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Abstract (ENG) 

The present PhD thesis concerns the study and conservation of the Tutankhamun collection, with 

particular emphasis on the analysis of plant remains and textiles swept from the rooms ground 

surface of Tutankhamun tomb. 

The arid environmental conditions present in Egypt have allowed to perfectly preserve desiccated 

botanical materials from a wide range of contexts and time periods, spanning from the Predynastic 

Period to the Ottoman one. An interesting case study in this sense is represented by the tomb of 

the 18th Dynasty pharaoh Tutankhamun, who reigned between 1334 and 1325 BC. Other than the 

golden objects and the rich funerary assemblage, the tomb was also full of plant remains.  The 

ancient Egyptians stored food crops in Tutankhamun's tomb for his afterlife. The food crops and 

plant remain were found in the form of already well documented flower garlands and stored in 

numerous containers as funerary offerings. An immense “natural” treasure was recently recovered 

from the storerooms of the Luxor Museum. Once moved to the new seat and museum, the Grand 

Egyptian Museum, it was time to start studying this precious “rubbish” recovered one century ago, 

at the end of the archaeological excavation of the tomb of Pharaoh Tutankhamun by Howard 

Carter’s team.  

In fact, after cataloguing the most interesting findings, Howard Carter and his collaborators swept 

the remaining material from the surfaces of the tomb, including numerous plant parts, and stored 

them in a wooden box, initially found in the Luxor Museum in Luxor and recently moved to the 

Grand Egyptian Museum in Giza. The carpological remains deposited in this wooden box in 1933 

are still in excellent condition and allowed identification at a species level. Over 9000 plant 

remains were identified, including food, medicinal and ornamental plants. These include taxa not 

previously recorded in the tomb (such as Beta vulgaris L.). Although plant remains do not carry 

the same monetary value as the golden artefacts, they can impart incredible knowledge about 

Tutankhamun and his time. They can provide us with clues for anything from the pharaoh’s life 

and health to greater socio-political issues like who Ancient Egypt traded with and how the well-

to-do upper classes lived.  

Plant remains also include reeds, which were used in ancient Egypt for the construction of wide 

variety of objects, such as baskets, ropes, nets, sandals, fishing rods, walking sticks, arrows, and 

other objects. In this study, μ-MRI was used for the identification of an archaeological reed 



allowing not only to identify a species used in the tomb of Tutankhamun, but also proposing a new 

tool for archaeobotanical and archaeological analysis.  

Organic remains in the studied archaeological context are not only represented by archaeobotanical 

evidence, but also by wooden artifacts, textile fragments and organic dyes. These were also 

analyzed within the present thesis, providing complementary information to the carpological study. 

The definition of clear, novel protocols for scientific analyses represents a strength of this thesis, 

which goes beyond the sole identification of materials.  

When dealing with such archaeological artifacts, conservation issues should not be marginalized. 

In fact, these are also discussed in the present thesis, proposing preservation protocols to ensure 

the materials’ accessibility by future generations. 

 

Keywords: Tutankhamun, plant identification, organic remains, archaeobotany, textiles 

 



Riassunto (ITA) 

La presente tesi di dottorato riguarda lo studio e la conservazione della collezione di 

Tutankhamun, con particolare enfasi sull'analisi dei resti vegetali e tessuti raccolti dalla 

superficie del terreno delle stanze della tomba di Tutankhamun. 

Le condizioni ambientali aride presenti in Egitto hanno permesso di conservare perfettamente 

materiali botanici essiccati provenienti da una vasta gamma di contesti e periodi storici, che 

vanno dal Periodo Predinastico a quello Ottomano. Un interessante caso di studio in questo 

senso è rappresentato dalla tomba del faraone della XVIII dinastia Tutankhamun, che regnò tra 

il 1334 e il 1325 a.C. Oltre agli oggetti d'oro e al ricco corredo funebre, la tomba era anche 

piena di resti vegetali. Gli antichi Egizi conservavano colture alimentari nella tomba di 

Tutankhamun per la sua vita nell'aldilà. Le colture alimentari e i resti vegetali sono stati trovati 

sotto forma di ghirlande di fiori già ben documentate e conservate in numerosi contenitori come 

offerte funebri. Un immenso "tesoro naturale" è stato recentemente recuperato dai depositi del 

Museo di Luxor. Una volta spostato nella nuova sede e museo, il Grand Egyptian Museum, è 

stato il momento di iniziare lo studio di questo prezioso "rifiuto" recuperato un secolo fa, alla 

fine dell'escavazione archeologica della tomba del faraone Tutankhamun da parte della squadra 

di Howard Carter. 

Infatti, dopo aver catalogato le scoperte più interessanti, Howard Carter e i suoi collaboratori 

hanno raccolto il materiale rimanente dalle superfici della tomba, comprese numerose parti di 

piante, e le hanno conservate in una scatola di legno, inizialmente trovata al Museo di Luxor a 

Luxor e recentemente trasferita al Grand Egyptian Museum a Giza. I resti carpologici depositati 

in questa scatola di legno nel 1933 sono ancora in ottimo stato e hanno permesso 

l'identificazione a livello di specie. Sono stati identificati oltre 9000 resti vegetali, tra cui piante 

alimentari, medicinali ed ornamentali. Questi includono taxa precedentemente non registrati 

nella tomba (come Beta vulgaris L.). Sebbene i resti vegetali non abbiano lo stesso valore 

monetario degli artefatti d'oro, possono fornire conoscenze incredibili su Tutankhamun e il suo 

tempo. Possono fornirci indizi su qualsiasi cosa, dalla vita e dalla salute del faraone a questioni 

socio-politiche più ampie come con chi l'Antico Egitto commerciava e come vivevano le classi 

agiate. 

