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Abstract
Packaging material should meet many requirements for safe preservation of food and extend shelf life. Utilization of nanoparticles to
prepare active packaging films has been widely investigated. This review deals with food packaging films modified with nanotitania to
enhance mechanical, barrier and antibacterial properties of the packages. The photocatalytic activity of TiO2 nanoparticles extended its
application to antimicrobial food packaging, photocatalytic paper and toxin passivation and deodorizing. Different TiO2 morphologies
are favorable in many potential applications such as in environmental purification. Finally, this review will also discuss safety assessment
of nanomaterials used in food packaging and migration mechanism into food staff.
Keywords: nanoparticles; antibacterial; active packaging; nanocomposite; Food-safety

Introduction
A nanocomposite is the product of coupling of at least two dissimilar substances having a distinct interface, even if one of them
at least one dimension in the nanometer size range (1-100 nm). Polymer-inorganic hybrids offer promise for engineering new
composites in the automotive, packaging, and aerospace industries as well as materials exhibiting excellent thermal, gas spacing,
and other valuable properties. This is due to they combine both the advantages of organic polymer (flexibility, lightweight, good
impact resistance, good processability) and inorganic materials (high mechanical strength, good chemical resistance, thermal
stability, optical properties [1]. However, the choice of inorganic material and polymeric matrix depend on the application and
the required properties. Combination of polymers and metal oxides nanoparticle can enhance thermal, optical, electronic and
mechanical properties of the obtained nanocomposites [2,3].
Recently, much attention has been paid to nanosize transition metal oxide such as Titanium dioxide (TiO2) and Zinc oxide (ZnO)
because of their versatile properties. Hence, they found applications in energy storage, catalysis, sensors and biological fields [4-7].
Titanium dioxide is a naturally occurring mineral, that exists in different crystalline structures among them anatase, rutile and
brookite [8-11]. Under standard conditions, rutile form is the most thermodynamically stable phase [10,12]. However, anatase is
transformed to rutile phase by annealing at appropriate temperatures [13,14]. Moreover, photocatalytic activity of anatase structure
is higher compared to other phases of TiO2 [15]. Moreover, TiO2 is characterized by its high refractive index, durability, dispersion,
tinting, strength, chemically inert nature, low cost, and nontoxicity [10,16].
To date, the majority of TiO2 used industrially is not nanoscale and considered chemically inert and safe for human health and
ecosystems. However, with the development of nanotechnology, titania nanoparticles have been produced more extensively and
found wider applications owing to their unique physicochemical properties when compared to the bulk [8]. Incorporation of
TiO2 nanoparticles in polymeric films leads to significant improvement in surface hardness. Moreover, other properties such as
antibacterial and self-cleaning can be introduced to the formed film based on the photocatalytic effect of the TiO2 nanoparticles
[17]. In fact, TiO2 is considered the best available photocatalyst due to its high photoactivity and photodurability [18] A high
surface-to-volume ratio is very significant for photocatalytic reaction since it takes place on the surface of the catalyst. Therefore,
reducing the size of TiO2 powder to the nanoscale is of great significant in increasing the decomposition reaction [19]. However,
utilization of other morphologies of TiO2 such as nanofibers or nanotubes as photocatalysts has been reported [20,21]. The results
confirmed that the large surface area of the nanofibers enhanced the photocatalytic efficiency of the photocatalyst. Moreover, the
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good shape retention favorable the potential application in environmental purification.
This work is concerned with synthesis of antibacterial packaging films based on TiO2/ polymer composites. A special attention
will be given to the stat-of-the-Art food packaging films and their properties such as gas and vapor barrier, extending food shelf
life and quality assurance.

Properties for Food Packaging Material
Food packaging is the largest growing manufacturing sector in the world. The main role of the packaging material is to protect
food from heat, oxygen, moisture, dust, microorganisms and insects. General properties of packaging materials are mechanical
properties, optical properties, gas, water vapor and aroma barrier, antimicrobial and environmentally friendly. Nowadays, there
is a demand to extend shelf life of the food by controlling bacterial and enzymatic reactions within the packages. Number of
strategies have been described such as controlled release of oxygen, removal of oxygen and addition of antimicrobial agents within
the packaging film.

Tio2 as Antibacterial Agent
The substance that can kill or inhibit the growth of microorganisms is known to be antibacterial material [22]. Many industrial
applications require presence of antibacterial agents such as food, health care, packaging and textiles. TiO2, among other metal
oxides nanoparticles, is characterized by its antimicrobial property beside its nontoxicity [23] So that, TiO2 is used in many
industries such as sunscreens, cosmetics and pharmaceutical products. Pişkin et al. investigated the antimicrobial properties
of TiO2 nanoparticles against Esherichia coli, Stapyloccus aureus, Pseudomonas aeruginosa, Candida albicans and Bacillus
subtilis (ATCC 6633) [24]. Well diffusion method and minimum inhibitory concentration (MIC) were used to investigate the
antimicrobial activity of the nanoparticles. While MIC observed were 9.7 μg /ml for E. coli, 19.5 μg /ml for S.aureus., 19.0 μg /
ml, P.aeruginosa, 9.7 μg /ml for C.albicans and 19.5 μg/ml for B.subtilis. Researchers also investigated the antibacterial activity of
TiO2 nanoparticles against E. coli in the solid state [25]. Study of the growth curve of E-coli against different concentrations of TiO2
nanoparticles revealed the inhibitory effect of the nanoparticles. The reason for this might be due to the inactivation of cellular
enzyme and DNA by the nanoparticles causing little pores in the bacterial cell wall that leads to increase of permeability and cell
death. Evaluation of antibacterial activity of TiO2 nanoparticles in combination with cell wall active antibiotics–ceftazidime against
Pseudomonas aeroginosa is reported [26]. The drug resistant-Pseudomonas aeroginosa isolated from pus and commercial P25
TiO2 nanoparticles were used. The nanoparticles exposed to UV light for an hour during the study showed enhanced antibacterial
activity. It was suggested that generation of electron hole pair on the surface of the nanoparticles due to irradiation of UV light have
been occurred. Reaction of the holes in the valence band with H2O or hydroxide ions on the surface leads to formation of hydroxyl
radical, while, electron in the conduction band reacts with O= to yield superoxide ion (O2•−). Scheme 1 shows different reactions
of electrons and holes on irradiated TiO2. Both hydroxyl ions and (O2•−) are reactive to phospholipid components in the cell
membrane of the microorganism. As a result, deterioration of the cell membrane occurs and finally inactivates the bacteria [27,28].

