 

coli (ATCC25922) as a gram-negative bacterium using the microdilution 

method. The antibacterial tests showed that Ag/RGO nanocomposite has strong 

antibacterial activity. 
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1. Introduction 

      Paints are used for protective and decorative purposes. Their properties largely depend on 

their ingredients. They basically protect surfaces from corrosion, oxidation, environmental 

weathering, or other types of deterioration [1]. All paints contain the same primary constituents 

including a matrix or binder, pigments, extenders (which confer color and build), and an 

appropriate solvent [2]. The ingredients can act as a carbon source for several species of 

microorganisms. Binders provide the adhesion and cohesion, keep the pigments within the 

coating, and ensure that the paint remains attached to the substrate. Paints can be classified 

according to their kind of binder. The examples of organic binders include natural latexes or 

synthetic polymers like alkyd, acrylic, and poly (vinyl acetate) [1]. Pigments provide color and 

opacity to paints. Solvents dilute the paints and use in the preparation of paints.  The solvents 

are removed after drying paints [3]. Solvents may be organic in nature or water. Other 

components besides the above ingredients may be used in the fabrication of paints which 

contribute of about 5% of total formulation of paint. These extra ingredients include emulsifiers 

(surfactants), defoamer, wetting agents, dispersants, and biocides. The growth of pathogens 

including bacteria, fungus, and viruses stains the paints and deteriorates the paint properties [1]. 

Pathogens damage the paint surface by different phenomena including discoloration, increase 

of porosity of the paint layer, reduction in physical resistance, and penetrating moisture to the 

surface.  

   The antimicrobial agents are chemical substances which inhibit or kill the growth of 

pathogens. Incorporation of antibacterial agents (biocides) in paints can inhibit the growth of 

microorganisms on their surfaces [4]. It has been proved that some nanomaterials (NMs) such 

as Ag nanoparticles (NPs), metal oxide NPs, and carbonaceous NMs have strong antimicrobial 

properties. Up to now, the antimicrobial activity of different NMs including Ag NPs [5], Cu 

NPs [6], TiO2 NPs [7] and ZnO NPs [8] have been reported. In this study, we synthesized 

Ag/RGO nanocomposite as antimicrobial waterborne paint additive by assessing its 

antibacterial properties against Escherichia coli (ATCC25922) as gram-negative bacterium 

using the microdilution method.  
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2. Experimental Section 

2.1 . Microdilution method and MIC determination 

   In this work, Ag/RGO nanocomposite was prepared. E. coli was used to evaluate the 

antibacterial activity of Ag/RGO nanocomposite by using microdilution method. Before 

evaluation (assessment) of the samples, the E. coli solution with 1 × 106 CFU/mL was cultured 

in a tryptic soy broth. The suspensions of E. coli and Ag/RGO were introduced into 24-well 

culture plates and then were incubated at 37 °C in an incubator for 24 h. The optical density 

(OD) of the E. coli suspensions was measured at 625 nm. The antibacterial activity of the 

samples was calculated using the following equation: 

Antibacterial activity% = (𝑂𝐷1 − 𝑂𝐷2) ⁄ (𝑂𝐷1 − 𝑂𝐷3)  × 100                                                (1) 

where OD1, OD2, and OD3 is the absorbance of the bacterial suspension without NPs, the 

bacterial suspension with NPs, and the culture medium, respectively.  

     2.2. Assessment of antibacterial properties of the prepared paints  

   In this work, the bactericidal activity of a waterborne paints formulated with Ag/RGO was 

assessed against E. coli. For this purpose, distilled water (50-55%), thickener (0.40–0.50%), 

defoamer (0.30–0.45%), titanium dioxide (10.00–15.00%), micronized calcium carbonate 

(20.00–25.00%), and acrylic resin (10.00–15.00%) were mixed to get an appropriate 

suspension by a high-speed disperser mixer. Then, Ag/RGO with different concentrations of as 

an additive was added to the above suspension under sonication (60 Hz) for 10 min. 

2.3. Antimicrobial assessment of the waterborne paints  

   In a typical procedure, 15 ml of the bacterial suspension of E. coli was collected by centrifugation 

and washed three times using buffer phosphate (PBS). Then, the bacteria were resuspended and 

diluted to 1.0 × 106 CFU/mL in PBS. 100 l of diluted bacterial suspension was injected onto the 

surfaces of the control and the painted plates (6 cm). Afterwards, the inoculated plates were 
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incubated at 37 °C for 18 h. After incubation, the pristine and painted plates were rinsed and 

immerged in 5 mL of PBS and sonicated for 10 min to resuspended the bacterial cells. The retrieved 

cells were 10-fold diluted to a series of concentrations of bacterial suspensions for agar plating, 

and then the plates were incubated overnight for CFU counting. The log reduction of pathogens 

was calculated using the following equation:  

𝐥𝐨𝐠  (𝐫𝐞𝐝𝐮𝐜𝐭𝐢𝐨𝐧) = 𝐥𝐨𝐠(𝐜𝐞𝐥𝐥 𝐜𝐨𝐮𝐧𝐭𝐬 𝐨𝐟 𝐜𝐨𝐧𝐭𝐫𝐨𝐥) −

𝐥𝐨𝐠 (𝐜𝐞𝐥𝐥 𝐜𝐨𝐮𝐧𝐭𝐬 𝐨𝐧 𝐭𝐡𝐞 𝐜𝐨𝐚𝐭𝐞𝐝 𝐬𝐚𝐦𝐩𝐥𝐞)  (𝟐)                                                     

 

3. Results  

   Table 1 show the percent growth inhibition (GI%) of E. coli by Ag/RGO nanocomposite with 

different concentrations. As this table shows by increasing the concentration of the nanocomposite, 

the GI% value increases. 

Table 1. The GI% of E. coli by Ag/RGO nanocomposite 

Concentration (µg/mL) GI% 

 
230 

280 

330 

 

 

89 

94 

97 

  Figure 1 shows the atomic force microscopy (AFM) images of bacteria before and after 

exposure to paint containing Ag/RGO. The bacteria cell in buffer phosphate without 

nanocomposite was used as a control. As shown in Figure 1a, 1b, E. coli cells have rodlike 

shape with smooth membranes after 24 h in 37 C of incubation. In contrast, the structure of E. 

coli was degraded in the paint containing 100 ppm Ag/RGO (Figure 1c, 1d). As Figure 1e, 1f 
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reveals that when the concentration of the nanocomposite increases to 150 ppm, more 

degradations occur in E. coli structure with respect to that of 100 ppm. 

 

.  

 

Figure 1. The 2D and 3D AFM images of E. coli cells. (a, b) control (c, d) E. coli incubation with Ag/RGO 

nanocomposite (100 ppm) after 24 h, and (e, f) E. coli after incubation with the Ag/RGO (150 ppm) 

nanocomposite after 24 h. 
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