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Abstract. Green-synthesized Ag-MnO2 nanoparticles were tested for their antimicrobial capacity. 

Two important plant extracts were used for synthesis: Vinca minor and Chelidonium majus, with 

well-known pharmacological activities. After the determination of the minimal inhibitory 

concentration against two bacterial strains (one Gram-negative and one Gram-positive model), the 

plant extracts were used to form three types of metal nanoparticles. The antimicrobial effect of the 

nanoparticles was assessed against E. coli, Staphylococcus aureus, and the yeast Candida albicans. 

The results indicated that the Ag-MnO2 nanoparticles synthesized with V. minor plant extract were 

the most efficient against all tested pathogens. As a future perspective, these nanoparticles are suited 

to design a non-invasive applicator to treat biodeteriorated cultural heritage, such as archives, 

sculptures, or paintings. 
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INTRODUCTION 

 

The rapid ascension of nanomaterial production 

as a response to the increased demand, attracted 

numerous funds at industrial levels (Cvjetko et al., 

2017). Consequently, the environmental impact was 

major due to the pollution generated by the industrial 

processes required for mass production. An alternative 

solution to this could be ‘green’-synthesis of 

nanoparticles (NPs) with the help of plant extracts 

(Ahmed et al., 2016; Kamran et al., 2019).  

NPs are new generation, technological tools with 

various applications from biomedical to food 

industry or cosmetics. Together with the fast 

development of NP synthesis, the demand for 

alternative treatment of diseases increased as well 

(Jyoti et al., 2018).  

Microbial diseases are widespread, and they 

affect not only living organisms, such as plants or 

mammals, but they deteriorate the cultural heritage 

as well (Borrego et al., 2018; Doud et al., 2020). It 

is important mention that art objects, especially old 

ones, are prone to deteriorate due to several 

physical, chemical, and biological factors. Apart 

from poor handling and storage conditions, that lead 

to a physical degradation of paintings, archives, or 

sculptures, biodeterioration is a real concern. If not 

inhibited properly, bacteria or fungi present on the 

cultural heritage recur and cause irreparable 

damages (Karbowska-Berent et al., 2011; Kavkler 

et al., 2015).  

Although prevention is the optimal solution, 

non-deteriorating techniques should be employed 

for the treatment of existing patrimony. Such an 

alternative could be provided with the help of 

antimicrobial NPs that can be applied both prior the 

use of materials (paper, clay, cloth, etc.) and for the 

treatment of infested art objects (Gutarowska et al., 

2012).  

The current work explored the alternative of 

using previously obtained NPs through green-

synthesis as antimicrobial agents. In this 

preliminary study, the Ag-MnO2 NPs were tested 

against E. coli, Staphylococcus aureus, and 

Candida albicans. The obtained NPs have a great 

antimicrobial potential and a possible solution to 
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treat the already affected cultural heritage is to 

develop a non-invasive applicator with targeted 

treatment of microbial infestations, without 

affecting the art objects. 

 

MATERIALS AND METHODS 

 

Nanoparticle synthesis 

Three types of nanoparticles were obtained as 

described in a previous study (Ciorîță et al., 2020). 

Briefly, MnO2 nanoparticles were synthesized from 

KMnO4 in presence of Vinca minor and/or 

Chelidonium majus plant extracts. The obtained 

nanoparticles were combined with AgNO3 and the 

same plant extracts to obtain core-shell Ag-MnO2 

nanoparticles: Ag-MnO2-Vm (obtained with V. 

minor plant extract), Ag-MnO2-Cm (obtained with 

C. majus plant extract), and Ag-MnO2-M (1:1 mix 

of plant extracts). 

 

Preliminary antibacterial effect of the plant extracts 

The effect of the V. minor and C. majus plant 

extracts against E. coli (ATCC 25922) and 

Staphylococcus aureus (ATCC 25923) were 

assessed through scanning electron microscopy 

(SEM) and through the microdilution method, 

according to EUCAST protocols and to a previous 

study (EUCAST, 2020; Ciorîță et al., 2021). 