TiO2 + hν → TiO2 (e−; h+)
h+ + H2O → H+ +•OH
h+ + OH− → •OH
e− + O2 → O2•−
O2•− + H+ → HO2
•OH + •OH → H2O2
e− + H2O2 → •OH + OH−
Scheme 1: Reaction products of photo-activated TiO2 and water.

Tio2 Based Antibacterial Packaging Materials
In today's state-of-the-art nanocomposites antibacterial materials, making several improvements regarding used nanoparticels
and preparation of antibacterial packaging films is essential. Antibacterial packaging materials are very attractive and promising
nanocomposites as food-packaging films that can protect food staff from microorganisms. Moreover, extending shelf life and
increasing safety assurance can be achieved. Preparation of polymer hybrids either as coatings or incorporated in the polymer
matrices using nanotitania antibacterial agent is the most attractive [29-36]. Recently, these kinds of polymer hybrids have gained
considerable attention due to the cheap cost of nanotitania, nontoxicity and hence their approval from FDA to be used in food
industry [37]. Many TiO2/ polymer nanocomposites based on conventional linear polymers have been prepared and characterized
so far [38]. High impact polystyrene/TiO2 nanocomposite have been prepared by melt compounding technique [39]. The testing
bars were fabricated from the nanocomposites’ pellets using an injection molding machine. The antibacterial properties of the
prepared samples showed remarkably enhancement with increasing contacting time. On the other hand, presence of the nanofiller
did not affect much rheological and mechanical properties of the obtained nanocomposites. Recently, an article was published
describing the preparation of bio-nanocomposite packaging film through incorporation of TiO2 nanoparticles in poly(butylene
adipate-co-terephthalate) [40]. The films prepared by solution casting technique showed increase in the mechanical and oxygen
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barrier properties by increasing concentration of TiO2 nanoparticles. Moreover, the antibacterial activity of the obtained films
against both Gram-positive and Gram-negative pathogenic bacteria, have been investigated. The results revealed the utility of
the bionanocomposite films in food packaging application. Incorporation of TiO2 anatase and rutile nanoparticles into a low
density polyethylene (LDPE) polymeric matrix has been reported [31]. The photocatalytic antimicrobial effects the prepared
nanocomposite food packaging film has been evaluated by in vitro and in vivo tests. For the later test, covering of fresh pear with
the TiO2 nanocomposite film and illumination with by a fluorescent light lamp for 17 days at 5°C revealed that the number of
mesophilic bacteria and yeast cells decreased significantly compared to samples stored in unmodified LDPE film. Nanocomposites
based on biocompatable polycaprolactone and TiO2 nanoparticles were prepared via straight forward melt processing [41].
Testing of the antibacterial activity of the prepared nanocomposites was carried out in UV and visible light against Gram-negative
Escherichia coli bacteria and Gram-positive Staphylococcus aureus. The larger effect is to the homogenizing distribution and no
aggregation at large scale. It should be pointed out that, TiO2 works as surface-to-near surface contact unlike other antibacterial
agents such as Ag that is typically released to the media [42].
The obtained results for control or elimination of E-coli the prepared nanocomposites are better when compared to other work
using TiO2 powders or immobilized on polymer support [43-47]. These results might be attributed to the fact that the biocidal
capability is better in the UV region than in the visible light.
Fonseca et al. studied another example for TiO2 nanocomposite based on a biopolymer [48]. In this work, polylactic acid (PLA)
is used as a matrix for TiO2 nanoparticles that were prepared by sol-gel method. The study evidenced that no end conclusion
can be made concerning the optimum concentration of TiO2 nanoparticles in the nanocomposite. Increasing dispersion of TiO2
nanoparticles in the polymer matrix can be attained through surface modification of the nanoparticles [49,50]. It was found that
inclusion of TiO2 in the PLA matrix increased polymer crystallinity beside improving its mechanical properties. The rheometric
properties of the prepared nanocomposites showed pseudoplastic behavior and decreasing in the viscosity especially at low shear
rate. The low viscosity can be attributed to the lubricant effect of the nanoparticles that improves the mobility of polymer chains.
Moreover, reduction of the frictional coefficient and improvement in the wear resistance was observed [51]. surface modification
of TiO2 nanoparticles with stearic acid significantly reduced the shear values of the prepared nanocomposite [52].
Different morphologies of TiO2 in the nanoscale have been exploited as filler in a polymer matrix. Nanowires and nanobelts are
among these morphologies. The idea is increasing surface area of the 1D prepared nano-titania and hence better dispersion in
the polymer matrix could be reached. Preparation of TiO2 nanowires (NWs) using hydrothermal method is successfully used
to get NWs of different diameters and thickness up to nanobelts. This change in the NWs dimensions is due to change in the
hydrothermal reaction conditions. Preparation of composites from hyperbranched polyester and TiO2 nanowires has been
reported as photocatalyst for removal of organic compounds from wastewater [53]. In this work, the NWs used without previous
modification, showed good dispersion in the hyperbranched polymer due to presence of hydroxyl groups on the surface of titania
nanowires and also as terminal groups in the polymer. Youssef et al. described synthesis of TiO2 NWs/polystyrene nanocomposites
through inclusion of the nanowires in the polymer matrix [54]. Abdel Rehim et al. described a novel technique for surface tuning
of sodium titanate (Na2Ti3O7) nanobelts to more hydrophobic one through exchanging crystal lattice cations [55]. This interfacial
modification have been carried out through nanoblending of NBs into the poly(vinyl benzyl chloride) or p(VBC) and the sulfonated
form of pVBC’s [or sp(VBC)] matrixes. This successful method led to tailoring the surface character from being hydrophilic to
being hydrophobic by design. The hydrophobic NB's were used to prepare nanocomposites through blending with commercial
polystyrene [56]. The novel surface modification technique allowed better dispersion and compatibility of the modified NBs in the
hydrophobic polystyrene matrix. Investigation of the antimicrobial properties of the obtained nanocomposites against different
microorganisms namely, Gram-positive (S. aureus) and Gram-negative bacteria (P. aerugenosa), fungi (A. niger) and yeast (C.
albicans) have been carried out. The results suggested that this method can be generalized in low cost industrial mass production.
Several articles have described preparation of nanocomposites based on TiO2 nanowires with other linear polymers such as
polymethylmethacrylate and polyvinyl pyrrolidone for packaging application [57,58].

