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Silver nanoparticles deposited on calcium hydrogenphosphate – silver 
phosphate matrix; biological activity of the composite
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The composite containing nanosilver uniformly deposited on matrix composed of CaHPO4 x 2H2O (brushite, ca 
89 mass %), CaHPO4 (monteonite, ca 9.5 mass%), and Ag3PO4 (0.5 mas%) was obtained by addition of calcium 
nitrate and silver nitrate aqueous solution at 30:1 Ca:Ag molar ratio into excess of (NH4)2PO4 solution at pH 5.0 
– 5.5. The isolated solid was characterized by STEM, XRD, and LDI mass spectrometry. It has been found that 
nanosilver was uniformly distributed within composite as <10 nm diameter sized nanoparticles. Determination 
of silver by AAS showed that 60% of silver is present as Ag(0) nanoparticles, the present as matrix Ag3PO4 as 
identifi ed by XRD method. The composite showed strong growth inhibition in E. coli and P. aeruginosa strains, 
and moderate towards S. aureus. The C. albicans cells were the most resistant to the tested material, although still 
composite was moderately cytostatic for the yeast. 

Keywords: silver nanoparticles, composite, calcium hydrogenphosphate matrix, electron microscopy, mass 
spectrometry.

INTRODUCTION

           Silver is known antimicrobial agent1. It has been 
demonstrated that effects on cells and microbes are 
primarily due to a low level of silver ion release from 
the nanoparticle surface2. Silver(I) ions show high affi nity 
to sulphur donor ligands, which are ubiquitous in lively 
specimens as cysteine, glutathione, biotin and proteins. 
Some of the chemical species were isolated and character-
ized structurally3–5. Release of silver(0) and its oxidation 
is dependent on heterogenic reactions between metal 
surface and ligands in aqueous surrounding. Therefore 
high dispersion on silver into nano-size particles favours 
the reactivity of silver (0/I). Simultaneously, AgNPs could 
affect some proteins and phosphate lipids and induce 
collapse of membrane, resulting in cell decomposition 
and death eventually1, 2. 

Silver nanoparticles (AgNPs) are nowadays commer-
cially available6. AgNPs can be obtained from silver(I) 
salt aqueous solutions by chemical, electrochemical, 
or photochemical reduction7. The colloids of AgNPs 
dispersed in water are coloured depending on size of 
AgNP: yellow (10–14 nm), violet (35–50 nm) and grey 
(60–80 nm)8. However, they associate within minutes if 
no colloid stabilizing agent is present in water. Therefore 
AgNPs are usually obtained in presence of surfactants9, 10, 
immobilized on supporting organic polymers11–14, or 
inorganic supports15–18.

Silver is a noble element with standard electrode 
potential +0.8 V for Ag(I) reduction. Therefore, no 
strong reductants are needed to obtain nano-size di-
spersed silver(0). There are many methods to obtain 
AgNPs using reductants like BH4

– 8, 10, 11, or ascorbate 
and citrate when large scale synthesis is required7. It has 
been demonstrated that not only the propanal19, but even 
dimethylformamide20, and anionic surfactant: sodium bi-
s(2-ethylhexyl)sulfosuccinate (or ethanol used as solvent) 

were effi cient reductants9. Also the silver(I) reduction 
occur upon sunlight irradiation of the salt solution, espe-
cially when other light-sensitive ligands are involved. In 
fact silver reduction in presence of day light occurs in 
presence of heparin12, starch7, or undefi ned reductants 
present in extract of Ocimum sanctum leaf21. Colloidal 
silver nanoparticles grow upon reduction by radicals or 
excited molecules formed in polyvinylpyrrolidone (PVP) 
in water with isopropanol upon γ-irradiation13. Further, 
AgNPs were deposited on hydroxyapatite or calcium 
phosphate by combinatorial pulsed laser irradiation in 
order to fabricate the coating of potential medical ap-
plications22. Currently the method of laser patterning of 
calcium phosphate scaffolds with nano silver for bone 
graft application is on agenda23.

