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Abstract 

Many techniques for preserving cultural heritage rely on mineralization, the process whereby an organic entity ac-
quires stone-like consistency, thus being protected from the risk of degradation due to moisture, sunlight, or bio-dete-
rioration. Petrification was developed in the 19th century to preserve human bodies and allow their use in human 
anatomy for educational and research purposes. This paper reflects on the early interest that Camillo Boito and the 
newborn Italian culture of restoration had in this topic. The authors trace the concept of mineralization in the restora-
tion field along a historical perspective, from the development of chemical products for treating architectural surfaces 
to the most recent green techniques for consolidation. The conclusion highlights a shift in the contemporary preserva-
tion scenario: microorganisms are often a threat to be opposed, but also the basis of technological innovation. 
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Introduction 

The conservation of cultural heritage has devoted more and more attention to biodeterioration processes. Indeed, 

many relevant studies have discussed the effects of biological colonization on the works of cultural interests, 

such as paintings, sculptures, and buildings. Materials and techniques were developed for treating such phe-

nomena based on petrification, the process whereby an entity of organic nature acquires a stone-like consistency 

due to natural or artificial causes, and more specifically, on mineralization, namely the biodegradation of organic 

material. This phenomenon involves the total decomposition into simple inorganic compounds by the action of 

microorganisms or fungi, and hence less exposure to the risk of degradation by moisture, sunlight, or bio-dete-

rioration. This is the case, for example, of the calcium oxalate patinas found on the surfaces of monuments as the 

outcome of ancient protective treatments based on non-synthetic organic materials, such as casein, albumen, and 

other food by-products that were often used as additives to the finishing and protective treatments of stone 

surfaces and plasters.  

During the 19th century, in an era without refrigerators, petrification was developed to preserve corpses or hu-

man body parts in stone form and allow their use for educational and research purposes for studying human 

anatomy. The process was based on replacing organic liquids with certain substances with anti-putrefactive and 

protective action towards the biological structures of the tissues, which kept their shape and color intact at the 

end of the treatment. Camillo Boito and the newborn Italian restoration culture demonstrated an early interest 
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in this field of study, a perfect example of cultural eclecticism between art, science, literature, and social engage-

ment.  

Next, mineralization for conservation evolved during the 20th century, fostering the development and diffusion 

of specific products for treating architectural surfaces, such as ammonium oxalate and ethyl silicate. Some theo-

retical foundations of the so-called green conservation lie in this shared cultural matrix. Green conservation 

nowadays strives to achieve protective outcomes like the 19th-century prodromes but replacing those chemical 

compounds that are dangerous to the environment and harmful to operators with greener and more sustainable 

products. Meanwhile, the role of microorganisms has completely changed in the preservation field. Until a few 

decades ago, they represented a threat to be opposed, while today, they are an opportunity for innovation. 

 

Mineralization for preserving corpses in the 19th century 

The concept of mineralization is well known among the mummification techniques of ancient Egypt1 and 

throughout the Roman period when the body was filled through an injection of natron that stiffened whole 

organs and tissues. However, it is with the studies and experiments in food preservation propelled by export 

trading after the discovery of the new world that the art of preserving bodies sharpens and evolves. This is 

shown by the similarities between the substances and systems of immersion in alcoholic and saline solutions 

used to store food and to embalm the bodies. This leads to a practice of anatomical preparations for investigative, 

didactic, and illustrative purposes2. 

The 19th and 20th centuries witnessed the search by Italian scientists for techniques for the preservation of bod-

ies3, which had already emerged during the 16th century4. Such focus, a mixture of alchemy and medicine, at-

tracted various physicians, palaeontologists, naturalists, and chemists who put their avant-garde vision at the 

service of science, often not without criticism and denigration. Still, the absence of refrigerators or other suitable 

means made this primary for studying bodies. As the experimental methodology of the second half of the 19th 

century progressed, anatomical schools had an increasing urgency to preserve organic material for didactic and 

hygienic reasons. Liquid formulations were not always possible since many preparations took a long time5. For 

complex preparations, dry preservation methods based on mummification processes were sought for natural 

practices. With the founding of systematic pathological anatomy and the developments in inorganic chemistry, 

the process of using sublimates and mercurial derivatives to prepare and preserve organs, anatomic parts, and 

entire carcasses in anatomical cabinets began6. 

