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Abstract 
The antimicrobial potential of hybrid materials based on silica, cellulose derivate and zinc ions was investigated 
in the present study. The experiments were focused on the formation of inhibition zones of Aspergillus niger 
strain 371 and Penicillium chrysogenum strain 2303 around the materials. The hybrids were synthesized by sol-
gel method from tetraethylorthosilicate (TEOS), hydroxypropyl cellulose (HPC) and different sources of zinc 
ions - ZnSO4.7H2O or Zn(NO3)2.6H2O. The quantity of organic substance was 5 wt. % and the zinc 
concentration varied from 0.5 to 5 wt. %. It was examined that the size of inhibition zones is dependent on the 
amount of zinc ions.  
 
Practical applications 
Possible practical application materials can be found in regenerative medicine as antibacterial dressings and 
bandages for wound healing, surgical masks, coatings of various implants and biomaterials in order to prevent 
the biofilm formation in the body. An interesting field of application is the agriculture, where they could be 
incorporated into a variety of filters and water equipment for the purpose of waste water purification. 
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Introduction 
Nowadays antibacterial agents based on metal ions 
and nanoparticles are wide used for many 
applications in medicine as well as in food package 
industry. ZnO nanoparticles (ZnO Nps) have 
selective toxicity to microorganisms and exhibit 
minimal effect on human cells making them 
suitable materials for biomedical applications 
(Sirelkhatim et al., 2015; Ma et al., 2015). The 
antimicrobial activity of zinc ions and nanoparticles 
involved induction of reactive oxygen species and 
damages of cell structures such as cell membranes 
(Navale et al., 2015; Salem et al., 2014). ZnO Nps 
inhibit the growth of Botrytis cinerea by interfering 

cell function and causing deformation in fungal 
hyphae. The development of conidiophores and 
conidia of Penicillium expansum was fully 
prevented from the nanoparticles (He et al., 2011). 
Zinc ions and nanoparticles can be prepared and 
incorporated into hybrid materials and coatings by 
different techniques such as vapour deposition and 
sol-gel technique (Jaiswal et al., 2012). This 
method offers the opportunity to incorporate metal 
ions into an organically modified inorganic matrix. 
As a result a coating with high purity and 
homogeneity was produced (Marini et al., 2007). 

 

 
Materials and Methods 
 
Materials 
SiO2/hydroxypropyl cellulose (HPC) hybrid 
materials doped with zinc were prepared by sol-gel 
method using the same procedure describe 
previously (Rangelova et al., 2014; Angelova et al., 
2012). The zinc concentration in hybrid materials 
varied from 0 to 5 wt. %. As zinc ions sources 
ZnSO4.7H2O or Zn(NO3)2.6H2O were used. 
Aspergillus niger strain 371 and Penicillium 
chrysogenum strain 2303 were obtained from the 
culture collection of Bulgarian National Bank of 
Industrial Microorganisms and Cell Cultures and 
were maintained respectively on nutrient media 
Soja-Malt, containing Malt extract 30 g, Soja 
pepton 3 g, Agar 15 g, d. H2O 1 dm3 and HM 
medium, containing Malt extract 10 g, Yeast 
extract 4 g, Glucose 4 g, Agar 15 g, d. H2O 1 dm3. 
The both strains were cultivated at 30 0C.  
 
Antimicrobial assay 
The antimicrobial behavior of obtained hybrid 
materials was examined against A. niger 371 and P. 
chrysogenum 2303 by agar diffusion test. The 
method consists of measuring the inhibition zones 
formed around the samples of materials. The agar 
plates were inoculated with A.  niger 371 and P. 
chrysogenum 2303 by wiping a swab containing the 
culture across the surface of the agar. The samples 
in amount of 100 mg were placed onto the marked 
wells in plates, as is shown on Figure 1. 

 
The inoculated Petri dishes were stored at 30 °C. 
The size of the inhibition zones was monitored and 
measured with ruler after 24 h, and 120 h of strain 
incubation. 

