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A b s t r a c t. In the present study, the effectiveness of a mix-
ture of silver nanoparticles with polyhydric alcohols (glycerol, 
erythritol, mannitol and xylitol) against six species of health-
promoting bacteria have been examined. Synthesis of silver 
nanoparticles was carried out using trisodium citrate as the reduc-
ing and stabilizing agent. The nanoparticles were characterized by 
electronic absorption, scanning electron microscopy and powder 
X-ray diffraction measurements. Electronic absorption spectrum 
revealed high uniform of synthesized nanoparticles. Practically no 
aggregation was observed when nanoparticles were mixed with 
polyhydric alcohols, suggesting weak interaction between ingre-
dients of the mixture. Spherical silver nanoparticles, as depicted 
by scanning electron microscopy, were found to have diameters 
in the range of 10 to 30 nm; mean diameter was 18 ± 4 nm. The 
X-ray diffraction pattern of the prepared samples indicated the 
face-centred cubic crystalline structure of the metallic silver nano-
particles. In biological study, quite interesting protective effect of 
polyalcohols on the growth inhibition of health-promoting bac-
teria by silver nanoparticles was observed. The most substantial 
protective effect of the tested silver nanoparticles-polyalcohol 
mixtures was estimated for B. bifidum, L. paraplantarum, and L. 
phamnosus species.

K e y w o r d s: silver nanoparticles, antimicrobial effect, health- 
promoting bacteria, polyhydric alcohols, packaging

INTRODUCTION

The safe production and storage of food is associated 
with a number of challenges with respect to controlling  
microbiological hazards and pathogens (Kulak et al., 2018; 
Nawrocka and Cieśla, 2013; Ognik et al., 2016). In recent 
years silver nanoparticles (AgNPs) have been used as anti-
microbial agents for improving food safety especially in 
the field of food packaging (Bikiaris, and Triantafyllidis 
2013). On the other hand, some authors consider that glyc-
erol, and other polyalcohols are the best plasticizers to 
use for the production of food packaging (Chocyk et al., 
2015; Oniszczuk et al., 2016; Toxqui-Teránet al., 2018). 
Increasingly, many consumer products with food packag-
ing contain AgNPs. For that reason, it is possible for the 
nanoparticles to migrate into food matrices. However, it is 
well known that nanoparticles featuring novel chemical and 
physical properties that differ from normal macroparticles 
of the same composition may interact with food and with 
the human body after consumption (He and Hwang, 2016). 
Due to their small size, there may be an increased risk of 
nanoparticles penetrating human cells and causing cytotoxi- 
city. For example, AgNPs may cross the cellular barrier 
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thereby leading to the formation of free radicals in the tis-
sues and eventually causing oxidative damage to the cells 
and tissues (Pradhan et al., 2015). The oxidative stress-
dependent mechanism of toxicity of AgNPs described 
above have led to the conclusion that silver nanoparticles 
are genotoxic and even carcinogenic. 

Other important recent studies have evaluated the 
potential effect of AgNPs on intestinal microflora after 
ingestion (Bergin and Witzmann, 2013; Javurek et al., 
2017). Karavolos and Holban (2016) reported the effect 
of dietary AgNPs, which preferentially kills microbiome 
components and, thus, causes the induction of dysbiosis. 
The connection between dysbiosis and disease has been 
well documented (Karavolos, 2015). However, at present, 
the mechanisms of action of silver nanoparticles against gut 
microbiota are not yet clearly understood. Nevertheless, 
some authors have described AgNPs binding to cell 
membranes that include sulphur-containing proteins and 
a sugar-phosphate backbone of DNA. As a result of this 
binding activity, the nanoparticles preferentially attack the 
respiratory chain, they also influence cell division, which 
may finally lead to cell death (Rai et al., 2009).The human 
intestinal microbiota comprises bacteria, fungi, viruses 
and archaea, which form a complex ecosystem and have 
a close relationship with the host. The Lactobacillus and 
Bifidobacterium genera constitute the majority of beneficial 
bacteria and have been used as probiotic dietary supple-
ments to improve the activities of digestion, metabolism, 
and the immune system (Degnan, 2008). Apart from the 
positive effect of probiotics on general well-being, there are 
several particular clinical symptoms or conditions that are 
reported to be beneficially affected by the use of specific 
probiotics. Such conditions include diarrhoea, gastroenteri-
tis, inflammatory bowel disease, irritable bowel syndrome, 
Crohn’s disease, and the alleviation of the symptoms of lac-
tose intolerance (Degnan, 2008). As yet, there have been 
investigations regarding the antibacterial effects of AgNPs 
mainly using pathogenic bacteria; only a few studies have 
been carried out with beneficial bacteria (Gornicka et al., 
2014; Tyagi et al., 2016). The increasing usage of AgNPs in 
connection with different types of plasticizers such as poly-
alcohols suggest that studies concerning the influence of 
AgNPs activity on a wider range of bacteria are necessary.