The first to introduce this technique was Girolamo Segato7 (1792-1836), a cartographer, naturalist, and traveler 

from Belluno who developed several theories on the mummification process. The personal collection of natural-

istic objects reveals his early interest in the subject, likely prompted by his travels to Egypt at a very young age, 

where he had the opportunity to study mummies up close. As a scholar of chemistry and mineralogy, it was 

through these experiences that he developed his technique for the conservation of bodies.  We can speak of 

petrification because he preserved, in some cases, even the natural colour and elasticity of the tissues, so much 

so that many of his experiments have survived intact to the present day. However, his experience has been hard 

to investigate due to the lack of a scientific record of the process he adopted. Accused of witchcraft, he did not 



 

 

want to reveal its secret despite the contemporary criticism he received. Segato represents the eclectic 19th-cen-

tury figure, rationalist, and desecrator. His case studies involve human bodies and food or sections of tree trunks 

petrified and used as tables. His successor Giovan Battista Rini (1795-1865) a surgeon from Salò, resumed previ-

ous anatomical studies to produce its own anatomical collection of petrified corps. His preparations seem to be 

the same as Segato's: X-ray studies have revealed in 2008 the nature of the chemical compound he used to pre-

serve the blood system and tissues - a mixture of mercury, potassium, iron, barium, and arsenic8 -. Specifically, 

his mummies were studied in 2012 by a German-Italian team led by forensic anthropologist Dario Piombino-

Mascali9.  

Paolo Gorini (1831-1881)10, the third in order of time, is notable for the written testimony he leaves about his 

procedures. He could extend his production of preparations to the international context thanks to numerous 

travels. Among his various techniques, the basic formula involved an injection of bichloride of mercury and 

muriate of lime into the femoral artery. Preservative chemicals thus replaced the expulsion and deterioration of 

biological fluids. However, the chemical process was highly toxic to the operator and, therefore, Gorini spent his 

life isolated and somehow blurred. In a note sent to the University of Turin in 1864, Gorini stated his mission 

was to preserve not only animal corpses for natural history museums, human corpses for an affective aspect of 

the dead, for didactic anatomical purposes but also for the preservation of edible foods and to give work to 

inlayers and veneers. In an entrenched and paradigmatic way, Gorini demonstrated membership in a specific 

artistic milieu with grotesque characteristics of a man capable of petrifying and, simultaneously, fleshing out a 

corpse. The Museum Paolo Gorini in Lodi houses his anatomic collection, divided into dry preparations, which 

are anatomical parts not immersed in alcohol having didactic purposes, and certification, which has an aesthetic 

and conservation purpose11. 

 

Mineralization for preserving cultural heritage 

The figure of the anatomized or preserved body was a recurring topic in much of late 19th-century Italian and 

European literature12. Camillo Boito himself, paying particular attention to the literary and scientific portrait of 

the body in the novella Un corpo13, reflects on the contemporary trends and describes the figures of the anatomists 

of the late 19th century whom he had the opportunity to meet directly14. Boito's close acquaintance with the new 

systems of artificial embalming in the modern age based on silicates allowed him to focus on the risk of the novel 

role of conservator-chemist. In Boito's perspective, indeed this figure risks making preservation a chemical-ana-

tomical practice ground rather than focusing on the natural life of an exposed surface and on the proper treat-

ment of the aging process. Boito proved capable of establishing intellectual ties with anatomists of his time and 

identified the commonality of chemical intent between the organic mineralization of the human body and Sega-

to's mineralization of artifacts i.e., the anatomical table15.  

Following this view, the natural stone silicification-based evolved in Germany on using alkali silicates of sodium 

and potassium-appeared. An early and cross-cutting intellectual interest in this technique was testified by Jo-

hann Wolfgang von Goethe. As part of his vastest range of intellectual curiosity, he did early experiments with 

water-glass in 1768: “What most occupied my spirit for a long while was the so-called Liquor Silicium which is 



 

obtained if pure quartz sand is melted with an adequate proportion of alkali, giving rise to a transparent glass 

which melts in air yielding a beautiful clear liquid [...] I did not lack in hard work: only in the end I got tired 

when I had to notice that the siliceous substance was by no means as intimately united with the salt as I had 

philosophically believed [...]”16. Goethe could not translate his thoughts into any practical uses. Still, following 

his early interests, the so-called water glass was used in the first half of the 19th century with a protective and 

fireproofing function first on wood and then as a binder on plaster for wall paintings. It is thus a natural product, 

waterproofing from the outside but breathable from the inside. However, it was with the invention of the first 

artificial silicification processes in France and England that the hardening of stones through different combina-

tions of silicates gained momentum17.  

