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Despite rich iconographic documentation, and the abundance of culinary ceramics discovered in archaeological sites, the process of bread production in moulds has intrigued Egyptologists for many years. Experiments presented in this article proposes a new chaîne opératoire for the production of bread in conical moulds dating from the early Middle Kingdom (2050( -1900 BCE) BCE), mainly based on results from the site of Ain Sukhna. Thanks to a new analysis of the iconography, a re-examination of the ceramics, and a close collaboration with a farmer-baker using flours made from "old wheat", experimentation produced perfectly baked breads that did not require breaking the ceramics to remove them from the moulds. The experiment also provides an explanation of the conical shape of the moulds, and the presence of several internal linings, as well as a better understanding of the role played by the use of low gluten flours, particularly starch-based flours, and the use of sourdough starter.

INTRODUCTION

Bread and beer were the base of the ancient Egyptians' daily food (SAMUEL 2000). The production of bread is well documented for Pharaonic Egypt, particularly through images of food processing that are part of the decoration of Old and Middle Kingdom elite tombs, and so-called bread moulds -ceramic cooking utensils found in large numbers in archaeological sites. Nevertheless, despite this rich documentation, the chaîne opératoire is not well known and understood.

Several reasons for our imprecise knowledge about this process can be advanced. First, Egyptian iconography is very standardized and the motifs chosen are combinations of several viewpoints 1 . The images do not work as naturalistic 2 representations, but rather the evocation of particular actions. Furthermore, to this day, no recipe for bread dough is known and the near-absence of laboratory analysis does not allow us to compensate for this lack of information. Thirdly, baking bread in ceramic moulds is an uncommon practice in other civilizations and researchers are still wondering about the role played by these utensils (BATS 2019, pp. 329-331, 405-4226). Finally, while in the Old Kingdom bread moulds were frustoconical shaped and flared walls with flat bottoms or with round and rough conical bases, from the beginning of the Middle Kingdom (around 2000 BCE), they changed their shape considerably to become conical (JACQUET-GORDON, 1981).

In response to these many questions about the representations of food processing, bread recipes and reasons for such a change in bread mould typology, several experimental archaeology projects have been set up in recent decades. All these reconstructions were undertaken in order to answer questions related to specific discoveries at archaeological sites. The baseline study was conducted by D. Samuel on the basis of material discovered at Tell el-Amarna (1333-1330 BCE) (SAMUEL, 1989). Further research was carried out at Giza based on bread moulds from the Old Kingdom (2750-2250 BCE) (LEHNER & HAWASS, 2017: pp. 376-377). To date, no comprehensive study was undertaken on material dating from the Middle Kingdom 2 , a pivotal period for understanding the baking and culinary practices of the Ancient Egyptians.

In 2017, as part of my PhD, an experimental archaeology project was set up with the aim of gaining a better understanding of the stages of bread production in conical moulds dating from the first part of the Middle Kingdom (2050( -1900 BCE) BCE) based on material discovered at Ain Sukhna -an Egyptian harbour and logistic hub for expeditions to South-Sinaï located on the northern end of the Golf of Suez -in the frame of the French-Egyptian Ain Sukhna Archaeological mission (Ifao-CNRS-Sorbonne University). A strict methodology (VERLY & LONGELIN, 2019) was put into place in order to explore the various questions raised by the iconographic and archaeological evidence. This scientific rigour was applied during the restitution 3 process, notably through the search for "old wheat" and collaboration with traditional artisan-bakers.

Material and method 1.Iconography

The iconography of the Old Kingdom (2750-2250 BCE), tomb scenes and limestone models, is probably the most instructive of all periods (FALTINGS, 1998: pp. 89-137;SAMUEL, 2000;VEREECKEN, 2013: p. 58-60). Three general stages are represented in the scenes:

-The heating of the moulds. The ceramics are stacked above a fire. The baker is represented in a sitting position, protecting his face from the heat with his hand. With the other hand, he holds a poker and maintains the hearth.
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-The removal of the moulds. A second person is represented removing the ceramics from the hearth, manipulating them with a poker and/or a ceramic potholder in order to stabilize the mould without getting burned. He stands next to the stack, both hands at the top of it.

-Filling the mould. The mould is positioned on the ground. The liquid dough is poured inside.

