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Abstract
Nowadays, application of antimicrobial packaging is extended due to increasing infections and bacterial contaminations trans-

ferred by foodstuff. Among different NPs silver, copper and gold are the most implemented antibacterial NPs used in the field of food
industry. Researchers have used Copper nanoparticles as antimicrobial agent due to its lower price, simple synthesizes and its nu-

traceutical properties rather than silver NPs in some cases. Since, application of NPs in different packaging may exert some effects on
animal and human cells, legislative authorities determined some rules for measurement of NPs migration to food material. Therefore,

numerous researchers measured migration of copper NPs to foodstuff using Atomic Adsorption ICPMS and etc. In the current study
different aspects of application of Copper nanoparticles as antibacterial packaging namely migration, antibacterial properties and
instrumentation have been discussed.
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Introduction
Packaging is aimed to preserve quality and texture, prevent

bacterial, chemical and physical contamination as well as a

consumer friendly appearance [1]. For a better physical protection,

packaging should be flexible enough and also resistant to corrosion
and abrasion. Moreover, permeability to oxygen, CO2, water vapor

should be low enough to protect food material in a safe situation
[2].

Paper, glass, aluminum, steel and plastics are among usual

packaging material in food industry [3]. In past few decades oil

based plastics have been remarkably considered as the most used
packaging materials due to their low price, ease of production as
well as high strength [4-6]. According to a survey, implementation

of packaging increases 7% annually [7] and just 5% of this huge

amount recycles that leads to increment of plastic residues

in environment and finally human health risk and diseases
may enhance [8,9]. In recent years, although application of
biodegradable packaging had an increasing trend, there have been

some limitations for its wide spread application due to its high

price, high permeability to oxygen and its brittle characteristics.
For instance, starch, as a polysaccharide thermoplastic polymer

have been used as substituent of plastic polymers however there
have been limitations due to its low mechanical strength, sensitivity
to humidity and brittleness occurred by amylose crystallization

[10,11]. Numerous methods have been suggested for surmounting

this issue such as coating the surface of film using preventing
substances, increasing crystallization degree as well as application

of nanoparticles [12,13]. According to the recent research, one

of the most effective ways to address this issue is application of
nanoparticles in packaging [14,15]. Nanoparticles (NPs) such as

Silver, Gold, Copper, TiO2, ZnO have reported to increase thermal

and mechanical properties [16,17] improve gas barrier properties
[18] and exert antimicrobial effects [18,19].

Nanoparticles also are resistance to high temperature and

pressure and although few of them may cause migration of toxic

material to foodstuff, other are containing essential micro-elements
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for human body [20]. Among applied NPs in food industries, copper

ancient Egyptians used cooper as water sterilization substance as

evaluation of antimicrobial properties of CuNPs using different

Synthesis of CuNPs is divided to 3 main methods: physical,

NPs have played a major due to its antimicrobial and nutraceutical

properties [21,22]. Multiple studies have been conducted on

well as disinfectant of wounds [39].

percentages and also different matrixes namely HDPE, LDPE,

chemical as well as biological methods. These methods are used

gas barrier properties as well as UV inhibition feature have been

synthesizes CuNPs of different shape, size and morphology, higher

Cellulose and etc [23,24]. Also physicochemical properties of
copper nanopackaging such as thermal [25], mechanical [26],
studied [23,27].

Numerous reports have revealed that application of NPs in

the surface of food contact materials e.g. packaging may lead to
migration of NPs into foodstuff that, in turn, toxicity occurs [9,28].

Legislatives have determined specific amounts for migration
of each NPs as a safe limit for human cells, however it has been

also stated that bacterial cells consume low concentrations of

copper as vital cofactors for enzymes and metalloproteins [29,30].
Therefore, many researchers focused on determination of this
specific amount of NPs that not only exert antibacterial effects,
but does not pass the legislative limitations. Therefore, the current

via various procedures such as chemical reduction, thermal lysis,
PolyOl method, microemulsion and etc. Although physical method

instrumentation and price is a limiting factor for this method of
production. Therefore, application of chemical methods has been
wide spread due to lower prices and simple instrumentation.

Additionally, altering pH, temperature, reducing agents and solvent

can lead to formation of different particles in terms of size, shape,

morphology and characteristics. Despite numerous advantages of
CuNPs, toxicity of these NPs is a controversial topic that needs to

pay more attention and more array of research should be carried
out on this issue.

Antimicrobial properties of Copper NPs
Researches showed CuNPs can significantly mix with polymeric

mini-review focuses on evaluation of antibacterial properties and

matrix and exert their biotechnological effects due to their high

Nano technology

nanocomposites using chemical reduction synthesizing method on

migration of copper NPs in food industry.

