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Abstract: The effects of nano titanium dioxide incorporation were investigated on the water vapor
permeability, oxygen permeability, and antimicrobial properties of bovine gelatin films. The nano TiO 2 (TiO2N) was homogenized by sonication and incorporated into bovine gelatin solutions at different concentrations
(e.g. 1, 2, 3, and 5% w/w of dried gelatin). The permeability of the films to water vapor and oxygen was
significantly decreased by incorporating of low concentration TiO2-N to gelatin solutions. TiO2-N gelatin films
showed an excellent antimicrobial activity against Staphylococcus aureus and Escherichia coli. These
properties suggest that TiO2-N has the potential as filler in gelatin-based films for using as an active packaging
materials in pharmaceutical and food packaging industries.
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INTRODUCTION
In

recent

decade,

the

demand

for

such

Inorganic materials due to their ability in harsh

environmental friendly polymers is growing and

process conditions, such as metal or metal oxides

has been focus of many researcher efforts.

have attracted a great deal of attraction recently

Sustainable and biodegradable packages are being

[3]. ZnO, TiO2, MgO, and CaO among the

developed worldwide and make great efforts to

inorganic materials have particular interesting due

produce the packaging material of natural origin

to both safe material for animals and human and

(proteins, fats and carbohydrates) to take films or

stability under harsh condition processes [4, 5].

coatings. In comparison, these biopolymers have

Biopolymers have advantages over the synthetic

less adverse effect on environment than synthetic

polymers; biopolymers are biodegradable and

plastic.

renewable

Nanoscale science and other related technologies

compounds and oils maintain the quality of the

have been the leading technology for the past

food

decade [1]. Incorporation of nanoparticles into

However, poor mechanical properties and high

composite materials has attracted a great deal of

permeability to water vapor are two main

attention due to its ability to enhance polymer

disadvantages

properties such as thermal, mechanical, and gas

nanotechnology helps to solve these problems.

barrier [2].

There are some reports about the improvements of

in

materials.

production

of

Inhibitory

and

to

distribution

biopolymers

that

volatile

cycle.

recently
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biopolymer by incorporation of nano particles,

Titanium dioxide has been widely used as

such as nano zinc oxide [6-8], nano silicon dioxide

functional filler in UV-absorbers for application in

[9, 10] and nano titanium dioxide [11, 12]. All of

cosmetics, pharmaceutical materials, pigments,

mentioned researchers reported that incorporation

and coating materials, [15]. In addition, the use of

of nanoparticles improve mechanical properties, as

titanium dioxide nanoparticles is considered to be

well as barrier and antimicrobial properties of

a viable method for the prevention of infectious

biopolymers.

diseases through the antimicrobial effects of zinc

Bionanocomposites as a new generation of

oxide [12, 16].

nanocomposites represent the combination of a
biopolymer and an inorganic material that shows

MATERIALS AND METHODS

at least one nanometer scale dimension. These

Bovine gelatin (Type B) and nano titanium dioxide

generations of biocomposites have more desirable

were purchased from Sigma Chemical Co (St.

functional

Louis, MO, USA). Liquid sorbitol and glycerol

properties

like

good

mechanical

strength and low water vapour permeability.

were obtained

Increasing the barrier properties against gases,

Malaysia). All chemicals were of analytical grade.

increasing efficiency in the use of film as an active

Environmental

packaging,

(ESEM) (Fig. 1) reveals that TiO2-N has a

transparency

increasing
and

heat

improving

resistance
appearance

and
of

from Liang

scanning

Traco

electron

(Penang,

microscopy

dimension in nanometer.

bionanocomposites are other advantages [13, 14].

Figure 1: ESEM micrograph of nano TiO2

Film preparation

kHz, Piracicaba, Brazil) for 30 min to ensure

TiO2-N was dispersed in water at different

homogenization was completed. The solution was

concentrations (1%, 2%, 3%, and 5%; w/w of total

used to prepare the aqueous gelatin dispersion at

solid), stirred for 1 h, and then sonicated in an

8% (w/w). A mixture of sorbitol and glycerol (3:1)

ultrasonic bath (Marconi model, Unique USC 45

at 40% (w/w) of total solid was added as

212
1
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plasticizer in accordance with Abdorreza and his

temperature, atmospheric pressure, and 50% RH

colleagues (2011) [17]. Gelatin nanocomposites

using 21% oxygen as test gas. Transferred oxygen

were heated to 58±2 °C to prevent denaturation of

through the films was conducted by the carrier

proteins and held for 1 h. A portion (45 g) of the

(N2/H2)

dispersion was cast on plates fitted with rims

Measurements were carried out on “convergent by

2

gas

to

the

colometric

sensor.

around the edge to yield a 16×16 cm film-forming

hour” mode to reach the steady state of oxygen

area. Films were dried under controlled conditions

transmission. The permeability coefficients in cc-

in a humidity chamber (25 °C and 50% RH).

m/(m2 day atm) were calculated on the basis of

Control films were prepared similarly but without

oxygen transmission rate in steady state taking into

addition of nanoparticles. Dried films were peeled

account the films thickness.

and stored at 23 ± 2 ºC and 50 ± 5% relative

Antimicrobial assay

humidity (RH) until experimentation.

