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Abstract: The aim of this study is to enhance the antibacterial activity of TiO2 by pure plant extracts of Bauhinia 
variegata and Tinospora. cordifolia by making a composite of plant extract and TiO2. Plant extracts, TiO2 and plant 
extracts/TiO2 composites were investigated against two bacterial strain Enterococcus faecalis and Escherichia coli. X-ray 
diffraction investigations have confirmed the presence of TiO2 nanoparticles in the plant extract/TiO2 nanocomposites. 
UV-visible investigations have shown an enhanced photocatalytic activity of plant extract/TiO2 nanocomposites 
compared to that of pure TiO2 and pure plant extract. Plant extract/TiO2 nanocomposites have shown various level of 
antibacterial activity on different test microorganisms. The highest antibacterial potentiality expressed in terms of zone of 
inhibition (ZOI) in mm was exhibited by the aqueous extract of Bauhinia variegata /TiO2 (45 mm against Enterococcus 

faecalis and 30 mm against Escherichia coli) and benzene extract of Tinospora cordifolia /TiO2 (26 mm) 
nanocomposites. This is the first study on these types of bio-nano composite materials and it serves as basis for further 
research on these types of composite materials as a potent antibacterial agent. 
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1. INTRODUCTION  

Microorganisms are responsible for millions of 
deaths and many millions of cases of disease and 
disability each year. The ability to control or destroy 
microorganisms is therefore of enormous importance to 
many organizations and industries e.g. healthcare, food 
and drink, water treatment and military. Enterococcus 

faecalis (E. faecalis) is a genus of lactic acid bacteria of 
the phylum Firmicutes. Enterococci are Gram-positive 
cocci that often occur in pairs or short chains. They are 
found in the intestine of nearly all animals, from 
cockroaches to humans. Important clinical infections 
caused by Enterococcus include urinary tract 
infections, bacteremia, bacterial endocarditis, 
diverticulitis, and meningitis [1, 2]. Enterococci are 
usually considered strict fermenters because they lack 
a Kreb’s cycle and respiratory chain [3]. Escherichia 

coli (E. coli) is a Gram-negative bacteria that is well 
known for its toxicity to humans, being the cause of 
afflictions ranging from inflammations and peritonitis to 
food poisoning and urinary infections [4]. This toxicity 
has led to the development of many strategies to 
disinfect various media of these organisms [5]. 

Recently, great efforts have been made to develop 
nanostructured composite materials where bioactive 
compounds are embedded within an inorganic 
nanostructured matrix [6]. Nanocomposites may 
combine biopolymers that mimic the organic  
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component of the extracellular matrix of bone (e.g., 
collagen) and bioactive nanoceramics to induce 
biomineralization [7]. It has already been recognized 
that structural aspects can also have profound 
influences on the cell function, fate and tissue 
formation [8]. Surface modification of biomaterials with 
the intent to improve not only biocompatibility but also 
target cell and/or tissue response has been extensively 
studied. Biomaterials with nanoscale organizations can 
be used as controlled-release reservoirs for drug 
delivery and as a promising tool to support cell therapy. 
The nanoscaffolds can be synthesized with controlled 
composition, shape, size, morphology and their surface 
properties can be manipulated to increase solubility, 
immunocompatibility, and cellular uptake. 

TiO2 is one of the most widely used material owing 
to its many applications in the field of photocatalysis, 
gas and humidity sensors, water treatment, self-
cleaning, solar cells, photo electrochemical cells, 
protective coatings on optical elements and bio-
analytical chemistry [9-13]. It is also widely employed 
as a pigment to provide whiteness and opacity to 
products such as paints, coatings, plastics, papers, 
inks, sunscreen, foods, medicines as well as most 
toothpastes [14-20]. The TiO2 photocatalysts have 
been investigated extensively for the killing or growth 
inhibition of bacteria, with the benefits of 
physicochemical stability, nontoxicity, bio-compatibility, 
and low-cost [21-23]. Being strong oxidant, the reactive 
oxygen species generated by the TiO2 photocatalytic 
reactions cause various damages to microorganisms 
ensuring their rapid inactivation. Matsunaga et al. [24] 
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reported for the first time the microbiocidal effect of the 
platinised TiO2. Since then research work on 
antibacterial effects of TiO2 has been intensively 
conducted against a wide spectrum of pathogenic 
microorganisms including bacteria, viruses, fungi and 
algae [25-32]. 