In the current study, we investigated the antimicrobial 
potential of AgNPs toward health-promoting bacteria based 
on the example of Lactobacillus, Bifidobacterium, which 
inhabit the human intestine and are commonly used as 
probiotic dietary supplements. We conducted research to 
identify polyalcohols, which may have a protective effect 
on probiotic bacteria, with a view to their application in the 
food industry.

MATERIAL AND METHODS

Silver nitrate (AgNO3) trisodium citrate (C6H5O7Na3), 
sodium hydroxide NaOH and hydrochloric acid HCl (Sigma 
Aldrich) of analytical grade purity, were used as starting 
materials without further purification. Polyhydric alcohols 
(glycerol, erythritol, mannitol and xylitol) were purchased 
from Sigma-Aldrich. In all of the experiments double 
distilled water was used. The silver nanoparticles were pre-
pared by using a chemical reduction method according to 
the description of Lee and Meisel (1982). Typically, 50 mL 
of 10-3M AgNO3 aqueous solution was heated up to the 
boiling temperature and the solution was stirred vigorously 
during the synthesis process. While stirring, a solution of 
1% sodium citrate (5 mL) was added. The solution was kept 
at the boiling point for 10 min until the colloids changed 
colour. The solution was heated continuously until the col-
our changes were apparent (pale green). At that point, heat 
is no longer applied and the solution is stirred continuously 
until it cools to room temperature. The size of the syn-
thesized AgNPs was controlled by the pH of the solution 
during synthesis. After that, the AgNPs solution was mixed 
with polyhydric alcohols in order to obtain 20% (m m-1) 
mixtures, which were used in the experiment.

Electronic absorption spectra at desired dilutions of sil-
ver colloids were recorded using a spectrophotometer Cary 
300 Bio (Varian) equipped with a thermostatted cuvette 
holder with a 6×6 multicell Peltier block. The temperature 
was controlled with a thermocouple probe (Cary Series II 
from Varian) placed directly in the sample. The UV-Vis 
spectra were recorded from a base solution, which had been 
diluted tenfold.

The size and morphology of the silver nanoparticles 
were determined by SEM. After washing in double dis-
tilled water and ultrasonication, the samples were placed 
on circular aluminium stubs, slightly dried and transferred 
into the chamber of a scanning electron microscope Quanta 
3D FEG (FEI). Micrographs were taken using an ETD 
detector, at an accelerating voltage of 30 kV. The AgNPs 
diameter was measured using Nis-Elements Advanced 
Research software. Particle distribution was derived from 
a histogram considering 500 particles.

Colloidal AgNPs were deposited on a glass plate and 
dried overnight under vacuum. After that, the dry nano-
particles were analysed using a powder X-ray diffraction 
technique with an Empyrean (PANalytical) diffractometer 
with a Cu anode as a source for CuKα x-ray radiation (λ = 
1.5406 Å). All samples were measured over a 2θ range of 
2 to 90o with a step size of 0.013o and an exposition time 
per step of 1s. The approximated mean size of the spherical 
nanoparticles was calculated according to the well-known 
Scherrer equation with the Scherrer shape constant of 0.9 
(Scherrer, 1918). The peak broadening was ~0.03o.
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A statistical analysis was carried out with the use of the 
Origin 9.0 software. For the UV-Vis spectra, the full width 
at half maximum (FWHM) value, was calculated from the 
fits of the Voight function to every UV-Vis peak. The SEM 
histogram was described by the bigaussian function with 
a different width for the left and right shoulder. Data are 
presented as a mean and standard deviation (±SD). The 
standard deviation was calculated from the confidence 
interval of 24 nm, which consisted of  more than 99% (± 3σ) 
of the measured particles. For the left shoulder σl = 2.7 nm 
and for the right shoulder σr = 5.3 nm.  For the X-ray dif-
fraction of the FWHM, the average diameter and standard 
deviation was calculated from the fits of the Voight function 
to the three peaks {111}, {200} and {220}(Table 1).

