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Grinding and pounding implements are among the most widespread and most informative artefacts when it comes to addressing questions related to plant exploitation, especially in the field of food preparation practices. While use-wear analysis using optical microscopy (stereomicroscope and metallographic microscope, quantification using rugosimetry, confocal microscopy and 3D analysis combined with GIS modelling) and microresidues analysis (phytoliths, starch grains, palynomorphs) were considered innovative fields of research at the start of the 2000's, they are now routinely and effectively applied in combination. Functional analysis of grinding tools from Late Mesolithic and Neolithic contexts in Europe now provides a general overview of the diversity of plants processed and of the techniques involved in their treatment prior to food preparation. The grinding of cereals has been shown to have predominated, but legumes, nuts and grass plants also played a major role. Nonetheless, depending on the region and cultural background, different types of grinding systems were employed, suggesting a strong link with varied food habits throughout the continent. After presenting an overview of our knowledge of plant transformation for food preparation, we look at challenging new issues for future research, most of which are centred on methodological improvements.

Introduction

The exploitation of plants has always been a major theme of prehistoric research in Europe. In this context, use-wear and residue analyses are key methods for highlighting the diversity of plant exploitation processes during a period of major change in European Prehistory, a period when people were moving away from hunting-gathering to farming. Main indicators of such changes in food practices are perceptible from the Early Neolithic onwards through direct evidence in the form of plant macroremains (e.g. [START_REF] Bakels | Archaeobotanical investigations in the Aisne valley, northern France: from the Neolithic up to the early Middle Ages[END_REF], Boggard et al. 2013, Antolin 2016;[START_REF] Peña-Chocarro | Neolithic plant use in the Western Mediterranean region: preliminary results from the AGRIWESTMED project[END_REF][START_REF] Valamoti | Plant food processing and ground stone equipment in prehistoric Greece: An experimental investigation using seeds of einkorn and grass-pea[END_REF], isotope analysis [START_REF] Bickle | Roots of diversity in a Linearbandkeramik community: isotope evidence at Aiterhofen (Bavaria, Germany)[END_REF][START_REF] Lelli | Examining dietary variability of the earliest farmers of South-Eastern Italy[END_REF] and dental microwear and calculus (e.g. Jarosova et al. 2017;[START_REF] Jovanović | Microbotanical evidence for the spread of cereal use during the Mesolithic-Neolithic transition in the Southeastern Europe (Danube Gorges): Data from dental calculus analysis[END_REF], but also through the study of the implements and techniques involved in the collection and transformation of plants. Grinding and pounding implements are among the most widespread and informative artefacts for addressing questions related to plant exploitation, especially in the field of food preparation practices. While use-wear and micro-residue (phytoliths, starch grains) analyses of stone tools were considered innovative fields of research at the start of the 2000's, they are now routinely applied in combination to great effect and their value is widely recognized. Over the last 20 years, experimental reference collections have been considerably improved in terms of taphonomy, processes and products, as well as raw materials used, and they now allow us to achieve greater accuracy in functional interpretation. Criteria for describing use-wear signatures have been progressively refined by the combination of different scales and methods of analysis, including optical microscopy (stereomicroscope and metallographic microscope) [START_REF] Adams | Methods for improving ground stone artifacts analyses: experiments in mano wear patterns[END_REF][START_REF] Procopiou | Étude des matériaux transformés sur des outils de mouture : Identification des résidus par analyse chimique et par observation en microscopie optique et électronique[END_REF][START_REF] Adams | Functional analysis of macro-lithic artefacts: a focus on working surfaces[END_REF][START_REF] Hamon | Functional analysis of stone grinding and polishing tools from the earliest Neolithic of north-western Europe[END_REF][START_REF] Delgado-Raack | The mechanical properties of macrolithic artifacts: a methodological background for functional analysis[END_REF][START_REF] Dubreuil | Ground stones: a synthesis of the use-wear approach[END_REF][START_REF] Hayes | Sandstone grinding/pounding tools: Use-trace reference libraries and Australian archaeological applications[END_REF][START_REF] Verbaas | Querns and other hard stone tools from Geleen-Janskamperveld[END_REF], and, more recently, confocal microscopy, texture analysis, interferometry, 3D rugosimetry and 3D combined with GIS modelling [START_REF] Benito-Calvo | Quantifying 3D micro-surface changes on experimental stones used to break bones and their implications for the analysis of Early Stone age pounding tools[END_REF][START_REF] Caricola | An integrated method for understanding the function of macro-lithic tools. Use wear, 3D and spatial analyses of an Early Upper Palaeolithic assemblage from North Eastern Italy[END_REF]Cristiani & Zupancich 2020;[START_REF] Zupancich | The application of 3D modeling and spatial analysis in the study of groundstones used in wild plants processing[END_REF], 2020;Paixao et al. 2021;[START_REF] Chondrou | How do you like your cereal? A qualitative and quantitative use-wear analysis on archaeological grinding tools from prehistoric Greek sites[END_REF]).