Doped Tio2 in Antibacterial Packaging Materials
Recently, researchers gave particular interest to improvement of antibacterial properties of TiO2 through its combination with
other active antimicrobial agents [59]. Combination of TiO2 with Ag nanoparticles is reported to prepare packages for agricultural
products and rice storage [58-64]. Ag nanoparticles are characterized by its high thermal and electrical conductivity. Moreover,
silver is considered a promising material for doping of titania due to its ability to prevent recombination of electrons and holes
generated during the photoreaction [65-68]. So that, enhancement in the decontamination is attained and TiO2/Ag based
nanocomposites are considered efficient antimicrobials for food packaging [67-76]. Other materials such as chitosan have been
used as matrix for TiO2 nanoparticles. Films prepared from TiO2/chitosan showed high antibacterial properties against various
pathogenic microrganisms [77]. Red grapes packed in the prepared biofilms and stored for a week showed low microbial infection
beside extended shelf life.
Incorporation of TiO2/chitosan in PVA to prepare films for white cheese packaging has been carried out [78]. The soft white
cheese wrapped in the composite film was stored at 7oC for 30 days. The tested wrapping films proved themselves as antimicrobial
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packaging films after evaluation of the cheese color, rheological and chemical properties beside the behavior against grampositive and gram-negative bacteria. Starch as a biopolymer was also used as a matrix for TiO2 nanoparticles in order to prepare
bionanocomposite for food packaging [79]. Films of low water-vapor permeability and increased elongation at break and tensile
energy, were obtained these, also considered as UV-protecting packaging films.

Photocatalytic and Antibacterial Paper
Paper is an important packaging material but recently utilization of nanotechnology enabled researchers to prepare specialty
paper such as photocatalytic and antimicrobial paper. This type of modified paper can find applications in food packaging beside
hygienic and medicinal fields. Production of such paper is started 10 years ago by Mitsubishi paper that produced paper coated
with light catalyst (TiO2) and commercialized as air purifiers. Also, Fushimi Inc. commercialized Titernal photocatalyst which
composed of TiO2 nanoparticles of size 10 nm and can be applied on paper, walls or ceilings.
Modification of paper sheets with antimicrobial nanoparticles can be performed either by coating the sheets with the modifier
or addition of the nanoparticles during making sheets [80-82]. Combination of TiO2 nanoparticle and a synthetic polymer in
order to prepare a formulation for paper coating, has been also described [83]. A new approach for preparing photocatalytic and
antimictobial paper has been reported by Abdel Rehim et al. [84]. The method is based on preparation of TiO2 modified by sodium
alginate, then addition different amounts during making sheets. Sodium alginate has two major tasks, the first is stabilization of
the nanoparticles and aggregation and secondly increased adhesion of the nanoparticles to paper fibers and prevent harmful effect
of the photocatalyst on them.
An interesting study dealing with investigation of antibacterial and preservation efficiency of packaging paper coated with TiO2/
chitosan on nanguo pears [85]. Measuring of the sensory of the nanguo pears showed that the weight loss of the fruits packed
in antibacterial paper is less than those packed in normal paper. By 30 days storage, the decay index of the nanguo pears is
minimum. On the other hand, for the physiological index, the nanguo pears coated with antibacterial paper showed superior
results concerning the peel aerobic bacterial count compared to the base paper. Moreover, the content of titratable acid of nanguo
pear packed in the antibacterial paper is higher than of the control group packed in normal paper, i.e. the antibacterial paper
preserved that taste of the nanguo pear.
Preparation of photocatalytic paper for antimicrobial passivation using Zeolite based TiO2 nanoparticles for packaging is
investigated [86]. Cationic starch and cationic polyacrylamide, are used for nanoparticle retention during papermaking process.
The modified paper sheets showed superior photocactlytic activity compared to unmodified paper. Such photocactlytic paper can
find further application in wrapping paper for fresh meat and fish, napkins, uncooked food and fruits [87,91].