We have aimed at obtaining silver nanoparticles (AgNP) 
incorporated in calcium phosphate. Such material has 
potential application as catalytic silver or antimicrobial 
layer if deposited on another support. In both cases the 
active surface of silver must be maximized for effi cient 
activity. Metal silver, as bulk, thin layers or nanoparticles 
deposit as face centred cubic space groups (Fm_3m, 
with lattice constant 408.53 pm) with density 10.49 g/
cm3 24. The active surface of Ag depends on size of 
AgNP; the parameter usually used is the surface area 
per gram of silver. There are many methods to obtain 
nanoparticles of silver(0) dispersed on organic support 
and inorganic matrices, like calcium phosphate (mostly 
Ca3(PO4)2, called tricalcium phosphate, TCP) or hydro-
xyapatite16, 25. In both cases the AgNPs were obtained 
from silver(I) nitrate, while the substrates for inorganic 
matrix were diammonium phosphate and calcium nitrate. 
The formation of product was pH dependent, therefore 
the ammonia was used to maintain the pH at about 916. 
We have partially adopted the conditions of rapid pre-
cipitation of silver-doped calcium phosphate described 
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before16 except avoiding alkalization of solution with 
ammonia. Generally we aimed at obtaining the fi ne 
composite of nano silver exposed on its surface in order 
to apply the fi nely powdered composite as antibacterial 
and antifungal material. 

EXPERIMENTAL

Syntheses and workup of composites
Aqueous solution of 21.0 mM Ca(NO3)2 and 0.70 mM 

Ag(NO3) (20 dm3) was added dropwise into 21 dm3 
aqueous solution of 20.5 mM (NH4)2HPO4. The mixture 
was stirred mechanically. The 5.5 pH was maintained 
by addition of phosphoric acid or ammonia. Then, the 
precipitate was allowed to sediment overnight, part of 
water solution containing ammonium and nitrate ions 
was removed and the remaining slurry was fi ltered 
upon reduced pressure, washed with copious amount 
of water until no nitrate, phosphate, or ammonium 
ions were detected. The wet solid was then dried at 
70oC under reduced pressure (5 mm Hg) for 37 hours. 
All wet processes were performed in red light. Yield of 
dry product (1) was 51.2 g (89% related to theoretical 
57.35 g of CaHPO4 + Ag3PO4). Dried product was then 
milled for 4 hours in planetary mill at 300 rpm with 40 
g of zirconium oxide mill balls (100 μm diameter)26. 
Then the solids were separated on stacked sieves to 
recover zirconia milling balls and variable fractions of 
the product were collected on sieves of descending whole 
diameters: 200 μm (fraction recycled for milling), 100 μm 
(for milling balls recovery and large composite particles, 
later this fraction was recycled into another synthesis), 
50 μm and 20 μm. The workup of the precipitate (vide 
supra) yielded 46.65 g distributed between particle size 
as follows: >200 μm – 1.15 g; 50 μm – 18.33; 20 μm – 
16.30 g; <20 μm – 10.87 g (81% yield).

Elemental analysis for Ag, Ca, and P by electron 
microscopy (Qmaps obtained from HDF detector and 
EDX spectrometer, vide infra) averaged for 14 spots 
[mass%]: O, 56.61; P, 26.55; Ca, 15.91; Ag, 0.93, which 
corresponds to relative molar contribution as follows (± 
standard deviation): O, 3.54 (± 0.33); P, 0.86 (± 0.09); 
Ca, 1.00 (± 0.31); Ag, 0.008 (± 0.004). The molar ratio 
of elements was: O:P = 4.1; Ca:Ag = 125.0. 

AAS determination of total silver [mass%]: 0.9. 60% 
of this value corresponds to Ag(0) mass percent, which 
is 0.54 mas% deposited as AgNP in the composite.

In a bulk synthesis (2 kg scale) 1713 g of the product 
was isolated as fraction of particle size ≤ 20 μm (76.5 
% yield of theoretical yield 2237 g calculated for CaH-
PO4 + Ag3PO4). The elemental analysis showed silver 
percentage 1.0 mass%, 0.6 mass% of which was Ag(0).

In another synthesis performed in 20:1 Ca:Ag molar 
stoichiometry the isolated product 2 showed conside-
rably higher total silver percentage (2.6 mass%; 58% 
of this value corresponds to Ag(0)). However detailed 
examination of nanocomposite by STEM evidenced that 
silver was partially distributed in rafts sized ≥20 nm in 
diameter (vide infra, Fig. 1). 

