Lab Report - Observation of Salt as a Desiccant on a Satsuma

This experiment set out to observe and record the effects of a chosen salt mixture on a satsuma when used as a desiccant. For many dynasties the ancient Egyptians used salt as a way of preserving their dead so that they could have a recognisable body in the afterlife. Salt was used as a desiccant, to pull the moisture out of the corpses. This allowed the body to dry out, essentially halting decay. In this scenario, the satsuma represents the body of a Pharaoh, and allows the ethical study of salt as a desiccant. 
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Description automatically generated with medium confidence][image: A picture containing table, indoor

Description automatically generated]The first step of this experiment was in choosing the material that would take the place of the Pharaoh’s body. A satsuma was chosen due to the different skin barriers present – the peel and the inner segment skin - and because they are commonly used to replicate human skin in tattoo and stitching practises. The outside of the satsuma was washed with tap water and scrubbed with the palm and paper towel. Once dried, the ‘embalming’ process began.
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Description automatically generated with low confidence]Firstly, the satsuma was cut in half with a scalpel. Once this had been done the two pieces were separated into the control half and the half on which desiccation would be observed. The control half was intended to show how decomposition set in without any desiccation. This was weighed and the results recorded, then it was placed by itself into a jar which was labelled with the name of the observer, the date, the weight, and the contents.
The second half of the satsuma was the half to be desiccated, and so this was prepared to be placed into the salt. It was important that both the peel and the segments inside the satsuma remained intact, as these were all needed for the experiment. Once the segments had been removed, the peel was left by its jar, and the segments were prepared separately. In order to increase the range of results, each segment was prepared differently to the next.
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Description automatically generated]Segments one and two had the least preparations. Segment one was simply removed from the peel and placed by its jar with no further intervention, and segment two had all of the pith removed from it then was ready for the salt. The skin on one side of segment three was removed so that the inner flesh was more exposed, it was thought that this would allow more moisture to be removed as there was less of a skin barrier. Segments four and five had the most intervention, as four was simply the inner flesh with the skin removed, and five was the skin with the inner flesh removed. It was hypothesised that the pieces would lose the most moisture in the following order – segment four, segment three, segment two, segment one, the peel, segment five – however, this was not the case, as will be discussed later. Once the pieces had all been prepared the excess juice was removed and they were individually weighed, the results of which were recorded.
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Description automatically generated][image: ]For this experiment a one-to-one ratio of sodium chloride (with the addition of sodium ferrocyanide) and sodium carbonate decahydrate was mixed thoroughly. In hindsight, the mixing would have been more accurate had a large quantity been mixed prior to the filling of the jars, rather than remade once it had run out. Because of the fine granules the salt would be able to fully surround the pieces in the jar, allowing for an even absorption on all sides. Particular care was taken with segment five and it was filled with salt to mimic the shape of the inner flesh. The jars were filled roughly quarter way before the piece was added, then roughly half the jar was filled, making sure to fully surround the piece. If this were to be done again, the jars would have been fully filled so that there was as much salt as possible, and each jar would have had the same quantity of salt. The jars were then labelled and left to sit for four weeks. 

Once the four weeks were up, the pieces were carefully removed from the salt so that the results of desiccation could be observed. To ensure a more thorough removal of salt, something that could affect the overall weight, the back of a scalpel was used to ease individual pieces off of the segments and peel. This had to be done with care as the pieces were fairly fragile. Once this had been done to a satisfactory degree, the segments and peel were once again weighed and the results recorded. Now that weight before desiccation and weight after desiccation were available, percentage weight loss for each piece could be calculated. This is helpful as it allows observers to see which piece lost the most moisture, and therefore how successful desiccation was. To see this more clearly both a table and graphs were produced.
After the four weeks the control half of the satsuma had grown incredibly mouldy, to the point that it had anchored itself to the bottom of the jar and could be held upside down without it falling. Because of the potential hazard it was decided not to open it, though it was observed to be the same size as it had gone in, just surrounded by a forest of mould. The colour had gone from orange to grey and it was incredibly unpleasant to look at. In comparison to the pieces of satsuma that had been desiccated there was a lot of decay, though the desiccated pieces had not decayed. This clearly was not what the ancient Egyptians would have wanted for their dead.
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Description automatically generated]Once removed from the salt, the fates of the pieces of satsuma were revealed. Most obvious was the change in the peel. After desiccation the outside of the peel turned incredibly dark and leathery, though the inside remained lighter in colour. The outer skin was much tougher and flatter than before desiccation and much easier to get the salt off of than the more textured inside. Inside, a half sphere of orange discoloured salt had formed a dry hardened mass that was easily removed intact, even four weeks after being submerged in salt the peel still smelt pleasant. To better remove the salt the back of a scalpel blade was used, and this could be done with reasonable force without scratching it. It was expected that the peel would lose the least amount of moisture, which it did, as it was already much drier than the segments, though the overall result was much more dramatic than expected from the short time frame, unlike the segments, and it would be incredibly interesting to see what it looked like after the full seventy days that the Egyptians left their dead in salt for[footnoteRef:1]. [1:  https://www.livescience.com/mummification.html] 

