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Nanotechnology offers an enormous opportunity for innovations in food packaging, which can benefit both,
the consumers and the industry. The application of nanotechnology shows significant advantages for improving the
quality of packaging materials. Innovations related with the use of nanotechnology in food packaging and quality
control is a core focus in the modern food industry. The packaging can be made to be "smart", which means that it can
ensure the conditions of a safe environment or to send a signal to the user of pollution and pathogens. Silver
nanoparticles have become the dependable antimicrobial material with a variety of applications. Packaging materials
with nanoparticles of silver or related cationic silver nanocomposites, provide a possibility for effective and safe
antimicrobial packaging.

In the present study are examined the opportunities for using silver nanoparticles in the composition of
packaging paper. The physic-mechanical properties of laboratory obtained packaging papers, with and without silver
nanoparticles, are been examined. Microbiological tests of the paper samples are also been made. The obtained results
show bacteriostatic effect of silver nanoparticles over the packaging paper properties.
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INTRODUCTION

The application of nanotechnology shows
significant advantages for improving the quality of
packaging materials. Innovation related to the use
of nanotechnology in food packaging and quality
control is the main focus in the modern food
industry. The silver nanoparticles can be relatively
uniformly distributed in a matrix of other materials
such as pulp, plastics, and others and thus be more
effective at killing bacteria and fungi. Packaging
materials with nanoparticles of silver, or cationic

release of their contents.
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associated silver nanocomposites allow to create
effective and safe antimicrobial packaging. Similar
technology is used in many countries for the
production of containers for food storage.

In terms of nanotechnology, the selected key
technologies with significant quality and food
safety are:

- Nano-encapsulation of biologically active
substances (amino acids, vitamins, peptides,
proteins, antioxidants, etc.) with the purpose of
controlled
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Fig.1. Encapsulation process.

The process is carried out as a fraction of the
active substance is surrounded by an encapsulating
agent with dimensions of micro and nano particles,
thereby isolating the substance from the external
environment.

Nano and microsensors are used to detect toxins,
pathogenic microorganisms, pesticides,
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contaminants and residues of antibiotics in food
products throughout their production cycle and
storage in the distribution network.

A device based on optical fluorescence
biosensors is provided. Each nanoparticle contains
thousands of molecules which are suitable to be
attached to each bacterium. When antibodies and
antigens react efficiently the fluorescent signal
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amplified by allowing the bacterial concentration
can be readily determined using a fluorescence
microscope and spectrum-fluorescence analysis [1-
5].

The most popular method for the synthesis of
silver nanoparticles is the chemical reduction of
silver salts in aqueous solutions in the presence of a
stabilizer.

The purpose of this work was to explore the
possibilities to obtaining silver nanoparticles using
ultrasound and to include them in the composition
of wrapping paper. Microbiological tests of the
wrapping paper samples were conducted and the
physical and mechanical properties with and
without silver nanoparticles were studied.

MATERIALS AND METHODS

The silver nanoparticles can be synthesized
using a variety of techniques. These include high
temperature and a method (such as plasma, for
example by formation of films) which are
expensive and complicated for realization. The
most commonly used methods which allows
synthesis at moderate temperature are associated
with the chemical reduction of silver ions in water
[6-8] or in organic [9,10] solutions.

Because of its low cost and easy
implementation, as well as in laboratory and in
industrial conditions, the method for the synthesis
of silver nanoparticles by means of ultrasound field
represents an interesting alternative in comparison
with the other known methods.

As a precursor has been used silver nitrate
(AgNOQ:s), as a reducing agent - ethyl akohol (96%)
and ammonia solution 25% as stabilizer.

For obtaining the solutions containing silver
nanoparticles the following experimental work has
been carried out :

Silver nitrate was dissolved in distilled water at
room temperature using a magnetic stirrer.
Consecutively has been added ethyl akohol and
ammonia solution. The flask has been placed in an
ultrasonic bath with thermostatically controlled
temperature, while the color of the solution had
been changed from transperent to light yellow or
dark yellow. The yellow colour of the solution is a
certain sign of the presence of silver nanoparticles.

The effect of time of exposure of ultrasound, the
working volume, the concentration of silver nitrate,
ammonia and ethanol over the resulting
nanoparticles has been investigated. The resulting
solutions has been analyzed by atomic-absorption
analysis.

The measurments by fluorescence microscopy
shows the presence of a very small amount of

aggregated particles with sizes up to several
microns. The obtained suspensions has been added
into the pulp suspension, in order to obtain
wrapping paper samples. They has been subjected
to a microbiological and mechanical measurment.