Physical measurements
Electron microscopy studies: Samples of composite (ca 

100 mg) were suspended in ethanol and transferred to 
copper grids covered with thin carbon fi lm (carbon type 
B on 200 mesh, PELCO®, TED PELLA, Inc.) and dried 
on heat plate at 80oC for 10 minutes. The samples were 
mounted on single-tilt holder in microscope FEI Tecnai 
Osiris S/TEM. The measurements were performed in 
STEM mode (scanning transmission electron microsco-
py) with BF, DF2 and DF4 and HAADF (high-angle 
annular dark fi eld) detectors with 200 kV. Super EDX 
detector was used to collect elemental maps for the 
samples measured in at least 8 spots. The ESPRIT 
software was used for live quantifi cation. The average 
fi nal result of elemental mass percentage was calculated 
taking the account the spotted area (vide supra). The 
standard deviation of the elemental percentage was used 
to characterize the sample heterogeneity of composite.

XRD: X-ray powder diffraction experiments were per-
formed on Bruker D8 Advance diffractometer. 

Laser desorption/ionization mass spectrometry (LDI MS) 
analysis on AuNPET: Laser desorption/ionization (LDI) 
time-of-fl ight (ToF) mass spectrometry experiments were 
performed using a Bruker Autofl ex Speed refl ectron 
time-of-fl ight mass spectrometer, equipped with a Smart-
Beam II laser (352 nm) in 80-2080 m/z range. The laser 
impulse energy was approximately 60−120 μJ, the laser 
repetition rate 1000 Hz, and the defl ection value was set 
on m/z lower than m/z 80. The fi rst accelerating voltage 
was held at 19 kV, and the second ion-source voltage 
was held at 16.7 kV. The refl ector voltages used were 21 
kV (fi rst) and 9.55 kV (second). The data was analyzed 
using the software provided with the Autofl ex instrument 
(FlexAnalysis version 3.3). Mass calibration (cubic cali-
bration) was performed using internal standards (gold 
ions and clusters from Au+ to Au5

+). The sample for 
LDI MS measurement was prepared as before27. Sum 
of ca 3000 scans was collected for each sample.

Elemental analysis for silver: The elemental composition 
for Ag+ and Ag(0) content was performed by atomic ab-
sorption spectrometry (AAS) using Analytic Jena Model 
CONTRA 700 instrument. In a reproducible procedure 
the sample of composite (ca 1 g) was soaked in 2M 
NH3(aq) for 15 minutes, the solid was fi ltered off, washed 
with water, dried, mineralized in excess concentrated 
nitric acid to obtain 20 ml stock solution. The solution 
was diluted 104 times with concentrated nitric acid and 
analysed for silver by AAS. The volume of fi ltrate was 
reduced to 1 ml, concentrated nitric acid was added (25 
ml), and the mixture was boiled for 1 h. The volume of 
solution was adjusted to 20 ml with nitric acid. Three 
aliquots of sample were diluted 104 times and analysed 
for silver by AAS. Total silver content was determined as 
follows: sample of composite (ca 1 g) was mineralized in 
hot concentrated nitric acid, the volume was adjusted to 
20 ml and 104 times diluted triple samples were analysed 
for silver by AAS. Total silver and silver(0) percentage 
were determined in triple for every composite. 

Biology
Antimicrobial tests: Nutrient broth (NB) and potato 

dextrose broth (PDB) or nutrient agar (NA) and potato 
dextrose agar (PDA) were used for the preparation of 
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bacterial or yeast cultures suspension or evaluation of 
the colony forming unit (CFU), respectively. For serial 
dilutions, the phosphate buffered saline was used. All 
materials were sterilized prior to use at 121oC for 20 
min. Antibacterial activity of the composites were tested 
against Gram-(+) Staphylococcus aureus ATCC 25923 
and Gram-(–) Escherichia coli PCM 2209 or Pseudo-
monas aeruginosa ATCC 27853 bacteria strains. For 
antifungal assay, Candida albicans ATCC 14053 strain 
was chosen. All strains were from the collection of the 
Centre of Applied Biotechnology and Basic Sciences, 
RU Poland. Strains were maintained in enriched NB and 
kept at 4oC. Prior to the microbial assay, the CaHPO4 
and composite 1 were sterilized for 30 min at 130oC. 
The antimicrobial activity of these materials was tested 
by microorganisms incubation in powders suspensions, 
followed by colony-forming capability test, in time depen-
dent manner. Bacterial cells were inoculated into 10 mL 
of NB and incubated in aerobic conditions at 37oC for 
12–18 h to give a fi nal concentration of ~106 cells/mL 
(CFU – Colony Forming Unit). Bacterial/fungal growth 
inhibition was tested by adding the 2.75 mL of sterile 
potassium hydrogen phosphate buffer solution, 30 mg of 
each powder (CaHPO4, 1) and 250 μL of S. aureus, E. 
coli, P. aeruginosa or C. albicans cultures. The samples 
were incubated in a shaker incubator at 37oC and the 
sampling time for the experiment was 0, 4, 8, 24, 48 and 
72 h. After the exposure period of incubations, 0.1 mL 
aliquots were taken, serially diluted and plated on agar 
plates. Bacteria colonies were counted and the numbers 
of CFU/mL were calculated. Each test was repeated 
three times (n = 3) and the reported results represent 
their average values. 