I resti vegetali includono anche canne, che venivano utilizzate nell'antico Egitto per la 

costruzione di una vasta gamma di oggetti, come cesti, corde, reti, sandali, canne da pesca, 

bastoni da passeggio, frecce e altri oggetti. In questo studio, è stato utilizzato il μ-MRI per 

l'identificazione di una canna archeologica, consentendo non solo di identificare una specie 



utilizzata nella tomba di Tutankhamun, ma anche proponendo un nuovo strumento per l'analisi 

archeobotanica e archeologica. 

I resti organici nel contesto archeologico studiato non sono rappresentati solo da prove 

archeobotaniche, ma anche da manufatti di legno, frammenti di tessuto e coloranti organici. 

Anche questi sono stati analizzati all'interno della presente tesi, fornendo informazioni 

complementari allo studio carpologico. 

La definizione di protocolli chiari e innovativi per le analisi scientifiche rappresenta un punto 

di forza di questa tesi, che va oltre la sola identificazione dei materiali. 

Quando si tratta di tali manufatti archeologici, le questioni legate alla conservazione non 

dovrebbero essere marginalizzate. Infatti, queste sono discusse anche nella presente tesi, 

proponendo protocolli di conservazione per garantire l'accessibilità dei materiali alle future 

generazioni. 

 

Parole chiave: Tutankhamun, identificazione delle piante, resti organici, archeobotanica, 

tessuti archeologici 
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INTRODUCTION 

Archaeobotany, sometimes referred to as palaeoethnobotany, is the field of study that examines 

plant remains found in archaeological sites. It delves into the historical interactions between 

humans and plants, with a particular focus on activities related to food and changes in ancient 

landscapes (Branch, 2014). Within this discipline, researchers analyze different types of plant 

fossils, categorizing them based on their size into two main groups: macro-remains and micro-

remains. Macro-remains encompass items like seeds, fruits, wood, and basketry, while micro-

remains include pollen, non-pollen palynomorphs (NPPs), phytoliths, and starch grains 

(Mercuri et al., 2010).  

Although the origins of this field of research can be traced back to the 19th century, it was 

properly introduced in the 1960s (Fuller et al., 2014). Before then, plant remains were 

commonly discarded as their importance was not acknowledged. Fossilization of plant remains, 

and their retrieval in archaeological layers, can occur through different modalities. These 

include charring, waterlogging, mineralization, and desiccation (Pearsall, 2015). The peculiar 

environmental conditions found in Northern Africa, with very low humidity, make it possible 

for plant material to be found in a wide range of periods and contexts. This also allowed for 

the preservation of flowers and leaves comprising ornamental garlands and bouquets in 

Pharaonic sites (Fahmy, 1997). 

The botanical elements in ancient Egypt were not just included for their aesthetic attributes, 

but also for their symbolism, and on account of their usefulness. Many plants are distinguished 

through depictions, drawings, and engravings on walls of tombs and temples (Barakat and 

Aziz, 2010). Iconographic evidence of plants in ancient Egypt is also present in other forms of 

art, including tomb paintings, temple reliefs, statues, jewelry, and hieroglyphs, confirming that 

plants that played a significant role in people’s beliefs. Plants were an essential part of ancient 

Egyptian life and culture, serving as symbols of life, fertility, and the natural world (McDonald 

et al., 2018). 

The artistic evidence from tombs, the lexicographic data from texts, the archaeobotanical and 

artefactual evidence from the excavation of tombs and settlements, along with data from 

ethnographic and ethnohistoric observations have been precious for gathering information on 

crop diversity, crop husbandry and the history of many species (Nicholson et al., 2000).  

A world known case study is represented by the tomb of Pharaoh Tutankhamun (18th Dynasty, 

c. 1336-1327 BC; Uda et al., 2007). Its discovery by Howard Carter in 1922 remains one of 
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the most spectacular archaeological finds, having occurred almost accidentally (Allen, 2006). 

Tutankhamun’s fame is ironically due to his former general, Horemheb, the last pharaoh of the 

18th dynasty. He made sure that all references to his predecessor were destroyed, erasing him 

from history. Although the lack of textual evidence caused Tutankhamun to be forgotten, this 

omission allowed for him to be preserved for posterity, surviving the dismantling of royal 

tombs following the abandonment of the Valley of the Kings (Allen, 2006). 

Tutankhamun’s tomb is famous for the presence of prestigious artifacts, including the 

remarkable golden funerary mask (Uda et al., 2007). Nonetheless, Howard Carter managed to 

acknowledge the potential value of less prestigious findings, including plant remains. The 

abundance of foodstuffs clearly confirmed the believe of Ancient Egyptians in afterlife. A total 

of 116 baskets containing desiccated offerings of seeds and foodstuffs were recovered 

(Herselman, 2013). These were later subjected to archaeobotanical analyses (Germer, 1989; de 

Vartavan, 1990). Nonetheless, there are still some organic materials that were left unexplored. 

These are represented by the plant remains left on the tomb surfaces after cataloguing and 

removing all the most important artifacts. The floors were then swept, and all the residues were 

deposited in a wooden box (200 x 81 x 56 cm ca.). This was closed in 1933 and was stored in 

the Luxor Museum in Luxor until 2017. In 2018 it was moved to the Grand Egyptian Museum, 

where its contents started being subjected to multidisciplinary analyses, being the focus of the 

present thesis. Through their archaeobotanical study, it was not only possible to reconstruct 

plant availability and funerary offerings, confirming and updating past results, but also to apply 

and test novel diagnostic techniques. These include micro-magnetic resonance imaging (µ-

MRI), an imaging technique based on the study of the magnetic properties of hydrogen nuclei 

and on the resonance phenomenon. This method has so far been tested against light microscopy 

for the study of archaeological wood, giving promising results (Stagno et al., 2023).  

