Food for Thought: Experimental Approaches Towards Mummification


Abstract
This experiment has been conducted to assess the effects of salt acting as a desiccant, replicating the Egyptian mummification procedure in which natron salt was used on the body for preservation, retaining the body’s original state for the next life. It was found that desiccation preserved both ‘Pharaoh’ samples, in slowing down decomposition. Their weight had decreased but was protected from bacteria, which caused natural decomposition of the ‘control’ samples.
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Introduction
Mummification has been of immense interest to scholars over the years. Whether deliberate or not, it is a process that has occurred frequently, with known examples found in multiple continents; South America (Guillén 2004, Jackowski et al. 2008, Bartkus et al. 2011), Europe (Glob 1977), Asia (Bonn-Muller 2009) and, iconically, Africa (Brier 1996). For ancient Egyptians, mummification was central. It extended to all, provided that ma’at (truth) was maintained, and appropriate prayers and rituals were performed. For non-royals, it granted the individual and their soul renewal, continuing their eternal life in the ‘Fields of Reeds’, considered an enhanced iteration of Egypt (Ikram 2007). For the ruler, their place in the afterlife symbolised a transition to akhu, a divine spirit, where they would maintain order eternally, reborn each day. 

The symbolism and intrinsic message of mummification is apparent, but the actual process performed is less clear, with extant writings either few or relating to a specific period in Egypt’s history. The main priori of mummification was preservation of the body through desiccation (Ikram 1998), achieved through osmotic dehydration in which salt (natron) would extract most moisture (thusly micro-organisms), drying out the body without the rapid decomposition that would be seen naturally. In this study, the aim is to show the changes in a substance that over time has been exposed to salt, replicating the use of dry salt as a desiccant. The subjects (an apple and orange) will be exposed to salt over a sustained period of 22 days. 




Methods
The samples consisted of an apple and an orange. On Thursday 16th September 2021 these two samples were prepared. The apple was cut in half (approximately) longitudinally and one half was peeled. The peeled half is referred to as ‘Pharaoh Apple’. 

The unpeeled half is referred as ‘Control Apple’. The ‘Pharaoh Apple’ was weighed, washed with Hand Sanitiser (see Appendix 1 for ingredients) placed in a sealed bag and covered with table salt (see Appendix 1). The ‘Control Apple’ was weighed and placed into a separate, identical, sealed bag. The orange was cut in half transversely with the flesh scooped out from one half. The scooped-out half is referred to as ‘Pharaoh Orange’. The other half remained intact and is referred to as ‘Control Orange’. The ‘Pharaoh Orange’ was weighed, washed with Hand Sanitiser, placed in a lidded glass jar and covered with table salt. The ‘Control Orange’ was weighed and placed into a separate, lidded glass jar. All specimens were placed in a cool, dark place for storage. The contrast in storage (bags/jars) was to fully explore sample responses to different environments.
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Fig. 1. Drawings of Botanical Cross-sections after M. Jepson (1969)

The samples were observed (see Appendix 2) and weighed on days 1, 7, 14 and 22. The data was recorded (see Appendix 3). Photographs were taken to highlight change over time. 

It was anticipated that over this period, the ‘pharaoh’ samples would dry out and reduce in weight and size. A change in appearance in the ‘control’ samples was expected in line with natural decomposition – becoming mushy, showing discolouration and mould growth.
Results


Fig. 2: Comparative weight loss between all samples

[image: Text

Description automatically generated]
Fig. 3. Day 1: ‘Control’ and ‘Pharoah’ Apple.
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Fig. 4. Day 1 ‘Control’ Orange.
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Fig. 5. Day 1: ‘Pharaoh’ Orange 

Apple Samples
Within the first week, differences emerged in appearance and consistency between both apple samples. A considerable difference in weight loss between the ‘Control’ and ‘Pharaoh’ apples (0.21g compared to 10.88g) shows initial success of osmotic dehydration with ‘Pharaoh’ apple. Solidity of both samples confirmed this, the ‘control’ apple had lost structure around its edge and begun to shrivel, (see Fig.13) but towards its base it still appeared firm. ‘Pharaoh’ apple had minimal solidity and a weakened structure. Slight weight reduction of ‘control’ apple (of 0.21g) can possibly be attributed to slower evaporation in its dark location and that it still had its skin attached. 