Genotoxicity assessment of nanocomposites in the 
Caco-2 cell line using the Comet assay:

The human epithelial colorectal adenocarcinoma 
(Caco-2) cell line was obtained from the American Type 
Culture Collection (ATCC, Manassas, VA) and culti-
vated in Eagle’s minimum essential medium (EMEM) 
at pH 7.4, supplemented with 20% fetal bovine serum 
(Sigma-Aldrich, St. Louis, MO, USA), 0.1% penicillin-
-streptomycin solution in a humidifi ed atmosphere (5% 
CO2, 95% air, 37oC). Caco-2 cells were seeded into 6-well 
cell culture plates (Corning) at a density of 1x106 cells/
well in 1 ml medium and pre-incubated for 48 h before 
nanocomposites treatment. Sterilized nanocomposite was 
added (ca 1.0 mg) to three separate wells in a 6-well 
cell culture plates. The next three wells were a control 
and contained only cells without nanocomposite. Then 
Caco-2 cells were incubated under standard culture 
conditions for 72 h. After 72-h incubation, the nano-
composites were removed and the Caco-2 monolayers 
were washed fi ve times with PBS and then trypsinated. 
Genotoxicity of the nanocomposites in the Caco-2 cell 
line was assess by using the Comet assay (SCGE, single-
-cell gel electrophoresis). Briefl y, the Caco-2 cell pellets 
were suspended in a pre-warmed low melting point 0.5% 
agarose and spread on conventional microscope slides 
(pre-coated with 1% normal melting point agarose and 
dried) and covered with a coverslip. After 10 min at 
4oC, the coverslips were removed and slides were placed 
in lysis solution for 1 h at 4oC. After lysis slides were 
washed three times with water and placed in electro-

phoresis chamber with electrophoresis buffer (100 mM 
Tris base, 500 mM NaCl, 1 mM EDTA, 0.2% DMSO; 
pH = 9.0) and were run at 4oC for 30 min at 12V. After 
electrophoresis, slides were washed with distilled water 
and neutralization buffer (50% ethanol, 20 mM Tris-
-HCl; pH = 7.4) and dipped in 70% ethanol for 5 min. 
DNA was stained with YOYO-1 dye and examined with 
a fl uorescence microscope IMAGER D2 (Carl Zeiss).

RESULTS AND DISCUSSION

Silver nanoparticles (AgNPs) form spontaneously upon 
day light reduction of silver(I) phosphate co-precipitated 
with calcium phosphate matrix. Calcium triphosphate 
(CTP) is dominating water insoluble salt formed in alka-
line conditions upon mixing of soluble phosphate(V) and 
calcium(II) salts. Therefore the reagents used to obtain 
NPs deposited or doped into CTP were diammonium 
phosphate, silver and calcium nitrates and aqueous am-
monia to adjust pH to 916. However, in such conditions 
the PO4

3– anion is not dominating phosphate due to pKa 
= 12.6 for HPO4

2-. Moreover, added ammonia results in 
formation of Ag(NH3)2

+ complex ion and eventually leads 
to incorporation of silver into CTP matrix on the level 
of 1% even if 5 mol% of available metal ions is Ag+. 

On the other hand, solubility of calcium phosphates was 
studied both experimentally and theoretically for a three 
component system: Ca(OH)2-H3PO4-H2O28. It has been 
demonstrated that at pH <6 the least soluble calcium 
phosphate is dicalcium phosphate (both as CaHPO4 and 
CaHPO4 x 2 H2O), while in basic solutions both α- and 
β- CTP are the least soluble, with hydroxyapatite rema-
ining the most insoluble calcium phosphate throughout 
4–12 pH range. 