Biological impacts of commercially available 
nanoscale titanium dioxide (TiO2) have been conducted 
by many researchers [33-43]. But, since TiO2 is highly 
successful, commercialized and non-toxic, there is an 
interest in improving the activity of TiO2 for antibacterial 
application. However, two barriers limit the use of TiO2 
for photocatalytic inactivation of bacteria: its relatively 
low efficiency of light utilization due to its wide band 
gap (3.0-3.2 eV) and its poor charge transfer 
properties. One such approach is to shift the band 
onset from UV into the visible region of the spectrum as 
98% of photons from solar energy have wavelengths > 
385 nm. The vast increase in number of available 
photons into the visible region should also improve the 
photocatalytic properties. 

Bauhinia variegata (B. variegata) and Tinospora 

cordifolia (T. cordifolia) are medicinal plants 
traditionally used for various purposes. Here, in this 
effort we report for the first time an approach to 
enhance the antibacterial activities of TiO2 by direct 
synthesizing plant extracts/TiO2 composite via in-situ 
sol-gel polymerization method. The antibacterial activity 
of pure TiO2, plant extracts of B. variegata and T. 

cordifolia, and plant extracts/TiO2 nanocomposite was 
tested and compared against two microorganisms’ 
namely E. faecalis and E. coli. Our experimental results 
clearly reveal an enhanced antibacterial activity of plant 
extracts/TiO2 nanocomposite compared to that of pure 
TiO2 and pure plant extracts. In addition, we have seen 
many reports on antibacterial activity of TiO2 against E. 

coli but no report on antibacterial activity of TiO2 
against E. faecalis. So, this is also the first report on 
antibacterial activity of TiO2 against microorganism E. 
faecalis. 

2. EXPERIMENTAL DETAILS 

2.1. Plant Material 

The leaves of plants B. variegata and stem of T. 

cordifolia were collected from Botanical garden, 
University of Allahabad, Allahabad, India. Freshly 
collected plant parts were shade-dried at room 
temperature for 10-15 days. The samples were 
separately crushed into fine powder with mortar and 
pestle. 

2.2. Extraction of Plant Materials 

Various organic solvents were used for the 
extraction of bioactive compounds. The solvent used 
for extraction included petroleum ether (PE), benzene 
(BZ), chloroform (CH), ethyl acetate (EA), acetone 
(AC), ethanol (ET) and water (aqueous). Powdered 
plant materials were sequentially extracted with 
different solvents in a Soxhlet apparatus for 8 h 
according to the method described elsewhere [44]. The 
respective extracts were filtered and dried under 
reduced pressure using rotary evaporator to yield solid 
residues.  

2.3. Preparation of Pure TiO2  

For preparing pure TiO2 we have used anhydrous 
titanium (IV) chloride (MERCK) and ethanol (MERCK). 
30 μL of titanium (IV) chloride (TiCl4) was dissolved in 
20 ml of absolute ethanol under constant magnetic 
stirring. The entire process was carried out at room 
temperature. The solution gradually turned into 
transparent soft gel. The solution was further stirred for 
another half an hour under UV radiation (20 W, with a 
light intensity of approximately 1 mW cm-2) in order to 
sterilize the surface and then aged in static condition at 
room temperature. The soft gel continued to change 
with time, from translucent to milky white. The resulting 
precipitate was recovered by centrifugation process 
followed by washing several times with ethanol and 
then dried at temperature of 70oC. In order to get finally 
divided TiO2 nanopowder the sample was crushed in 
mortar and pestle. 

2.4. Preparation of Plant Extract/TiO2 Composite 

500 mg of prepared plant extract was dissolved in 
20 ml of ethanol under magnetic stirring and after that 
30 μL of titanium (IV) chloride (TiCl4) was added in it. 
The process of stirring was continued for half an hour 
under UV radiation (20 W, with a light intensity of 
approximately 1 mW cm-2). Finally we get plant 
extract/TiO2 composite residues. The composite 
residue was dried at temperature of 70oC and was 
crushed in mortar and pestle. The procedure was done 
for all the seven extracts of B. variegata and all the 
seven extracts of T. cordifolia separately to prepare 
plant extract/TiO2 composite. 

2.5. Microorganisms 

Bacterial strain of E. faecalis (Gram-positive) and E. 

coli (Gram-negative) were obtained from Microbiology 
Department, MLN Medical College, Allahabad, India. 
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Microorganisms were streaked on nutrient agar plates 
and incubated at 37 oC for approximately 24 h to obtain 
isolated, actively growing colonies.  

