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Occasionally mentioned in written sources since the Early Middle Ages, embalming with evisceration considerably spreads and becomes quite usual practice for aristocratic elites from the late 13th century to the early 19th century. Apothecaries prepare 1 aromatic powders including many plant organs and exudates supposed to preserve the body.

Numerous encyclopaedias and treatises of medicine list these ingredients and show that the recipes are very diverse. Moreover, several studies of embalmed bodies have demonstrated the potential of archaeobotanical analyses coupling pollen and macro-remains to identify this material. This paper aims to compile a synthesis of written and archaeological sources, in France and in Italy, and assess the relevance of an interdisciplinary approach for a better understanding of this aristocratic burial practice. It demonstrates that both types of sources and approaches are strongly complementary and highlights their inherent advantages and methodological limitations. In order to understand which criteria were determinant in the composition of the embalming powders, their medicinal, odoriferous and symbolic properties are discussed. Finally, this work proposes some methodological perspectives and triggers new research avenues on the history of pharmacy in Late Medieval and modern Europe.

Introduction

In Western Europe, funerary cosmetic treatments are attested from the Roman period. As part of prestigious funerals, corpses were washed then anointed with fragrant aromatic substances [START_REF] Chioffi | Mummificazione e imbalsamazione a Roma ed in altri luoghi del Mondo Romano[END_REF]Ciuffarella 1998;[START_REF] Poux | De la veillée au tombeau[END_REF]. However, as far as we are aware, the practice of embalming with evisceration was not in use in the Western Roman Empire. During the Early Middle Ages, the bodies of the Merovingian aristocrats were still treated with aromatics ("aromatibus conditum", for example in Grégoire de Tours, Libri septem miraculorum 7:35, 6th c.) but it is unclear if they were opened or not [START_REF] Giesey | The Royal Funeral Ceremony in Renaissance France[END_REF]. Since the 9th century, embalming with evisceration is clearly mentioned for emperors, kings, ecclesiastics and some members of the nobility, but the available documentation do not allow to determine which techniques and substances were involved [START_REF] Georges | L'embaumement en France : le verbe et les actes[END_REF][START_REF] Corbineau | Pour une archéobotanique funéraire: enquêtes interdisciplinaires et analyses polliniques autour de la tombe et du corps mort (ère chrétienne, France-Italie)[END_REF], apart from a few exceptions [START_REF] Carol | The embalmed heart of Richard the Lionheart (1199 A.D.): a biological and anthropological analysis[END_REF]. Technical aspects of embalming are more accurately documented by written and archaeological sources from the late 13th century and throughout the modern period. At the same time, embalming considerably spreads and becomes quite usual practice for aristocratic elites [START_REF] Giesey | The Royal Funeral Ceremony in Renaissance France[END_REF][START_REF] Ariès | L'homme devant la mort[END_REF][START_REF] Gaude-Ferragu | D'or et de cendres. La mort et les funérailles des princes dans le royaume de France au bas Moyen Âge. Presses Universitaires du Septentrion, Villeneuve d'Ascq Georges P[END_REF][START_REF] Perez | La mort des rois, précédé de Les rois meurent un jour[END_REF]Bande 2009;[START_REF] Chrościcki | Les funérailles princières en Europe, XVI e -XVIII e siècle. Le grand théâtre de la mort volume 1, Centre de recherche du château de Versailles, Maison des sciences de l'Homme, Collection Aulica[END_REF][START_REF] Carol | The embalmed heart of Richard the Lionheart (1199 A.D.): a biological and anthropological analysis[END_REF].

During this period, embalming does not exist as a profession. Surgical procedures are performed by surgeons and aromatics are prepared by apothecaries. According to written sources and anthropological studies, the operations appear to be quite standardized [START_REF] Fornaciari | Natural and artificial mummies in Italy (13th-19th centuries)[END_REF][START_REF] Fornaciari | Italian mummies[END_REF]Georges 1999[START_REF] Georges | L'embaumement et le prélèvement du coeur au Moyen Âge : le sciage du sternum[END_REF][START_REF] Marinozzi | Le mummie e l'arte medica nell'evo moderno[END_REF][START_REF] Corbineau | Pour une archéobotanique funéraire: enquêtes interdisciplinaires et analyses polliniques autour de la tombe et du corps mort (ère chrétienne, France-Italie)[END_REF][START_REF] Colleter | Procedures and frequencies of embalming and heart extractions in modern period in Brittany. Contribution to the evolution of ritual funerary in Europe[END_REF]). The body is eviscerated by thoracotomy and/or laparotomy, the brain is removed by craniotomy, and veins and arteries are incised to let blood escape. An aromatic powder (sometimes called "balm") is used to fill the internal cavities and anoint the skin. Finally, the body is wrapped in a shroud and dressed before being placed in a lead coffin. Internal organs are embalmed separately [START_REF] Mokrane | Old Hearts for Modern Investigations: CT and MR for Archaeological Human Hearts Remains[END_REF]. This procedure lasts until the early 19th century and the development of contemporary techniques using arterial injection of conservative fluids (Gannal 1838).