Fig. 6. Weight change of ‘Control’ Apple.


Fig. 7. Weight change of ‘Pharaoh’ Apple.

Mould appearance also differed. Consistent clustered mould covered the surface of the ‘control’ apple (particularly around the pericarpal region - see figs. 1, 8, 9 and 11). Accelerated browning was visible especially around the edging, which by Day 14, had caused considerable deterioration to its flesh, facilitating further growth of mould. Overall, its exterior was protected by its skin, particularly around the stalk (Fig. 9) retaining its original colour. In contrast, ‘Pharaoh’ apple showed no evidence of mould, as extraction of moisture through the exposed area, reduced potential for growth of micro-organisms. It intrinsically looks like an apple but is considerably reduced in size with loss of structural integrity. As seen in Fig. 11, desiccation compared with natural decomposition presents apparent disparity between samples. Most noticeable is the discolouration, difference in mould and change in structure between samples.

‘Pharaoh’ apple retained its scent, colour and general appearance, testament to the crust of salt that has adhered to the flesh, providing a protective layer, and the sealed bag in which it was kept. This is also the probable reason the sample gained weight at Day 22, as this thin crust proved difficult to remove.
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Fig. 8. Day 7: ‘Control’ Apple. 
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Fig. 9. Day 14: ‘Control’ Apple. 
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Fig. 10. Day 14: ‘Pharaoh’ Apple. 
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Fig. 11. Day 22: ‘Control’ Apple and ‘Pharaoh’ Apple.
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Fig. 12. Day 22: ‘Control’ Apple. 







Orange Samples


Fig. 13. Weight change of ‘Control’ Orange.


Fig. 14. Weight change of ‘Pharaoh’ Orange.

The ‘control’ orange had not drastically changed in weight over the timeframe, and until Day 22 it had kept its scent (altered by mould growth). There remained a clear distinction between epicarp, mesocarp and carpels (Jepson 1969), but mould formed around individual carpels during the experiment. Decomposition may be occurring at a slower rate on account of the chemical ‘neutrality’ of glass, and the better quality of seal preventing external permeation (Chandra and Kumari 2015). The extent of mould growth can be seen largely around the carpels (see Fig. 15). It is possible that moisture from the carpels is extracted from the cut surface, being drawn towards the thicker (more absorbent) mesocarp. The bacteria potentially penetrated the endocarp, permeating into the mesocarp. It has retained its colour, but the surface had shrivelled through exposure to air.

Mould has also formed on the exterior of the ‘control’ orange (see Fig. 15, 17 and 19). Although not as dense as on the surface, thin irregular patches of white mould have caused deterioration of the rind due to its coverage (possibly added by skin contact when extracting samples). It continued to hold its shape but became soft to the touch. Towards the base, it remained firm reinforcing the idea of direct exposure increasing moisture, affecting decomposition and solidity, as the base was protected by the epicarp (its rind) it has taken longer to lose its rigidity. 

With regards to the ‘Pharaoh’ Orange, there has been a loss of 0.64g in weight, however, this is partly attributable to hollowing out the pulp. Weight gain can be explained by its ‘vessel’ shape. Some salt crystals remained in the interior. Structural integrity had deteriorated through the loss of the pulp, as well as osmotic dehydration. This is shown by the presence of orange pigment on salt crystals within the jar (Fig. 16); where the salt has absorbed the orange’s juices and formed clumps. The most notable change at Day 22 is the change in colour and texture (Fig. 20). The rind’s hue had deepened turning almost a terracotta (symbolic as human skin often darkened, eventually turning a dark brown during the desiccation process). Again, in Fig. 18, there is a contrast in size, and hue. 
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Fig. 15. Day 7: ‘Control’ Orange.
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Fig. 16. Day 14: ‘Pharaoh’ Orange.
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Fig. 17. Day 14: ‘Control’ Orange.
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Fig. 18. Day 22: ‘Control’ and ‘Pharaoh’ Orange.
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Fig. 19. Day 22: ‘Control’ Orange.
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Fig. 20. Day 22: ‘Pharaoh’ Orange.