Desiccation not only favoured the preservation and subsequent analysis of plant remains but 

was also crucial the conservation of archaeological textiles. While textiles from Tutankhamun’s 

tomb have been previously investigated in terms of woven patterns (Hoskins, 2011) and 

identification of fibres (Abdrabou et al., 2018), no study was so far aimed at the identification 

of dyes used to color them.  

The present thesis is divided in three sections based on the type of materials analyzed or 

approach used. SECTION 1 concerns the conservation strategy of the Tutankhamun 

collection, with particular reference to organic remains, including textiles, leather and reeds. 

This section is divided in three chapters, centered around different typologies of materials. In 

particular, chapter 3 considers materials used during another phase of live of the tomb: its 



3 
 

discovery in 1922. SECTION 2 focuses on archaeobotanical remains, which allowed me to 

gather information concerning plant availability during the 18th Dynasty in Ancient Egypt, food 

plants and ritual uses. This section is divided in two chapters, based on the analytical approach 

used. SECTION 3, in contrast, is related to the study of textiles, with a focus on the extraction 

and analysis of colorants.  

This manuscript is a collection of papers concerning materials collected in the tomb of 

Tutankhamun (Hamza, Ishii and Shaheen, 2021; Hamza and Shaheen, 2021; Hamza, 2021; 

Hamza et al., in preparation; Moricca et al., in review; Peruzzi et al., 2023; Serafini et al., in 

preparation) written by or in collaboration with the candidate. Most of the papers have been 

published in (or will soon be submitted to) peer-reviewed journals indexed in Scopus and Web 

of Science.  

SECTION 1 focuses on the conservation of the world-famous Tutankhamun collection, which 

includes numerous organic artifacts, such as textiles and plant remains. A proper conservation 

strategy is crucial to ensure the collection’s preservation in time and its accessibility to future 

generation. In particular, Chapter 1 focuses on five artifacts from Tutankhamun’s tomb: a 

hassock (or footstool) and four textile objects. They are taken as case studies to advance a 

proposal for a strategy that would ensure that present-day conservation decisions are integrated 

with those from the past. This research resulted in a publication authored by Hamza, N. M., 

Mie, I., & Eslam, S., titled “Conservation between scientific methodology and laboratory 

application: An integrated approach to past and present challenges” and published in the 

proceedings of the ICOM-CC 19th Triennial Conference 2021 Beijing.  

This topic was further investigated in Chapter 2, where other artifacts, such as basket-work 

sandals and reed arrows are analyzed. The post excavation conservation strategy reported by 

Howard Carter is evaluated thoroughly. Other than a detailed process of documentation and 

cataloguing, boiling paraffin wax was poured on several artifacts. The proposed conservation 

strategy favors an approach of minimal intervention. It focuses on stabilization and 

consolidation. This chapter consists of a paper by Hamza, N. M. & Shaheen E. (2021), titled 

“Conservation of the Tutankhamun collection: strategy of conservation decision-making in the 

Grand Egyptian Museum (GEM) in Giza”, published in Colloque APROA-BRK 2021 – 

Conservatie-restauratie in context. 

Conservation is also the subject of Chapter 3. Here, an aspect usually considered as secondary 

in archaeological excavations is evaluated: the material evidence left by excavators. This 

consists of food boxes used to pack samples, newspapers used to wrap textiles, and the 

numbering cards made by Howard Carter. This study, authored by Hamza, N. M. under the 
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title “Conservation of evidence: the significance of objects biography from Tutankhamun 

tomb”, is published in Young Professionals Forum Proceedings 2021.  

SECTION 2, Chapter 4 concerns the analysis of carpological remains collected from the 

surfaces of the tomb of Pharaoh Tutankhamun and stored in a wooden box until 2017. Plant 

remains, preserved mostly by desiccation, provide information about plant availability in 

ancient Egypt, food plants and ritual offerings. Due to their modern-looking appearance, 14C 

dates were crucial to identift modern contaminations. This chapter consists of the paper titled 

“Trash or treasure? Plant remains from the tomb of Tutankhamun” authored by Hamza N. M., 

Moricca C., Sadori L., in preparation to be submitted to Plants.  

Plant macro-remains are also studied in SECTION 2, Chapter 5. This chapter focuses on the 

application of µ-MRI for the identification of archaeological reeds from the same context. The 

potential of this technique for the analysis of reed culm anatomy is highlighted. This 

manuscript, titled “The high potential of micro-Magnetic Resonance Imaging for the 

identification of archaeological reeds: the case study of Tutankhamun”, is authored by Moricca 

C., Stagno V., Hamza N. M., Favero G., Sadori L., Capuani S., and in review at Heritage.  

In SECTION 3 the focus shift to pigments and dyes, present on several organic artifacts (such 

as wooden shawabtis and textiles) preserved in the tomb of Tutankhamun.  

In Chapter 6 pigment identification and gilding characterization were carried out on 

Tutankhamun’s polychrome wooden shawabtis. This study was performed both by imaging 

techniques and single-spot analyses, allowing to not only characterize the materials making up 

the shawabtis, but also to map the previous restorations on the original surface, providing 

crucial information for follow-up treatments and conservation works. This study, titled 

“Tutankhamun’s polychrome wooden shawabtis: Preliminary investigation for pigments and 

gilding characterization and indirect dating of previous restorations by the combined use of 

imaging and spectroscopic techniques” and authored by Abdrabou, A., Abdallah, M., Sultan, 

G. M., Mostafa, M., Bayoumi, H., Magdy, R., Abd El Kader, M. A., Hamza, N. M., Mamdouh, 

D., Elsayed, H. M., Abbas, E. & Kamal, H. M. was published in Open Archaeology.  