Food Shelf Life and Safety
Conventional plastic or paper packaging materials are not sufficient to fulfill the today’s needs. Packaging materials required to
preserve food or vegetables for long times must meet important requirements. Thanks to nanotechnology, a great improvement in
the food packaging materials is attained through addition of nanoparticles that add new properties to the packaging. Properties such
as oxygen and water vapor barrier is essential since water and oxygen facilitate the environment for pathogenic microorganisms.
So that addition of oxygen scavenger such as TiO2 as a photocatalyst reduces amount of oxygen in the oxygen-sensitive food staff
[92]. On the other hand, addition of the antibacterial agent to the food might cause instant inhibition in the food microorganisms.
However, the survive population will grow again upon depletion of the antibacterial material causing reduction of food shelf life
[93,94]. Since the main goals of a packaging material are extending shelf life, safety assurance of the food and maintaining food
quality, the novel antibacterial packaging should be designed to fulfill these goals.
Great interest of scientists in food antimicrobial packaging led to numerous research articles. However, the lab scale work is
much less complicated than real case since food contains more salt, water and nutrients that can interact with bacteria [95-97].
Moreover, considerable effect of transportation and storage of food has been found. Microbiologists and chemists have revealed
that achieving the same results in real life is difficult. It was found that on testing of antimicrobial properties for food packaging
contains oils as antimicrobial agent, much oil is required than used on the lab scale to get the same effect [91,98,99].
Another important issue should be considered while manufacturing a packaging material contains nanoparticles that is, safety and
an important question might rise: Does presence of such nanoparticles near our food is safe?
Actually, it is difficult to answer this question since understanding of potential exposure via migration into food is required
for correct assessment of nanomaterials in food packaging. However, there are several issues complicate the explanation of
the migration of nanomaterials into food staff through polymer packaging. Among these issues uncertainty of the analytical
techniques to determine and detect nanoparticles also, limited description of sample preparation method beside uncertainty about
the influence of the used method. Factors affecting migration of nanoparticles into food are many such as temperature, position
of nanoparticles in the packaging material, nature of food and interaction of the nanoparticles with the food stuff [100-102].
Migration of silver from nano-Ag/nano-TiO2 containing packaging materials contains fruits, white cheese or fresh carrot was
studied [103]. Samples were stored for 7 days at 40 oC then the processed food samples were analyzed to detect Ag and TiO2
using SEM-EDX and XRD. The results showed that no significant amounts of Ag or Ti were found in the food. The level of Ag
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nanoparticles in orange juice was 5.7 ± 0.02 μg/L vs. 0.16 ± 0.01 μg/L in controls while the level of Ti was found to be 2.5 ± 0.03
μg/L. Another study for Panea et al. [104] to detect Ag and Zn in (5% and 10% w/w) LDPE blend using ICP-MS revealed that
the nanoparticles level is lower than detection limit. Although TiO2 is approved to be added to food as coloring agent (E171), the
nano-TiO2 is not [105]. Migration tests of TiO2 have been carried out by Lin et al. for Ti-PE packaging films using ICP-MS analysis
[106]. Particle size determination by laser particle size analysis confirmed the nanosize of Ti while SEM imaging revealed presence
of some aggregates. The results showed that migration of Ti increases by increasing its concentration in the film, time of exposure
and acidity of food.
Recently, the European Commission has published a list of authorized substance to be in direct contact with food among these
substances titanium nitride in PET plastic up to 20 mg/kg. Nevertheless, migration experiments concerning TiO2 suggested that
potential exposure of consumers and public health issue because of incorporation of the nanoparticles in the polymer packaging
materials is likely to be very low. As a conclusion, the previous question is still opened for arguments and more migration studies
should be made by establishing multidisciplinary approach through bringing experts of different fields such as food technology
microbiology and material science. In this way, creation of a promising future of antibacterial food packaging industry is achievable.