Discussion
In line with previous scholarship, (Rühli, Chhem and Boni 2004) advancement of research specific to mummies can be considerably enhanced through understanding both the natural and anthropogenic processes within mummification. Arguably, as recently discussed (Ikram 2015) procedures such as mass spectrometry and gas chromatography undoubtedly contribute to the overall knowledge and identification of materials used in the process, but only serve to help reconstruct elements of this component of Egyptian life. As research is hindered by lack of textual evidence, experimental archaeology serves to bridge the gap, moving mummification away from 19th Century curiosity and esoterica to an experience where acquired and gained knowledge clarifies how Egypt’s people experienced transcendence on a journey to eternal life. 

This experiment specifically focused on the desiccation practised within Egyptian mummification. Whilst not as lengthy as some scholars have trialled (Brier and Wade 1997;1999) the process conducted revealed the transformative effects of salt upon food-substances. There was a clear differential between samples left naturally and those exposed to salt, in terms of discolouration, mould and in size. The change in samples may have been more exaggerated if conducted over a longer period, but the change seen in the first week (exemplified with ‘Pharaoh’ apple) is testament to the potential of the desiccation process. Initial weight loss was most prominent in the first week, but the rate slowed down subsequently. In the case of ‘Pharaoh’ orange, the weight gain is possibly due to the adherence of salt to the sample.

Table salt (see Appendix 1) was used for this experiment, containing very little moisture, meaning it was more efficient in dehydration by osmosis as, being hygroscopic, it was more likely to draw out moisture. This can be linked to natron salt (also with a high sodium content). By exposure to moisture, raised alkalinity further repels bacteria. Osmotic dehydration was apparent on ‘Pharaoh’ Orange through the presence of orange pigment on surrounding salt, however the process was not as clear on the apple sample, as the fluid drawn out is clearer. Clumps in salt visible around both samples indicate the success of this procedure. 

Darkening of the rind seen on ‘Pharaoh’ Orange, appears representative of the mummification process (darkened, leathery skin is present on mummies). While not at that point, the rind on ‘Pharaoh’ Orange had certainly started to firm. Both ‘control’ samples had not altered significantly but had either browned considerably or had been covered by mould. This is a sign of moisture kept within the sealed bag/jar, and the fruit itself. This was accelerated by exposure to skin and air contact when extracted. As shown in Fig. 2, both control samples had consistent, but small, weight loss. This was generated by natural decomposition, which in turn increased humidity within each container. 

The viability of the results is affected by salt left before each weighing. Better removal would have produced a more accurate weight at each interval, reflecting a more representative change brought about by osmotic dehydration (abnormal result at Day 7 for ‘Pharaoh’ Orange). It contradicts the general trend of weight loss. However, this was possibly caused by the wet state of the sample before salt was added (washed with sanitiser). It is possible there was greater adherence of salt to the orange than the apple.

By removing the apple skin on ‘Pharaoh’ Apple, the flesh is more susceptible to moisture and bacteria/fungi, heightening the extent to which osmotic dehydration and decomposition occurred. This also creates an imbalance between the two fruits. While the exocarp of an orange would be denser compared to the peel of an apple, both would have acted as a ‘barrier’ to the salt, requiring a gradual break-down by salt before extracting moisture. It may have been an improved comparison if both had a similar structure, and the rate of dehydration would be clearer. 

In this study, further complication stems from the frequency in which the containers were opened. This possibly hastened decomposition, blurring the extent to which materials in a controlled environment experienced deterioration. By reintroducing oxygen, humidity may have been lost within the containers, creating a cyclical process that only lasted each week in between weighing. Additionally, new bacteria/fungi may have been introduced. 

The results as displayed by Figs. 2, 6 and 13 show both control samples as undergoing changes at a very slow rate. If assessment was conducted only at the start and the end, we may have seen an increased loss of moisture, however, to what extent this would have been displayed is unknown. 

Conclusion
This experiment shows that organisms (fruit) naturally decay due to moisture and bacterial/fungal growth over time. In submerging the ‘Pharaoh’ samples in salt, the drying out process protects the sample from bacterial/fungal growth and slows down decomposition but increases the speed of weight loss.