Chapter 7 concerns the identification of dyes present on a linen fragment. This was performed 

through the innovative gel-supported microextraction with agar gel and the Nanorestore Gel® 

High Water Retention (HWR), and a combination of Fiber Optic Reflectance Spectroscopy 

(FORS) and Surface Enhanced Raman Scattering (SERS). This research was published under 

the title “Applying Gel-Supported Liquid Extraction to Tutankhamun’s Textiles for the 

Identification of Ancient Colorants: A Case Study” and authorship of Peruzzi G., Ciccola A., 
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Bosi A., Serafini I., Negozio M., Hamza N. M., Moricca C., Sadori L., Favero G., Nigro V., 

Postorino P., Curini R. in Gels.  

Dyes and textiles are also the focus of Chapter 8. Here, a textile fragment from Tutankhamun’s 

tomb is used as a case study for the presentation of an innovative approach for the extraction 

and clean-up of natural dyes. The approach involves the use of an in-situ gel supported liquid 

micro-extraction (InGEL) combined with a dispersive liquid-Liquid MicroExtraction 

(dLLME) clean-up methodology, novel to heritage science, to purify and preconcentrate the 

dye molecules from both in-solution and gel extraction systems. The method was validated 

using targeted UHPLC-MS/MS  (Ultra-high performance liquid chromatography-MS/MS). 

The result of this research is a manuscript titled “Overcoming the limit of in situ gel supported 

liquid microextraction: development of the new InGeL-LC-MS analyses, a smart methodology 

for the identification of natural dyes from Tutankhamun tomb relics”, authored by Serafini I., 

Bosi A., Vincenti F., Peruzzi G., McClure K. R., Ciccola A., Hamza N. M., Moricca C., Sadori 

L., Montesano C., Sergi M., Favero G., Curini R. and soon to be submitted to Analytica 

Chimica Acta.  

In the final chapter (Chapter 9) a summary of the data provided in SECTIONS 1, 2 and 3 is 

presented. The conclusions represent the effort of the candidate to reconstruct the organic 

component of the funerary assemblage of Tutankhamun’s tomb. Through this research, the 

candidate not only gathered information about plant availability and choice, but also 

characterized the dyes used to color textiles deposited in the famous tomb.  

Innovation is a characterizing element of the present thesis, as the studied materials were used 

as case studies to support the development of novel techniques and methods for the study of 

cultural heritage materials.  
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Introduction 

While thinking about Pharaohs, Tutankhamun (his reign 1334-1325 BC, 18th Dynasty) 

immediately comes to mind (Uda et al., 2007). The discovery of his tomb (KV 62) in the Valley 

of Kings (Luxor, Egypt) by Howard Carter in 1922 remains to this day one of the most 

spectacular archaeological finds of all times. After spending thousands of pounds to finance 

the excavation works, Lord Carnarvon was ready to give up the concession, but was persuaded 

by Howard Carter to continue for one last field season. This decision was worth the extra costs, 

as the flight of steps leading to the famous tomb was uncovered on the second day of the 

extension (Edwards, 1972). While the tomb had been violated during the reign of Ramses VI 

(1141-1133 BC), it was clear that valuable contents survived the robbery, as its entrance was 

sealed by the necropolis staff (Edwards, 1976). Its treasure included numerous golden objects, 

amongst which was the funerary mask of Tutankhamun, currently stored at the Egyptian 

Museum of Cairo and representing the top technology in the production of mummy masks 

(Hassan, 2016).  

Unlike commonly done by other archaeologists of the time, Howard Carter managed to 

acknowledge the potential value of less prestigious findings, including plant remains. These 

include funerary garlands (Hamdy, 2007) and the contents of 20 containers stored in the annex 

of the tomb (de Vartavan, 1990). All the remaining plant material was swept from the surfaces 

of the tomb and deposited in a wooden box (200 x 81 x 56 cm).  The box was closed in 1933 

and was stored in the Egyptian Museum in Cairo until 2017. In 2018 it was moved to the Grand 

Egyptian Museum, where scientists started working on it in 2019. 

The present study aims at analysing the archaeobotanical contents of this wooden box, until 

recently considered as “trash”, but which has proven to be a treasure of its own.  
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Materials and Methods 

A volume of approximately 80 litres of filling was processed for this archaeobotanical study. 

Plant remains were separated through dry sieving, using piled up sieves with 10- and 2-mm 

meshes. Remains from each fraction and from the residue were then hand-picked. Macro-

remains were observed under a digital Keyence microscope HX-950F (magnification between 

0.1x to 1000×) equipped with a camera, which allowed photographic acquisition. 

Morphological identification was performed by comparing the samples against several atlases 

(de Vartavan and Amorós, 1997; Cappers, Neef and Bekker, 2009; Neef et al., 2012; Cappers 

and Bekker, 2013; Jacomet, 2006; Sabato and Pena-Chocarro 2021) and modern reference 

samples.  

Considering the type of context and the dry environmental conditions which led to the 

preservation of plant remains, it was necessary to perform high precision 14C AMS dating. 

Selected remains were sent to the CIRCE (Center for Isotopic Research on the Cultural and 

Environmental heritage) laboratory in Caserta (Italy), which provided us with calibrated dates 

(Terrasi et al., 2008).   

 

 

Results  

Almost 9000 well-preserved fragments of seeds and fruits, belonging to 41 taxa, mostly 

identified at species level, and attributed to 21 different plant families were found (Table 1). 