References
1. Mark JE, Lee C, Bianconi Eds (1995) Hybrid organic-inorganic composites. ACS, Washington 585: 10.1021/bk-1995-0585.
2. Lai SM, Wang CK, Shen HF (2005) Properties and preparation of thermoplastic polyurethane/silica hybrid using sol–gel process. J Appl Polym Sci 97: 1316-25.
3. Weng WH, Chen H, Tsai SP, Wu JC (2004) Thermal Property of Epoxy/SiO2 Hybrid Material Synthesized by the Sol-Gel Process. J Appl Polym Sci 91: 532-7.
4. Chowhury AN, Azam MS, Aktaruzzaman M, Rahim A (2009) Oxidative and antibacterial activity of Mn3O4. J Hazard Mater 172: 1229-35.
5. Li WY, Xu LN, Chen J (2005) Co3O4 Nanomaterials in Lithium-Ion Batteries and Gas Sensors. Adv Fun Mater 15: 851-7.
6. Seo WS, Jo HH, Lee K, Kim B, Oh SJ, et al. (2004) Size-Dependent Magnetic Properties of Colloidal Mn3O4 and MnO Nanoparticles. Angew. Chem Inter Ed
43: 1115-7.
7. LA Fakhri, Ghanbarzadeh B, Dehghannya J, Abbasi F, Ranjbar H (2018) Optimization of mechanical and color properties of polystyrene/nanoclay/nano ZnO
based nanocomposite packaging sheet using response surface methodology. Food Packaging and Shelf Life 17: 11-24.
8. Pagnout C, Jomini S, Dadhwal M , Caillet C, Thomas F, et al. (2012) Role of electrostatic interactions in the toxicity of titanium dioxide nanoparticles toward
Escherichia coli. Colloids Surf B Biointerfaces B 92: 315-21.
9. Naceur JB, Gaidi M, Bousbih F, Mechiakh R, Chtourou R (2012) Annealing effects on microstructural and optical properties of Nanostructured-TiO2 thin films
prepared by sol–gel technique. Current App Phy 12: 422-8.
10. Dighavkar CG, Patil A, Patil S, Borse RY (2010) Al-doped TiO2 thick ﬁlm resistors as H2S gas sensor. Sens and Transducers J 9: 39-47.
11. Yoon S, Lee ES, Manthiram A (2012) Microwave-Solvothermal Synthesis of Various Polymorphs of Nanostructured TiO2 in Different Alcohol Media and Their
Lithium Ion Storage Properties. Inorg Chem 51: 3505-12.
12. Livraghi S, Chiesa M, Paganini MC, Giamello E (2011) On the Nature of Reduced States in Titanium Dioxide As Monitored by Electron Paramagnetic
Resonance. I: The Anatase Case. J Phys Chem C 115: 25413-21.
13. Liu H, Wu Y, Zhang J (2011) A New Approach toward Carbon-Modified Vanadium-Doped Titanium Dioxide Photocatalysts. ACS Appl Mater Interfaces 3:
1757-64.
14. Yadav BC (2007) Sol–gel processed titania films on a prism substrate as an optical moisture sensor. Sens and Transducers J 79: 1217-24.
15. Tang Y, Wee P, Lai Y, Wang X, Gong D, et al. (2012) Hierarchical TiO2 Nanoflakes and Nanoparticles Hybrid Structure for Improved Photocatalytic Activity. J
Phys Chem C 116: 2772-80.
16. Liu CY, Huang KC, Chung PH, Wang CC, Chenc CY, et al. (2012) Graphene-modified polyaniline as the catalyst material for the counter electrode of a dyesensitized solar cell. J Power Sources 217: 152-7.
17. Di Gianni A, Trabelsi S, Rizza G, Sangermano M, Althues H, et al. (2007) Hyperbranched Polymer/TiO2 Hybrid Nanoparticles Synthesized via an In Situ SolGel Process. Macromol Chem Phys 208: 76-86.
18. Fujishima A, Honda K (1972) Electrochemical Photolysis of Water at a Semiconductor Electrode. Nature 238: 37-8.
19. Asahi R, Morikawa T, Ohwaki T, Aoki K, Taga Y (2001) Visible-light photocatalysis in nitrogen-doped titanium oxides. Science 293: 269-71.
20. Zhang X, Xu S, Han G (2009) Fabrication and photocatalytic activity of TiO2 nanofiber membrane. Mater Lett 63: 1761-3.
21. Liang HC, Li XZ (2009) Effects of structure of anodic TiO(2) nanotube arrays on photocatalytic activity for the degradation of 2,3-dichlorophenol in aqueous
solution. J Hazard Mater 162: 1415-22.
22. Zhang L, Pornpattananangkul D, Hu CMJ, Huan CM (2010) Development of Nanoparticles for Antimicrobial Drug Delivery. Curr Med Chem 17: 585-94.
23. Haghi M, Hekmatafshar M, Janipour MB, Gholizadeh SS, Faraz MK, et al. (2012) Antibacterial effect of TiO2 nanoparticles on pathogenic strain of E. coli. Inter
J Adv Biotech Res 3: 621-4.
24. Pişkin S, Palantöken A, Yılmaz MS (2013) Antimicrobial Activity of Synthesized TiO2 Nanoparticles. International Conference on Emerging Trends in
Engineering and Technology, Conference (ICETET'2013), Thailand.
25. Ahmad R, Sardar M (2013) TiO2 nanoparticles as an antibacterial agents against E. coli. Inter J Innov Res Sci Eng Technol 2: 3569-74.
26. Arora B, Murar M, Dhumale V (2015) Antimicrobial potential of TiO2 nanoparticles against MDR Pseudomonas aeruginosa. J Ex Nanosci 10: 819-27.
27. Alrousan DMA, Dunlop PSM, McMurray TA, Byrne JA (2009) Photocatalytic inactivation of E. coli in surface water using immobilised nanoparticle TiO2
films. Water Res 43: 47-54.
28. Cho M, Chung H, Choi W, Yoon J (2004) Linear correlation between inactivation of E. coli and OH radical concentration in TiO2 photocatalytic disinfection.
Water Res 38: 1069-77.