Bifidobacterium adolescentis 15706, B. bifidum 29521, 
B. breve 15700, Lactobacillus paraplantarum 700211, ob- 
tained from American Type Culture Collection (Rockville, 
MD, USA); L. rhamnosus, from Biomed Serum and 
Vaccine Production Plant Ltd., (Lublin, Poland), were 
used for this study. The specific test strains of Llactobacilli 
and Bbifidobacteria were selected because they are either 
already established as probiotics and are used in phar-
maceutical products or they have potential probiotic 
properties. The Lactobacillus and Bifidobacterium cultures 
were maintained at – 80oC in MRS Broth (BTL, Łódź, 
Poland) containing 20% (wt/vol) glycerol. Cultivation tests 
were performed in a medium based on MRS Broth supple-
mented with  0.05 % L-cysteine HCl.

The antibacterial properties of AgNPs in the presence of 
polyalcohols were determined using a Bioscreen C system 
(Labsystem, Helsinki, Finland). After a 24-h incubation, 
the bacterial cultures were centrifuged and removed from 
the medium. The bacterial cells were suspended in physio- 
logical saline, and an optical density of 0.5 was set at 
600 nm. The analysed bacteria were grown in MRS with 
10 μg mL-1 of AgNPs and 2% of glycerol, erythritol, man-
nitol and xylitol. 350 µL of the media were transferred 
onto honeycomb 100-well plates in triplicate, and the wells 
were inoculated with 50 μL of bacterial suspension. The 
experiment was performed under anaerobic conditions by 
measuring the OD 600 nm every 2 for 48 h. Growth curve 
parameters (max specific growth rate, lag time, doubling 
time, etc.) were determined using the PYTHON script 
according to Hoeflinger et al. (2017).

A statistical analysis was carried out with use of Origin 
9.0 software. For UV-Vis spectra, the full width at half max-
imum (FWHM) value, was calculated from the fits of the 
Voight function to every UV-Vis peak. The SEM histogram 
was described by the bigaussian function with a different 
width for the left and right shoulder. Data are presented as 
a mean and standard deviation (±SD).The standard devia-
tion was calculated from the confidence interval of 24 nm, 
which consisted of more than 99% (± 3σ) of the measured 
particles. For the left shoulder σl = 2.7 nm and for the right 
shoulder σr = 5.3 nm. For the X-ray diffraction of FWHM, 

average diameter and standard deviation was calculated 
from the fits of the Voight function to the three peaks {111}, 
{200} and {220} (Table 1). 

RESULTS AND DISCUSSION

The synthesized AgNPs were characterized by elec-
tronic absorption spectroscopy UV-Vis, scanning electron 
microscopy and powder X-ray diffraction. Figure 1 pre-
sents electronic absorption spectra with a narrow absorption 
peak at 398 nm due to the surface plasmon resonance 
(SPR) of AgNPs (black line). In the case of the mixture 
of AgNPs with polyhydric alcohols, a small bathochromic 
shift (2 nm) was observed (Fig.1 coloured lines). The shift 
towards a longer wavelength (red shift)  was observed for 
the AgNPs-polyalcohol mixture and indicated an increased 
particle size and increased state of aggregation compared 
to the pure nanoparticles. This effect may be explained by 
the adsorption of polyhydric alcohols on the surface of the 
nanoparticles. Based on UV-Vis spectra and the method-
ology described in the work (Paramelle et al., 2014 ), the 
size and concentration of nanoparticles in a solution were 
estimated to be D = 16 nm and c = 2.7×10-9 M. The values 
of full width at half maximum (FWHM) are 57 ± 1 nm for 
AgNPs and 65 ± 1 nm for mixtures of silver nanoparticles 
with polyhydric alcohols which indicates a highly uni-
form size of AgNPs, these results are in accordance with 
previous research (Wang et al., 1999). These findings are 
consistent with SEM measurements giving a diameter dis-
tribution ranging from 10 to 32 nm (calculated for spherical 
AgNPs only) (Fig. 2). The mean diameter of AgNPs from 
the SEM experiment is 18 ± 4 nm. As may be observed 
in Fig. 3, the distribution is not symmetrical which may 