Botanical nomenclature follows World Flora Online (2023). 

 Family Species Common 

name 

Plant part Number  

GYMNOSPERMS Cupressaceae Cupressus 

sempervirens L. 

cypress twig 1 

Juniperus sp. juniper seed cone 2180 

seed cone scale 1 

underdeveloped 

cone 

1 

ANGIOSPERMS Amaryllidaceae 

 

Allium cepa L. onion tunic fragment 11 

basal plate 9 

Allium sativum L. garlic tunic 17 

Allium 

cepa/sativum 

onion/garlic flowering stem 3 

Amaranthaceae Beta vulgaris L. beet perianth 1 

Apiaceae Coriandrum 

sativum L. 

coriander mericarp 125 

pedicel 2 

Arecaceae Hyphaene 

thebaica Mart. 

doum palm mesocarp 5 
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Medemia argun 
Württemb. ex 

H.Wendl. 

Argun palm fruit 13 

Phoenix 
dactylifera L. 

date palm seed 97 

seed fragment 74 

fruit 7 

fruit fragment 13 

fruit cap 13 

undeveloped 

seed 

5 

 

Asteraceae Carthamus 
tinctorius L. 

safflower fruit 2 

Centaurea 

depressa M. Bieb. 

centaury fruit 3 

Boraginaceae Cordia myxa L. Assyrian 

plum 

achene 1 

Brassicaceae Raphanus 

raphanistrum L. 

wild radish pedicel 1 

Cucurbitaceae Citrullus lanatus 

(Thunb.) Matsum. 

& Nakai 

 

watermelon seed 1586 

Euphorbiaceae 

 

 

Ricinus communis 

L. 

castor bean seed 

 

3 

capsule 

fragment 

5 

Fabaceae Cicer arietinum L. chickpea pedicel 1 

Ceratonia siliqua 

L. 

carob seed 1 

Lathyrus 

oleraceus Lam. 

green pea seed 4 

Medicago 
polymorpha L. 

burr medick fruit 2 

Vicia faba L. broad bean tegument 3 

Vicia/Lathyrus sp. - seed 1 

Trigonella 
foenum-graecum 

L. 

fenugreek seed 35 

Pulses indet - pod fragment 1 

Lythraceae Punica granatum 
L. 

pomegranate exocarp 7 

Malvaceae Grewia tenax 

(Forskk.) Fiori. 

grewia endocarp 83 

fruit 2 

Gossypium sp. cotton seed 1 

Malva sp. malva seed 16 

fruit 2 

Myrtaceae Myrtus communis 
L. 

myrtle fruit 1 

Poaceae Eragrostis sp. lovegrass spikelet 2 

Hordeum vulgare 

L. 

barley spikelet 18 

rachis fragment 1 
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Triticum 
aestivum/durum 

naked wheat spikelet 1 

Triticum turgidum 
subsp. dicoccon 

(Schrank ex 

Schübl.) Thell. 

emmer caryopsis 15 

husk 108 

rachis fragment 9 

Sorghum bicolor 
(L.) Moench 

sorghum husk 7 

Cereals indet. - caryopsis 1 

Oleaceae Olea europaea L. olive endocarp 613 

endocarp with 

pedicel 

1 

Polygonaceae Persicaria sp. - fruit 1 

Rhamnaceae Ziziphus spina-
christi (L.) Mill. 

Christ's thorn endocarp 3287 

fruit 1 

Rosaceae Prunus dulcis 

D.A. Webb 

almond endocarp 49 

half endocarp 1 

Sapotaceae Mimusops 

laurifolia 
(Forssk.) Friis 

Egyptian 

persea tree 

seed 3 

cf. Mimusops 

laurifolia 
(Forssk.) Friis 

Floral gem 10 

Vitaceae Vitis vinifera L. grapevine seed 345 

pedicel 7 

Indet. - -  5 

TOTAL 8823 

Table 1. List of identified of taxa and relative counts. 

 

The botanical remains were preserved by desiccation, favoured by the dry and constant 

environmental conditions present in the tomb of the pharaoh. This allowed for them to retain a 

modern looking appearance, in terms of both size and colour, also preserving some of the most 

fragile vegetative parts, such as Allium cepa L. (onion) and Allium sativum L. (garlic) tunics 

(Fig. 1a), and complete fruits (e.g., Phoenix dactylifera L.). Some of the remains have acquired 

a darker brown colour (e.g., Lathyrus oleraceus Lam.; Fig. 1i).  

Food plants, including cereals, pulses, and fruit crops, constitute a relevant part of the 

assemblage. Fabaceae and Poaceae are qualitatively the most represented families, with four 

taxa each. From a quantitative perspective, the most abundant taxa are represented by Ziziphus 

spina-christi (L.) Mill. (Christ’s thorn; 3287 endocarps; Fig. 1n), Juniperus sp. (juniper; 2180 

seed cones), and Citrullus lanatus (Thunb.) Matsum. & Nakai (watermelon; 1586 seeds; Fig. 

1b).  
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Figure 1. Selected plant remains from the wooden box: a) Allium sativum; b) Citrullus lanatus; c) Centaurea 

depressa; d) Prunus dulcis; e) Vicia faba; f) Ricinus communis; g) Hordeum vulgare; h) Triticum turgidum subsp. 

dicoccon; i) Lathyrus oleraceus; j) cf. Mimusops laurifolia; k) Coriandrum sativum; j) Vitis vinifera; m) Trigonella 

foenum-graecum; n) Ziziphus spina-christi.  

 

14C AMS dating allowed to confirm the coherence of a C. lanatus seeds with the closing of the 

tomb (Fig. 2). However, it also led to the identification of modern contaminations (Tab. 2). 
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Figure 2. Calibrated 14C AMS date of a Citrullus lanatus seed. 