Today surgical aspects of embalming become quite well-known, but the composition of the aromatic powders has still to be reconstructed in order to understand which properties were expected to slow down or stop the decay process and honor the deceased [START_REF] Georges | Les aromates de l'embaumement médiéval : entre efficacité et symbolisme[END_REF][START_REF] Corbineau | Plantes et aromates de la préparation des corps au Moyen Âge, In : Paravicini Bagliani A (dir) Parfums et odeurs au Moyen Âge[END_REF]. During the Late Middle Ages and the modern period, numerous medical encyclopaedias and treatises provide recipes and lists of ingredients for apothecaries in charge of embalming. Moreover, several studies of embalmed bodies have demonstrated the potential of archaeobotanical analyses (pollen and/or macro-remains) for this purpose, in particular in France and in Italy (see below). This paper aims to propose a first synthesis of plants recorded by written and archaeological sources in these two countries, and assess the relevance of this interdisciplinary approach for a better understanding of aristocratic burial practices in the Late Middle Ages and the modern period.

Material

Written sources

We have compiled a corpus of French and Italian written sources collected in encyclopaedias and treatises of medicine, surgery, pharmacy and anatomy dated from the late 13th to the early 19th centuries. It includes 17 embalming recipes written in French, Italian and Latin (Table 1). Some of their authors are famous in the history of medicine. For example, Henri de Mondeville (1260-1320) served as personal surgeon to French kings Philip the Fair and Louis X, and Ambroise Paré (1510-1590), one of the most notable surgeons of the European Renaissance, also served four French monarchs: Henry II, Francis II, Charles IX and Henry III.

On the basis of this corpus we have recorded 533 occurrences of 134 identified ingredients used to prepare aromatic powders. These ingredients include 74 plant organs (flowers, leaves, fruits, seeds, wood/bark and roots), 39 plant extracts (natural exudates such as oils, resins and gums, and manufactured products such as turpentine), 8 mineral products (e.g. potassium alum, plaster and salt), 5 animal products (e.g. castoreum, wax, honey and eggs) and 8 unclassified products (e.g. eau de vie, bitumen of Judea and mercury). The number of ingredients per recipe varies from 13 to 55.

Here we have specifically paid attention to plant organs in order to confront literary data with archaeobotanical results. French, Italian and Latin ante-Linnaean names of plants have been linked with possible Linnaean taxa (family and genus) by way of hypothesis (Table 2).

According to this transposition, 28 families occur in the corpus. Only 10 are mentioned in more than half of the recipes1 and 3 of them are largely represented: Apiaceae, Asteraceae and Lamiaceae families are frequently used (respectively in 15, 9 and 16 cases) and include numerous plants (at least 9, 8 and 19 species). Other plants are also particularly recommended, such as iris (Iridaceae), gentians (Gentianaceae) and roses (Rosaceae). Most of them spontaneously grow in Western Europe but several exotic imported plants are also listed, e.g. cinnamon (Lauraceae), clove (Myrtaceae) and nutmeg (Myristicaceae). The recipes do not provide detailed instructions for dosing and preparing the ingredients other than they have to be crushed and mixed together. However, in certain cases they precise which organ of the plants should be used. It appears, for example, that most Asteraceae and Lamiaceae are chosen for their leaves or flowers, whereas Apiaceae are almost chosen for their seeds/fruits. Some other plants are selected for their roots (e.g. angelica, gentian and iris), fruits (e.g. lime, orange, juniper and cypress) and wood or bark (e.g. cinnamon).