RESULTS AND DISCUSSION

The process of preparing silver nanoparticles
through chemical reduction requires the use of
various substances performing specific functions. A
reducing stabilizing agents are necessarily to be
presented into the solution and sometimes also
agents to accelerate the process. As a precursor of
the silver is selected silver nitrate - AgNQOs3, as it is
relatively inexpensive (compared to other silver
compounds or pure silver), widely used, especially
for the synthesis of silver nanoparticles by chemical
reduction and shows satisfactory results.

The reducing agent influences the size and
distribution of the nanoparticles in the suspensions.
The absence of a reducing agent in the system
limits the yield of nucleus and their further growth
due to low concentration or absence of silver atoms.
As reducing agents in synthesis of silver
nanoparticles are used most commonly ammonia
[11] (Fig.2), ethanol [12] as well as sodium citrate
[13].

The stabilizing agent is involved in the process
by stopping the growth of the nanoparticles, which
starts after the formation of germs, but also
prevents the agglomeration and precipitation of
already formed nanoparticles [8,9]. Ammonium
hydroxide has been preferred by us as a stabilizer as
it is significantly cheaper.

The accelerate agents, are intended to increase
the rate of the reaction when it is too slow. Various
salts are used mainly as an accelerate agents in the
synthesis of silver nanoparticles. When using silver
nitrate as raw material these salts act as catalysts
participating in the process of formation of silver
ions. When the process of synthesis is exposed to
the external field (for example microwaves or
ultrasound), it is usually necessary to use an
accelerator, since its effect is weaker than that of
the field.

The ultrasonic field may affect the mechanism
of formation of nanoparticles due to the presumably
activating this process thermally, and also it
increases the speed of the particles, atoms and ions,
as well as collisions between them.

The operating parameters, influencing on the
process, the quantity and quality of the obtained
silver nanoparticles are the following:

* The water temperature in the ultrasonic bath
(40 °C or 50 °C);

211



D.A. Todorova & V.G. Lasheva Study the possibilities of using silver nanoparticles in packaging paper

* The amount of distilled water (50 ml; 100 ml
or 200 ml);
* The concentration of silver nitrate solution;

~ the solution.

* Concentration of NH3OH (25%) in the
solution;

* The concentration of ethyl alcohol (96%) in

. = e & & QD 7 |
Fig.2 Transmission electron microscopy of silver nano-particles, prepared by reduction of silver nitrate and a stabilizing
agent (a) and sodium borohydride (b) sodium citrate [11].

Table 1. Results of the atomic absorption spectrometry

AgNO; concentration in the

Concentration of

Sample solution before the synthesis, unbound silver after Converted silver, %
mg/I AAS analysis, mg/l

1. 1700 1110 65

2. 1700 770 45

3. 1700 790 46

4. 1700 1140 67
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Fig.3. Different colors of suspensions prepared under different oﬂeraing parameters. a) A solution, which does not
change color or pale yellow suspensions; b) suspensions with dark yellow or black colour.

The resulting suspensions were analyzed using
Atomic Absorption Spectrometry (AAS) and the
results are represented in Table 1.

Between 45 and 65% of the silver in the solution
has been gone from associated to free state. This
gives us grounds to assume, that has been received
solid silver particles that have nano-scale, probably
due to the characteristic yellow color of yellow
suspensions (Fig.3).The steadfast yellow colour of

the slurry indicates the presence of silver
nanoparticles.
Several laboratory experiments had been

conducted to obtain wrapping paper. The used raw
material was unbleached kraft pulp, beated in
"Yokro™" grinder to 36°SR. the laboratory obtained
paper samples were with a grammage of 70 g/m?
and sizing degree of Cobbe; = 22 g m% As sizing
agent is been used rosin size in the amount of 3 %
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to 0.d.f. and aluminum sulfate 4.5 % from the o.d.f.
[14].

During the paper formation process a solution of
silver nanoparticles in different quantities were
added into the fibrous suspension. The physico-
mechanical properties (BDS EN 194-2:2000) of the
received laboratory paper samples were examined
and the results are represented in Table 2. The

resulting samples were subjected also to
microbiological tests to establish the barrier
properties.

The obtained thensile strenght results shows
that the tensile length of the of the paper samples
containing silver nanoparticles, fell slightly
compared to that of a zero sample. Paper samples
containing silver nanoparticles virtually has no
changes in the physical and mechanical
characteristics or has slightly lower values. This
decrease is probably due to the weaker hydrogen
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bonds between the fibers due to the decrease of the
contact surface between the fibers.