During the Middle Kingdom, several changes are apparent in the iconography. Firstly: the shape of the moulds became conical. There are fewer bakery scenes from the Middle Kingdom than from the previous period. According to the iconography of the Middle Kingdom, there are two stages:

-Heating of the moulds in a fireplace. -Filling the moulds outside the fireplace. The bread moulds are shown upright. The dough appears semi-solid.

The chaîne opératoire for baking bread in conical moulds has been discussed several times. The main difficulty with interpreting these images lies in the order of the steps, in particular, whether or not the empty moulds are pre-heated. H. Wild, considers that a preheating of the ceramics was a necessary step, both in the Old and Middle Kingdom (WILD, 1975: p. 595). Similarly, the firing process is also discussed: for H. Wild the depiction of the standing moulds corresponds to the position of the ceramics during the firing of the bread, while D. Samuel believes that the fireplace scenes may indicate either the preheating of the moulds, or the baking of the bread in the ceramics (SAMUEL, 1989: pp. 155-156).

Bread moulds

Bread moulds are very abundant type of pottery in Egyptian settlement sites throughout the Pharaonic period. There are several forms, the best documented being the "bedja mould" (bḏȝ) which evolved considerably between the end of the Old Kingdom and the end of the Middle Kingdom (between 2250 and 1700 BCE approximately) (JACQUET- GORDON, 1981) 

[figs. 1 & 2]
. This utilitarian ceramic is generally produced in Nile C, a coarse silty clay "tempered" with gravel and plant chaff (ARNOLD & BOURRIAU, 1993 : pp. 173-174 ;SCHIESTL & SEILER, 2012 : pp. 750-757). L.A. Warden considers that despite their abundance and ubiquity, bread moulds are still not understood well (WARDEN, 2019: p. 2). The author notes that these ceramics are generally considered "throwaway", broken after firing in order to remove the loaf. However, the presence of a lining made of clay and sand inside, that was clearly renewed, seems to indicate that the moulds were used multiple times, and were discarded only after several uses (WARDEN, 2019: p. 7). This inner lining, sometimes consisting of multiple layers, has also been observed on many conical bread moulds in Ain Sukhna [Fig. 3].

Experimental method

The work presented here focuses on three aspects: the stages of the chaîne opératoire ("protocol"), the temperatures for heating the moulds and baking the bread, and finally the bread recipe.

The research into the stages of the bread production chain was essentially based on Egyptian iconography, the observation of bread moulds from the Middle Kingdom and archaeological data collected at the site of Ain Sukhna. Thanks to these studies, "experimental protocols" were then formulated and modified according to the results obtained during the restitutions. Three protocols were therefore developed during this research and which are successively presented in this article under the title "Experimentation Series 1, 2 and 3". It has been decided to heat and bake the bread in open fireplaces positioned in shallow pits, in accordance with the discoveries made at Ain Sukhna. Indeed, there are two types of fireplaces associated with bread baking at this site: simple fireplaces and "oven rooms" in which the fireplace fills all the available space (BATS, in preparation ). For all the experiments, several bread moulds were either produced in Aubechies (Belgium) or Ain Sukhna (Egypt), each time using local clay. Fresh donkey dung and gravel were used as temper. The ceramics were fired in open fireplaces at temperatures between 850°C and 950°C. All employed elements and the observation made will be published in detail in a forthcoming article (BATS, in preparation).

During the baking process, temperature measurements using a laser thermometer. The team recorded the temperatures of the fire and of the heated moulds at the time of the filling in of the dough, and then every 5 minutes during the baking of the bread in order to maintain consistency (fire, outside and top of the bread mould). Later, in the third series of experiments, a "sensor Type-K" thermocouple was used in order to be more precise in taking the temperature. All the old protocols were then re-tested while recording the temperatures using the more accurate equipment.