One of the major issues has been the tracking and dating of the earliest plant food products, and the most ancient equipment used for their processing. Thus we have recently seen discussions on the possible consumption of nuts in the Olduvai Gorge during the Early Stone age in Tanzania [START_REF] Arroyo | Assessing the function of pounding tools in the Early Stone Age: a microscopic approach to the analysis of percussive artefacts from Beds I and II, Olduvai Gorge (Tanzania)[END_REF], and on the exploitation of underground storage organs (USO) by the Middle and Upper Paleolithic cultures of eastern Europe (Revedin et al. 2010;[START_REF] Longo | A Multi-Dimensional Approach to Investigate Use-Related Biogenic Residues on Palaeolithic Ground Stone Tools[END_REF]. As one of the key elements in the definition of the neolithisation process, the intensification of plant exploitation is also a major challenging issue in research on the transition (or abrupt change) from hunting-gathering to agricultural populations worldwide. The introduction of domestic plants had an important impact on the exploitation of natural resources, on territorial organization, on task sharing between different age and gender groups, and, finally, on the nature of social links within cultural groups. In the Levant, it has been demonstrated that grass seeds were processed in the Epipaleolithic [START_REF] Piperno | Processing of wild cereal grainsin the Upper Palaeolithicrevealed by starch grain analysis[END_REF], while in Natufian contexts there is evidence that legumes were intensively processed using mortars [START_REF] Dubreuil | Long-term trends in Natufian subsistence: a use-wear analysis of ground stone tools[END_REF]). In eastern Anatolia, especially in Gobekli Tepe (10th / 9th millennium BC), the wider adoption of cereal grinding and the consumption of coarse flour (porridge) accompanied the spread of the Early Neolithic [START_REF] Dietrich | Cereal processing at Early Neolithic Göbekli Tepe, southeastern Turkey[END_REF]2020). In northern Africa, the question of whether domesticated plants were imported or had a local origin is still open, but the use-wear and residue analyses of grinding tools from a Neolithic rock-shelter in Cyrenaica (first third of the 6th mill. BC, Libya) have demonstrated the occasional processing of Paniceae [START_REF] Lucarini | The exploitation of wild plants in Neolithic North Africa. Use-wear and residue analysis on non-knapped stone tools from the Haua Fteah cave, Cyrenaica, Libya[END_REF]. In China, the most recent use-wear and residue analyses have focused on the properties of the grinding equipment used for plant processing from the Late Paleolithic [START_REF] Liu | Harvesting and processing wild cereals in the Upper Palaeolithic Yellow River Valley, China[END_REF] to the earlier stages of the Neolithic. Around 7000 BC, in the Middle Yellow River valley, cereals were the main plant family processed, together with acorns, millet, yams and beans, suggesting that at least some of the grinding tools were multifunctional [START_REF] Liu | What did grinding stones grind? New light on early Neolithic subsistence economy in the Middle Yellow River valley, China[END_REF][START_REF] Li | New insights into the grinding tools used by the earliest farmers in the central plain of China[END_REF][START_REF] Li | Plant Foods and Different Uses of Grinding Tools at the Neolithic Site of Tanghu in Central China[END_REF]. In north-eastern China, a large variety of wild and domesticated plants were processed throughout the Neolithic (from ca. 5800-3000 BCE): as regards cereals, there is evidence that millets, Job's tears and rice were introduced and processed in varying quantities depending on the regions, as were USOs, nuts and beans [START_REF] Liu | What did grinding stones grind? New light on early Neolithic subsistence economy in the Middle Yellow River valley, China[END_REF]. Overall, no linear scenarios for cereal-based food adoption have been revealed, and, on the contrary, we observe a real diversity in food habits and plant processing worldwide.

Regarding the last hunter-gatherers and first farmers of Europe (7 th to 4 th millennium BC), three major topics have underpinned research on grinding tools in various environmental contexts, ranging from the Mediterranean basin to the Atlantic shores, and from the central European plains to the mountainous regions of the Alps and Balkans (see references in detail below). (1) A large proportion of these studies have investigated the processing of new plant taxa, the diffusion of specific families/species of plants and their intrinsic properties (e.g. cultivated characteristics). A special focus has been placed on the transformation of cereals as one of the most emblematic plant families within the Neolithic diet. The question of the wild versus cultivated nature of the plants consumed has been intensely debated for certain contexts, especially for areas on the margins of the main streams of diffusion of the Neolithic through Europe (e.g. mountainous areas), sometimes on the sole basis of residues preserved on the surfaces of grinding tools. The processing of legumes, acorns, nuts and USOs, as well as of ferns and aromatic plants, has been traced on grinding tools in order to examine their wider adoption within the Neolithic diet, including for specific environments (islands, mountains, shores). ( 2) Other important issues have revolved around the different steps of cereal transformation associated with the wider adoption of such foods in the Neolithic diet. The need for partial to complete dehusking of hulled cereals has been investigated, together with possible pounding in wooden mortars or grinding stones. (3) Functional analysis has helped to reveal in detail the food habits of different cultural groups and has allowed us to discuss precisely for what purpose and for which recipes plants were prepared by grinding or pounding; such uses range from food consumption (staple foods, condiments, juices), medicinal uses or other uses such as the production of dyes or vegetal fibers for use in craft activities. The results of these analyses also contribute to the debate on technical diffusion and borrowing and also throw light on anthropological questions related to the organization of daily tasks within the domestic unit or to the centralization of food preparation.