 
 

Results and Discussion 
In the present work we have investigated the 
antimicrobial effect of two types HPC/SiO2 hybrid 
materials with different ZnSO4.7H2O and 
(ZnNO3)2.6H2O concentration. Using the agar well 
diffusion method the hybrids showed a different 
impact on the fungal growth of A. niger strain 371 
and P. chrysogenum strain 2303. On Figure 2 are 
shown the formation of clear zones around the 
hybrids with different concentration ZnSO4.7H2O 
and (ZnNO3)2.6H2O against A. niger 371 after 48 h 
incubation. It was established that the lowest Zn 
concentration from ZnSO4.7H2O leads to formation 
of 6.25 mm inhibitory zone while the highest 
concentration inhibited the fungi growth by 
measuring of 18.75 mm clear zone. The test results 
of formed inhibition zones caused from hybrids 
with different (ZnNO3)2.6H2O concentration 
demonstrated similar tendency. The smallest zone 
of 6.75 mm was detected by 0.5 % (ZnNO3)2.6H2O, 
and the biggest (20 mm) - by 5 % (ZnNO3)2.6H2O. 

  
 

As a second point of experiments, it was also 
studied the susceptibility of A. niger 371 after 120 
h incubation (Figure 3). The longer fungi 
cultivation leads to formation of dark 
conidiophores. The size of primary measured zones 
is decreased but although they could be measured 
by the higher zinc concentrations. As we noticed in 
our previous study (Angelova et al., 2014) it could 
be concluded these materials exhibit growth-
restraining impact on fungi and are unable to 
suppress them completely at zinc concentrations 
present in both materials up to 5 wt. %. 

 
The antimicrobial properties of synthesized hybrid 
materials were also tested against P. chrysogenum 
strain 2303. The results showed formation of 
inhibition zones only around materials containing 
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2.5 % and 5 % ZnSO4.7H2O and 2.5 % and 5 % 
(ZnNO3)2.6H2O (Figure 4). By hybrids with 2.5 % 
and 5 % ZnSO4.7H2O were measured zones with 
size respectively 9.5 mm and 10 mm. Similar effect 
has the second material containing  (ZnNO3)2.6H2O 
on the fungal growth. The material containing zinc 
concentration 2.5 % formed an inhibitory zone of 
5.25 mm while the highest zinc concentration leads 
to 8.25 mm clear zones after 48 h incubation.  The 
control sample and the lowest zinc concentrations 
cannot inhibit the growth of tested fungi strain.  

 
Further incubation of petri dishes until 120th hour 
(Figure 5.) showed the color change by conidia 
from hell green to dark green by control samples 
and by samples with low zinc concentrations, 
typical for sporulation process. Highest zinc 
concentrations by both materials lead to inhibition 
of sporulation process and the color of conidia 
remain hell. The long period of cultivation has an 
influence on the size of zones. It’s very noticeable 
by the samples containing 2.5 % ZnSO4.7H2O and 
(ZnNO3)2.6H2O, where is difficult to see any 
inhibition zones. Only the highest zinc 
concentrations almost keep the previously formed 
inhibition zones. 

 
These experiments proved that the antimicrobial 
activity is dependent on the zinc concentration, the 
source of zinc ions and the time of strain 
cultivation. 

 
 

Conclusions 
In this work it has been demonstrated that hybrid 
materials showed antimicrobial properties against 
A. niger strain 371 and P. chrysogenum strain 2303. 
The results reveal that the longer strains cultivation 
leads to decrease of size of zones but although it 
was monitored clear free of growth zones after 120 
h incubation. The zinc ions from Zn(NO3)2.6H2O 
demonstrate higher antimicrobial effect against 
both fungi strains in comparison to zinc ions from 
ZnSO4.7H2O. The primary research of these types 
hybrid materials show a promising potential as 
antifungal coatings in biomedicine, food industry 
and waste water treatment but further analysis are 
needed to confirm the non-cytotoxic properties to 
eukaryotic cells.  
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Figure 1. Steps for determination the antimicrobial activity of hybrid materials against fungi strains 

by agar diffusion test 
 
 
 
 
 
 

 
Figure 2. Inhibition zones of HPC/SiO2 hybrid materials with different concentration ZnSO4.7H2O 

(left panel) and (ZnNO3)2.6H2O (right panel) against A. niger 371 after 48 h incubation 
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Figure 3. Inhibition zones of HPC/SiO2 hybrid materials with different concentration ZnSO4.7H2O 

(left panel) and (ZnNO3)2.6H2O (right panel) against A. niger 371 after 120 h incubation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Inhibition zones of HPC/SiO2 hybrid materials with different concentration ZnSO4.7H2O 
(left panel) and (ZnNO3)2.6H2O (right panel) against P. chrysogenum 2303 after 48 h incubation 
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Figure 5. Inhibition zones of HPC/SiO2 hybrid materials with different concentration ZnSO4.7H2O 

(left panel) and (ZnNO3)2.6H2O (right panel) against P. chrysogenum 2303 after 120 h incubation 
 

 