Plant extracts have also been recorded (Table 3) and hypotheses have been proposed to identify their botanical origins on the basis of ethnobotanical knowledge (e.g. Jacob de [START_REF] De Cordemoy | Les plantes à gommes et à résines. Doin & Fils[END_REF][START_REF] Langenheim | Plant resins. Chemistry, evolution, ecology, ethnobotany[END_REF][START_REF] Norri | Dictionary of medical vocabulary in English, 1375-1550: body parts, sicknesses, instruments, and medicinal preparations[END_REF] and modern encyclopaedias such as Commentarii (Mattioli 1579), Dictionnaire universel de commerce [START_REF] Savary | Dictionnaire universel de commerce[END_REF] and Histoire naturelle des drogues simples (Guibourt 1876). Some of these products could have been produced locally (e.g. essential oils of Lamiaceae plants, turpentine) but the most commonly used are imported from the Orient: myrrh, frankincense, benzoin, styrax and aloes could have been extracted from several trees, shrubs and plants respectively belonging to Burseraceae (Commiphora and Boswellia), Styracaceae (Styrax) and Xanthorrhoeaceae (Aloe) families. Nevertheless, these hypotheses cannot be confirmed since these words are sometimes used as generic terms for other odoriferous exudates.

Archaeobotanical data

Thirteen studies have analysed embalmed bodies dated from the 15th to the 18th centuries for pollen and/or plant macro-remains (Table 4 andFig. 1). In Italy, the bodies discovered in Spoleto, Siena, Naples and Florence have been examined by the Division of Paleopathology of the University of Pisa under the supervision of Professor G. Fornaciari. In France, the bodies of Anne d'Alègre in Laval, Thomas Craven in Saint-Maurice, and the tombs excavated in Rennes and in Flers2 (Fig. 2) have been analysed by one or more members of our team.

Finally, the analysis of the embalmed heart of Anne de Lens in Douai is available in the literature.

These data have been compiled in two tables (Table 5 andTable 6). Table 5 lists all the taxa identified by archaeobotanical macro-and micro-remains (pollen, seeds, fruits, flowers, leaves, pedicels, wood, fibres). Many of them probably do not reflect the composition of the aromatic powders and correspond more likely to a "pollution" occurred in raw materials (during harvesting, handling and storing), during the embalming process and/or during funerals, in particular some anemophilous and/or anemochore taxa whose pollen and/or achenes are wind-dispersed (such as Pinus, Alnus, Betula, Crepis, Hypochaeris, and many species of Poaceae). Moreover, some materials could be used for washing the body and cleaning the embalming room (e.g. straw), or placed in the coffin as litters (e.g. twigs, leaves and straw) or as floral offerings (e.g. bunches and wreaths). In Table 6 we propose a synthesis of taxa suspected to have been intentionally introduced by apothecaries (plant organs, and exudates that may trap pollen), according to the authors of the publications on the basis of written sources and the concentrations of macro-and micro-remains measured in the samples. This synthesis records 74 taxa from 19 plant families determined at different levels of taxonomic precision (family, genus, species, subspecies, and seed or pollen types). In certain cases, different taxa may thus identify the same plant, nevertheless these archaeobotanical assemblages are very diverse from one site to another. Different recipes have been used even in the same site, e.g. in Rennes and in Flers where 3 cardiotaphs and 2 lead coffins were analysed, respectively (Barbier-Pain and Ruas in Le Cloirec 2016; [START_REF] Barbier-Pain | Plants of embalming in modern times. Archaeobotanical results from the Jacobins' Convent at Rennes[END_REF]Corbineau and Ruas in Dupont and Lefebvre 2016). Despite these differences, Lamiaceae, Asteraceae, Apiaceae and Myrtaceae families are predominant in terms of number of taxa and/or frequency of use, whereas other families do not occur in more than 3 case studies.

These studies highlight the necessity to use a multiproxy approach coupling pollen and plant macro-remains. In many cases, these markers identify different taxa depending on which organs of plants were used.

Results and discussion

Written sources provide a comprehensive insight into the composition of aromatic powders used for embalming. They clearly show the diversity of the recipes and of the origin of the ingredients, even if plant organs are always predominant in association with plant extracts. At this stage, however, there is not enough data to evidence significant differences between French and Italian recipes, and chronological evolutions from Late Middle Ages to the early 19th century, except the occurrence of American products (e.g. copaiba, balsam of Peru and quina) since the 16th-17th centuries. Written sources also present some inherent limits. On the one hand, they refer to ante-Linnaean names of plants which are difficult to connect to the modern taxonomy. On the other hand, they are encyclopaedic prescriptions and they may not exactly reflect the reality. In other ways, they show what was supposed to be done and maybe not what was actually done. It appears therefore necessary to consider also archaeological sources and archaeobotanical data in particular to go one step further.

Regarding plant organs, written and archaeobotanical sources are strongly complementary.