1-Potential and limits of use-wear and residue analysis for exploring plant food processing 1.1 Creating reference collections, testing through experiments Experiments on plant food grinding are informed by wider knowledge about the processes and techniques that have been used in different contexts worldwide and which have been documented by historical and modern studies (for a synthesis see Alonso 2019). These experiments have been designed to explore four main questions. Initially they were devised to provide a general overview of the different use-wear signatures that characterize the processing of major plant families -especially cereals, legumes and nuts -already identified within the macrobotanical remains (e.g. [START_REF] Hamon | Functional analysis of stone grinding and polishing tools from the earliest Neolithic of north-western Europe[END_REF]). More recently, the processing of other kinds of plants, such as USOs, acorns and seeds, has also been the subject of experiments based on the initial results of microresidue analysis (Cagnato et al. 2021;Paixao et al. 2021). In a second phase, experiments have been designed to differentiate between species within the families of cereals and to identify whether they were naked or hulled, their state prior to processing (fresh or dried) and any form of treatment (roasted or soaking) that was applied prior to grinding [START_REF] Hamon | Food practices of the first farmers of Europe: Combined use-wear and microbotanical studies of Early Neolithic grinding tools from the Paris Basin[END_REF][START_REF] Chondrou | How do you like your cereal? A qualitative and quantitative use-wear analysis on archaeological grinding tools from prehistoric Greek sites[END_REF]. The third group of experiments was aimed at testing the role of raw material properties, especially the role of porosity, in the efficiency of the tools, and the role of hardness in their longevity [START_REF] Delgado-Raack | The mechanical properties of macrolithic artifacts: a methodological background for functional analysis[END_REF]. Finally, the efficiency of the various kinds of grinding systems for the processing of different plant foods has been examined in order to compare grinders used in circular and back-and-forth motions, and the specific gestures associated with short and overhanging grinders (Boffil et al. 2020).

Use-wear analysis

The methodological framework of use-wear analysis originally developed for flint tools has been adapted to the properties of ground stone tools, at different levels of observation, and with increasing precision (fig. 1). Use-wear analysis is now routinely conducted at low and high magnifications, using a combination of stereo-and metallographic microscopes, on large series of tools. The attributes used to describe and compare the topography of the surfaces, striations and pits, the behavior of the grains composing the rock (rounding, microfractures), as well as micropolishes are now widely adopted and are an integral part of the analytical framework shared by ground stone tool specialists [START_REF] Adams | Functional analysis of macro-lithic artefacts: a focus on working surfaces[END_REF][START_REF] Dubreuil | Ground stones: a synthesis of the use-wear approach[END_REF][START_REF] Hamon | Functional analysis of stone grinding and polishing tools from the earliest Neolithic of north-western Europe[END_REF][START_REF] Hayes | Sandstone grinding/pounding tools: Use-trace reference libraries and Australian archaeological applications[END_REF]) (fig. 2). In Europe, the quantification of use-wear traces on grinding tools has been made possible through the application of various methods including 3D modeling by photogrammetry linked to GIS [START_REF] Caricola | An integrated method for understanding the function of macro-lithic tools. Use wear, 3D and spatial analyses of an Early Upper Palaeolithic assemblage from North Eastern Italy[END_REF], surface and texture measurements using confocal rugosimetry (Boffill et al. 2013), confocal microscopy and characterization using the continuous wavelet transform method and SMa coefficient which indicates the arithmetic mean value of the multi-scale decomposition of a surface [START_REF] Chondrou | How do you like your cereal? A qualitative and quantitative use-wear analysis on archaeological grinding tools from prehistoric Greek sites[END_REF]). These methods have been shown to be particularly suited to the study of ground stone tools because of the high degree of variability in raw materials and the contrasted topography of the working surfaces. These methods offer new perspectives for refining the different uses of grinding tools, especially regarding the materials worked, through the quantification of texture modification. As in the case of flint tools used for cereal harvesting [START_REF] Gassin | Variabilité des techniques de récolte et traitement des céréales dans l'occident méditerranéen au Néolithique ancien et moyen: facteurs environnementaux, économiques et sociaux[END_REF], Ibanez et al. 2019, Pichon et al. 2021), these research methods have consolidated our ability to discriminate between use-wear signatures associated with different types of plants (wild plants, legumes, cereals, greasy plants), their different states (green or mature, fresh or dry), the different stages of preparation (hulled or naked) and even different subtypes / species, especially within cereals (einkorn, barley, etc.).