 

 

Taxon Plant part Calibrated date (2σ) 

Luffa aegyptiaca Mill. seed 1672 – post-1902 AD 

Citrus arantium L. seed 1675 – 1942 cal. AD 

Citrus sp. pericarp fragment 1675 – 1942 cal. AD 

 

Table 2. Calibrated 14C AMS dates identifying modern contaminations. 

 

Discussion 

The arid environmental conditions present in Egypt have allowed to preserve desiccated 

materials from a wide range of context and time periods, spanning from the Predynastic Period 

(e.g. Fahmy, 2005) to the Ottoman Period (Palmer et al., 2009). An attempt to summarize all 

archaeobotanical studies performed on Egyptian materials was done by de Vartavan and Asensi 

Amorós, who first published the Codex of Ancient Egyptian Plant Remains in 1997, then 

updating it in 2010 (de Vartavan, Arakelyan and Asensi Amorós, 2010).  

Our knowledge of plants in ancient Egypt is also greatly favored by iconography. In fact, plants 

are included in various forms of ancient art, such as mural paintings in tombs, temple reliefs, 

statues, and hieroglyphs, providing us with valuable evidence of their significance in ancient 

Egypt (Cornelius, 1989).  
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The present study reveals a vast assemblage of perfectly preserved plant remains from the tomb 

of the pharaoh Tutankhamun. While this context has been subject of previous archaeobotanical 

studies (eg. Germer, 1989; de Vartavan, 1990), new data is presented in this article, including 

species not previously recorded.  

These are largely represented by vegetative plant parts, such as teguments of fava beans (Vicia 

faba L.; Fig. 1e), fragile pedicels (of chickpea – Cicer arietinum, and wild radish – Raphanus 

raphanistrum) and perianths (Beta vulgaris – beet). These plant parts, along with fragile papery 

tunics of onion and garlic, are usually not preserved in archaeobotanical assemblages due to 

tissue softness and can be included in the so-called category of “missing plants” (Fahmy, 2005). 

Other plants not previously recorded in the deposit are Cordia myxa (Assyrian plum) and 

Eragrostis sp. 

 

Figure 3. Plant taxa not previously recorded in the tomb of Tutankhamun: a) Raphanus raphanistrum; b) 

Eragrostis sp.; c) Cordia myxa; d) Beta vulgaris 

 

Our analysis confirms some of the data reported in previous studies in the tomb of 

Tutankhamun and other contemporary contexts, such as the nearby tomb KV63 (Hamdy and 

Fahmy, 2018). Not surprising is the concentration of juniper seed cones. While Juniperus sp. 

is not native of Egypt, it was found already in Predynastic contexts (Hamdy, 2005), where it 

was interpreted as being imported from longer distances (such as Sinai, Libya, Levant, East 

Africa, or Arabia).  

Not only have they been previously found in the tomb of the king (de Vartavan, 1990), but they 

are common in other ancient Egyptian graves. It is believed that both juniper seed cones and 

juniper resin were used during the embalming process (Abdel-Maksoud and El-Amin, 2011). 

Furthermore, juniper is mentioned in the Ebers Papyrus (17th-16th centuries BC) as a medicinal 

plant, along with other species found in the tomb, such as garlic, castor oil plant (Ricinus 
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communis; Fig. 1f), coriander (Coriandrum sativum; Fig. 1k), fenugreek (Trigonella foenum-

graecum; Fig. 1m), dates (Phoenix dactylifera), and pomegranate (Punica granatum; 

Aboelsoud, 2010). Egyptians believed that garlic and onion favored endurance, with the former 

also being used as a treatment for asthma, for sore throats and toothache.  

Coriander was also used as a medicinal herb, appreciated for its digestive properties, while 

dates and castor oil served as laxatives. The finding of R. communis in the studied “box” 

represents the first attestation of this species in the tomb of Tutankhamun. Interesting is also 

the association of wine, stored in the tomb (Guasch-Jané et al., 2006), with medicinal plants, 

as it is believed that many herbs were steeped in wine and drunk as an oral medicine 

(McGovern, Mirzoian and Hall, 2009).  

The finding of numerous medicinal plants is particularly relevant in the tomb of Tutankhamun, 

as genetic studies performed on his mummy revealed several pathologies including Köhler 

disease II and indications of malaria tropica (Hawass et al., 2010).  

While fenugreek is known to have been used in Ancient Egypt as a medicinal plant to treat 

respiratory disorders, cleanse the stomach, calm the liver, soothe pancreas, and reduce 

swellings (Verna et al., 2020), it could have had a different use in the tomb of Tutankhamun. A 

hypothesis can be advanced following the modern use of fenugreek seeds in Egypt, with them 

being toasted, grind and added to dough to make softer bread. Previously interpreted in the 

tomb of the king as an insect repellent in grain storage (Panagiotakopulu et al., 1995), it seems 

more likely that it was used as a fumigant in incense burning following the Egyptian tradition 

of the “Holy Smoke” (Hiles and Mahmood, 2021).  

Another class of remains widely represented in the archaeobotanical assemblage is that of food 

plants. This is not surprising, as funerary offerings in the New Kingdom Egypt were meant to 

reflect the special role of the deceased, providing him with anything that he might need during 

the afterlife (Smith, 1992). The plant families that show the biggest variety, especially in terms 

of food plants, are Fabaceae and Poaceae (Fig. 1g and Fig. 1h). Nonetheless, this class of 

remains also includes numerous fruit plants, such as Punica granatum, Prunus dulcis (Fig. 1d)  

and Citrullus lanatus. The latter is native to Africa and has been cultivated since ancient times. 