Ta b l e  1. X-ray size distribution of AgNPs in different crystal-
lographic directions 

Reflection {111} {200} {220}

Related diameter (nm) 12.7±0.1 9.1±0.1 14.1±0.1

Fig. 1. The UV-visible absorption spectra of the colloidal solution 
of AgNPs (black line, 398 nm) and a mixture of AgNPs with all 
polyhydric alcohols (coloured lines, 400 nm).
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be partially explained by the aggregation mechanism at the 
reaction stage. Such an effect has already been observed 
in other experiments (Kostiv et al., 2015).The distribution 
is well described by a bigaussian curve with width 3.1(3) 
and 5.7(3) for the left and right shoulder of the bigaussian 
function, respectively. It should be noted that the size of the 
nanoparticles from the SEM experiment are usually over-
estimated due to particle charging (they look more swollen) 
and coating (Kim, 2010).

As a complementary method used to estimate the size of 
the AgNPs, dry nanoparticles were measured with powder 
XRD (Fig. 4). Based on a broadening effect of the peaks, 
a mean particle size was estimated using the Scherrer equa-
tion, see Table 1. The average diameter calculated from 
XRD is 12 ± 3 nm, however, the differences in sizes between 
the different crystallographic directions may indicate cubes 
with rounded corners rather than spheres of AgNPs. 

As may be expected, the diameter obtained in the X-ray 
diffraction experiment is smaller than the one from the 
SEM experiment because the X-ray method underestimates 
the particle size. This effect is caused by several factors, 
which were precisely explained in the work of Singh 
(2005). Additionally, the size of the coherently scattered 
domains is usually smaller than that of nanoparticles. 
However, taking into account the differences between the 
SEM and XRD techniques and the errors encountered, it 

may be stated that the results are consistent. In this case, 
XRD determines the lowest and the SEM, the upper limit 
of the particle diameter.

In the electronic absorption spectra, no changes were 
observed that would indicate a change in size uniformity or 
aggregation of AgNPs induced by the addition of polyalco-
hols. The influence of polyalcohols on the characteristics of 
AgNPs were not studied using SEM and XRD due to the 
preparation methods, e.g. rinsing with deionized water fol-
lowed by complete drying.

The major problem with using nanocomposites con-
taining AgNPs is the great speed of the diffusion of 
nanomaterials, for example, the migration of AgNPs from 
plastic food containers amounted to 1.66-31.46 ng cm-2 
(Echegoyen and Nerin, 2013). Most commonly, AgNPs are 
used in food packaging, they are added as an antimicrobial 
agent (E174) to beef, and serve to prevent water loss in the 
alginate gel coatings of carrots and asparagus (Kahru and 
Ivask, 2013). Some authors have reported that the leaching 
of Ag+ ions from reusable food containers to food simu-
lants in water was 5 ng cm-2over 10 days, polyethylene bags 
released 10 ng cm-2 after 10 days, and 34 ng cm-2 of Ag+ 
ions after using the same containers three times (Huang 
et al., 2011; Von Goetz et al., 2013). At present, different 
materials are employed in the production of nanocompos-
ites containing of AgNPs. These materials are based on 
biopolymers, which often need the addition of a plasticizer 
to improve the flexibility of the material. Plasticizers are 
commonly employed as additives in the preparation of 
comestible films including the compounds that belong to 
the family of polyols, and some sugars with similar proper-
ties to polyols (Cao et al., 2009). 

In this study, we explain the interaction of silver nano-
particles with polyols, which have a protective effect on 
health-promoting bacteria. In our study, all of the probi-
otic bacteria tested demonstrated considerable growth (i.e. 