Nevertheless, several points still need significant improvement in order to really master and refine usewear signature differentiation within the large family of plants involved. Most researchers have pointed out the need for prolonged use of the experimental tools in order to obtain distinctive and well-developed use-wear traces [START_REF] Hamon | Broyage et abrasion au Néolithique ancien. Caractérisation technique et fonctionnelle des outillages en grès du Bassin parisien[END_REF], Boffill et al. 2020[START_REF] Chondrou | How do you like your cereal? A qualitative and quantitative use-wear analysis on archaeological grinding tools from prehistoric Greek sites[END_REF], especially for plant food grinding, as the speed of use-wear formation varies greatly from one rock to another and from one plant to another. Particular attention must also be paid when comparing wear resulting from grinding experiments of varied duration with wear on tools from archaeological contexts. The processing of grass pea or green plants results in less intense development of levelling, for example, than the processing cereals, a fact that is probably linked to the silica content of each plant family but also to the degree of stone-against-stone contact during grinding operations. For this reason, the identification and discrimination of the use-wear signatures of most green plants continues to be a challenge [START_REF] Hamon | Broyage et abrasion au Néolithique ancien. Caractérisation technique et fonctionnelle des outillages en grès du Bassin parisien[END_REF][START_REF] Chondrou | How do you like your cereal? A qualitative and quantitative use-wear analysis on archaeological grinding tools from prehistoric Greek sites[END_REF]. The porosity of rocks used for making grinding tools also has a considerable impact on the formation of use-wear and must be integrated in their interpretation from a tribo-chemical perspective [START_REF] Adams | Methods for improving ground stone artifacts analyses: experiments in mano wear patterns[END_REF]. Finally, there is the thorny issue of multifunctional tools and our ability to extract functional information from archaeological tools given the possibility of mixed, cumulative or partly destroyed use-wear traces resulting from such use [START_REF] Hamon | Food practices of the first farmers of Europe: Combined use-wear and microbotanical studies of Early Neolithic grinding tools from the Paris Basin[END_REF].

Residues

Neolithic grinding implements are particularly prone to trapping phytoliths, starch grains and palynomorphs within the pecking pits and the natural cavities/porous surfaces of the rocks used in their production. This explains why microresidue analyses have been particularly developed for ground stone tools, in comparison to other categories of implements. Invaluable modern reference collections have been built up progressively for different ecological contexts in the Mediterranean area as well as for temperate Europe. They include cereals and legumes found in the macrobotanical assemblages [START_REF] Peña-Chocarro | Neolithic plant use in the Western Mediterranean region: preliminary results from the AGRIWESTMED project[END_REF], Hamon et al. 2021) but also plants, such as grasses and USOs, with lower visibility within the archaeological remains [START_REF] Henry | Plant foods and the dietary ecology of Neanderthals and early modern humans[END_REF]Kubiak-Martens 2016;Cagnato et al. 2021). These residue analyses have been found to provide greater levels of accuracy in identifying the families of plants processed. While phytoliths appear to be particularly informative for exploring in detail cereal families and the various steps involved in their processing (fig. 3), starch grains offer insights for the identification of a wider range of plants including USOs (fig. 4).

There is still room to improve the degree of precision of these identifications to attain, if possible, the genus or specie level or to identify specific plant parts [START_REF] Madella | International Code for Phytolith Nomenclature 1.0[END_REF]. The protocols for the sampling of tool surfaces and for the collection of control sediments have also been reinforced to avoid any misinterpretation of the origin of residues and to clarify potential contamination processes. The morphological transformations of microbotanical remains have also been documented in order to consolidate the frame of application of such analyses in relation to taphonomical processesmechanical or chemical -or in relation to different processing techniques (grinding, pounding) [START_REF] Cristiani | Sandstone Ground Stone Technology: a Multi-level Use Wear and Residue Approach to Investigate the Function of Pounding and Grinding Tools[END_REF][START_REF] Portillo | Phytolith and use-wear functional evidence for grinding stones from the Near East[END_REF][START_REF] Procopiou | Étude des matériaux transformés sur des outils de mouture : Identification des résidus par analyse chimique et par observation en microscopie optique et électronique[END_REF]. Moreover, they have allowed us to explore the specialized versus multifunctional nature of grinding tools in European contexts [START_REF] Hamon | Food practices of the first farmers of Europe: Combined use-wear and microbotanical studies of Early Neolithic grinding tools from the Paris Basin[END_REF]. Nonetheless, it is still difficult to evaluate the importance and proportions of each family of plants processed in the diet or the processing practices carried out during the lifetime of a tool since the residues preserved on grinding tools most likely provide a snapshot of the last moments of use. Hence, the integrated analysis of microresidues and use-wear traces appears to be one of the best approaches to ensure better accuracy as regards plant processing.

2-A panorama of plant food exploitation with the rise of agriculture

Within European contexts, most of the studies carried out to date have focused on the function of grinding tools from Late Mesolithic and Early Neolithic contexts, in the Mediterranean as well in the continental area, while the question of their evolution throughout the Neolithic has been largely understudied except in the Aegean region. Furthermore, most studies have focused on food plants, the rest of the plant spectrum, especially plants used in the field of craft working, being largely underexplored. This is all the more surprising since craft uses constitute one of the main focuses of use-wear studies carried out on flint artefacts within the same time frame [START_REF] Beugnier | Les poignards en silex du Grand-Pressigny : fonction de signe et fonctions d'usage[END_REF][START_REF] Van Gijn | Flint in focus; lithic biographies in the Neolithic and bronze age[END_REF].