The most common plant families are recorded by both types of sources, such as Asteraceae, Lamiaceae, Apiaceae, Lauraceae and Myrtaceae. Nevertheless, many plants mentioned in written sources do not occur in significant amounts in archaeobotanical assemblages, which can be explained by several reasons. First of all we can assume that apothecaries did not follow the recipes exactly as prescribed since some ingredients were sometimes too expensive or not available. Otherwise, taphonomic biases must be considered: in many cases, several elements are not preserved or too degraded to be identified. Finally, our methods are not able to determine some micro-and macro-remains, pieces of roots and stems or grinded leaves for example. Despite these limits, archaeobotany is very helpful to link old vernacular names of plants cited by written sources with Linnaean taxonomy. Pollen and macro-remains provide precious information on the techniques for preparing plant material (which can be cut, grinded or crushed, according to the state and the type of the seed and fruit fragmentation, and the size of the fragments) and indicate the stage of development of the plants used (e.g. plants in bloom, withered flowers, ripe fruits more or less rich in aromatic oil/resin) [START_REF] Hadjouis | Techniques d'embaumement sur le corps d'un noble anglais mort de la peste (Saint-Maurice, Val-de-Marne). Étude anthropologique et archéobotanique[END_REF][START_REF] Barbier-Pain | Plants of embalming in modern times. Archaeobotanical results from the Jacobins' Convent at Rennes[END_REF]) (Fig. 3). Analyses also reveal some taxa which are not mentioned by the recipes (such as undifferentiated Amaranthaceae and Scrophulariaceae, or Daucus carota), strengthening the hypothesis that the recipes can be adjusted. In certain cases, however, we are not able to clearly distinguish plants which have been deliberately selected by apothecaries from possible intrusive material accidentally introduced to the aromatic powder. Impurities in raw materials can be suspected, such as in the Thomas Craven's embalming powder in which isolated anemophilous achene of Crepis sp. and leaf fragment of Quercus coccifera have been determined [START_REF] Hadjouis | Techniques d'embaumement sur le corps d'un noble anglais mort de la peste (Saint-Maurice, Val-de-Marne). Étude anthropologique et archéobotanique[END_REF]. We can also assume that some pollen taxa may have been indirectly introduced by surgeons using beeswax, as mentioned by several recipes. Finally, evaluating the quantities and the proportions of raw materials remains a challenge due do the fragmentation of the components and the numerous taphonomic processes involved. This review clearly shows that macro-and microscopic analyses are not suitable to determine plant extracts. Indeed, none of the main exudates listed by written sources (e.g. myrrh, frankincense, benzoin and styrax) have been identified, and we can easily assume that such products do not contain significant quantities of pollen and/or macro-remains. Bioanalytical chemistry appears as a promising methodological perspective to detect some of their molecular markers [START_REF] Buckley | Organic chemistry of embalming agents in Pharaonic and Graeco-Roman mummies[END_REF][START_REF] Mathe | Characterization of archaeological frankincense by gas chromatography-mass spectrometry[END_REF][START_REF] Hamm | A chemical investigation by headspace SPME and GC-MS of volatile and semi-volatile terpenes in various olibanum samples[END_REF][START_REF] Modugno | Aromatic resin characterization by gas chromatography-mass spectrometry. Raw and archaeological materials[END_REF]. For examples, in Flers, some markers identified by GC-MS analysis may reveal the presence of a resinous material close to benzoin (Garnier, work in progress, in [START_REF] Dupont | L'église et le cimetière Saint-Germain à Flers (Orne) (XIIe-XVIIIe s.). Rapport Final d'Opération archéologique[END_REF].