Bread is a fermented and baked preparation mainly based on flour and water. Nevertheless, many varieties of breads exist and have existed in the world. In the absence of a "recipe" known to date for ancient Egypt, our first difficulty was therefore to produce bread dough that could be baked in conical ceramics, in other words, bread dough requiring the use of a ceramic support. In general, the production of bread dough from the basic ingredients takes place in several necessary steps. Kneading is a fundamental step, since it is during this stage that the dough is homogenized, stretched and oxygenated. This mechanical action, causing the gluten proteins to unfold, creates a network of gluten chains that give the dough a plastic and elastic texture. Then, during the fermentation process, the sugars are transformed into carbon dioxide, which exerts pressure inside the dough and causes it to swell. The dough rise then creates the crumb, thanks to the distribution of gas bubbles within the network of gluten chains formed during kneading. The swelling of the dough therefore depends on two things: its plasticity (created during the kneading process to stretch the gluten) and its fermentation. They are therefore two distinct and complementary elements (CAPPERS et al., 2016(CAPPERS et al., : p. 1239;;PEIGNEY, 2010, p. 405;DUPAIGNE, 1999: p. 172). The iconography of the Middle Kingdom shows that Egyptian bread doughs associated with conical moulds are semi-solid and prepared in large ceramic vats, unlike other solid productions and kneaded on flat supports. This semi-solid consistency depends on the rate of hydration of the bread dough, the type of flour used, the kneading, but also on the fermentation process (fermentation time and types of ferments).

Botanical studies carried out on relevant material from Egyptian sites have shown that during the Pharaonic period, two cereals were cultivated: common barley (Hordeum vulgare) and emmer wheat (Triticum turgidum ssp. dicoccon), both hulled cereals (CAPPERS, 2012). It was essential to work with at least one of these plants, which are very rarely cultivated in the world today. So, I asked for R. Feuillas, a farmerbaker and specialist in "old wheat" varieties, to participate in this research project4 . R. Feuillas provided an organic "black emmer" flour. This cereal was used during all the experimentations5 . Emmer produces a tasty, low gluten and highly digestible flour (STEGASSY & BOLOGNINI, 2018: p. 138). Its low gluten content has therefore led us to work on different fermentations and degrees of humidity to obtain a semi-solid dough, in accordance with the iconographic data. In the absence of reliable data regarding the use of yeast and sourdough in association with the conical moulds of the Middle Kingdom, I opted to carry out several test, with sourdough starter of einkorn (Triticum monococcum) at our disposal6 , or long spontaneous fermentations. R. Feuillas and I have therefore worked with several recipes for doughs made from black emmer 100% bran7 , more or less hydrated (between 72 and 90% humidity) and with different degrees and times of fermentation (from 5h to 14h) [fig. 4]. The other emmer cultivars (red and white) and common barley have not been tested8 . Salt has sometimes been used to correct the acidity of bread9 .

Our objective was to produce a perfectly baked bread (with no trace of charring or a semi-baked mushy appearance) that would release itself perfectly from the ceramic without breaking it.

Restitutions

2.1.

Experimentation, Serie 1

In the first experiments, we followed the idea of Mark Lehner's team in Giza that the bread moulds function in considering that the bread mould functions as a "small oven" storing sufficient heat to bake the bread. Thus, the first protocol adopted the following sequence: Application of an internal lining to each mould used for a new baking attempt + Heating of the moulds + Filling the moulds outside the fireplace + EXTERNAL Cooking (outside the fireplace, the moulds are in a vertical position). Conical bread moulds were made in Aubechies (Belgium) with local clay and tempered with fresh donkey dung and gravel. The bread moulds were engobed inside with a very plastic grey clay by the potter of the city of Cucugnan (Aude Department, France). Eight restitutions of bread baking were thus carried out in Cucugnan in the bakery of R. Feuillas, using different mould heating temperatures in order to check whether the heat stored by the ceramics during this phase could diffuse and allow the bread to be baked outside the hearth.

The sequence of the first protocol was therefore carried out: 1. empty mould put in a fire10 (of ca. 600 or 700°C depending on the type of hearth); 2. empty mould is taken out of the fire when a certain temperature is reached. This first experimentation made it possible to clarify several points: -The management of temperatures of the moulds is essential for the incorporation of the bread dough. Above 400°C, the bread dough carbonises as soon as it comes into contact with the ceramic.

-Regardless of the heating temperature of the moulds, once out of the furnace, the ceramics quickly lose the stored heat. When the temperature drops below 100°C, the baking of the bread is stopped.

-A possible bias must also be taken into account: the moulds made in Aubechies could be too calcareous and therefore not refractory enough. Thus, they would lose the stored heat more quickly.

-The question of the heat input therefore arises. Thus, it is possible to wonder whether the cooking was not done -as for the heating -in a hearth.

2.2.