The scarcity of evidence for plant food processing in Late Mesolithic contexts

The intensification of plant food exploitation, permitted by the climate warming and ecological changes of the early Holocene, has been at the heart of intense debates among archeologists, with a focus being placed on the pressure harvesting exerted on plant resources, the opening up of the landscape and the possible existence of proto-agriculture prior to the Neolithic colonization. Nonetheless, the few grinding, pounding and crushing tools found within Mesolithic contexts suggest rather occasional use for plant processing, while several use-wear studies indicate that an important proportion of such tools may also have been used for the processing of minerals and pigments [START_REF] Verbaas | Querns and other hard stone tools from Geleen-Janskamperveld[END_REF][START_REF] Hamon | The Contribution of Macrolithic Tool Technology and Function in Reconstructing the Palethnography of Mesolithic Hunter-Gatherer Societies in North-Western Europe[END_REF].

As regards food consumption, a wide spectrum of plants may have been collected and processed, but the debate has mainly focused on the processing of Poaceae and nuts, which are regularly found in the macroremains. The discussions regarding wild graminae (Poaceae) are directly connected to the search for the "most ancient" cereals cultivated in Europe. A study conducted on starch granules from dental calculus indicates that Late Mesolithic foragers collected and consumed -and possibly domesticatedgraminae in the Balkans around 6200 cal BC, 400 years before the arrival of the first Neolithic populations [START_REF] Cristiani | Dental calculus reveals Mesolithic foragers in the Balkans consumed domesticated plant foods[END_REF]. But the crucial question of their preparation by grinding and / or cooking, and the correlative impact in terms of technical and social investment, is still under investigation.

Use-wear and residue analysis on a small number of cobble-tools from the Alpine region has suggested that they were used to process grass plants, pulses and fruits [START_REF] Cristiani | Non-flaked stones used in the Mesolithic Eastern Alpine Region: A functional assessment from Romagnano Loc III and Pradestel sites[END_REF]. As regards nuts, the intensification of their harvesting and their higher visibility on settlement sites may be related to evolutions and innovations in storage techniques (roasting) and structures (silos). On the late Preboreal (8900 cal. BC) site of Duvensee (northern Germany), typical massive cracking anvil stones have been found (Holst 2007), as well as hearth structures with layers of carbonized hazelnut shells (Holst 2010). The function of the tools is still under investigation through use-wear analysis. On the site of Font del Ros in the Pre-Pyrenees (10,400 to 8450 cal BP), numerous large concentrations of burned hazelnuts shells and seeds have been found. While the consumption of nuts is well attested, the question of whether they were processed with stone tools is still open as the use-wear analysis of crushing and grinding tools does not fully support this hypothesis (Roda [START_REF] Gilabert | Pitted stones cobbles in the Mesolithic site of Font del Ros: some experimental remarks around a controversial tool type[END_REF][START_REF] Gilabert | La gestion des végétaux dans les Pyrénées: la consommation des noisettes sur le site mésolithique de Font del Ros[END_REF].

Within several Late Mesolithic contexts the consumption of Poaceae and nuts is well attested, and the debate now revolves around the reality and importance of their processing, a question that may be explored through future use-wear analysis of grinding tools. Determining the techniques involved and the scale of their processing would be relevant in order to obtain a true estimate of the contribution of plant food nutrients to the human diet and the importance of ongoing changes in food habits and practices.