2.6. Antibacterial Activity Measurement 

Antibacterial activity was demonstrated using a 
modification of the method originally described by 
Bauer et al. which is widely used for the antibacterial 
susceptibility testing [45]. The solid composite residue 
was dissolved in 1 ml of ethanol and 20 μL (containing 
10 mg of plant extract and 0.5 mg of TiO2 
nanoparticles) of this dissolved residue was applied to 
sterile blank paper disk (6 mm diameter, 0.6 mm thick) 
using a pipette and disposable tip. Negative control 
disks were prepared with 20 μL of 95% ethanol. All the 
plant extracts/TiO2 composites and negative controls 
were tested with triplicate disks. After applying the 
composites, the disks were immediately placed 
equidistantly on the surface of the Mueller-Hinton 
plates (100  15 mm) and lightly tamped down with a 
pair of sterile forceps. The plates were placed upright in 
a refrigerator at 5oC for 10-15 min to allow for 
maximum diffusion of the extracts. The plates were 
removed from the refrigerator and incubated inverted at 
37 oC for 24 h. The diameters of the zones of inhibition 
(ZOI) were measured with a transparent ruler and 
recorded in millimeters, with estimates being made to 
the nearest 0.5 mm. The diameters of the zones of 
inhibition for the triplicate disks were averaged and 
rounded to the nearest millimeters. The same 
procedures have been made with the bulk TiO2, nano 
TiO2 and pure plant extracts for comparative study. 

2.7. Characterization Techniques 

X'Pert Data with Cu-K  line (  = 1.54A˚) was used 
for recording X-ray diffraction (XRD) pattern operating 
at 30kV and 30mA in the 2  range 20o – 60o. Surface 
morphology of the as prepared samples was studied by 
a JEOL SET scanning electron microscopy with an 
accelerating voltage of 15.0 kV in a high vacuum mode 
to achieve magnification between 100  and 10,000 . 
The UV-visible spectra were recorded on Lambda 35 
Perkin Elmer in the range 200-800 nm. 

3. RESULTS AND DISCUSSION 

The structural evolution of the pure TiO2 and plant 
extract/TiO2 composite was investigated by XRD. 
Figure 1 shows the XRD patterns of pure TiO2 and 
plant extract/TiO2 composites. The XRD results clearly 
confirm the presence of TiO2 in the plant extract/TiO2 
composite sample. All the diffraction peaks of Figure 1a 

could be indexed as tetragonal TiO2 rutile structure 
(JCPDS file no. 21-1276). It is well known that an 
increase in full with at half maximum (FWHM) value 
results a subsequent decrease in crystallite size. The 
peaks of TiO2 are wide, which means grain size of TiO2 
is rather small. The average crystallite size‘d’ in 
nanometer has been calculated making use of the 

Scherer formula i.e. d (nm) = 0.9

B(2 )cos
, where  is 

the wavelength of the X-rays (  = 1.5 Å), B(2 ) is the 
full width at the half maximum intensity (FWHM) and  
is the diffraction angle in degrees [46]. From the 
broadening of the X-ray diffraction peaks, the average 
crystallite size of pure TiO2 is calculated to be in the 
range of ~ 3 to 8 nm. The XRD pattern of T. 
cordifolia/TiO2 composite shows peak of rutile TiO2 
corresponding to planes (110) and (101). The average 
crystallite size for this composite sample comes out to 
be ~ 8 to 10 nm. In the XRD spectra of B. variegata/ 
TiO2 composite additional diffraction peak of titanium 
monoxide (TiO) also appears. The possible explanation 
for this can be given by assuming the formation of TiO 
molecules as a result of chemical reaction between Ti 
and TiO2 under such experimental condition. The 
average crystallite size for B. variegata/ TiO2 composite 
sample is calculated in the range of ~ 6 to 20 nm. 

 

Figure 1: XRD patterns of (a) pure TiO2, (b) T. cordifolia/TiO2 
composite and (c) B. varigata/TiO2 nanocomposite.  

