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Introduction

Synthesis of antimicrobial nanomaterials is an interesting 
research area studied by so many researchers for decades 
[1]. The most common nanomaterials which provide anti-
microbial activities include nanoparticles of silver [2, 3] and 
their derivatives [4], TiO2 [5, 6] and ZnO [7, 8]. The mecha-
nism of the antimicrobial activity depends on the chemical 
structure of the particles used [9]. Several researchers have 
reported the possible killing mechanism of microorganisms 
by silver nanoparticles. Among those mechanisms three 
major mechanisms are important, namely the production 
of silver ions (Ag+) that can interact with the thiol groups 
of proteins (resulting in inactivation of respiratory enzymes 
inside microorganisms), the production of ROS (reactive 
oxygen species) on the surface of the silver nanoparticles 
(oxidized proteins in mitochondria), and the interaction of 
nanoparticles with lipids and DNA leading to the break-
down of cell membrane (inhibition of mitochondrial func-
tions and prevention of DNA replication) [10, 11]. Due to 
the photoactive effect of the nanoparticles in the presence of 
UV-A and UV-C radiation, silver nanoparticles enhance UV 
inactivation of bacteria and viruses [12, 13].

ZnO nanoparticles show antimicrobial activities due to 
following reasons: they produce hydrogen peroxide (H2O2) 
from the photo-catalytic generation [14] and reactive oxy-
gen species (ROS) which can interact with the bacteria 
cells causing cell death [15, 16]. ZnO nanoparticles can 
also diffuse through the cell cover leading to disorgani-
zation of bacterial membranes upon their contact [7, 17]. 

Abstract Ag-doped TiO2 nanoparticles (Ag-TiO2 NPs) 
incorporated into natural rubber latex foam (NRLF) showed 
enhanced antimicrobial activities under visible light. Syn-
thesis of Ag-TiO2 NPs and their incorporation into NRLF 
are investigated in this paper. Synthesized Ag-TiO2 nano-
powder was evaluated by powder X-ray diffraction (XRD) 
technique, surface electron microscopy (SEM), and high-
resolution transmission electron micrograph (HRTEM) 
coupled with energy dispersive X-ray (EDX) technique. 
The modified NRLF materials were also evaluated by 
SEM-EDX analysis, XRD analysis, and antibacterial sus-
ceptibility tests. It was found that the XRD peaks obtained 
for the Ag-TiO2 NP perfectly matched with the reference 
code of 98-010-5393 which was the tetragonal type anatase 
phase of TiO2. Most of XRD peaks obtained for the modi-
fied NRLF matched with those of Ag-TiO2 NPs which con-
firmed the presence of nano Ag-TiO2 NPs in the modified 
NRLF. The particle size analysis carried out by HRTEM 
images and the EDX mapping results showed that the Ag 
nanoparticles with a diameter of 5 nm were simply attached 
to the surface of TiO2 nanoparticles. Modified NRLF 
showed antimicrobial activity against Gram positive Staph-
ylococcus epidermidis, Gram-positive methicillin-resistant 
Staphylococcus aureus and Gram-negative Escherichia coli 
(strain numbers HB101, DH5d) bacteria species.
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