Revealing the complexity of food habits within the LBK of north-western Europe

While a large proportion of the grinding tools from LBK and BVSG domestic units (5100-47500 BC) are no doubt associated with food processing, other questions in relation to the complexity of the food habits are key for this period, especially in terms of identifying possible differences between domestic units. In particular, the contribution of other plants and the multifunctionality of grinding tools have probably been underestimated, compared to cereal grinding and dehusking. According to the use-wear analysis of LBK grinding tools from Geleen (Netherlands), querns were mainly used for cereal grinding with strong stone-against-stone contact [START_REF] Verbaas | Querns and other hard stone tools from Geleen-Janskamperveld[END_REF]. This marked predominance of cereal grinding also characterizes most LBK grinding implements from the Paris Basin, Hainaut and Hesbaye, with use-wear analysis revealing different patterns linked to de-husking operations, possible soaking of grains and different qualities of cereal products [START_REF] Hamon | Functional analysis of stone grinding and polishing tools from the earliest Neolithic of north-western Europe[END_REF], Hamon & Goemaere 2009). A high rate of grinding tool recycling has also been highlighted, especially for the processing of bone and pigment into small fractions. Phytolith and starch grain analyses confirm the predominance of emmer, wheat and barley, but also offer a more complete picture of the variety of plants being processed. Grinding tools used with a back-and forth-motion have provided evidence for the presence of wild plants (Paniceae tribe and Chenopodiaceae), which would suggest that the products of harvesting were neither sorted nor completely cleaned prior to their consumption [START_REF] Hamon | Food practices of the first farmers of Europe: Combined use-wear and microbotanical studies of Early Neolithic grinding tools from the Paris Basin[END_REF]. Very few traces of oats have been detected [START_REF] Chevalier | Integrating Archaeological Data Toward a Better Understanding of Food Plants Choices and Territory Exploitation in the Northwestern European Early Neolithic: The Case of Remicourt En Bia Flo II[END_REF], but their scarcity and their very early dating raises the question of whether they were cultivated or not. According to starch grain analysis, querns were also frequently used to grind legumes (peas) as well as roots and tubers (Underground Storage Organs -USOs) into flour. In Hesbaye, acorns have also been identified through starch grain analysis [START_REF] Chevalier | Integrating Archaeological Data Toward a Better Understanding of Food Plants Choices and Territory Exploitation in the Northwestern European Early Neolithic: The Case of Remicourt En Bia Flo II[END_REF]. Other categories of microremains point to the transformation or preparation of ferns, wood and bark, possibly as medicines or dyes. Finally, the combination of use-wear and residue analyses confirms that querns were principally used for cereal grinding, but suggests that they also served as multipurpose surfaces for the mixing and preparation of a variety of foods. This would explain the regular presence of starch masses on grinding implements [START_REF] Hamon | Food practices of the first farmers of Europe: Combined use-wear and microbotanical studies of Early Neolithic grinding tools from the Paris Basin[END_REF].

An insight into the first Neolithic of the Mediterranean sphere and its evolution

In the Mediterranean sphere, use-wear analyses of a series of basaltic grinding tools have confirmed that the pioneer Impressa settlers brought their cereal grinding practices, together with the other components of the first agricultural "package", to Southern France around 5800 BC [START_REF] Hamon | L'outillage de broyage, percussion et polissage de Pont de Roque-Haute[END_REF]. This strong tradition of cereal consumption during the 6th millennium BC has also been detected through the use-wear and residue analysis of a single quern from the Basque country, which yielded significant concentrations of phytoliths of the Pooideae subfamily, especially from the inflorescences, confirming grain processing and possible dehusking [START_REF] Alday | Agricultura Neolítica: a propósito de un molino del yacimiento de Atxoste (Alava, País Vasco) Neolithic Agriculture: analysis for a mill from the site of Atxoste (Alava, Basque Country)[END_REF]. However, very few functional studies have been conducted on grinding tools from the western Mediterranean sphere, especially compared to the Aegean area where recent studies have provided new insights into the food practices of Neolithic societies. Experiments have been conducted to explore the suitability of small-sized grinding stones for the processing of different types of seeds (einkorn and grass pea) available in the Neolithic and Bronze Age of Greece [START_REF] Valamoti | Plant food processing and ground stone equipment in prehistoric Greece: An experimental investigation using seeds of einkorn and grass-pea[END_REF]. Others have focused on the role of gestures and products in the evolution of the morphology of active surfaces and the efficiency of tools [START_REF] Stroulia | Salt, Sand, and Saddles: Exploring an Intriguing Work Face Configuration among Grinding Tools[END_REF]). An important experimental program has been devised to produce a robust use-wear and residue reference collection (40 paired grinding systems) which crosscompares a wide variety of parameters including 6 tool types (defined by morphology and size), 3 gestures and motions (back-and-forth with overhanging and short grinders, circular grinding), 3 raw materials (sandstone, andesite and granite) and a variety of processed plant ingredients including cereals (einkorn, barley, millet, spelt), legumes (lentils, grass pea), acorns and oil-seeds (linum, poppy) with different treatments prior to grinding (sieving, roasting, drying, de-husking) (Boffill et al. 2020). A complete, comparative use-wear reference collection has been compiled and described on the basis of macroscale analysis using stereomicroscopy and microscale analysis using metallographic microscopy and confocal microscopy. These experiments have focused on tool productivity (understood as a time-effort balance), with the bigger querns proven to be the most productive, although small-size tools also proved to be quite efficient. These experiments have also been used to estimate the quality of the final product as a function of the morphology of the grinding equipment, especially the concavity/convexity of the active surfaces, and differences in pressure applied by the user to overhanging versus short grinders [START_REF] Chondrou | How do you like your cereal? A qualitative and quantitative use-wear analysis on archaeological grinding tools from prehistoric Greek sites[END_REF]. The contamination of the final product by rock particles has also been estimated: microconglomerates appear more contaminant than basalts or granites due to their lower cohesion, while finely ground products appear much more contaminated than coarse ones probably due to stronger stone-against-stone contact (Chondrou et al.

2018).