Antimicrobial activity test on the films was carried

Water vapor permeability

out using the agar diffusion method according to

Water vapor permeability (WVP) tests of the films

Maizura

were carried out following the modified method

Antimicrobial effects of the films were determined

[18] of ASTM standard E96-05 [19].The test cups

by inhibition zone against E. coli and S. Aureus on

were filled with water 1.5 cm below the film. A

solid media.

plot of weight gained versus time was used to

Statistical analysis

determine the WVTR.

The slope of the linear

ANOVA and Duncan’s Post Hoc tests were used

portion of this plot represented the steady state

to compare means of barrier and antimicrobial

amount of water vapour transmission through the

properties of gelatin based films at the 5%

film per unit time (g/h). Six samples per treatment

significance

were tested.

The slopes yielded regression

conducted using GraphPad Prism 6 (GraphPad

coefficients of 0.99 or greater. The WVP of film

Software Inc., 2236 Avenida de la Playa, La Jolla,

was calculated by multiplying the steady WVTR

CA 92037, USA).

and

his

level.

colleagues

Statistical

(2007)

analysis

[21].

was

by the film thickness and dividing that by the
water vapour pressure difference across the film.

RESULTS AND DISCUSSION

Oxygen permeability (OP)
Oxygen

permeability

Effects of nano-TiO2 on water vapour permeability
measurements

were

The results of WVP studies are presented in Table

performed on films with Mocon Oxtran 2/21

1. The significant decrease in WVP after the

(Minneapolis, USA) equipped with a patented

addition of TiO2-N may be attributed to the greater

colometric sensor (Coulox®) and WinPermTM

water resistance of TiO2-N compared with the bio

permeability software. Measurements were done

composite matrix, so that the incorporation of

using the ASTM standard method D3985-05 [20].

these nanoparticles to the matrix introduces a

The films were placed on an aluminum foil mask

tortuous pathway for water vapor molecules to

2

with an open area of 5 cm and were mounted in

pass through [18].

diffusion cells. Tests were carried out at 25ºC

23
12
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Table 1: Water vapor permeability (WVP) of bovine gelatin nanocomposites
TiO2-N

WVP × 1011

(%)

[g m-1 s-1 Pa-1]

0

8.90±0.31a

1

7.10±0.33b

2

3.98±0.45c

3

2.62±0.33d

5

1.61±0.13e

Values are mean (n=5) ± SD. Different letters in WVP column values represent significant difference at 5% level of probability among
bovine gelatin films.

Effects of nano-TiO2 on oxygen permeability

the Nielsen’s [22] simple model on tortuosity, it is

The results of oxygen permeability are presented

possible to describe the permeability reduction in

in Table 2. Oxygen permeability coefficient

TiO2-N incorporated biocomposites. He proposed

significantly decreased by addition of TiO2-N. The

that each layer of filler particles be positioned

inorganic TiO2-N particles are more water

perpendicularly oriented to the diffusion pathway.

resistance than the biocomposite matrix; therefore

The reduction in permeability coefficients means

incorporation of these nanorods to the matrix

that oxygen should travel in a longer diffusive

could likely introduced a tortuous pathway for

path.

oxygen molecules to pass through [18]. Based on
Table 2: Oxygen permeability (OP) of bovine gelatin nanocomposites
TiO2-N

O.P

(%)

[cm m/(m2 -day)]

0

214.41±5.12a

1

201.11±4.01b

2

157.16±4.77c

3

128.72±2.45d

5

95.72±4.16e

3

Values are mean (n=5) ± SD. Different letters in OP column values represent significant difference at 5% level of probability among bovine
gelatin films.

Effects of nano-TiO2 on antimicrobial activity

microorganisms have also been demonstrated by

Effects of sample films on the growth of E. coli

other researchers [6, 8, 23-25]. Mechanisms of the

and S. Aureus were investigated. Figure 2 shows

antibacterial behavior of TiO2 have categorized as

the effects of TiO2-N contents on antimicrobial

chemical and/or physical interaction between TiO2

activity of different films against E. coli and S.

particles and the cell envelope of microorganism.

Aureus. The inhibition zone of control and nano-

The Ti4+ could penetrate through the cell wall of

incorporated films significantly was increased by

microorganism and react with interior components

increasing

Excellent

that finally affects on viability of the cells [11, 12].

antimicrobial activity of TiO2 nanoparticles and

Another possible mode of action is generating of

the

H2O2 due to presence of TiO2 nano particles [26].

the

mechanism

TiO2-N
of

the

contents.

action

against

the
12
14
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Figure 2: Effects of TiO2-N contents on antimicrobial activity bovine gelatin nanocomposite films against S. Aureus. and E. Coli.
Inhibition zone = total inhibition area – total film area. The bars show mean (n=5) ± SD. Different letters on the bars represent the significant
difference at 5% level of probability.
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