Molecules exhibit different characteristics when become in

nanoscale [31]. In fact, nanotechnology changes the characteristics
of elements by lowering the size of at least one dimension of X, Y

or Z to nano scale [32-34]. Two methods have been suggested for

synthesizing of NPs; top-down that uses bulk materials and lysis
procedure and bottom-up that uses molecules and particles to
form NPs [35].

Polymeric nanocomposites
In Addition to reduction of wastes, polymeric nanocomposite

can remarkably increase the shelf life of foodstuff. Due to low

gas barrier properties and brittleness of biopolymers, addition
of nonofillers is considered as one of the most effective ways
to produce polymeric bionanocomposites that are capable of

recycling and biodegradability [36]. Metallic nanoparticles such as
CaO, MgO, TiO2 and are known due to their toxic nature against

surface to volume ratio, reactivity and proper release characteristics
[22]. Komeilynia., et al. (2013) evaluated of cotton-nylon-CuNPs
S. aureus. Results showed that incorporation CuNPs particles could

significantly reduce S. aureus load (P < 0.01), although SEM and TEM
analysis showed that the average size of synthesized nanoparticles

were 85 nm. additional physicochemical characteristics of produced
nanocomposite (containing CuNPs) was improved significantly in

comparison with blank samples (P < 0.05) [40]. Also, Bikiaris., et al.

(2013) conducted a study on investigation the effects of HDPE+Cunanofibers (0.5, 1 and 5%) using melt mixing method. Results

revealed that application of Cu NPs not only could significantly

improve tensile strength, Young’s modulus and oxygen barrier
properties but antibacterial effects were significantly increased
against Escherichia coli DHSa, Pseudomonas fluorescens BS3 and

Staphylococcus aureus than that of lower HDDPE containing lower
percentages of CuNPs (Figure 1) [41].

Arfat., et al. (2017) evaluated the effects of Guar Gum

bacteria, yeast and few viruses. Although scientist have focused

nanocomposites containing different percentages of CuNPs (0.5

and availability [37].

Outcomes revealed that in agreement with Bikiaris., et al. (2013)

on application of silver nanoparticles against microbes, copper

seems to be more effective due to lower price, simple synthesis
Copper NPs

Copper NPs are widely used as catalyzer, optical elements,

antibacterial, antifungal, and conductive agents due to their
physicochemical and biological unique characteristics [38]. Cu

is considered as antibacterial agent more than a century since

- 2%) particles, the thermo-mechanical, optical, spectral, oxygen

barrier and antimicrobial properties of coatings were analyzed.

and Komeilinia., et al. (2013), Strong antibacterial effects were
shown by Cu-Agar nano--coatings against both gram negative and

Gram positive bacterial strains (Figure 2). Additionally, gas barrier
properties and tensile strength also was remarkably improved (P
< 0.05).
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migration of nanoparticles into foodstuff. Migration is determined
as a mass transfer for particles with low molecular weight. Overall

and specific migration tests have limitations for each foodstuff and

these limitations are determined by EFSA and FDA. According to

EFSA, migration test is determination of the release of packaging

components to food or food stimulators [45]. Food stimulators
are ethanol 10%v/v, Acetic Acid 3% v/v, ethanol 50% v/v and

etc. However, although there are numerous investigations on

measurement of the migrated silver, clay titanium nanoparticles to
foods stuff, there are very limited works on copper nanoparticles
and more studies should be carried out [43,46].

Liu., et al. (2016) measured migration of CuNPs from copper

coated films using ethanol (10%) and acetic acid (3%) by ICP-MS

and GFAAS. Results revealed that copper migration was remarkably
lower in 10% ethanol despite migration ratio was lower than FDA
limits [43].

Conclusion
Addition of metallic nanoparticle such as copper, due to their

suitable physicochemical and antimicrobial properties has gain
Figure 1: (a) SEM of Cu-Nanofibers implemented in HDPE
(b) growth of bacterial colonies during 24 hours [41].

attentions recently. In fact, implementation of nanoparticle has

addressed issues that bionanopolymers have been facing to for
many years namely brittleness, gas barrier properties and toxic

nature. Among different nano particle copper plays a major role
due to its lower price, higher antimicrobial properties and simple

instrumentation. However, according to the toxic nature of copper

nanoparticles and toxicity that may cause illness and poisoning
for human being, more studies should be carried out on migration

of copper nanoparticles. In conclusion, application of copper
nanoparticles in polymeric matrixes such as LPDE and HDPE for
expensive and materials with high aw is suggested.
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