On the other hand, it was a surprise that the segments still retained so much moisture. If this experiment were to be done again, it would be better to either change the salt weekly, or not seal the jar. This is because the salt was soaked through in most of the jars and so was unable to absorb much more of the water in the segment inside. The full saturation of the salt hindered the experiment and was not something thought about before it had been carried out.
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Description automatically generated with medium confidence][image: A plate with food on it

Description automatically generated with low confidence]Segments one and two had very similar results, although the outside skin had shrunk and darkened, the inside was still soft and could be squished. Both still smelt like they had when they’d gone in and had discoloured the salt which was quite wet around the segments, though drier at the top. Interestingly the pith on segment one had not shrunk, though was still attached to the skin. Segment one had lost less moisture than segment two, possibly due to the remainder of the pith preventing water from leaving the piece so easily. This had been expected and was proved.
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Description automatically generated]The salt surrounding segment three was much wetter than the salt in the jars of segments one and two, though interestingly it smelt less strongly of satsuma. This is possibly because the salt was so wet that that was the overwhelming smell. The side of the segment with skin was drier than the segment with exposed inner flesh, which was still wet to the touch. The shape of the skin itself had been retained although the size of the inner flesh had decreased. Similarly, segment four was still wet to the touch when the salt had been removed. The salt in this jar was the wettest and had the least smell. Because of the lack of the skin barrier much more absorption had been able to be carried out, though this was still hindered by the full saturation of the salt. Had the salt not become fully saturated it is probable that the segment would’ve decreased in size even more, though possible that a longer time would have been needed to see more advanced results. 
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Description automatically generated with low confidence]Most interesting was the weight change in segment five. It was expected that this segment would lose the last amount of weight as there was no inner flesh, where the most water was held. However, this segment had the second highest loss of moisture. This could be due to error, if some pieces of inner flesh had been left behind and their differences weighed, or it could be that the salt in this jar had never been fully saturated and so as much moisture as possible could be sucked out, something visible in the much-hardened pieces of salt around the skin itself, meaning that the moisture had all been dried out. The skin itself had a paper like texture though was still very strong, it could easily be turned inside out to remove the salt inside without tearing. Unlike the other segments this segment had no smell to it and had no discolouring of the salt, this is probably due to the lack of juice in it in the first place.
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Description automatically generated]The results were essentially what was expected from this experiment, though segment five was a surprise. If there had been more time to leave the pieces in salt then it is very likely that the expectations would have been more accurate.






If this experiment were to be carried out again there are a number of interesting alternatives that could be used as opposed to the given method. Changing the salt weekly would have given the pieces a better chance to lose moisture as removing the fully saturated salt would have allowed the new salt to draw out more water more easily. However, this could be fragile and the pieces could potentially be damaged. Alternatively, a salt water desiccant could have been used, something seen in 18th Dynasty mummies like Queen Tiye and demonstrated throughout the documentary ‘Mummifying Alan’.[footnoteRef:2] This would have been incredibly interesting to observe as you would be able to see changes in the pieces through the jar, and it would have been easier to measure the weight differences as you could simply remove it from the jar and dry it off rather than spend time removing grains of salt. Additionally, because the full saturation of salt would not have been an obstacle the removal of moisture from the pieces would have relied entirely on osmosis, though the pieces would likely be more fragile due to constantly being in water. It would be very interesting to see how well a desiccant would have worked if the satsuma had not been opened at all, and whether any moisture would have been drawn out at all. [2:  MUMMIFYING ALAN] 


In conclusion, the use of salt as a desiccant is successful, though there are a number of limitations including but not limited to – the saturation of the salt, the amount of salt, the amount of time that the piece has been left in the salt, etc.. To improve this experiment a longer time frame would have been required.
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Comparison of Weights to the Control

16/08/2021	Control Satsuma Half	Satsuma Peel	Segment One	Segment Two	Segment Three	Segment Four	Segment Five	52	9.3000000000000007	6.6	7.7	7.3	6.5	2.5	08/10/2021	Control Satsuma Half	Satsuma Peel	Segment One	Segment Two	Segment Three	Segment Four	Segment Five	52	6.5	4	4.5	4	2.2000000000000002	1.1000000000000001	
Weight in Grams




Weight Changes in Dessiccation of the Satsuma

16/08/2021	Satsuma Peel	Segment One	Segment Two	Segment Three	Segment Four	Segment Five	9.3000000000000007	6.6	7.7	7.3	6.5	2.5	08/10/2021	Satsuma Peel	Segment One	Segment Two	Segment Three	Segment Four	Segment Five	6.5	4	4.5	4	2.2000000000000002	1.1000000000000001	
Weight in Grams
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