The surface morphology of pure TiO2, B. variegata/ 
TiO2 and T. cordifolia/TiO2 composites are shown in 
Figure 2a, 2b and 2c respectively. The SEM images 
indicate the formation of irregularly shaped particles 
with some agglomeration. The uniformity of TiO2 
coated with plant extracts allows an estimation of the 
area of contact with the bacteria. The agglomeration of 
nanoparticles constitutes the micro-particles which may 
decrease the capability of nanoparticles to penetrate 
the cellular structure. So, no size related toxic effect is 
expected. 
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The UV-vis absorption spectra of TiO2, B. variegata 
and T. cordifolia exhibited absorption at region below 
400 nm, as shown in Figure 3. Figure 4 shows the UV-
vis absorption spectra of TiO2, B. variegata/TiO2 and T. 

cordifolia/TiO2 nanocomposites. Note that the 
absorption edges of both the plant extract/TiO2 
nanocomposites are red-shifted from that of the TiO2 
indicating that optical properties of TiO2 get 
functionalized in the presence of plant extracts. This 
also means that aqueous B. variegata/ TiO2 and T. 

cordifolia/TiO2 nanocomposites would be candidate 
photocatalysis because there is a corresponding 
relation between the absorption intensity of UV 
radiation and the activity of photocatalyst [47]. The 
stronger the UV absorption intensity, the higher the 
activity, where the stronger absorption intensity implied 
that more electrons could be promoted from the 
valence band into the conduction band and more 
separate electrons or holes could be produced, which 
will help to enhance the photocatalytic activity.  

 

Figure 3: UV-vis absorption spectrum of (a) pure TiO2 (b) 
aqueous extract of B. variegata and (c) aqueous extract of  
T. cordifolia samples. 

  

 

Figure 2: SEM photographs of agglomeration of nanoparticles (a) pure TiO2 (b) B. variegata/TiO2 composite and (c) T. 
cordifolia/TiO2 composite samples. 
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Figure 4: UV-vis absorption spectrum of (a) pure TiO2 (b) 
aqueous extract of B. variegata/TiO2 composite and (c) 
aqueous extract of T. cordifolia/TiO2 nanocomposite samples. 

The antibacterial activities of the samples were 
evaluated by the inactivation of E. faecalis (Gram 
positive) and E. coli (Gram negative), on the basis of 
the zone of inhibition (ZOI) surrounding disks on agar 
plates. The antibacterial activities of the pure extracts 

of B. variegata and T. cordifolia are shown in Table 1. 
As can be seen from the Table 1, only ethanol, 
benzene and petroleum ether extracts of pure B. 

variegata showed antibacterial activity against E. 

faecalis (ZOI, 9-10 mm). However, for E. coli, all the 
extracts of B. variegata except acetone and ethanol 
have shown the antibacterial activity (ZOI, 8-11 mm). 
On the other hand T. cordifolia extracts showed various 
antibacterial activities (9-15 mm) against E. faecalis 
and all the extracts except acetone and benzene have 
shown antibacterial activity of 7-13 mm against E. coli. 

The inactivation behavior of the two microorganisms 
against prepared plant extract/TiO2 nanocomposites is 
shown in Table 2. Graphs representing a comparative 
inactivation behavior of E. faecalis and E. coli by pure 
plant extract and that of plant extract/TiO2 
nanocomposites are shown in Figures 5 and 6, 
respectively. In the control test, for bulk TiO2 (MERK, 
purchased) and pure alcohol, no inactivation of the 
both microorganisms was observed which proves that 
bulk TiO2 and alcohol could not act as antibacterial 
agents. However, pure TiO2 nanoparticles showed ZOI 

Table 1: Mean Diameter of Inhibitory Zone (mm) Exhibited by Pure Plant Extracts of Bauhinia variegata and Tinospora 
cordifolia Against Bacterial Strains Enterococcus faecalis and Escherichia coli 

 Enterococcus faecalis Escherichia coli 

Extracts Bauhinia Variegata Tinospora cordifolia Bauhinia Variegata Tinospora cordifolia 

Petroleum Ether 10 mm 11 mm 09 mm 13 mm 

Benzene 09 mm 13 mm 08 mm  

Chloroform  11 mm 09 mm 10 mm 

Ethyl Acetate  12 mm 11 mm 07 mm 

Acetone  15 mm   

Ethanol 10 mm 10 mm  09 mm 

Aqueous  09 mm 08 mm 08 mm 

 

Table 2: Mean Diameter of Inhibitory Zone (mm) Exhibited by Composite Plant Extracts of Bauhinia variegata/TiO2 and 
Tinospora cordifolia/TiO2 Against Bacterial Strains Enterococcus faecalis and Escherichia coli 