Fig. 2.Taken at 50 000 (A) and at 100 000 (B) magnification SEM 
micrographs of AgNPs.

Fig. 3. Histogram of the pure AgNPs size distribution from SEM 
measurement. The black line shows a bigaussian function fit to the 
particle-diameter distribution.

Fig. 4. Powder X-ray diffraction pattern of face-centred cubic dry 
AgNPs used in the experiment.
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reached a final OD 600 > 1.0) on MRS supplemented with 
glucose as a control (Table 2). Interestingly, in this study 
the concentration of silver nanoparticles at a level of 10 µg 
mL-1 (about 16-18 nm) had the best antibacterial properties 
only to the B. adolescentis 15706. This concentration did 
not show any bactericidal effect against all five bacterial 
species (Table 2). Our results indicate the general depend-
ency of the bacteriostatic effect of solutions of AgNPs used 
in this study. These results are consistent with the find-
ings of Fröhlich and Fröhlich (2016) who reported that the 

toxicity of AgNPs among different gram-postive bacteria 
isolated from the human gut was between 1.5 and 120 µg 
mL-1. Gornicka et al. (2014) described the weakest and 
significantly different inhibiting effect of AgNPs towards 
Lactobacillus and Bifidobacterium, which was proven for 
samples with a concentration of 0.25 µg mL-1. However, 
in our opinion, differences in the sensitivity of the tested 
bacteria may also be determined by the size of the AgNPs 
and the type of method used. Some authors have corrobo-
rated that the bactericidal effect of silver nanoparticles is 

Ta b l e  2. Growth parameters of Lb. rhamnosus, Lb. paraplantarum, B. adolescentis, B. breve, and B. bifidum

Species Medium Lag time 
(hours)

Max 
specific 

growth rate 
(hours-1)

Doubling 
time 

(hours)
Max OD Min OD R2

Lb. rhamnosus Control 0.99 0.14 4.88 1.79 0.05 1.00

AgNPs 1.27 0.14 5.10 1.74 0.04 1.00

AgNPs+E 1.13 0.13 5.36 1.76 0.05 1.00

AgNPs+G 0.75 0.09 7.56 1.26 0.00 1.00

AgNPs+K 8.45 0.15 4.57 1.72 0.04 0.99

AgNPs+M 4.11 0.20 3.44 1.73 0.04 1.00

Lb. paraplantarum Control 3.68 0.33 2.11 1.77 0.06 1.00

AgNPs 3.62 0.32 2.13 1.71 0.05 1.00

AgNPs+E 3.79 0.31 2.25 1.71 0.05 1.00

AgNPs+G 3.70 0.23 3.02 1.24 -0.02 1.00

AgNPs+K 3.26 0.22 3.11 1.70 0.06 1.00

AgNPs+M 3.69 0.30 2.30 1.67 0.05 1.00

B. adolescentis Control 0.93 0.05 13.85 1.18 0.27 0.99

AgNPs 0.00 0.04 17.23 1.14 0.37 1.00

AgNPs+E 0.00 0.03 21.53 1.02 0.41 0.99

AgNPs+G 0.00 0.04 18.11 1.11 0.38 1.00

AgNPs+K 0.00 0.03 23.23 1.54 0.37 0.97

AgNPs+M 0.00 0.04 15.61 1.08 0.39 1.00

B. breve Control 3.43 0.20 0.41 2.05 0.30 1.00

AgNPs 3.94 0.22 3.22 2.09 0.40 1.00

AgNPs+E 4.32 0.22 3.12 2.06 0.39 1.00

AgNPs+G 0.96 0.16 4.36 2.01 0.39 1.00

AgNPs+K 0.00 0.04 16.53 1.87 0.38 0.92

AgNPs+M 1.29 0.15 4.71 1.95 0.46 0.99

B. bifidum Control 0.35 0.16 4.37 2.00 1.08 1.00

AgNPs 5.54 0.26 2.68 2.02 0.36 1.00

AgNPs+E 5.96 0.25 2.73 2.01 0.36 1.00

AgNPs+G 2.93 0.19 3.72 1.89 0.44 1.00

AgNPs+K 4.24 0.18 3.78 1.99 0.35 0.99

AgNPs+M 5.57 0.24 2.86 1.98 0.34 1.00

E – represents erythritol, G – glycerol, X – xylitol, M – mannitol in the mixture with AgNPs, respectively.