Table 2. Physico-mechanical properties of the laboratory
obtained wrapping paper samples

Tensile Strength,

Sample m Elongation, %
zero 5500 10.2
sample
Sample 1 5300 10
Sample 2 5400 10.1
Sample 3 5200 10.3
Sample 4 5500 9.9
Sample 5 5500 10.1
Sample 6 4900 9.8
Sample 7 5300 10.2

The resulting paper samples were subjected to
microbiological tests to identify the impact of silver
nanoparticles. For this purpose single colonies of
bacteria Escherichia coli strain LE392 were
cultured. A solid nutrient medium Luria-Bertrand
(LB) agar containing is used [3]. The optical
density of the formed bacteria was measured on a
spectrophotometer. On the surface of the paper
samples are been made lineal strokes with bacteria.
The samples were left for two weeks in a
thermostat at a temperature of 37°C. Observations
shows (see Fig. 4) that Escherichia coli bacteria
have been penetrated only in the zero sample. All
other samples exhibit antibacterial activity, which
was substantiate from the absence of gloss and
odour of the samples.

Fig. 4. (A) zero-sample showing visible traces of bacteria. (B) Sample containing silver nanoparticles in with no ingress
of bacteria.

CONCLUSIONS

From the studies carried out it has been
established that the application of nanotechnology
shows significant advantages for improving the
guality of packaging materials. The use of
packaging paper with silver nanoparticles helps to
keep food fresh and the effect of different types of
bacteria such as Escherichia coli.

The paper acts as a barrier to bacteria and can be
used as a material for food packaging.
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ITPOYYBAHE BBb3MOXHOCTUTE 3A U3IIOJI3BAHE HA CPEBBPHU
HAHOYACTHUILM B OITAKOBBYHA XAPTUA

. Tonoposa, B. Jlamesa

Xumurxomexuonozuuen u memanypeuuer ynusepcumem, byn. Knumenm Oxpudcku, 1756 Cogus, Bvieapus

Ilonaneno na 12 nexemspu 2016 r .; IIpuer Ha 23 maii 2017 1.
(Pesrome)

HaHOTeXHOJIOruuTe Mpe/iaraT OrpoMHa Bh3MOXKHOCT 32 WHOBAIIMU B OMAKOBAHETO HA XPAHUTEIHU MPOAYKTH,
KOMTO MOrar jJa ObJarT OT IMoj3a KakTo 3a MOTpeOMTeNnuTe, Taka W 3a MPOMHILICHOCTTAa. llpujaraHero Ha
HAHOTEXHOJOTUUTE MOKA3Ba 3HAYUTEIHHU MPEIUMCTBA 32 MOJO0PsABAHE HA KAYECTBOTO HA OMAKOBBYHUTE MATEPHUAIIH.
I/IHOBaHHI/ITe, CBBbpP3aHU C U3MOJI3BAHCTO HAa HAHOTCXHOJIOTUUTE B OIMMAKOBAHCTO HAa XPAHUTCIHU MPOAYKTHU U KOHTpOJIA
Ha KayecTBOTO, Ca OCHOBEH (hOKYC B ChBpEMEHHATa XPaHUTEIHO-BKYyCOBa NMPpOMHUIIIeHOCT. OnakoBkaTa MoKe J1a Obje
HampaBeHa Kato "yMHA", KOSTO 03HAYaBa, Ye MOXKE Jla OCHTYPH yCJOBHUs 3a Oe30MacHa cpejia WK J1a M3MPaTH CUrHAI
JI0 TIOTpeOuTelNsl Ha 3aMbpcsiBaHe U naToreHu. CpeObpHUTE HAHOYACTHIM C€ MPEBPBIIAT B HA/ISKACH aHTUMUKPOOEH
Marepuall ¢ pa3Ho00pa3HU NpuiIokeHuss. ONakOBbYHHUTE MATEPUATIH C HAHOYACTUIM OT cpedpO WIIM CPOJHU KaTHOHHU
cpeObPHU HAHOKOMIIO3UTH OCHTYPSIBAT BH3MOXKHOCT 32 e(peKTUBHA U Ge30MacHa aHTUMHUKPOOHA OMAKOBKA.

B HacTOAIIOTO U3CIIEABaHE ca pa3rieaHd Bb3MOXHOCTHTE 3a U3IOJI3BaHE HA CPEOBPHH HAHOYACTHUIIU B ChCTaBa
Ha OMaKoBbYHA XapTus. M3cnensanu ca (QU3MKO-MEXaHUYHHTE CBOWCTBA HA MOJYYCHUTE JaOOPATOPHU OMAKOBHYHHU
o0pasiy - xapTusi, CbC U 0e3 cpeObpHU HaHOYACTHIM. V3BBpICHN ca ¥ MUKPOOHOIIOTHYHH TECTOBE HA0Opa3LUTe OT
xaptusi. [logydeHuTte pe3ynratu mokasBar OakTeprocTaTHdeH eexT Ha cpeObPHHUTE HAHOYACTHUIIM BBHPXY CBOWCTBAaTa
HA OMAKOBBYHATA XapTHS.
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