Its depictions are common also in ancient Egyptian tomb (Paris, 2015). Nonetheless, its 

presence in the studied context could be overrepresented, as a single watermelon can contain 

hundreds of seeds.  

The presence of numerous Vitis vinifera pips (Fig. 1l) and 7 pedicels in the studied sediment is 

not surprising, as it is also present in wall paintings of other Egyptian tombs, such as the tomb 

of Nakht at Thebes (ca. 1425–1350 BC, 18th Dynasty; Wills, 2018). Grape remains were also 
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recorded in previous archaeobotanical studies concerning the tomb of Tutankhamun (eg. De 

Vartavan, 1990) and the study of dry residue samples from the same context highlighted the 

offering of both red and white wines (Guasch-Jané et al., 2006).   

 

Modern contaminations 

The presence of modern contaminations, in the form of Luffa aegyptiaca (luffa) seeds, Citrus 

arantium (mandarin orange) seeds and Citrus sp. pericarp fragments, was assessed through 

high precision 14C AMS dates. The dates are coherent with the phase of discovery the tomb and 

documentation of its contents by Howard Carter and his team (1922-1933). These plant remains 

represent evidence of the life of the workers responsible for these operations, who probably ate 

mandarin oranges on the site and used luffa sponges to clean the tomb surfaces. Material 

evidence of this “phase of life” of the tomb is also found in the form of newspapers and food 

boxes used to pack samples and wrap archaeological textiles (Hamza, 2021). Nevertheless, it 

is undeniable that the presence of modern contaminations makes it harder to assess the 

authenticity of the remaining portion of the assemblage. For this reason, new 14C AMS dates 

need to be carried out on an array of other samples.  

Discussion 

Ziziphus spina-christi (L.) Willd. fruits are eaten by natives in the region of the Upper Nile, 

and the immature fruits are said to be medicinally useful as a laxative and febrifuge (Hepper, 

2009). 

The Eber papyrus indicates that Christ’s thorn fruits and leaves were used frequently in ancient 

Egyptian medicine for a variety of foods and the species continues to be used in folk medicine 

today. In ancient Egyptian prescriptions, it was used in remedies against swellings, pain, and 

heat, and thus should have anti-inflammatory effects (Kadioglu, 2016).  

Z. spina-christi occurs as an ingredient of 33 ancient Egyptian prescriptions in the papyri 

Ramesseum V, Edwin Smith (Sm), Ebers (Eb), Hearst (H), Berlin 3038 (Bln), and Brooklyn 

47.218.48+85 (Brk) (Kadioglu, 2016).  Besides that, fruits and a kind of bread made of it are 

some of the main items in the food offering rituals for the dead written down in tombs 

(CITATION). It occurs among the typical cereals, fruits, and drinks of the ancient Egyptians, 

and, thus, seems to have played an important role in the diet of the living as well. The tree was 

a typical part of the indigenous ancient Egyptian wild flora and was also planted in ancient 

Egyptian gardens (Kadioglu, 2016; Nicholson and Shaw, 2000).   

The earliest recorded medicinal use of juniper berries occurs in ancient Egypt. A papyrus dating 

back to 1500 BC contains a recipe to cure tapeworm infestations, as well as for mummification 
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processes. Juniper oil was used for anointing the body; juniper berries were also incorporated 

between the layers of linen bandages around mummies and combined with natron, which 

preserved the flesh. Egyptian medical texts described it as a diuretic and laxative. The juniper 

berries were used also in Egyptian cosmetics and medicine (Hepper, 2009). 

De Vartavan and Asensi Amoros (1997) listed ten sites in Egypt, dating back to the pre-dynastic 

and dynastic eras, containing remains of watermelon (Paris, 2016). Watermelon is native of 

tropical and subtropical Africa (Charles, 1987, Bates et al., 1995), widely cultivated in the 

Mediterranean Region and Sudan. Oil and tar are obtained from the seeds in Upper Egypt. 

Domestication of the watermelon (Citrullus lanatus) has alternatively been placed in South 

Africa, in the Nile valley, or, more recently, in West Africa, with the oldest archaeological 

evidence coming from Libya and Egypt (Renner et al., 2019). In ancient Egypt, however, the 

watermelon may have been cultivated primarily for its seed (Täckholm, 1961; Germer, 1985), 

as is the case in many parts of Africa today (FAO, 1988). A 3500-year-old leaf from an Eighteen 

Dynasty Pharaonic tomb revealed that Egyptians in the New Kingdom were cultivating 

domesticated watermelon with red-fleshed, non-bitter domesticated form (Renner et al., 2019). 

 

Conclusions 

The study of archaeobotanical materials recovered from Tutankhamun tomb the pharaoh of the 

Eighteen Dynasty provide not only new elements on funerary royal equipment, but also to 

know more on daily life in Ancient Egypt. The vast botanical treasure from Tutankhamun tomb 

is not less valuable than any of the artefacts discovered in the tomb. The value of these botanical 

treasures lies precisely in the knowledge gathered from them, considering the obvious absence 

of textual evidence of Tutankhamun. 

Thanks to the extremely dry environmental conditions present in the tomb, which allowed a 

near-perfect state of preservation of even the most fragile plant remains, and to the exceptional 

caution of Howard Carter and his team, the plant remains from the sweepings of the tomb 

surfaces turned out to be a real treasure for archaeobotanists. In other situations, they would 

have been discarded as garbage.  

The present study highlights how the Egyptian custom of placing everyday items in tombs has 

increased the chances of preserving remains of plants (Manniche, 1989), allowing entire plant 

assemblages to remain intact for thousands of years. 