At this stage we can wonder which criteria were determinant in the composition of the embalming powders. Apothecaries pick their ingredients from a large "polypharmacy" and the recipes are very diverse. Nevertheless, all the preparations share similar properties. On the one hand, according to the humoralist system of medicine based on the Hippocratic Corpus and commonly admitted until the 19th century, "warm and dry" plants and resins were supposed to fight against putrefaction which was considered as "cold and moist". Actually, most of them have antiseptic properties such as wormwood and camomile (Asteraceae), lavender, thyme, marjoram, sage, rosemary and mint (Lamiaceae), myrrh (Burseraceae) and benzoin (Styracaceae) (Lieutaghi 1996;Langenheim 2006). It would be now interesting to establish if they were really efficient to slow down the decay process. On the other hand, embalming powders are very similar to the mixtures recommended for cosmetic purposes during the modern period. According to several treatises of perfumery such as Remedes souverains et secrets esperimentez (Digby 1689), Le parfumeur François (Barbe 1693), and Traité des odeurs (Dejean 1764), many fragrances and soaps include the same ingredients: e.g. numerous Lamiaceae (lavender, thyme, marjoram, sage, rosemary, hyssop and savory), exotic plants (cinnamon and nutmeg) and resins (benzoin and styrax). It seems obvious that these aromatics were expected to confer a pleasant scent to the deceased. Note also that certain strongly scented plants such as wormwood and costus are used as insect repellant in different cultures [START_REF] Mattioli | médecin senois, sur les six livres de Pedacius Dioscoride[END_REF]Lieutaghi 1996;[START_REF] Duke | Duke's handbook of medicinal plants of the Bible[END_REF]); they could be thus introduced to keep necrophagous insects away. Finally, some of these substances have a biblical meaning: Frankincense and myrrh are offered to Jesus by the Three Wise Men (Matthew 2:11); later, myrrh and aloes are among the spices used by Nicodemus and Joseph of Arimathea to anoint Jesus' body . One may thus wonder whether some plants or combination of ingredients might give a symbolic power to the embalming powders, depending on age, sex and confession. In any case, the bunch of wormwood placed over the Thomas Craven's body [START_REF] Hadjouis | Techniques d'embaumement sur le corps d'un noble anglais mort de la peste (Saint-Maurice, Val-de-Marne). Étude anthropologique et archéobotanique[END_REF]) and the laurel branches found inside a tomb at the Couvent des Jacobins (Thomas in Le [START_REF] Cloirec | L'étude archéologique du couvent des Jacobins de Rennes (35), du quartier antique à l'établissement religieux[END_REF] show that embalming takes part of a ritual process in which plants play an important role.

Conclusions and further perspectives

This review has demonstrated the relevance of an interdisciplinary approach coupling written and archaeological sources to collect information about the use of plants and aromatics for embalming. Now further multi-proxy studies integrating archaeobotany (pollen and macroremains) and bioanalytical chemistry are necessary for a comprehensive understanding of material medica used by apothecaries to prepare the body for eternity. At this stage, neither chronological evolution nor regional particularism have been highlighted, for example, between France and Italy. There is no doubt that a more robust dataset could allow to investigate these parameters. The survey should also be extended to other countries where previous works have already provided similar results, as in the Netherlands [START_REF] Vermeeren | The embalming of the ancestors of the Dutch royal family[END_REF] or in the Czech Republic [START_REF] Beneš | New plants at Prague Castle and Hradčany in the Early Modern Period: a History of Selected Species[END_REF], in order to shed light on the mobility of naturalist and medical knowledge in Europe.

This study will provide a new insight into the circulation and the trade of plants and aromatics from the Orient and the New World to Western Europe. An attentive examination of the archaeobotanical assemblages, focused in particular on underrepresented taxa as regional markers, may also reveal that certain European species were not gathered or produced next to the place of use (e.g. Western and Northern France) but rather in Mediterranean area.

Furthermore, we will have to consider the botanical composition of apothecary gardens where some exotic species could have been domesticated and multiplied. In addition, beside the necrophagous insects that infest embalmed bodies [START_REF] Huchet | Archaeoentomological study of the insect remains found within the mummy of Namenkhet Amon, San Lazzaro Armenian Monastery, Venice Italy[END_REF], investigations on the entomofauna accompanying the plant material could define the geographical and ecological origin of these products, and clarify their storage (Kislev 1991). Such study is thus closely related to the history of pharmacy and triggers new research avenues on materia medica in use during the Late Middle Ages and the modern period. 4). For the moment, studies are concentrated in North-Western France, in Central Italy and in Naples. This repartition depends on scientific strategies and opportunities and does not reflect historical reality 
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 23 Fig. 2 Lead coffin (SP 4019) excavated at Flers/Saint-Germain in 2014 by INRAP (dir. H. Dupont and R. Lefebvre). This picture was taken during the autopsy achieved in partnership with CRAHAM at the University of Caen. This embalmed body has been identified as Philippe René de la Motte Ango, count of Flers buried in the church of Saint Germain on 15thApril 1737, according to church records and the anthropological analysis[START_REF] Dupont | L'église et le cimetière Saint-Germain à Flers (Orne) (XIIe-XVIIIe s.). Rapport Final d'Opération archéologique[END_REF]. This case study presents the characteristic features of most of the Late Medieval and modern embalmed bodies discovered in archaeological context: lead coffin, osteological evidences of craniotomy and thoracotomy, abundant organic materials (human

  

Apiaceae, Asteraceae, Gentianaceae, Iridaceae, Lamiaceae, Lauraceae, Myristicaceae, Myrtaceae, Rosaceae and Santalaceae.

The excavations in Rennes and in Flers have been operated by INRAP. The two embalmed bodies discovered in Flers have been autopsied in partnership with CRAHAM at the University of Caen. These studies are still in progress.
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