Experimentation, Serie 2

The experiment carried out in September 2017 at Cucugnan showed the need to work again on the temperatures of the moulds during the heating and on the form of the heat input. In order to correct a possible bias introduced by overly calcareous ceramics made from Belgian clay, new moulds were produced with clay collected in Ain Sukhna. On this site, in February 2018, three days were devoted to bread baking experiments. The dough was made from black emmer supplied by R. Feuillas (100% bran), salt (8g for 500g of flour) and a moisture content of 72%. The mixture fermented for 7 hours without the addition of yeast or sourdough starter. The internal lining of the bread moulds was made with local clay, water and sand from the erosion of the gebel.

Our first concern was to definitively invalidate the first protocol consisting of heating the moulds followed by baking the bread outside the hearth with ceramics made of local clay. With a furnace temperature between 650°C-700°C, the incorporation of the dough was carried out in moulds heated at approximately 450°C. The results obtained confirm the conclusions drawn from the first experiment carried out at Cucugnan, as the incorporation of the dough at too high a temperature causes carbonization of the crust, while the rapid drop in temperature did not allow the bread to be baked. In such circumstances, demoulding was difficult. Inside, the bread is not baked. The first protocol was therefore invalidated.

A second protocol was put in place in order to alleviate the problems previously encountered: Application of an internal lining to each mould used for a new baking attempt + Heating of the moulds + Filling the moulds outside the fireplace + INTERNAL Cooking (inside the fireplace, maintaining a constant heat input. The moulds are in a vertical position). Two hearth temperatures were tested: 750°C and 400 -450°C. At 750°C, several problems are to be noted. Firstly, to reach such a temperature, a lot of fuel is needed [fig. 7]. Secondly, there are handling difficulties, such as difficulty standing above the fireplace [fig. 8]. With the heat from the fire, air pockets form when the dough is incorporated into the ceramic. The bread dough therefore does not fall to the bottom of the mould and remains stuck to the walls of the ceramic. In addition, the ceramic moulds heated to over 400°C caused the bread to carbonize and prevented it from coming out of the mould [ A second heat source of 450°C-500°C was tested. The source of heat was a few embers, and many ashes produced by the combustion of shrubs and dry branches collected on site (primarily Tamarix nilotica). The moulds were preheated to around 200-250°C for 20-40 min depending on the moulds, lying in the fire after the incorporation of the lining [fig. 10]. The ceramics were left in the fireplace (at this temperature, the fire consists of ashes and embers) and then straightened up vertically, with their bottoms in the embers. The dough was incorporated from the top. It soon became apparent that a slow firing of at least 35 min gave much more satisfactory results than previous experiments, even though the top of the bread was still not baked. In spite of this improvement, we still noticed the presence of high humidity in the loaves and a base still slightly charred [ The experiments carried out in February 2018 at Ain Sukhna made it possible to test the two protocols with bread moulds made from local clay. Several additional conclusions can be reported: -Even with moulds produced with local clay the results do not change for protocol 1.

-It appeared that the bread had to be baked in relatively low heat, in fireplaces mixing ashes and charcoal and giving off less than 500°C.

-Leaving the mould inside the hearth allowed for a constant heat input and therefore a better baking.

-Nevertheless, despite these advances, the bread was not perfectly baked and a complete review of the historical documentation is necessary to draw up a new protocol.

In May 2018, both protocols were tested again at Aubechies (Belgium). The provision by G. Verly of "sensor Type-K" thermocouples made it possible to take heat measurements directly in the bread dough and thus monitor the baking process more precisely. The results of these restitutions proved to be quite similar to the previous tests: the bread dough inside the mould did not exceed 85°C and this temperature was only maintained for a very short time (less than 5 min).

2.3.

Experimentation, Serie 3: new analysis of archaeological evidence and new protocol

Thanks to the help of G. Verly, we had access to the collections of the Royal Museums of Art and History of Brussels, where bread moulds from the excavations of W.M.Fl. Petrie (PETRIE & BRUNTON, 1924) dating from the end of the Old Kingdom11 to the beginning of the Middle Kingdom12 are kept. Two observations could be made. While the late Old Kingdom mould can be placed on its base [Fig. 12], the other later moulds were not made to be placed like this [Fig. 13]. Indeed, when D. Samuel, and ourselves, needed to vertically fix the conical bread moulds outside the fireplace, small cavities had to be dug in the ground (SAMUEL, 1989: p. 271). In addition, G. Verly suggested that I observe and understand the traces of fire visible on the moulds, especially during secondary firings. For example, the mould dating from the end of the Old Kingdom shows a trace of localized heating at its base [Fig. 12], evidence of an ancient heat source limited to the lower part of the object. The Middle Kingdom mould show more diffuse heating traces at the base and also on the lower two-thirds of the mould [Fig. 13]. Similar traces could be observed on conical moulds in Ain Sukhna (BATS, in preparation).