We have applied slightly acidic conditions to co-
-precipitate calcium phosphate and silver phosphate by 
aqueous solution Ca(NO3)2 and AgNO3 into aqueous 
(NH4)2HPO4 solution. The pH of reaction mixture was 
maintained within 5.0–5.5 by addition of phosphoric 
acid and/or ammonia. Slow precipitation was enabled 
by dropwise addition of calcium and silver nitrates. The 
reaction mixture was maintained in red light in order 
to minimize the photoreduction of silver(I) to silver(0) 
and uniform co-precipitation of silver(I) and calcium 
phosphates. The crude product was fi ltered off, washed 
with copious amount of water until no ammonium and 
nitrate were detected in fi ltrate. Obtained wet solid was 
further dried under reduced pressure for 37 hours at 
70oC, milled in planetary mill with 100 μm diameter ZrO2 
balls, and sieved to obtain main fraction of particles sized 
below 50 μm. We have aimed at silver-doped calcium 
phosphate using 30:1 and 20:1 molar ratio of calcium 
to silver and molar excess of phosphate anion. Isolated 
two products were analyzed by STEM, XRD, and laser 
desorption ionization mass spectrometry using AuNPET 
technique. We have found that the composites 1 and 2 
obtained from 30:1 and 20:1 Ca:Ag mixture contained 
0.90 and 2.60 mass% of silver, respectively as determined 
by atomic absorption spectrometry (AAS). 

Composite analysis
Both composites were analysed by STEM in order to 

characterize the homogeneity of the composites, espe-
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Niziol and co-workers29, where analogous peaks origin 
from AgNP, which were deposited on steel target. Thus 
we have identifi ed the matrix and found that composites 
contained silver(0), deposited as <5 nm sized AgNPs in 
1 and Ag(0) rafts in 2. 

With identifi ed components as AgNPs, Ag3PO4, and 
CaHPO4 by XRD, MS, and EDX in hand we have per-
formed simple chemical analysis for silver in order to 
fully characterize 1. Unlike the spectral methods which 
are based on laser and X-ray beam excitation and do 
not give averaged value of element percentages, the 
large scale averaged sample offer exact determination 
with common analytical method like AAS.

Silver phosphate is well soluble in 2M NH3(aq), while 
silver(0) is not reactive in such conditions. Thus we have 
treated composites with 2 M NH3(aq), separated silve-
r(I) – free solid and analysed it after mineralization with 
concentrated nitric acid as well as fi ltrate. In separate 
experiment the composite was mineralized with nitric 
acid and all three samples were analysed by AAS after 
dilution. In this way we were able to determine silver(0), 
silver(I), and total silver percentage in 1 and 2. We have 
found that silver (0) and silver (I) percentage was 0.90 
and 0.54 for 1 and 2.6 and 1.5 mass% for 2 respectively.

Thus for further studies the composite 1 was chosen, 
the large scale synthesis was performed at 2 kg scale. 
The analysis of the product showed no signifi cant dif-
ferences between the composite obtained in large scale 
in comparison with 1, although concentrations of sub-
strate solutions were much higher and concentration of 
ammonium nitrate, the side product of reaction could 
interfere with precipitation of pure composite, especially 
at fi nal phase of large scale synthesis (0.875 M NH4NO3 
at the end).

cially considering silver distribution. The Qmaps of silver 
are presented at fi gure 1 for composite 1 and composite 
2. We found that silver was distributed uniformly in 1, 
while nanoparticles of silver(0) as large as 15 nm dia-
meter were observed for 2. For both composites three 
samples were subjected for STEM analysis and 12–14 
spots were used to obtain averaged Ca, O, P, and Ag 
mass percentage (see Experimental: Synthesis and workup 
of composites). Nonetheless, the resolution of STEM 
analysis did not allow to defi ne the average composition 
of composites, neither to chemically identify the matrix. 
Therefore powdered 1 and 2 (fraction sieved under 20 
μm particle size) were analysed by XRD. 