Annex Publishers | www.annexpublishers.com

Volume 1 | Issue 1

Journal of Advancements in Food Technology

6

29. Othman SH, Abd Salam NR, Zainal N, Basha RK, Talib RA (2014) Antimicrobial Activity of TiO2 Nanoparticle-Coated Film for Potential Food Packaging
Applications. Inter J Photoener Article ID 945930: 6 pages.
30. Chawengkijwanich C, Hayata Y (2008) Development of TiO2 powder-coated food packaging film and its ability to inactivate Escherichia coli in vitro and in
actual tests. Int J Food Microbiol 123: 288-92.
31. Zhou JJ, Wang SY, Gunasekaran S (2009) Preparation and characterization of whey protein film incorporated with TiO2 nanoparticles. J Food Sci 74: N50-6.
32. Luo ZS, Ye QY, Li D (2013) Influence of nano-TiO2 modified LDPE film packaging on quality of strawberry. Mod Food Sci Technol 29: 2340.
33. Gumiero M, Peressini D, Pizzariello A, Sensidoni A, Iacumin L, et al. (2013) Effect of TiO2 photocatalytic activity in a HDPE-based food packaging on the
structural and microbiological stability of a short-ripened cheese. Food Chem 138: 1633-40.
34. Kubacka A, Cerrada ML, Serrano C, García MF, Ferrer M, et al. (2008) Light-driven novel properties of TiO2-modified Polypropylene-based nanocomposite
films. J Nanosci Nanotechnol 8: 3241-6.
35. Cerrada ML, Serrano C, Chaves MS, García MF, Martín FF, et al. (2008) Self-sterilized EVOH-TiO2 nanocomposites: Effect of TiO2 content on biocidal
properties. Adv Funct Mater 18: 1949-60.
36. Cerrada ML, Serrano C, Sánchez-Chaves M, García MF, Andrés DA, et al. (2009) Biocidal capability optimization in organic inorganic nanocomposites based
on titania. Environ Sci Technol 43: 1630-4.
37. Bodaghi H, Mostofi Y, Oromiehie A, Zamani Z, Ghanbarzadeh B, et al. (2013) Evaluation of the photocatalytic antimicrobial effects of a TiO2 nanocomposite
food packaging film by invitro and invivo tests. LWT Food Sci Technol 50: 702-6.
38. Patra N, Salerno M, Cozzoli PD, Athanassiou A (2013) Surfactant-induced thermomechanical and morphological changes in TiO2-polystyrene nanocomposites.
J Colloid Interface Sci 1: 103-8.
39. Wang Z, Li G, Peng H, Zhang Z (2005) Study on novel antibacterial high-impact polystyrene/TiO2 nanocomposites. J Mater Sci 40: 6433-8.
40. Venkatesan R, Rajeswari N (2017) TiO2 nanoparticles/poly(butylene adipate‐co‐terephthalate) bionanocomposite films for packaging applications. Polym Adv
Technol 28: 1699-706.
41. Bonilla AM, Cerrada ML, García MF, Kubacka A, Ferrer M, et al. (2013) Biodegradable Polycaprolactone-Titania Nanocomposites: Preparation, Characterization
and Antimicrobial Properties. Int J Mol Sci 14: 9249-66.
42. You KY, Byeon JH, Park JH, Hwang J (2007) Susceptibility constants of Escherichia coli and Bacillus subtilis to silver and copper nanoparticles. Sci Total
Environ 373: 572-5.
43. Huang Z, Maness PC, Blake DM, Wolfrum EJ, Smolinski SL, et al. (2000) Bactericidal mode of titanium dioxide photocatalysis. J Photochem Photobiol A 130:
163-70.
44. Ibañez JA, Litter MI, Pizarro RA (2003) Photocatalytic bactericidal effect of TiO2 on enterobacter cloacae: Comparative study with other Gram (−) bacteria. J
Photochem Photobiol A 157: 81-5.
45. Robertson JMC, Robertson PK, Lawton LAA (2005) comparison of the effectiveness of TiO2 photocatalysis and UVA photolysis for the destruction of three
pathogenic micro-organisms. J Photochem Photobiol A 175: 51-6.
46. Kuhn KP, Chaberny IF, Massholder K, Stickler M, Benz VW, et al. (2003) Disinfection of surfaces by photocatalytic oxidation with titanium dioxide and UVA
light. Chemosphere 53: 71-7.
47. Wang Z, Li G, Peng H, Zhang Z, Wang X (2005) Study on novel antibacterial high impact polystyrene/TiO2 nanocomposites. J Mater Sci 40: 6433-8.
48. Fonseca C, Ochoa A, Ulloa MT, Alvarez E, Canales D, et al. (2015) poly(lactic acid)/TiO2 nanocomposites as alternative biocidal and antifungal materials.
Mater Sci Eng C 57: 314-20.
49. Luo YB, Li WD, Wang XL, Xu DY, Wang YZ (2009) Preparation and properties of nanocomposites based on poly(lactic acid) and functionalized TiO2. Acta
Mater 57: 3182-91.
50. Li Y, Chen C, Li J, Sun XS (2011) Synthesis and characterization of bionanocomposites of poly(lactic acid) and TiO2 nanowires by in situ polymerization.
Polymer 52: 2367-75.
51. Chang L, Zhan Z, Breidt C, Friedrich K (2005) Tribological properties of epoxy nanocomposites Enhancement of the wear resistance by nano-TiO2 particles.
Wear 258: 141-8.
52. Zou GX, Jiao QW, Zhang X, Zhao CX, Li JC (2015) Crystallization behavior andmorphology of poly (lactic acid) with a novel nucleating agent. J Appl Polym
Sci 132: 41367.
53. Ghanem AF, Badawy AA, Ismail N, Rayn Tian Z, Abdel Rehim MH, et al. (2014) Photocatalytic activity of hyperbranched polyester/TiO2 nanocomposites.
Appl Catal A: General 472: 191-7.
54. Youssef AM, Malhat FM, El-Hakim AFAD (2013) Preparation and Utilization of Polystyrene Nanocomposites Based on TiO2 Nanowires. Polym Plast Technol
Eng 52: 228-35.
55. Ghanem AF, Williams RL, Abdel Rehim MH, Tian ZR (2014) Tuning a hydrophilic nanobelt’s crystal lattice for interface tailored nanocompositing with a
hydrophobic polymer. J Mater Sci 49: 7382-90.
56. Abdel Rehim MH, Youssef AM, Ghanem A (2015) Polystyrene/ hydrophobic TiO2 nanobelts as a novel packaging material. Polym Bull 72: 2353-62.
57. Haroun AA, Youssef AM (2011) Synthesis and electrical conductivity evaluation of novel hybrid poly (methylmethacrylate)/titanium dioxide nanowires. Synth
Metals 161: 2063-9.
58. Hebeish AA, Abdelhady MM, Youssef AM (2013) TiO2 nanowire and TiO2 nanowire doped Ag-PVP nanocomposite for antimicrobial and self-cleaning cotton
textile. Carbohyd Polym 91: 549-59.
59. Dhanasekara M, Jenefer V, Nambiar RB, Babua SG, Selvam SP, et al. (2018) Ambient light antimicrobial activity of reduced graphene oxide supported metal
doped TiO2 nanoparticles and their PVA based polymer nanocomposite films. Materials Research Bulletin 97: 238-43.
60. Youssef AM (2014) Morphological studies of polyaniline nanocomposite based mesostructured TiO2 nanowires as conductive packaging materials. RSC Adv
4: 6811-20.
61. Abreu DAPD, Cruz JM, Angulo I, Losada PP (2010) Mass transport studies of different additives in polyamide and exfoliated nanocomposite polyamide films
for food industry. Packag Technol Sci 23: 59-68.
62. Fang DL, Yang WJ, Kimatu BM, Mariga AM, Zhao LY, et al. (2015) Effect of nanocomposite-based packaging on storage stability of mushrooms (Flammulina
velutipes). Innovat Food Sci Emerging Technol 33: 489-97.

