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The work presents a method of obtaining an aqueous
raspberry extract as well as its physicochemical and ana-
lytical characteristics. The paper also contains a descrip-
tion of the method of preparation of nanosilver suspen-
sions based on this extract. The raspberry extract served
as a source of phenolic compounds which acted as both
reducing and stabilizing agents. Suspensions of silver
nanoparticles were obtained with the use of chemi-
cal reduction method. The silver ions concentration, pH
value and temperature of samples incubation were in-
dependent variables. The next step of the research was
to measure the antifungal activity of the received silver
nanoparticles as well as to perform a mycological ef-
ficacy resistance analysis of the tested preparations in
relation to different concentrations of nanostructured sil-
ver. Tests were conducted in compliance with the Eucast
guidelines. The results of microbiological study of (the
samples’) biocidal effect against Cladosporium cladospor-
oides and Aspergillus niger are described. It was found
that using nanosilver suspension at the concentration of
50 ppm inhibited the growth of Cladosporium cladospor-
oides and Aspergillus niger by 90% and 70%, respectively.
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INTRODUCTION

Nanosilver is one of the most thoroughly investigat-
ed nanomaterials and owes its popularity to its biocidal
properties (Vaidyanathan e/ al, 2009). Its antimicrobial
activity is associated with the characteristic structure of
nanoparticles. They are characterized by a high fraction
of surface atoms so that nanoparticles have a greater af-
finity for interactions with thiol groups, which activity
entails the destruction of bacteria (Sadeghi e# af., 2010).
It exhibits a high antifungal activity, for instance against
Candida albicans (Kim et al., 2008; Kim e# al, 2009) as
well as against some others pathogenic strains (Jo e/ al.,
2009; Kim ez al., 2012; Xu et al., 2013). Biological activity
is therefore a very important factor, and hence nanosil-
ver is used where asepsis is highly desirable. This applies
mostly to biomedical engineering, cosmetology, food
packaging industry, textile industry, crops, animal hus-
bandry, etc. (Pulit ez @/, 2011).

Recently, using nanosilver as a biological agent has
become increasingly common (Das e/ al, 2013; Iravani
& Zolfaghari, 2013; Isaak e al, 2013; Korbekandi et
al., 2013; Kumar, 2012; Yasin ¢ al., 2013). The conse-
quence of the above is the desire that the synthesis of

nanometric silver should follow the principles of “green
chemistry”. The development of nanosilver preparation
processes which would respect “green chemistry” prin-
ciples was also the intention of the authors of this pa-
per. It was decided to find a solution that would allow
the use of one substance acting as both a stabilizing and
reducing agent. The existing state of knowledge allows
us to provide a compound composed of similar atomic
connections, characterized by the analogical properties of
gallic acid which is popular substance having both reduc-
ing and stabilizing properties. For example, ellagic acid
(2,3,7,8-tetrahydroxy-chromeno|5,4,3-cde]chromene-5,10-
dione) is such a substance. Raspberry fruits are a natural
source. Its molecule is a dimer of gallic acid and creates
a system of four condensed rings. The use of raspberry
extract as a source of ellagic acid offers the possibility
of direct silver ion reduction, as it has strong antioxi-
dant effects, similar to many other polyphenols (Pulit e
al, 2013). Furthermore, minor amounts of other com-
pounds with antioxidant properties, such as gallic acid,
ascorbic acid, and quercetin that also contribute to effi-
ciently carrying out the chemical reduction are also pres-
ent in raspberry extract. The presence of other organic
compounds from the group of polyphenols, tannins and
flavonols enables stabilization of the emerging suspen-
sions without the need of adding any other agents that
inhibit the growth of metallic silver agglomerates (Hakki-
nen et al., 2000) This initial premise led us to using rasp-
berry extract, which to a considerable extent meets the
criteria of being environmentally friendly.

The problem of asepsis is a very important issue as
well. Microbial colonization in painted buildings, for in-
stance, causes aesthetic problems and may lead to deg-
radation and peeling of the paint coating (Bellotti ez a/,
2013). Much more dangerous effects may be caused by
the influence of mould on human health. Spores and my-
celial fragments escaping from the ground, together with
bacteria and dust, form bioaerosols that are a source of
air pollution. They may contain toxic compounds called
mycotoxins, which cause allergies. Penicillinm spp., Asper-
gillus spp. and Alternaria spp. are to a significant degree
responsible for the occurrence of many allergic symp-
toms and respiratory diseases diagnosed in people ex-
posed to high levels of mould spores and allergens.