G. CZERNEL et al.478

size dependent (Rai et al., 2009). Most notably, this study 
also showed that nanoparticles smaller than 10 nm inter-
act with bacteria and produce electronic effects, which 
enhance the reactivity of nanoparticles. Also, the size of the 
AgNPs will have an influence on the dissolution rate. Well 
dispersed nanoparticles will indeed have a higher surface of 
contact with the bacterial cells. A microculture method was 
used for the quantitative determination of the antibacterial 
activity of silver nanoparticles relative to health-promoting 
bacteria. The overall results indicated that in these methods 
the antibacterial activity of AgNPs depend on the concomi-
tant release of Ag+ ions. It may also be important for AgNPs 
to be oxidized in aqueous solutions resulting in the release 
of Ag+ ions under acidic conditions (Xiu et al., 2012). Such 
acidic conditions are to be expected in the presence of L. 
paraplantarum 700211 and L. rhamnosus, as these bacteria 
produce large volumes of lactic acid as a metabolite.

The studies demonstrated the noteworthy protec-
tive effect of polyalcohols on the growth inhibition of 
health-promoting bacteria by silver nanoparticles. The 
more pronounced protective effects of the tested AgNPs 
were shown at lower B. bifidum 29521, L. paraplantarum 

700211, and L. rhamnosus levels (Table 2 and Fig. 5). In 
the present study, all of the kinetic parameters of the growth 
curves (lag tmin time, max specific growth rate, etc.) the 
examined bacteria indicated that erythritol, xylitol, man-
nitol and glycerol could be used effectively in preventing 
the migration of AgNPs. A data set containing 30 bacterial 
growth curves  was analysed with the regression analysis 
(RA) script and inspected visually. In both data sets, an R2 

value ≥ 0.92 was a reasonable cut-off between good and 
bad regressions. This effect may be explained by the prob-
ability of contacting the bacteria with silver nanoparticles. 
It should be noted that in the oligodynamic effect, Ag+ ions 
may cause the irreversible aggregation of thiol- or amine-
bearing molecules (Le Ouay and Stellacci, 2015). They 
found that, the affinity of NPs for the surface of the bacteri-
al cell depends on the ζ-potential of the NPs (which in turn 
depends on the ionic strength of the solution). The polyols 
used in this study were hydrophilic with good solubility in 
water and effect of ionic strength of broth medium. Finally,  
the protective effects of polyalcohols, against the effects of 
AgNPs on health-promoting bacteria may be due to a com-
bination of oxidation and oligodynamic mechanisms or by 

Fig. 5. Sample regression curves of selected data. All bacterial species grew better in the presence of polyhydric alcohols, growth 
parameters are higher with excellent regression.
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the formation of an additional layer around AgNPs similar 
to the one observed for lipids (Budziak et al., 2018).The 
protective effect could also be related to the polyol coating 
of the nanoparticles. This phenomenon is currently under 
investigation.

CONCLUSIONS

The addition of polyalcohols has a minor effect on the 
size, the aggregation process and uniformity of AgNPs.

Silver nanoparticles (18 ± 4 nm) with a concentration at 
the level of 10 µg mL-1 showed antibacterial activity with 
only one species of bacteria (B. adolescentis 15706) from 
the six species of health-promoting bacteria tested.

Silver nanoparticles (18 ± 4 nm) with a concentration at 
the level of 10 µg mL-1 had a variable antibacterial acti- 
vity depending on the species of health-promoting bacteria 
tested.

Even the small addition of polyalcohols (2%) played 
a protective role against the negative effects of AgNPs on 
health-promoting bacteria. This means that polyols may 
be promising plasticizers, which reduce the migration of 
AgNPs.

The benefit of the proposed use of polyalcohols is 
their low cost and safety as a nanocomposite, which is not 
source of Ag+ ions.

The plasticizers described, may be applied in food tech-
nology and food packaging.
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no conflict of interest.
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