Speaking of consolidating and protective functions for restoration, mineral-type solutions are the most wanted 

by restorers given the ease in both formulation and implementation, and their long-term durability18. Patinas of 

calcium oxalate (natural, historical protective techniques) proved highly persistent on the surface of artworks 

and buildings, that is durable, compatible, and highly protective in the face of an acidic atmospheric environ-

ment so much so that synthetic chemistry has been induced to produce artificial ones for the protection of arti-

facts. Besides, research has focused on the film's origin, investigating how they can result from the "mineraliza-

tion" of the organic component in the surface treatments applied to surfaces (especially stone) with a protective, 

chromatic intonation or reparation function. Excluding that it is a mere form of alteration or degradation of the 

support, this datum thus makes it possible to attribute to the films a value of historical memory related to the 

evolution of the artifact and finishing techniques used to protect its surface along history. Such value, combined 

with the above-mentioned protective features towards the support, opens the way to the issue of the preserva-

tion of the films themselves19. 

 

Biomineralization and green conservation 

In recent years, a new concept of mineralization has surfaced in the field of Green Conservation for cultural 

heritage. The role of microorganisms in degradation processes has built a new vision: if previously bacteria rep-

resented an obstacle to the preservation of bodies and artistic artifacts, now it is the microbes themselves that 

represent a new system for the consolidation of works of art according to technologies that are increasingly 

sustainable for humans and the environment. The use of biotechnology, i.e., the application of technologies that 

use biological systems, living organisms, and their products, to create or modify products or processes for a 

specific use20, has a long history that finds a place in the field of restoration due to the need to develop alternative 

methods to traditional products. The introduction of biotechnology for consolidation has shown in recent years 

how microorganisms show high potential as tools for inducing chemical transformations both because they use 

the substrate as a source of carbon and nitrogen and because they release enzymes into the surrounding envi-

ronment21. Bio-restoration is based on the metabolic activity of microorganisms both in the removal of undesir-

able substances, such as crusts, and in the consolidation of substrates by mineralization22. Bacterial biominerali-

zation is a complex phenomenon that naturally occurs in the different environment. The two main mechanisms 

are Microbial Induced Calcium Carbonate Precipitation (MICCP)23 and Biologically Controlled Mineralization 



 

 

(BCM) where bacteria directly control the process and are themselves the nuclei of mineralization24. All these 

metabolic activities such as photosynthesis, ammonification, denitrification, sulphate-reduction, urea hydroly-

sis, and organic acid conversion, lead to an increase in the pH of the medium25. The advantage of these methods 

lies in the respect for the original material, the complete nontoxicity for the operator and the environment since 

live cells are naturally present in the environment and therefore free of pollutants or toxic substances26. 

From a historical perspective, if the early beginnings of green conservation focused on biocleaning in the Seven-

ties27, the introduction of bioconsolidation in the field of cultural heritage dates to the late 80s, when the ability 

of a bacterium to produce calcite crystals was discovered in the laboratory by a group of French researchers28. A 

nutritional medium with bacteria was tested on a limestone surface and supplied with a nutritional medium for 

the optimisation of their French patent. This was followed by several studies extended to other bacteria, includ-

ing those species already present on the building surface, most of which seemed to be able to precipitate car-

bonate29. The first experimentation using living bacteria30, exploiting their metabolic activities and surface struc-

tures, suggested the use of a matrix that can increase the adhesion of bacteria to substrates, in the case of species 

with low biofilm production activity31. A second line of research develops a method without the use of live cells 

to induce precipitation, avoiding the use of living bacteria that require nutrient application. Thus, natural organic 

macromolecules or synthetic polypeptides come into play. Like the organic matrix of shells, they can induce 

calcium carbonate precipitation. This new approach still results in low production yields and high costs32. There-

fore, the use of viable bacteria is currently more advantageous in terms of cost and eco-sustainability. Since the 

late 1990s, the calcium carbonate bacteria precipitation - PBCC - has established itself as a sustainable or envi-

ronmentally friendly alternative for the restoration of stone artifacts33 to be highly compatible with the surfaces 

to be treated, efficient in consolidation and protection, environmentally sustainable, and therefore free of toxic 

substances for the environment and humans. 

 

Conclusion 

The lines presented here testify how the mineralization process for preservation has evolved thanks to research 

in different fields. Interfacing literature, arts, and anatomical studies, this narrative confirms how much the 

preservation field has grown thanks to such cross-fertilization dynamics. An extensive and historically based 

comparison with other areas will hopefully be the base for the evolution of increasingly green and sustainable 

practices and products. In the specific case of stone artifacts, many synthetic products have proven ineffective 

long-term or interfered with the work they aimed to protect. Moreover, they were not environmentally sustain-

able and harmful to the operators' health. As the history of chemical consolidation has covered many different 

paths, research confirms being pivotal in prompting reflection and guiding restoration practices toward solu-

tions that might be more and more sustainable for the environment and safe for the operators. 

 

 

* The paper is the result of a shared reflection between the co-authors and can therefore be attributed to both equally. More specifi-

cally, DDC is responsible for paragraphs 1 and 2, AT for paragraphs 3 and 4. 
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