So it seems that the change in the shape of the bread moulds called "bedja" (bḏȝ) at the end of the Old Kingdom is evidence of a new way of firing that does not require the ceramic to be kept standing. Indeed, carbon deposits at the base of the moulds and secondary traces are visible on the wall. As the moulds are reusable, the walls change from reducing to oxidising atmospheres during baking. The side surface is therefore the witness of these positioning changes, while presenting the state of the last firing.

The long carbonated traces on the wall is therefore the witness of the final baking of the bread by rolling the pan on a layer of ashes. Thus, the vertical position depicted in the tombs could be limited to the stage of filling in the dough. It was therefore assumed that after the application of the lining, the heating of the moulds and the filling in of the dough, the moulds had to be laid flat in the hearth. Re-examination of the iconography could confirm this hypothesis. In fact, the stela E30 from the Garstang Museum of Archaeology shows a staggered arrangement of the ceramics (KITCHEN, 1961), an arrangement facilitated by the conical shape of the bread moulds as from the First Intermediate Period (i.e. after the end of the Old Kingdom). Such a motif is also present in the tomb of Amenemhat at Beni Hassan (see above).

A new protocol has therefore been established: Application of an internal lining to each mould used for a new baking attempt + Heating of the moulds + Filling the moulds outside the fireplace + INTERNAL Cooking (inside the fireplace, maintaining a constant heat input. The moulds are in a horizontal position). In order to have a constant cooking, the moulds are rolled every 5mins with a poker13 .

Another test phase was therefore undertaken, once again in Cucugnan, in the bakery of R. Feuillas. In order to test the new protocol, we benefited from the help and expertise of Th. Authier and R. Cleguer, two bakers from the Maîtres de mon Moulin's team. A first batch was initiated from a bread dough made from a black emmer flour without bran (300g), with a moisture content of 80% and 5g of salt. We added 5g of sourdough starter (i.e. 1.6% of the preparation) in order to compensate for a fermentation that was too short (4 hours) 14 . For this experiment, we had only one "sensor Type-K" thermocouple. With such a configuration, three measurements were recorded for the whole batch: the temperature taken inside of the dough by the thermocouple "sensor Type-K", as well as of the fire and the outside of a empty mould (a control sample) with a laser thermometer. The moulds used for the restitution were produced in Aubechies (Belgium) with local clay. The internal lining was composed of clay and sand mixed with water. The fireplace is set on a flat floor and is made of ashes and embers in order to obtain a low temperature.

The temperature of the dough was around 100°C throughout the baking process and gradually increased to 120°C. The significant drop in the temperature of the hearth slightly influenced the temperature of the dough [Table 5]. The addition of embers made it possible to stop the drop in temperature, and to continue baking. After 1h05, the moulds were taken out of the fireplace and the breads were removed from the moulds. To reach 100°C in the bread dough (Sensor-K), the fire must generate approximately 400°C of heat. During this restitution, it has also become clear that the internal lining had to be well fixed in the mould before filling the dough. Otherwise, the lining remains stuck to the bread during baking and removal from the mould is difficult.

In spite of the good demoulding, and acceptable baking of the bread, the crumb was still not satisfactory: the bread dough was not fermented enough and the alveoli were not sufficiently formed, blocking the distribution of heat inside the mould. The solution would have been to repeat the same process with a longer fermentation, however this would have aggravated the problem of the acidity of the dough. In fact, since the beginning of the experiments, the bread systematically had a more or less acidic taste; much more acidic than the traditional sourdough bread that can be found in bakeries today. Thus, the poor distribution of heat and the very acidic taste of the bread due to the long spontaneous fermentation led us to add an additional ingredient: sourdough starter. 5. Temperatures recorded for the batch of 29/06/2018 at Cucugnan (tests no. 39-46), with a fire temperature around 300-400°C. In blue, temperature drop.