 



 









Appendix 1 
Hand Sanitiser ingredients: ingredients: 75% ethanol alcohol, water, glycerin, hydrogen peroxide

Table salt ingredients: Salt, Anti-caking Agent (Sodium Ferrocyanide - Na4Fe(CN)6)

The scales used were standard jewellery scales with an increment of 0.01g.

Appendix 2
Observations taken at Day 7 (23.09.21)
‘Control Apple’
Mild discoloration on surface of apple (brown). Appearance of green flecks around stem. Light mould on surface. Has retained solidity. No change in exterior of apple.
Sample touched with fingers for weight to be checked.
Bag resealed and returned to cool, dark place.

‘Pharaoh Apple’
Sample retained a crust of salt on surface. Has lost structure & is soft to the touch. Retained colour. Salt has adhered to the exterior. Stem is intact. Salt clumpy. Retained ‘apple’ scent. As much as possible the salt was removed from the sample, which was touched with fingers for weight to be checked.
No extra salt added to sample.
Bag resealed and returned to cool, dark place.

‘Control Orange’
Appearance of mould on surface (following segment patterns, only light – 1 small cluster of mould on skin). Has maintained colour (owing to jar), no apparent loss of juice, soft to touch.
Sample touched with fingers for weight to be checked.
Jar resealed and returned to cool, dark place.

‘Pharaoh Orange’
Retained colour. Interior salt has absorbed colour of orange – salt clumpy. Smells almost fresh!
Sample touched with fingers for weight to be checked.
No extra salt added to sample.
Jar resealed and returned to cool, dark place.

Observations taken at Day 14 (30.09.21)
‘Control Apple’
Increase of mould on surface, had slightly dried out, evidence of indentation on surface of apple, retains a faint smell of apple but predominantly smells of mould. Change in the colour of the apple, turned a darker brown on surface but the skin remains largely green, this is accompanied by a thin band of brown the edge of the apple on the skin. The edge of the apple has softened but the rest of the apple remains firm. The core remains intact, although browning.
Sample touched with fingers for weight to be checked.
Bag resealed and returned to cool, dark place.

‘Pharaoh Apple’
Sample retained a crust of salt on surface. Has continue to lose solidity & is soft to the touch. Sample has largely retained colour. Salt has adhered to the exterior. Stem is intact. Salt clumpy. Retained slight ‘apple’ scent. Again, as much as possible the salt was removed from the sample, which was touched with fingers for weight to be checked.
No extra salt added to sample.
Bag resealed and returned to cool, dark place.



‘Control Orange’
Mould has increased in coverage and in volume on the surface. It continues to follow segment patterns. Appearance of thin patches of mould on the exterior, however it is uneven in coverage. Has maintained colour (owing to jar) but very ‘damp’ and soft around the rim whilst being firm at the base. Still smells fresh.
Sample touched with fingers for weight to be checked.
Jar resealed and returned to cool, dark place.

‘Pharaoh Orange’
Change in colour, have turned a darker orange (almost brown). Appears to have no change in feel and salt has absorbed the colour of the interior. Small traces of orange colouration on salt within the jar. Salt clumpy. Smells chemically, almost lemony & slightly sulphurous.
Sample touched with fingers for weight to be checked.
No extra salt added to sample.
Jar resealed and returned to cool, dark place.

Observations taken at Day 22 (08.10.21) (Tray that samples are placed upon is very wet!!!! – evidence of condensation on outside of bags & jars – labels on jars wet & bags wet on outside – due to location? Cool, dark storage place may have slowed down process.)

‘Control Apple’
Moisture in bag. Skin has completely lost structure on cut surface. Uneven surface. Intense browning to surface & skin from face down. Widespread mould. Underside of apple still firm. Smells mildly of apple but can smell mould.
Moisture within the bag text
Area protected by skin has not decomposed as area on and beneath cut surface
Sample touched with fingers for weight to be checked.