A computational method was employed to 

determine the effect of the extracts against the 

length of E. coli bacilli using a MATLAB script, 

according to (Belean et al., 2020). Based on the 

scale bar, the software estimated the bacterial 

dimensions (length and/or width), after a rigorous 

determination of the bacterial contour.  

 

Antimicrobial effects of the Ag-MnO2 nanoparticles 

The antimicrobial effect of the nanoparticles was 

assessed against E. coli, S. aureus, and Candida 

albicans (ATCC 90028) through the agar diffusion 

method, according to EUCAST protocols. 

 

Statistical analyses 

Each experiment was conducted in triplicate and 

the mean and standard deviation were calculated. 

One Way ANOVA, Tukey, and Student’s t test 

were used to determine the level of significance. 

The difference was considered significant at values 

of p ≤ 0.05. 

 

RESULTS AND DISCUSSIONS 

 

The chosen plant extracts had a great 

antibacterial effect, inhibiting both E. coli and S. 

aureus (Figure 1 a). The morphology of the 

bacterial cells was not significantly affected as 

indicated by the SEM analyses (Figure 1 b). 

However, the length of the E. coli bacterial cells 

measured with the help of a MATLAB script 

(Figure 1 c) was significantly smaller compared to 

untreated control (Figure 1 c). 

Once the antibacterial effect was established, the 

reducing capacity of the plant extracts was assessed. 

Hence, three types of Ag-MnO2 nanoparticles were 

obtained and their polygonal aspect was observed 

thorough transmission electron microscopy (Figure 

2 a-c). The antimicrobial effects of the nanoparticles 

were assessed through the agar diffusion method 

(Figure 2 d). 

The antimicrobial properties of Vinca minor and 

Chelidonium majus had been previously reported, 

and these results are consistent with our findings 

(Gilca et al., 2010; Özçelik et al., 2011; Pârvu and 

Pârvu, 2011; Grujić et al., 2015). Moreover, the 

inhibitory effect of silver against bacterial or fungal 

strains are thoroughly documented (Du et al., 2018). 

The plant extracts present on the surface of the 

synthesized Ag-MnO2 NPs lead to a synergistic 

activity of the nanomaterials against the tested 

strains (Ciorîță et al., 2020). 

Although C. majus had a slightly increased 

inhibitory capacity against E. coli (MIC = 5%) and 

S. aureus (MIC = 10%), compared to V. minor 

(MIC = 15% and 10%, respectively), Ag-MnO2-Vm 

were significantly more potent against the tested 

strains. 

After this initial assessment of the green 

synthesized Ag-MnO2 NPs against microbial 

strains, the NPs obtained with V. minor plant extract 

are suited for further investigations. Therefore, a 

non-invasive applicator could be developed where 

NPs are left to interact with the microbiome present 

on cultural heritage for 24h and inhibit the 

development of biodeteriogens, without affecting 

the integrity of the art objects. 
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Figure 1. The antibacterial effect of the V. minor and C. majus plant extracts against E. coli and S. aureus.  

The minimal inhibitory concentration (MIC) was determined thorough the microdilution method (a);  

the arrows indicate the MIC in %. Morphological examination of bacterial cells treated with plant  

extracts and compared to untreated control (b); no significant alterations were observed.  

Length measurement of the E. coli cells with the help of a MATLAB script (c) and its graphical representation (d);  

The columns marked with the same symbol are significantly different than the control  

at significance level of p <0.05, according to the One Way ANOVA and Tukey’s tests 
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Figure 2. Morphological examination of Ag-MnO2 nanoparticles synthesized with V. minor (a), C. majus (b),  

and a 1:1 mix (c) plant extracts. The agar diffusion method examination of antimicrobial effects of nanoparticles 

against E. coli, S. aureus, and the yeast Candida albicans;  

Student’s t test was performed and the significance levels are scaled as follows:  

*** p<0.001, ** p<0.01, *p<0.05 
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