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Biodeterioration is one of the main causes of the material degradation of cultural heritage. Natural biocides 
could represent a valid and safer alternative to conventional ones. In particular, essential oils (EOs) from plants, 
rich in antimicrobial components, and naturally occurring phenols are environmentally friendly and can be 
considered a green alternative to control biodeterioration. Formulation of EOs and natural phenols can be an 

for use in cultural heritage remediation. 

nanocapsules (NCs), based on biodegradable and biocompatible polymer, loaded with Origanum vulgare (Or) 
or Thymus capitatus (Th) essential oils, to protect marble stones from bacterial colonization [1]. Antibacterial 
activity of these potential natural biocides against two bacterial strains, Escherichia coli (Gram negative) 
and Kocuria rhizophila (Gram positive), were performed on 18th century marble sample from an altar in 
restoration at the San Francesco Borgia church in Catania (Italy). The EO-NCs were able to inhibit the bacterial 
grow on the stone pretreated with bacterial inoculum. The obtained results evidenced the potential of these 
nanoencapsulated natural biocides in the treatment of biodeteriorated cultural heritage. Naturally occurring 

bacteria. Hydroxylated biphenyls are widely present in nature and represent an important source of bioactive 

K. 
rhizophila and E coli.

and D’Orazio of IPCB (Pozzuoli), by using Halomonas campaniensis, a haloalkaliphilic nitrate-reducing 
bacterium. Nitrate cleanings by the extremophilic microorganism tested can be considered environmentally 
friendly and therefore advantageous also in comparison with physic-chemical methods, that generally require 
the use of solvents, excessive removal of the original material, etc. In particular, water-based methods to 
remove nitrate can damage the stone because nitrate can be transferred in the deep by water. Moreover, the 
use of extremophilic microorganisms can conversely ensures the safety of interventions in the absence of risk, 
because they need growth conditions to proliferate that do not correspond to those of most living beings. After 
treatment, no H. campaniensis
of viable cells potentially remained on the treated items are to be expected, indicating that H. campaniensis is 
comparatively safer for bio-treatment of cultural heritage.
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