It was thus possible to characterize the archaeobotanical assemblage of the tomb of 

Tutankhamun, comprised mostly of funerary offerings, represented by both food and medicinal 

plants, necessary to accompany the pharaoh in his afterlife. Furthermore, this study made it 
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possible to identify the presence of not previously recorded species in the tomb of 

Tutankhamun, such as Beta vulgaris, Cordia myxa, Eragrostis sp. and Raphanus raphanistrum.  

Other than performing 14C AMS dates on a wider array of botanical remains, future 

perspectives include morphometric analyses of the retrieved grape pips, and a comparison with 

selected modern cultivars. This would allow us to obtain more precise information about the 

fruits selected as an offering for the king, and the heritage they left. Furthermore, aDNA 

analyses could be attempted.  
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CONCLUSIONS 

Despite of the tomb of Tutankhamun having been investigated thoroughly over the years, there 

is still a lot to be discovered. For this reason, the present PhD thesis represents an attempt to 

fill the gaps in the state of art and solve some of the mysteries surrounding the tomb of the 

pharaoh. 

The study illustrated in this PhD thesis represents a multidisciplinary study of organic remains, 

long considered as garbage, found in the tomb of Tutankhamun. 

The papers reported here are the result of a classical archaeobotanical approach combined with 

novel diagnostic techniques, allowing to obtain a 360° perspective on the precious contents of 

the tomb of Tutankhamun. 

This dissertation highlights the need of evaluating the conservation state and past interventions 

to propose a suitable strategy to guarantee the accessibility of an archaeological collection to 

future generations.  Scientific analyses are not only crucial to acquire knowledge on the studied 

archaeological context but can be a precious tool for the musealization of the Tutankhamun 

collection.  

The conclusions here presented are based on the combination of data obtained in SECTION 1, 

Chapter 1 (Hamza et al., 2021. ICOM-CC), Chapter 2 (Hamza & Shaheen, 2021. Colloque 

APROA-BRK), Chapter 3 (Hamza, 2021. Young Professionals Forum Proceedings), SECTION 

2, Chapter 4 (Hamza et al., in preparation. Plants), Chapter 5 (Moricca et al., in review. 

Heritage), and SECTION 3, Chapter 6 (Abdrabou et al., 2022. Open Archaeology), Chapter 7 

(Peruzzi et al., 2023. Gels) and Chapter 8 (Serafini et al., in preparation. Analytica Chimica 

Acta).  

Evaluating past conservation and restoration strategies is crucial to assessing the state of 

preservation of an artifact. An approach of “less is more” needs to be favored to ensure that the 

Tutankhamun collection is accessible to future generation. The results of such an approach can 

be seen on objects selected as case studies, which provide key information about the material 

culture during New Kingdom Egypt. In terms of musealization strategies, it is also important 

to keep in mind the different “stages of live” of an archaeological context and its contents. For 

this reason, a choice was made to highlight the role of the excavators of Tutankhamun’s tomb 

and their daily life. A display was prepared for the common objects and materials that they 

used to wrap and secure the precious archaeological findings.  
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In terms of material evidence, archaeobotanical remains represent a precious source of 

information about funerary offerings. The perfect state of preservation, which occurred by 

mummification, allowed to preserve even the most fragile parts of plants. This made it possible 

to retrieve and identify compound fruits of Beta vulgaris (beet), which are typically not 

preserved. The carpological assemblage includes food, ornamental and medicinal plants, 

providing the king with anything he might need in his afterlife.  

Coupling classical archaeobotanical analyses with micro-magnetic resonance imaging (µ-

MRI), allowed to obtain additional information about the plants selected for the funerary 

assemblage. This method made it possible to identify an archaeological reed fragment as 

Phragmites australis when optical microscopy resulted inconclusive. Another advantage of this 

study was that of suggesting the use of a new technique, µ-MRI, for the study of archaeological 

findings. Hopefully, technological development will lead to an increase of image resolution 

and a decrease in costs.  

Organic materials, namely wooden figurines and linen textile fragments were subjected to a 

wide array of other diagnostic techniques. These allowed the identification of pigments and 

dyes used to colour them. In case of the shawabtis, it was also possible to identify the materials 

used during previous treatment interventions, confirming the idea that it is necessary to keep 

track of the entire history of the objects to be displayed to ensure their conservation in time.  

As far as the textile fragments are concerned, not only were indigo and madder identified as 

dyes used to colour the fabrics, but the proposed study also allowed to propose new protocols 

for a non-invasive sampling of dyes.  

Despite the wide range of materials studied in the present PhD thesis, and the numerous 

techniques used, a lot can still be done to investigate the role and choice of plants in the tomb 

of Tutankhamun.  

Future perspectives involve morphometric analyses of grape pips found in the box containing 

the sweepings of the tomb, and a comparison with modern varieties currently present in Egypt. 

Furthermore, considering the desiccated state of conservation, an attempt could be made to 

extract ancient DNA from the grape pips, providing more detailed information about their 

entity.   
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Other than focusing of the Tutankhamun collection, during my PhD project I have had the 

opportunity to work on the National Museum of Ras Al Khaimah collection and assess its 

conservation state and accessibility for future generations. 

The analysed cases are represented by artifacts from different time periods, including daggers, 

herbarium collections and pottery. The aim of the study was to present innovative approaches, 

using technology and the right methodology, to preserve and display artifacts in the Ras Al 

Khaimah Museum. 

This study, authored by Nagmeldeen Morshed Hamza, was published under the title “Limited 

technology and unlimited results from National Museum of Ras Al Khaimah collection and its 

sustainability for future generations accessibility” in 2023 IMEKO TC-4 International 

Conference on Metrology for Archaeology and Cultural Heritage.   
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