 Enterococcus faecalis Escherichia coli 

Extracts Bauhinia variegata/TiO2 Tinospora 
cordifolia/TiO2 

Bauhinia variegata/TiO2 Tinospora 
cordifolia/TiO2 

Petroleum Ether  22 mm 15 mm  15 mm 

Benzene  26 mm 09 mm   

Chloroform 15 mm  12 mm  17 mm 

Ethyl Acetate 14 mm  12 mm   

Acetone   12 mm   

Ethanol   13 mm  13 mm 

Aqueous 45 mm 14 mm 30 mm   
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of 20 mm against E. faecalis and 14 mm against E. 

coli. Table 2 indicates that Gram negative bacteria E. 

coli were inhibited by all the samples of B. 

variegata/TiO2 composite. However, the highest 
antibacterial activity was observed in aqueous extract 
of B. variegata /TiO2 nanocomposite showing ZOI of 30 
mm against E. coli (see Figure 7b). For T. 

cordifolia/TiO2 nanocomposites only extracts in 
ethanol, chloroform and petroleum ether exhibited 
inhibition against E. coli (13-17 mm). For E. faecalis, 
out of seven samples of B. variegata/TiO2 
nanocomposite, only three extracts namely chloroform, 
ethyl acetate and aqueous were found to be active. In 
this case also the highest activity was exhibited by 
aqueous extract of B. variegata/TiO2 nanocomposite 

showing ZOI of 45 mm (see Figure 7a). For T. 

cordifolia/TiO2 nanocomposite sample only extracts of 
petroleum ether, benzene and aqueous showed 
inhibition against E. faecalis (14-26 mm). Such kinds of 
antibacterial activity against E. faecalis and E. coli have 
not been reported previously by either TiO2 or by any 
other biologically active material to the best of our 
knowledge. The highest antibacterial activity exhibited 
by aqueous extract of B. variegata/TiO2 nanocomposite 
may be due to the presence and association of reactive 
oxygen species (ROS) generated by TiO2 
photocatalytic reactions that are directly involved in the 
oxidation process leading to the degradation of 
microorganisms [48-54], and to improved attraction and 
surface hydrophilic properties. Furthermore, the 
modification of surface charges due to the formation of 
titanium monoxide (TiO) in the plant extract/TiO2 
nanocomposite should also be taken into account. 
Generation of ROS causes oxidative damages to living 
organism suggesting that the cell membrane is the 
primary site of ROS attack. The cell membrane 
damage directly leads to the leakage of minerals, 
proteins, and genetic materials which is the root cause 
of cell death [55]. Some plant extract/TiO2 
nanocomposites exhibited no/lower antibacterial 
activity against tested bacterial strains which may be 
due to some kind of resistance mechanism of bacterial 
strain e.g. enzymatic inactivation, target sites 
modification and decreased intracellular drug 
accumulation towards these nanocomposites [56] or 
due to nature of solvents modifying the properties of 
nanocomposite. Comparatively better inhibitory efficacy 
of nanocomposites was observed against E. faecalis 
(Gram-positive). It could be substantiated by the 
reports that Gram-negative bacteria are more resistant 
to plant extracts than Gram-positive bacteria. Such 
resistance could be due to the permeability barrier 
provided by the cell wall or to the membrane 
accumulation mechanism [44]. Thus we observed that 
depending on the synthesis methodology adopted for 
testing antibacterial activity, the most diverse results 
can be obtained. It is therefore recommended that 
tested plant extract/TiO2 composite could be used as 
novel medicine for treatment of bacterial infections, 
especially for antibiotic resistant bacterial infections.  

4. CONCLUSIONS 

The study demonstrates a novel approach to use 
TiO2 for antibacterial purpose in composite form with 
plant extract. XRD investigations have confirmed the 
presence of TiO2 in the prepared plant extract/TiO2 
composite samples. UV-vis measurements revealed an 

 

Figure 5: Graph showing inactivation of E. faecalis by pure 
plant extracts and that of plant extract/TiO2 nanocomposites. 
 

 

Figure 6: Graph showing inactivation of E. coli by pure plant 
extracts and that of plant extract/TiO2 nanocomposites. 
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enhanced absorption capability and hence an 
enhanced photocatalytic activity of plant extract/TiO2 
composites. The plant extract/TiO2 composite showed 
tremendously improved antibacterial activity against E. 

faecalis and E. coli which have not been observed and 
reported previously to the best of our knowledge. 
However, there is no report on such kind of 
antibacterial activity of TiO2 against the microorganism 
E. faecalis which we have observed in our case. Since 
the approach seemed to be very effective, further 
research is necessary for successful synthesis and 
characterization of these types of biologically active 
composite/ composites containing TiO2 in the field of 
nanomedicines, especially for antibacterial purpose.  
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