This article presents the possibility of using nanosilver
particles, obtained basen on raspberry extract, in order
to determine their activity against Cladosporium cladospor-
vides and Aspergillus niger.
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MATERIALS AND METHODS

Obtaining and characteristics of aqueous rasp-
berry extracts. Dried and ground Rubus fruit was the
research material. Organic compounds from raspberry
fruit were obtained by extraction in the aqueous phase.
In order to accomplish this, a round-bottom flask with
a reflux condenser placed in a water bath on a magnetic
stirrer was used. The input parameters, which were es-
tablished in order to carry out the extraction process,
were as follows: dried raspberry fruit weight = 4.5 g, ex-
traction process duration = 5 min, process temperature
= 30°C. The reactants contained in the round-bottomed
flask (dried raspberries and water) were heated to the
desired temperature in a water bath and simultaneously
stirred with a magnetic stirrer for a predetermined time.
After the extraction process, the supernatant was filtered
out. The supernatant was analyzed spectrophotometti-
cally (UV-VIS) in the wavelength range of A = 350-800
nm. Raspberry extract contains polyphenolic compounds,
which are responsible for silver ions reduction and stabi-
lization of nanosilver suspension. Total polyphenol con-
tent in the supernatant was determined by the Folin—Ci-
ocalteu method (Blainski ¢7 a/., 2013).

Preparation of nanosilver suspensions based on
raspberry extract. Silver nitrate (V), AgNO,, 99.90-
99.99% pure, was used as a source of silver ions. Sodi-
um hydroxide, NaOH, =98% BioXtra pure was used to
adjust the pH. The method consisted in performing the
chemical reduction of silver ions from an aqueous silver
nitrate (V) solution with the compounds contained in
the aqueous extract of the raspberry fruit in the presence
of sodium hydroxide as a pH controller. The indepen-
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Table 1. Input variables in the process of obtaining nanosilver

SystemNo G, (ppm) pH UG Incubation tem-
1 500 1 20

2 50 11 77777 5 5 7777777777777777
3 275 7 777777777777777777777 5 7777777777777777

dent variables in the process of obtaining nanosilver are
presented in Table 1.

All parameters applied in the process of obtaining
silver nanoparticles were established in the preliminary
study. In order to differ the results, parameters were var-
ied as well. 1 cm? of the extract was added to 24 cm’ of
room temperature aqueous silver nitrate (V) solution (at
the appropriate concentration) in a beaker continuously
stirred on a magnetic stirrer. Aqueous sodium hydroxide
solution at the concentration of 0.01 M was added in
order to achieve the desired pH of the reaction mixture.
The beaker contents were placed in a thermostatic incu-
bator at a predetermined temperature in order to main-
tain the reduction process in appropriate temperature
conditions. The obtained nanometric silver suspensions
were analyzed spectrophotometrically. The suspensions
were subsequently examined for the purpose of deter-
mining the average particle size. The examination was
carried out with the use of the dynamic light scattering
technique (DLS).

Microbiological examination of the biocidal effect
of the obtained nanosilver suspension. Since the an-
tifungal properties of nanosilver obtained with the use
of green technology may vary as to their effectiveness,
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Figure 1. (A) UV-Vis spectra of the obtained raspberry extract;, (B) UV-Vis spectra of the obtained nanosilver suspensions (each at
the concentration of 50 ppm); (C) DLS histograms of the obtained nanosilver suspensions (a — system 1, b — system 3).
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the tested preparations were subjected to mycological ef-
ficacy resistance analysis in relation to different concen-
trations of nanostructured silver. Microbiological exami-
nation of the biocidal effect of the obtained nanosilver
against Cladosporium  cladosporoides ATCC 16022 and As-
pergillus niger ATCC 16404 was performed. These strains
belong to the group of fungi which mostly attack the
outdoor paint coatings. The aim was to determine the
percentage of the fungal growth reduction. All the rel-
evant tests were carried out in compliance with the Eu-
cast guidelines (Sondi & Salopek-Sondi, 2004).