The matrix of composites 1 and 2 was identifi ed by XRD 
(see assignments at upper spectrum in red presented for 
1 in Fig. 2). Based on database the main component of 
the matrix were identifi ed as calcium hydrophosphate 
salt (both as dihydrate, called Brushite, with 86.7% 
fi t, and anhydrous Montenite, with 7.8% fi t) as well as 
silver phosphate (1.8% fi t). Thus silver is present in the 
matrix as Ag3PO4, additionally to silver(0) deposited on 
crystal surface, which was not detected in the sample by 
XRD. Then, composite silver was totally reduced with 
ascorbic acid and resulting XRD spectrum showed no 
presence of Ag3PO4. Instead week peaks were observed 
from nanosilver at 2Θ at 38.1 and 44.3 degree (bottom 
spectrum at Fig. 2). Thus we have named the composites 
as Ag@CaAgP (corresponding to 1) and Ag@CaP, the 
gray product of silver reduction. In order to monitor the 
possible changes occurring in 1 upon milling we have 
also recorded the XRD spectrum of 1 before milling 
step (after drying step). The spectra of 1 before milling 
and after milling at 300 rpm speed were imposable. We 
have concluded that workup of composite by vacuum 
drying at 70oC and milling at 300 rpm with zirconia did 
not convert the isolated solid. In fact, milling with 600 
rpm resulted in partial thermal conversion of matrix 
calcium hydrogenphosphate dihydrate with formation of 
catenaphosphates: bis(catena-phosphate) and calcium-
-hexaphosphate (Troemelite) and reduction of silver(I) 
resulting in deposition of large metal drafts in isolated 
solid observed in STEM pictures.

The silver distribution in 2 was not uniform. A dense 
rafts observed by STEM in 2 (see Fig. 1, lower trace) 
were nanosized pure silver (97 mass% in Qmap). Silver 
was distributed uniformly beyond these nanoparticles both 
in 2 and 1. To identify silver species we have recorded 
the LDI MS spectra for 1 and 2. The large associated 
particles were also observed in composites precipitated 
and worked-up in presence of daylight despite of low 
starting amount of silver nitrate.

Although the colour of composites was light yellow, as 
is the colour of silver phosphate, the presence of silver 
nanoparticles was confi rmed by Au nanoparticle enhanced 
target desorption/ionization mass spectrometry (AuN-
PET)27. The AuNPET spectrum is presented at Fig. 3. 
This method showed the presence of silver nanoparticles 
by peaks corresponding to Ag2

+, Ag3
+, and AuAg2

+. The 
peaks from Au+, AuCa+, AuAg+, Au2

+ correspond to gold 
nanoparticles and gold associates with cations present in 
matrix (calcium and silver). Isotopic patterns of peaks 
assigned to Ag+, Ag2

+, and Ag3
+ are almost identical 

compared to the ones presented in published work by 

Figure 1. STEM pictures of chosen spot (HAADF) and Qmaps 
for silver distribution in 1 (upper traces) and 2 (lower 
traces)
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after 8 h time of incubation, whereas the bactericidal 
effect against Staphylococcus aureus was achieved after 
2 days. The response of the yeast cells indicates that 
they are the most resistant to the tested material. The 
silver- incorporated sample has static activity (2–3 logs 

Biological activity of composite 1
Composites comprised silver(0) highly dispersed in inor-

ganic matrix of calcium hydrogenphosphate (CaHPO4) 
and silver phosphate (Ag3PO4). The mass percentage of 

Figure 2. XRD spectra of: 1 (Ag@CaAgP) composite obtained 
as described in Experimental (upper, in red), and 
reduced 1 (Ag@CaP) obtained after total reduction 
of silver(I) into silver(0) with ascorbic acid (bottom, 
in black). 

Figure 3. AuNPET mass spectrum of 1 composite. The reference gold+ peaks from target are labeled in red. Peaks from organic 
impurities are labeled with asterisks

Ag3PO4 in 1 and 2 was 0.46 and 1.1, respectively. The 
matrix main component was CaHPO4, partially hydrated, 
depending on the history of synthesis and workup. In 
case of 1 used further for biologic activity studies the 
main calcium phosphate was dihydrated form as was 
shown by XRD. 