‘Pharaoh Apple’
Still smells of apple. Visibly smaller, core is intact. Clumps of salt have adhered to apple. Flesh is still ‘apple’ coloured. Still faint scent but chemical overtones. Spongy texture. 
Clumps of salt (?caused by apple juice).
No obvious change in colour of surrounding salt (unlike orange) but salt has formed clumps around
Slight discolouration on reverse of apple (a very light brown) 
Again, as much as possible the salt was removed from the sample, which was touched with fingers for weight to be checked.

‘Control Orange’
Smells orangey. Increasing coverage of thick white mould on exterior. Some areas of skin have wrinkled indicating loss of structure. Mould completely covers the surface of the orange. Minimal moisture in jar. Segments shrunken indicating moisture loss.
Signs of condensation on interior of jar, (may gain weight tomorrow) and exterior is wet to touch also
Sample touched with fingers for weight to be checked.

‘Pharaoh Orange’
Outside drier than inside which is still quite wet. Weak in structure. Still smells faintly orangey but more ‘chemically’. Skin darker, shrunken, salt adhering to inside. Majority of salt within orange has turned orange in colour. Skin becoming leathery. Salt in jar clumpy.
Sample touched with fingers for weight to be checked.


Appendix 3
	
Chart showing Weekly Weight, Weight Variation and Percentage Weight Variation of ‘Control’ and ‘Pharaoh’ Apple/Orange

	

	



	16/09/21
Day 1
Weight
	23/09/21
Day 7
Weight
	Day 1-7
Weight
Variation (+/-)
	Day 1-7
Percentage
Weight
Variation (+/-)
	30/09/21
Day 14
Weight
	Day 7-14
Weight
Variation (+/-)
	Day 7-14
Percentage
Weight
Variation (+/-)
	08/10/21
Day 22
Weight
	Day 14-22
Weight
Variation
(+/-)
	Day 14-22
Percentage
Weight
Variation (+/-)
	Total Weight Variation
(+/-)
	Total Percentage
Weight
Variation
(+/-)


	Control Apple
 
	62.28g
	62.07g
	-0.21g
	-0.33%
	61.83g
	-0.24g
	-0.38%
	61.16g
	-0.35g
	-0.56%
	-0.8g
	-1.28%

	Pharaoh
Apple

	51.66g
	40.78g
	-10.88g
	-21.06%
	32.20g
	-8.58g
	-21.03%
	37.42g
	+5.22g
	+16.21%
	-14.24g
	-27.56%

	Control
Orange

	63.37g
	63.52g
	+0.15g
	+0.23%
	62.80g
	-0.72g
	-1.13%
	62.16g
	-0.64g
	-1.01%
	-1.21g
	-1.90%

	Pharaoh
Orange

	26.95g
	30.02g
	+3.07g
	+11.39%
	26.96g
	-3.06g
	-10.19%
	26.31g
	-0.65g
	-2.41%
	-0.64g
	-2.37%
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Weekly Weight Change Per Sample

Wk 1 (Day 1)	Control Apple	Pharaoh Apple	Control Orange	Pharaoh Orange	62.28	51.66	63.37	26.95	Wk 2 (Day 7)	Control Apple	Pharaoh Apple	Control Orange	Pharaoh Orange	62.07	40.78	63.52	30.02	Wk 3 (Day 14)	Control Apple	Pharaoh Apple	Control Orange	Pharaoh Orange	61.83	32.200000000000003	62.8	26.96	Wk 4 (Day 22)	Control Apple	Pharaoh Apple	Control Orange	Pharaoh Orange	61.16	37.42	62.16	26.31	Control Apple	Pharaoh Apple	Control Orange	Pharaoh Orange	Control Apple	Pharaoh Apple	Control Orange	Pharaoh Orange	Sample Types


Weight in Grams (g)




'Control' Apple - Weight Change Over Time


62.28	62.07	61.83	61.16	Experiment Week Number


Weight in Grams (g)



'Pharaoh' Apple - Weight Change Over Time


51.66	40.78	32.200000000000003	37.42	Experiment Week Number


Weight in Grams (g)



'Control' Orange - Weight Change Over Time


63.37	63.52	62.8	62.16	Experiment Week Number


Weight in Grams (g)



'Pharaoh' Orange - Weight Change Over Time


26.95	30.02	26.96	26.31	Experiment Week Number


Weight in Grams (g)
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