A second batch was thus prepared, using a bread dough composed of 1kg of 100% bran black emmer, 15g of salt, 170g of einkorn (Triticum monococcum) sourdough starter and 750g of water (i.e. 75% humidity). The protocol of the first batch was repeated identically [figs. 14 & 15]. Better fuel management made it possible to maintain constant temperatures throughout the baking of the bread, between 100°C and 110°C inside the moulds [Table 6]. After one hour of baking, the loaves were removed from the moulds: extraction of the bread was very easy [fig. 16]. The crust was judged "beautiful", although very lightly roasted at the base [fig. 17]. The sections made on several loaves show a perfectly baked and well honeycombed crumbly texture [fig. 18]. The action of the sourdough starter, combined with the salt, also helped to rectify the acidity and create the honeycombing necessary for a good distribution of heat during baking.

Fireplace

Sensor Type-K (inside the dough) Finally, this protocol was repeated a third time with the same conditions (same actions, same dough recipe, and same baking temperatures). However, the step of applying of the lining was omitted because the old layer had remained intact after the previous batch. It turned out that the loaves did not come out of the moulds because, during the baking process, the dough remained stuck in the ceramics. It therefore seems likely that a fresh lining is necessary, because even though the surface of the clay is dry and does not adhere to the dough when it is put into the oven, moisture is still present deep down. A circulation of hot air therefore seems to be created during the baking of the bread, between the wall of the ceramic and the dough, which in the long run makes it easier to remove the dough from the mould. The application of a layer of clay therefore seems necessary for each new batch15 .

Results

In this study, 54 loaves of bread were produced, to which were added the loaves made during the repetitions of the protocols (i.e. actions and steps) for which no measurements were recorded. For all these experiments, only 100% bran black emmer was tested. The use of grain from the correct species, produced organically, was critical to the experimentation.

After testing two protocols based on the classical interpretation of historical data (Experiments Series 1 and 2), it was necessary to review the archaeological and iconographic evidences.

A new chain of operations for baking bread for the early Middle Kingdom could be proposed:

-The inside of the conical bread moulds is covered with a layer of fine sandy clay for every re-use of the mould. -The moulds are then placed horizontally and without any particular

arrangement in an open fireplace made of many ashes and coals.
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-The temperature of this fire must not exceed 500°C.

-Once the moulds have been heated on all sides and the lining is well fixed, the moulds are straightened and the dough is filling in. The dough is shaped in advance into elongated dough pieces. -With the heat of the moulds and the semi-solid consistency of the bread dough, the dough quickly sets into the ceramic and it is possible to lay the moulds down immediately. -In accordance with certain iconographic representations, the moulds were staggered and rolled regularly (every 5 minutes in order to maintain a rhythm and to record temperatures), a positioning facilitated by the conical shape of the ceramics. -After 60 min of baking between 100°C and 120°C, the dough was completely baked. -During the firing process, it slightly detached from the ceramic and a crust formed on the outside. -On the inside, thanks to the presence of sourdough starter, a dense honeycomb formed, allowing a good distribution of hot air during baking.

Thus, despite the presence of sourdough starter, the bread dough did not rise much and did not create pressure inside the mould. The use of emmer -a cereal low in gluten -is therefore quite relevant in the context of bread production in a ceramic mould (see above for the distinction between the action of gluten and fermentation). Indeed, the dough rises little and does not exert pressure inside the mould. The bread can therefore be unmoulded perfectly, by inverting the ceramics. The bread moulds are not broken during the demoulding process. They can therefore be used again, as long as a new coating is applied before each batch. This lining insulates the bread dough from the porosity of the ceramic, but also acts as a moisture reserve that diffuses during the baking process and allows the bread to detach slightly from the ceramic. The other advantage of this baking technique is fuel economy. In fact, for a batch of eight loaves only a small quantity of coal and ashes is needed.

This experimental archaeology project proposes a new understanding of the bread production scenes in Middle Kingdom iconography. Thus, the scene in the tomb of Baqet III seems to be an illustration of a heating phase of the empty moulds. The ceramics are placed in a disorganized position in a fireplace and are removed by means of a poker slipped into the opening of the mould. The mould is held by the baker using a potholder. This removal of the moulds is called wp.t bḏȝ which should rather be translated as "distinguishing / separating the mould-bḏȝ". The scene in the tomb of Amenemhat at Beni Hassan shows the baking phase. The moulds are positioned in two rows in the hearth in a staggered pattern. Similarly, on the Liverpool Stele E31, the baker is shown handling the ceramics using two pokers to clamp the moulds filled with bread dough. These experiments also shed light on several technical elements of archaeological bread moulds: the conical shape allowing a flat staggered arrangement, the role of the coating often consisting of several layers, and traces of fire.