Silver(0) and silver(I) are known antibacterial agents, 
especially when silver(0) is dispersed to nano-sized par-
ticles. Composite 1 was then tested for toxicity against 
bacteria and fungi. Gram-positive (P. aeruginosa, S. 
aureus) and Gram-negative (E.coli) bacteria and yeast 
(C. albicans) were used as the test microorganisms, 
because they are very common causes of infection in 
humans and animals30. Such organisms are found also, 
as a food-borne pathogens, usually due to improper food 
handling31. Thus there is a great need for fi nding new 
materials with biocidal/fungicidal properties, functioned 
as a composites for tissue and implant engineering or 
for food packaging applications. Thus, the antimicrobial 
effect of the pure matrix (CaHPO4) in comparison with 
silver-doped composite 1 was examined. Fig. 4 shows the 
bactericidal and fungicidal effi ciency for 1 against Esche-
richia coli, Staphylococcus aureus, Psuedomonas aeruginosa 
and Candida albicans. Exposure of the silver nanopartic-
les-incorporated composite (composite 1) toward tested 
bacteria and fungi microorganisms, unambiguously resul-
ted in bactericidal or static effect, respectively. For all of 
the strains, the numbers of colonies were reduced, when 
organisms have been exposed to 1, in time- and strain-
-dependent manner. While, in the control sample (Ct) as 
well as matrix material (CaHPO4), there is no evidence 
of growth of inhibition. The E. coli and P. aeruginosa 
strains are much more sensitive to 1, than S. aureus. In 
the fi rst case, the total growth of inhibition was observed 
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reduction) with 72 h time of incubation. Composite 2 
showed similar activity in all encountered tests despite 
of higher percentage of AgNPs.

Composite 1 was also preliminarily tested for biological 
activity towards mammalian cells. Caco-2 culture was used 
as fast proliferating model for human digestion system 
cells. We have found that after 72 hours of incubation 
of Caco-2 in presence of the viability of cells was below 
10%. The cells were isolated and tested for genotoxi-
city by common comet assay. Caco-2 cells exposed to 
1 showed DNA damage. Our results indicated that the 
noanocomposite had genotoxic effect in the Caco-2 cells. 
Representative images of comet assay analysis of Caco-2 
cells are presented in Fig. 5. It has been already shown 
that AgNPs were able to affect drastically Caco-2 cells. 
Villa et al. reported that after the 24 h exposure to 50 
μg/mL no viable cells were observed32. In our study, 
we have shown that silver nanoparticles deposited on 
calcium hydrogenphosphate had genotoxic effect on 
the Caco-2 cells. 

Final remarks
Due to its antimicrobial properties composites like 

1 might fi nd the application as antimicrobial agent 
protecting against bacteria or fungi and therefore can 
be applied as component in medical clothes or in food 
packages, for instance as fi lling for polyethylene (PE) 
foils. Preliminarily we have found that PE fi lled with 
10% composite 1 did not transfer silver into food upon 
contact. Moreover, composite 1 releases silver(0) upon 
long term light exposure and mechanical distortions, 
which improves the antimicrobial properties of such 
modifi ed foil.

CONCLUSIONS

Silver(0) deposited in the matrix composed of silver 
phosphate and calcium hydrogenphosphate can be obta-
ined from calcium nitrate, silver nitrate, and diammonium 
phosphate by wet method within pH 5.0–5.5. Silver(0) 
and silver(I) phosphate are uniformly distributed within 

Figure 4. Graphs demonstrating viability of bacteria Escherichia coli, Staphypococcus aureus, and Pseudomonas aeruginosa and Candida 
albicans fungi monitored within 72 hours. Ct – control experiment on NA, NB (for bacteria) and PDB, PDA (for fungi) 
medium, CaHPO4 – the experiment in presence of solid CaHPO4, 1 – the experiment in presence of composite 1

Figure 5. Representative images of Comet assay analysis of 
Caco-2 cells; left panel: untreated Caco-2 cells, 
showing a circular shape indicating absence of DNA 
damage; right panel: exposed Caco-2 cells, exhibiting 
a tail, indicating DNA damage

the matrix when molar ratio of calcium to silver is kept 
at the level 30:1. Almost one mass percent of silver is 
present in the composite, 60% of which is deposited as 
<5 nm sized nanoparticles.

Obtained material contains biologically available silver 
resulting in high antibacterial properties of the com-
posite. Uniform distribution of silver as <5 nm sized 
nanoparticles in the composite enables to apply this 
material as antibacterial agent instead of commercially 
available AgNPs. Replacement of AgNPs by its nano-
composite with calcium hydrogenphosphate provides 
the possibility to avoid the environment overload with 
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silver and to reduce the consumption of silver for an-
timicrobial purposes. It seems particularly important in 
the context of its genotoxic effect described earlier and 
confi rmed herein.
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