Annex Publishers | www.annexpublishers.com

Volume 1 | Issue 1

7

Journal of Advancements in Food Technology
63. Yang FM, Li HM, Li F, Xin ZH, Zhao LY, et al. (2010) Effect of Nano-Packing on Preservation Quality of Fresh Strawberry (Fragaria ananassa Duch. cv
Fengxiang) during Storage at 4 °C. J Food Sci 75: C236-40.
64. Li L, Zhao CJ, Zhang YD, Yao JF, Yang WJ, et al. (2017) Effect of stable antimicrobial nano-silver packaging on inhibiting mildew and in storage of rice. Food
Chem 215: 477-82.
65. Reddy MP, Venugopal A, Subrahmanyam M (2007) Hydroxyapatite-supported Ag-TiO2 as Escherichia coli disinfection photocatalyst. Water Res 41: 379-86.
66. Page K, Palgrave RG, Parkin IP, Wilson M, Savin SLP, et al. (2007) Titania and silver-titania composite films on glass-potent antimicrobial coatings, J Mater
Chem 17: 95-104.
67. Akpan UG, Hameed BH (2009) Parameters affecting the photocatalytic degradation of dyes using TiO2-based photocatalysts: A review. J Hazard Mater 170:
520-9.
68. Krejckov S, Matejov L, Koc K, Obalov L, Matej Z, et al (2012) Preparation and characterization of Ag-doped crystalline titania for photocatalysis applications.
Appl Catal B: Env 111: 119-25.
69. Zheng Z, Huang BB, Qin XY, Zhang XY, Dai Y (2011) Facile in situ synthesis of visible-light plasmonic photocatalysts M@TiO2 (M = Au,Pt,Ag) and evaluation
of their photocatalytic oxidation of benzene to phenol. J Mater Chem 21: 9079-87.
70. Zhang H, Li X, Chen G (2009) Ionic liquid-facilitated synthesis and catalytic activity of highly dispersed Ag nanoclusters supported on TiO2. J Mater Chem
19: 8223-31.
71. Chen SF, Li JP, Qian K, Xu WP, Lu Y, et al. (2010) Large scale photochemical synthesis of M@TiO2 nanocomposites (M= Ag,Pd,Au,Pt) and their optical
properties, CO oxidation performance, and antibacterial effect. Nano Res 3: 244-55.
72. Zhang H, Chen G (2009) Potent Antibacterial Activities of Ag/TiO2 Nanocomposite Powders Synthesized by a One-Pot Sol−Gel Method. Enviro Sci Technol
43: 2905-10.
73. Liu R, Wang P, Wang X, Yu H, Yu J (2012) UV- and Visible-Light Photocatalytic Activity of Simultaneously Deposited and Doped Ag/Ag(I)-TiO2 Photocatalyst.
J Phys Chem C 116: 17721-8.
74. Cao C, Huang J, Li L, Zhaoa C, Yao J (2017) Highly dispersed Ag/TiO2 via adsorptive self-assembly for bactericidal application. RSC Adv 7: 13347-52.
75. Olmos D, Pontes-Quero GM, Corral A, González-Gaitano G, González-Benito J (2018) Preparation and Characterization of Antimicrobial Films Based on
LDPE/Ag Nanoparticles with Potential Uses in Food and Health Industries Nanomaterials (Basel) 8: 60.
76. Nasab NH, Jalili MM, Farrokhpay S (2018) Application of paraffin and silver coated titania nanoparticles in polyethylene nanocomposite food packaging films.
J Appl Polym Sci 135: 45913.
77. Zhang X, Xiao G, Wang Y, Zhao Y, Su H, et al. (2017) Preparation of chitosan-TiO2 composite film with efficient antimicrobial activities under visible light for
food packaging applications. Carbohyd Polym 169: 101-7.
78. Youssef AM, El-Sayed SM, Salama HH, El-Sayed HS, Dufresne A (2015) valuation of bionanocomposites as packaging material on properties of soft white
cheese during storage period. Carbohyd Polym, 132: 274-85.
79. Goudarzi V, Ghahfarrokhi IS, Ghazvini AB (2017) Preparation of ecofriendly UV-protective food packaging material by starch/TiO2 bio-nanocomposite:
Characterization. Inter J Biolog Macromol 95: 306-13.
80. Pelton R, Geng X, Brook M (2006) Photocatalytic paper from colloidal TiO2-fact or fantasy. Adv Coll Interface Sci 127: 43-53.
81. Ko S, Fleming PD, Joyce M, Ari-Gur P (2012) optical and photocatalytic properties of photoactive paper with polycrystalline TiO2 nanopigments for optimal
product design. Pigments 11: 33.
82. Matsubara H, Takada M, Koyama S, Hashimoto K, Fujishima A (1995) Photoactive TiO2 containing paper: preparation and its photocatalytic activity under
weak UV light illumination. Chem Lett 24: 767-8.
83. Youssef AM, Kamel S, El-Samahy MA (2013) Morphological and antibacterial properties of modified paper by PS nanocomposites for packaging applications.
Carbohyd Polym 98: 1166-72.
84. Abdel Rehim MH, El-Samahy MA, Badawy AA, Mohram ME (2016) Photocatalytic activity and antimicrobial properties of paper sheets modified with TiO2/
Sodium alginate nanocomposites. Carbohyd Polym 148: 194-9.
85. Jiang ZB, Huang JY, Yu LL, Sun Xi, Cui LH (2015) Nano-TiO2/Chitosan Coated Antibacterial Paper and Its Preservation Effect in Packaging Nanguo Pear.
International Conference on Material Science and Application (ICMSA 2015).
86. Ko S (2008) Zeolite-Based Nanosized TiO2 Photocatalytic Paper for Antimicrobial Barrier and Toxin Passivation in Packaging: Design, Synthesis and
Characterization. Western Michigan University, Dissertations. Paper 785: 117.
87. Iguchi Y, Ichiura H, Kitaoka T, Tanaka H (2003) Preparation and characteristics of high performance paper containing titanium dioxide photocatalyst supported
on iorganic fiber matrix. Chemosphere 53: 1193-9.
88. Fukahori S, Ichiura H, Kitaoka T, Tanaka H (2003) Capturing of bisphenol A photodecomposition intermediates by composite TiO2-zeolite sheets. Appl Catal
B: Environ 46: 453-62.
89. Ichiura H, Kitaoka T, Tanaka H (2003) Removal of indoor pollutants under UV irradiation by a composite TiO2-zeolite sheet prepared using a papermaking
technique. Chemosphere 50: 79-83.
90. Fukahori S, Ichiura H, Kitaoka T, Tanaka H (2003) Photocatalytic decomposition of bisphenol A in water using composite TiO2-Zeolite sheets prepared by a
papermaking technique. Environ Sci Technol 37: 1048-51.
91. Ichiura H, Kitaoka T, Tanaka (2002) Preparation of composite TiO2-zeolite sheets using a papermaking technique and their application to environmental
improvement: Part I. Removal of acetaldehyde with and without UV irradiation. J Mater Sci 37: 2937-41.
92. Xiao L, Green ANM, Haque SA, Mills A, Durrant JR (2004) Light-driven oxygen scavenging by titania/polymer nanocomposite films. J Photochem Photobiol
A: Chemistry 162: 253-9.
93. Zhang YDC, Yam KL, Chikindas ML (2004) Effective control of Listeria monocytogenes by combination of nisin formulated and slowly released into abroth
system. Int J Food Microbiol 90: 15-22.
94. Sung SY, Sin LT, Tee TT, Bee ST, Rahmat AR,et al. (2013) Antimicrobial agents for food packaging applications. Trends Food Sci Technol 33: 110-23.
95. Grower JL, Cooksey K, Getty (2005) Release of nisin from methylcellulose-hydroxypropylmethyl cellulose film formed on low-density polyethylene film. J
Food Sci 69: 107-11.