Far from being complete, this research nevertheless shows the importance of crosschecking data and comparing hypotheses with practice. These experiments should be replicated with other emmer cultivars (red and white), with common barley or with mixed flours. Further work, carried out jointly with ceramologists, archaeobotanists and archaeometers is also to be hoped for.

Conclusions

The currently prevalent understanding of the process of bread baking, that was developed based on iconographic data and widely disseminated in the Egyptological literature, has been tested in different contexts and according to different variables. Nevertheless, no bread could be baked correctly and several handling difficulties appeared. Thanks to the integration of these results, a close collaboration with a farmer-baker and a new analysis of the iconographic and archaeological documentation, a new chaîne opératoire can be proposed. Protocol 3 can therefore be considered viable as it allows for the production of perfectly baked bread and for keeping the bread moulds intact after each batch. This new framework highlights several elements of analysis of culinary ceramics and also allows us to deepen our research problems during the archaeological excavation of combustion structures and food processing areas. However, in addition to these results, these reconstructions are part of broader studies, notably on the understanding of the technical choices of the cereal sector -from the cultivation to the consumption of cereals -in Pharaonic Egypt. The production of bread in conical moulds is also part of a reflection on the storage of cereal products ("saving capacities") and on the use of these products in the monetary system (BATS, 2019).
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 12345 Fig. 1. Bread mould dating from the Old Kingdom discovered at Ain Sukhna (n°323). [© Ihab MOHAMED / Ifao] Fig. 2. Conical bread mould dated to the beginning of the Middle Kingdom discovered at Ain Sukhna (n°3314). [© Ain Sukhna Archaeological Mission / Georges VERLY] Fig. 3. Inside of a bread mould, discovered in S6 south, US 400. [© Ain Sukhna Archaeological Mission / Georges VERLY] Fig. 4. Example of bread doughs before fermentation made at Cucugnan. [© Adeline BATS] Fig. 5. Longitudinal section of bread no. 4. [© Adeline BATS]

Fig. 6 .Fig. 7 .Fig. 8 .Fig. 9 .Fig. 10 .Fig. 11 .Fig. 12 .Fig. 13 .Fig. 14 .

 67891011121314 Fig. 6. Unmoulded piece of bread no. 8. [© Adeline BATS] Fig. 7. Heating the moulds. [© Ain Sukhna Archaeological Mission / Adeline BATS] Fig. 8. Difficulty incorporating bread into the moulds. [© Ain Sukhna Archaeological Mission / Aliénor ROUSSEL] Fig. 9. Bread n°13 [© Adeline BATS] Fig. 10. Baking in the fireplace at low temperature. [© Ain Sukhna Archaeological Mission / Aliénor ROUSSEL] Fig. 11. Breads n°25 and n°26. [© Adeline BATS] Fig. 12. Bread mould from Sedment, VI th Dynasty, Bruxelles RMAH E.5804/3. [© Musée d'Art et d'Histoire de Bruxelles / Georges VERLY] Fig. 13. Bread mould E.00969 dated to the First Intermediate Period (2250-2044 BC). [© Musée d'Art et d'Histoire de Bruxelles / Georges VERLY] Fig. 14. Heats empty moulds after application of the lining. [© Adeline BATS]

Fig. 15 .

 15 Fig. 15. Baking bread [© Adeline BATS] Fig. 16. Demoulding [© Théophile AUTHIER]

Fig. 17 .

 17 Fig. 17. Unmoulded bread [© Adeline BATS]

Fig. 18 .

 18 Fig. 18. Bread Section [© Adeline BATS]

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Table 1 .

 1 Temperatures recorded for test no. 4 carried out on 7/09/2017 at Cucugnan, with a temperature in the fire of around 600°C. In red, temperatures below 100°C.

			Bottom (above the	Top (Opening)
			ashes)	
	Mould	standing	300°C	250°C
	(empty)			
	00:05		190°C	105°C
	00:10		140°C	75°C
	00:15		106°C	68°C
	00:20		81°C	60°C
			Bottom (above the	Top (Opening)
			ashes)	
	Mould	standing 560°C	460°C

They are positioned vertically; 3. Measuring the temperatures at the bottom and the top directly after taking it out; 4. filling in of dough; 5. Baking process. Additional measurements every 5 mins. The first restitutions were aimed at testing two empty mould heating temperatures: 250-300°C [Table 1 & fig. 5] and more than 400°C [Table 2 & fig. 6].