Nanosilver suspension was added to the culture media
at 40°C in the ratio of: 1:20 (or other for higher con-
centration) so that the final volume was 20 ml (agar +
suspension). In order to ensure uniform distribution of
nanosilver, the agar medium with suspension was re-
mixed in a vortex mixer. Surface inoculating was made
by applying 0.1 ml of the appropriate reference strains
at a standardized spote concentraton of 105 spores/ml
to the Sabouraud agar with different concentrations of
nanosilver. The standardization was performed using a
microscope (counting spores) and plate method (dilu-
tion inoculating). Sabouraud agar with the same amount
of spores, but without nanosilver, was used as a control
sample. Incubation was carried out at 25°C for 10 days.
Reduction percentage was determined by a qualitative
visual assessment of fungal growth reduction on the test
plate surface in set against the control plate.

RESULTS

Figure 1A presents spectrophotometric data obtained
for the received raspberry extract diluted 10 times with
distilled water. It is worth noticing that the space be-
tween 400 and 500 nm of wavelength remains empty
(without any characteristic peak) so as to leave the pos-
sibility of the occurrence of the characteristic nanosilver
peak. The obtained extract was investigated by the Fo-
lin—Ciocalteu method. The investigation established the
content of polyphenols in the extract at 10 mg/cm’.

According to the spectrophotometric data (Fig. 1B),
the presence of nanosilver particles in system 2 was not
confirmed. It is evidenced by the absence of the charac-
teristic nanosilver peak. That was the reason why only
systems 1 and 3 were qualified for further use in the
study. On the basis of the data regarding nanoparticles
size, it was decided to include only system 1 in the mi-
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Figure 2. Results of the microbiological tests

crobiological study. The particles in system 3 proved to
be too large. (Fig. 1C).

Microbiological results concerning the fungi growth
reduction are shown in Figs 2 and 3.

Overview

Nanosilver suspensions were successfully obtained
by using aqueous raspberry extract. Compounds con-
tained in the extract served as reducing agents of silver
ions and, in consequence, as the suspension stabilizers.
Their amount was determined. The obtained nanosilver
suspension was used to inhibit the growth of fungi. The
results showed that the obtained suspension was an ef-
fective growth inhibition factor against Cladosporium clad-
osporivides and _Aspergillus niger. As demonstrated by the
above data, a higher nanosilver concentration induces
stronger reduction of fungal growth. Aspergillus niger is
a more resistant pathogen of the two examined strains.
This strain is known to be one of the most resistant
pathogens among fungi. It may result from the activity
of chemical components (such as ascorbic acid) which
are produced by Aspergillus niger. Nevertheless, the specif-
ic resistance mechanism needs to be further investigated
in greater detail.

CONCLUSIONS

A nanosilver suspension was obtained, with particles
60 nm in size. It was produced with the use of a green
method. The assessment of microbiological properties
demonstrated the fungicidal activity of nanosilver against

Figure 3. (A) Results of the microbiological tests against Cladosporium cladosporioides using nanosilver suspension at the concentra-
tion of:a — 0 ppm, b — 12.5 ppm, ¢ — 25 ppm, d — 50 ppm; (B) Results of the microbiological tests against Aspergillus niger using
nanosilver suspension at the concentration of: a — 0 ppm, b — 6.25 ppm, ¢ — 12.5 ppm, d — 25 ppm, e — 50 ppm
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Cladosporium  cladosporioides and  Aspergillus - niger strains.
It was found that Aspergillus niger is the more resistant
strain of the two. The research results prove that even
a low concentration of nanosilver particles makes it pos-
sible to achieve a high percentage of growth inhibition.
Using nanosilver suspension at the concentration of 50
ppm inhibits the growth of Cladosporium cladosporioides by
90%, and the same concentration causes 70% growth
inhibition of _Aspergillus niger. The obtained results con-
firm the efficiency of using nanosilver as a component
of building materials. The use of nanoparticles with an-
tifungal properties in construction materials can bring
numerous potential advantages, such as enhancing their
hygienic properties, preventing microbial growth and
maintaining their mechanical properties.
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