Annex Publishers | www.annexpublishers.com

Volume 1 | Issue 1

8

Journal of Advancements in Food Technology
96. Mauriello G, DeLuca E, LaStoria A, Villani F, Ercolini D (2005) Antimicrobial activity of a nisin activated plastic film for food packaging. Lett Appl Microbiol
41: 464-9.

97. Walters MC, Roe F, Bugnicourt A, Franklin MJ, Stewart PS (2003) Contributions of antibiotic penetration, oxygen limitation, and low metabolic activity to
tolerance of Pseudomonas aeruginosa biofilms to ciprofloxacin and tobramycin. Antimicrob Agents Chemother 47: 317-23.
98. Szente L, Szejtli J (2004) Cyclodextrins as food ingredients. Trends Food Sci Tech 15: 137-42.
99. Malhotra B, Keshwani A, Kharkwal H (2015) Antimicrobial food packaging: potential and pitfalls. Front Microbiol 6: 611.
100. Hannon JC, Cummins E, Kerry J, Cruz-Romero M, Morris M (2015) Advances and challenges for the use of engineered nanoparticles in food contact
materials. Trends in Food Sci & Technol 43: 43-62.
101. Noonan GO, Whelton AJ, Carlander D, Duncan TV (2014) Measurement methods to evaluate engineered nanomaterial release from food contact materials.
Comprehensive Rev in Food Sci and Food Safety 13: 679-92.
102. Cozmuta MA, Anca P, Cozmuta LM, Nicula C, Crisan L, et al. (2014) Active packaging system based on Ag/TiO2 nanocomposite used for extending the shelf
life of bread. Chemical and microbiological investigations. Packaging Technol and Sci 28: 271-84.
103. Metak AM, Ajaal TT (2013) Investigation on polymer based nano-silver as food packaging materials. Inter J Biolog Vet Agricul Food Eng 7: 772.
104. Panea B, Ripoll G, González J, Fernández-Cuello Á, Albertí P (2014) Effect of nanocomposite packaging containing different proportions of ZnO and Ag on
chicken breast meat quality. J Food Eng 123: 104-12.
105. FDA (2015) Summary of color additives for use in the United States in in foods, drugs, cosmetics, and medical devices, United States Food and Drug
Administration.
106. Lin QB, Li H, Zhong HN, Zhao Q, Xiao DH, et al. (2014) Migration of Ti from nano-TiO2-polyethylene composite packaging into food simulants. Food Addit
Contam Part A Chem Anal Control Expo Risk Assess 31: 1284-90.

Submit your next manuscript to Annex Publishers and
benefit from:
→
→
→
→
→
→

Easy online submission process
Rapid peer review process
Online article availability soon after acceptance for Publication
Open access: articles available free online
More accessibility of the articles to the readers/researchers within the field
Better discount on subsequent article submission
Submit your manuscript at
http://www.annexpublishers.com/paper-submission.php

Annex Publishers | www.annexpublishers.com

Volume 1 | Issue 1