3-Perspectives

Ongoing research already allows us to highlight a number of broad tendencies. As the pressure on plant food resources (especially graminae and nuts) increased during the Mesolithic, small-sized pounding and grinding tools with low levels of technical uniformity were, at least occasionally, employed in their processing. However, major technical innovations in food processing only occurred with the introduction of the Neolithic and the first agricultural economy. Plant food processing became a major concern, requiring the manufacture of dedicated grinding tools which were used within the domestic space. In parallel to the importation and dispersal of these practices, a variety of grinding systems were introduced throughout Europe. Based on a large series of experiments, this diversity has been examined through use-wear and residue analyses. Experiments have demonstrated the close relationship between the properties of the tools and the quality of the final product (Chrondrou et al. 2018). Another strong relationship has been revealed between the size and weight of the grinding tools and their efficiency in terms of the ratio of time spent to the quantity of product obtained. Most of the use-wear and residue analyses confirm that grinding was not confined to cleaned and naked grains and that grinding tools may also have been used for dehusking operations. Most studies also emphasize the multifunctional use of grinding tools for processing a variety of cereals as well as legumes, USOs and other plants. However, the cultural versus functional reasons for selecting and producing a certain type of grinding tool rather than another (e.g. circular or back-and forth motion, short or overhanging grinder, flat or basin querns) are still to be explored in detail. Such studies will contribute to discussions on the quantity of each plant food processed in different contexts (permanent, seasonal or specialized settlements), in different environments (Mediterranean, mountainous, etc.) and within different cultural groups throughout Europe. They should also help to highlight the broad tendencies in the evolution of grinding systems throughout the Neolithic and the importance of regional variability.

Finally, in addition to identifying the plants processed, future studies will provide crucial information on the cultural value attached not only to grinding tools but also to foodways in general.

Current use-wear analyses have considerably improved the accuracy of our knowledge on the function and operation of grinding implements within the first agricultural societies of Europe. Despite the quite recent development of functional analysis on grinding tools, the heterogeneity of the rocks selected for their production has ultimately turned into a methodological advantage allowing us to combine use-wear and plant residue analyses so as to throw light on food practices. Nevertheless, there are many challenges facing researchers in the future. The better integration of methods and scales of use-wear observation will undoubtedly require a fine balance between qualitative observations and quantitative measurements, both of which have advantages and methodological limits. Integrated scales and methods of characterization of use-wear signatures will help improve and consolidate the experimental reference collection, through repeated, cross-compared sequences of plant processing. The reproducibility and comparison of experiments are key to gaining a better grasp of the variety of use-wear traces produced for each operation (understood as 1 functioning + 1 specific transformed matter). Apart from when plants display specific properties, such as high silica contents (cereals) or greasy components (oily plants), it remains difficult to distinguish evidence for the processing of green plants that barely impact the surfaces of stone tools. The exploration of all pretreatments of cereals, but also of other plants, could also help us distinguish different cultural groups through their food practices, as suggested by ethno-archaeological studies [START_REF] Alonso | A first approach to women, tools and operational sequences in traditional manual cereal grinding[END_REF]. The role and diversity of dehusking, sprouting, roasting or humidification techniques prior to grinding could be explored in more detail, on the model of what has been recently proposed to differentiate cereal harvesting techniques using confocal microscopy (Ibanez et al. 2021). Characterizing the diagnostic use-wear signature in a dynamic way, that is to say following the speed of formation and evolution of use-wear traces and especially micropolish and texture during plant processing experiments, could be a next step in such analysis.

As regards microbotanical residues, phytolith analysis is a powerful means for identifying specific families of cereals, and the steps of their transformation, while new avenues of research have recently been opened up by the use of starch grain analysis to explore the preparation of wild plants and USOs. The reinforcement and diversification of the reference collections would help improve accuracy for plant family determination. The identification of different species within plant families is another challenging issue for future research (tab. 1). In this regard, developments in morphometry based on actualistic reference collections appears to be the most promising direction to follow in order to improve the accuracy of determination and to reconstruct the diversity of plant foods consumed. As for plant processing, larger scale experimental tests need to be conducted to explore the condition of preservation of each kind of microresidue in different types of sediment and environmental contexts (dry, humid etc), since the role played by taphonomy in the varied preservation of microresidues is a challenging issue. Another range of experiments should be developed in parallel, to explore the consequences of different treatments, processing techniques and preparations (soaking, heating, grinding, etc) on plant microresidue characteristics. Other residues and methods of analysis are also very promising. Pollen extraction from stone tools has recently shown its potential for determining the nature of the plants processed using such tools (Mirras et al. 2020). In the meantime, non-pollen palynomorphs (NPP) are relevant for identifying wood, plant fibers, micro-charcoal and other plant tissues (epidermis), as well as spores (fungi, ferns, etc.) [START_REF] Hamon | Food practices of the first farmers of Europe: Combined use-wear and microbotanical studies of Early Neolithic grinding tools from the Paris Basin[END_REF]. Chemical analysis could also be useful for exploring the importance of oily nuts and plants; promising techniques include ICP-MS analysis of residues extracted from the active surfaces [START_REF] Formenti | Analyse chromatographique de traces d'acides gras sur l'outillage de mouture. Contribution à son interprétation fonctionnelle[END_REF], or the staining method that could potentially be applied to the detection of vegetal residues containing lipids (e.g. nuts) or alkaloids (e.g. poppy) [START_REF] Dubreuil | Current analytical framework studies of use-wear on ground stone tools[END_REF].