Table 2 .

 2 Temperatures recorded for test n°8 carried out on 8/09/2017 at Cucugnan, with a temperature in the fire around 700°C. In red, temperatures below 100°C.

Table 3 & fig. 9].

 3 

			Mould	Bottom (above the	Top (Opening)
				ashes)
	In the fireplace	488°C	
	Mould	standing		412°C	166°C
	(empty)			
	00 :05			369°C	121°C
	00 :10			276°C	113°C
	00 :15			260°C	111°C
	00 :20			240°C	115°C
	00 :25			224°C	116°C

Table 3 .

 3 Temperatures recorded for test n°13 carried out on 31/01/2018 in Ain Sukhna, with a temperature in the fire close to 750°C.

Table 4 & fig. 11].

 4 

			Mould	Bottom (above the	Top (Opening)
				ashes)
	In the fireplace	230-250°C	
	Mould	standing		260°C	100°C
	(empty)			
	00 :05			170°C	60°C
	00 :10			170°C	70°C
	00 :15			120°C	85°C
	00 :20			160°C	72°C

Table 4 .

 4 Temperatures recorded for test n°25 carried out on 4/02/2018 at Ain Sukhna, with a fire temperature of around 500°C. Fresh embers were added at 00:20 min and 00:35 min. In red, temperatures below 100°C.

Table 6 .

 6 Temperatures recorded for the batch of 30/06/2018 at Cucugnan (tests no. 47-54), with a furnace temperature below 500°C.

	Top of the empty
	mould	(control

This name is used in traditional agriculture in contrast to "modern wheat" (or "industrial wheat") developed after the Second World War to meet the growing demand for food(STEGASSY & BOLOGNINI 2018, pp. 23-27). Today, all "old wheat" varieties are organic and are cultivated in keeping with biodiversity, but "industrial wheat" can also be organic. The difference therefore lies in the selection of the seeds and their DNA. To my knowledge, no emmer flour can be bought outside the group "old wheat" producers. Collaboration with R. Feuillas was suggested by Ph. Marinval, an archaeo-botanist and researcher at the CNRS.

STEGASSY& BOLOGNINI, 2018: pp. 138-141. Cultivars cannot be determined by marcoscopic observations and DNA analyses are required. Color differentiation comes from the straw and not from the seed. About black, red and white emmer in Egyptian texts, cf. BATS, 2019: p. 32.

For lack of time, I could not raise an emmer-based sourdough. The cultivation of the einkorn is not proven in Egypt during the Pharaonic period, but it was the only sourdough starter at our disposal. Also low in gluten, its properties are close to those of emmer.

The bran is the caryopsis of the cereal surrounding the almond. Bran is a fibrous layer that absorbs more of the water added to the dough. Therefore, the higher the bran content, the more hydrated the bread dough will need to be.

On bread doughs in ancient Egypt and the different recipes tested during the experiments cf. BATS, FEUILLAS in preparation.

Salt reduces the acidity of the bread, but does not slowing down the fermentation processes of the dough. On the presence and use of salt during the Pharaonic period, see the recent article DEVAUCHELLE, 2020.

In the hearth of the baker's wood-fired oven (tests n°1-4, see Table1), then in a coal-fired hearth in a 30 cm pit (tests 5-8, see Table2). Not all tests are presented in this article. Only one significant example is given for each set of experiments.

A similar mould is kept in the Petrie Museum (UC 17987, Sedment, tomb 415, 6th dynasty).

For other parallels, cf. SCHIESTL & SEILER 2012, p. 754-757. 

This interval was chosen because the temperatures are taken every 5 minutes.

Spontaneous fermentation is a long process (several hours). When time is short, the bread dough can be inoculated with a few leaven in order to accelerate the development of lactic acid bacteria. The sourdough starter used here is natural, it's a living matter. Unlike chemical yeasts, a resting time is necessary for the reproduction of bacteria. But, with only 1.6% sourdough in the bread dough, this bread cannot be considered "sourdough bread".

On the role of moist clay in contact with high heat, cf. VERLY, 2017.