Conclusion

Having considered available studies on late Mesolithic and Neolithic contexts of Europe, it is clear that research to date has mainly focused on two broad geographical areas: north-western Europe and the Balkan-Aegean region. Most of the studies have focused on the period from the 7 th to the 5 th millennium BC, which is considered to be the key period for exploring major shifts in food practices, intensification of plant exploitation and the introduction of agricultural techniques. As yet, food processing techniques from a large part of central, eastern [START_REF] Pavlu | Double Querns, in Life on Neolithic Site, Bilany. Situational Analysis of Artefacts[END_REF] and northern Europe (Lindström-Holmberg 1998) have not been explored from a functional point of view. Moreover, the question of the stability or evolution of these practices throughout the Neolithic have been explored from a technological perspective for Greece (Beriakis et al. 2020) and France [START_REF] Hamon | Évolution des meules va-et-vient du Néolithique à l'âge du Fer en France : exploitation de la base de données du PCR meule[END_REF][START_REF] Hamon | L'exploitation du milieu au Néolithique dans le quart nord-ouest de l'Europe : contraintes environnementales, identités techniques et choix culturels[END_REF], generally in relation to other archaeological remains such botanical remains or harvesting tools.

The continuous integration of all of the technical and cultural dimensions of grinding tools, as well as the pluridisciplinary study of their functions, have allowed us to gain a more accurate panorama of food habits within the economy of the first European farmers. Without doubt, enhancing the methodological frameworks of use-wear and residue analysis will help refine our knowledge of the options and capabilities related to Neolithic grinding technologies, and will also help to widen our perspective of the plants processed and the recipes prepared. New avenues of research have opened up, especially where bridges can be built with functional studies of other kinds of artefacts, including flint tools used for plant harvesting or ceramic vessels used for storage.

But these results must be put into perspective through the functional analysis of sizable series of grinding tools so that we can propose an overview at a larger scale. This would undoubtedly provide a more complex overview of the regional differences in plant exploitation and transformation, relative to available resources and ecological constraints, especially if wild fruits from forests and legumes from drier zones are taken into consideration. The processes underlying innovations within grinding technologies would also be revealed in relation to cultural evolutions and technical traditions.

Finally, the contribution of use-wear and residues on grinding tools will undoubtedly be considerable when integrated within a broader range of data regarding Neolithic food, including archaeobotany, isotope analysis, studies of dental microwear and calculus, chemical analysis of foodcrusts especially on ceramics, etc. Such multidisciplinary approaches will allow us to more accurately define recipes and to track the transmission of practices, as well as innovations, within the Neolithic populations of Europe. 

Figure 2 .

 2 Figure 2. Example of use-wear traces produced by cereals and other plants processing at macro (stereomicroscope) and microscale (metallographic microscope) related to plant processing a. naked wheat: strong surface levelling, covering smoothing, grain rounding, micropitted micropolish; b. barley dehusking: lowly developed smoothing, grain surface alteration; c. lentils: levelling of the areas in relief, dull aspect, grains microchipping; d. peas: smoothing on the higher areas, smooth micropolish; e. nuts : levelling, grain smoothing, greasy film, shiny aspect (analysis and photos C. Hamon) (after Hamon et al. 2021).

Figure 3 .

 3 Figure 3. Phytoliths from Lbk and BVSG grinding tools (after Hamon et al. 2021): a. Articulated silicified epidermal tissues. Triticum monococcum (einkorn wheat); b. Pteridophytes spores Diphasium / Lycopodium complanatum; c. Urtica dioica fibers ; d. Glomus spores linked by their hyphae (mycelial filaments) (identification and photos A. Emery-Barbier).

Figure 4 .

 4 Figure 4. Starch grains from Lbk and BVSG grinding tools shown in transmitted light and crosspolarized light (after Hamon et al. 2021). Cereals: a-b) wheat (Triticum sp.); c-d) barley (Hordeum sp); e-f) Fabaceae starch grain, probably belonging to pea (Pisum sativum); g-h) unidentified tuber (identification and photos C. Cagnato).

  

  Tab. 1. Summary of the level of information brought by each method of analysis to the functional interpretation of the type of plant and treatment processed by grinding tools. o: bad, +: informative;

		technique of processing	plant type	cereals species	cereals state	cereals treament	legumes	oily plants (nuts)	USO's	grass plants	ferns and spores
	stereomicroscopy	++	+/o	o	+	+	+	+	o	o	o
	metallographic microscopy	o	++	+	+	+	+	+	+	?	o
	confocal microscopy	?	++	+	++	++	+	?	?	?	o
	3D combined to GIS	+	+	?	?	?	+	+	+	+	o
	phytoliths analysis	+	+	++	++	++	o	o	o	+	o
	starch grains analysis	o	++/o	+	o	++	+	o	++	o	o
	palynomorphs / NPP analysis	o	++	o	o	o	?	o		+	+
	chemical analysis	o	+	o	o	o	o	+	o	o/+	o

++: very informative; ?: undetermined
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