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ABSTRACT

Mummification is considered one of the most important in the history of ancient Egyptian civili-
zation. The artificial mummification process started in the Fourth Dynasty during the Old Kingdom
reached its peak in the New Kingdom. This review focuses on the usage of mummification materi-
als such as Natron salt, Coniferous resin, Mastic, Myrrh, Beeswax, Bitumen, Cassia, Onions, Lichen,
Henna and Gum Arabic in ancient Egypt to determine their effectiveness in the preservation of the
body. For each material, the chemical formula, the history, and the role in the preservation of the
body are presented. It is shown that natron salt was the most important material to desiccate a
corpse, and that the vegetable materials mentioned above have anti-bacterial properties that pro-
tected the body from microbial attack.
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1. INTRODUCTION

Ancient Egyptian civilization was distin-
guished by a clearly defined belief in a human
existence which continued after death, but this
individual immortality was considered to be
dependent in part on the preservation of the
body in as lifelike a form as possible (David,
1990). Their religious concepts concerning the
afterlife made it necessary to preserve the body
as a place for the ‘soul' to return to (Jansen et
al.,, 2002). This belief came from observations
that the dry sand of the desert acted to preserve
buried bodies. Such beliefs were extant as early
as the Neolithic and Predynastic periods of
50004000 B.C.

An example of the importance of the preser-
vation of the body is seen in the invocation
from the ancient Egyptian mortuary texts re-
ferred to as the “Book of the Dead”: "My body is
everlasting, it will not perish and it will not de-
cay for ages’ (Klys et al, 1999). Even though
mummification was practiced in Egypt for near-
ly 3500 years, from the Old Kingdom, ca. 2600
BC to the Christian Period, an end was put to
this practice only after the Arab conquest of
Egypt in the 7th century AD (Maurer et al,
2002).

According to the Greek historian Herodotus,
three main types of mummification were avail-
able, and the client chose the method he could
afford (David, 2001). The most important ele-
ments of mummification, which were crucial to
arresting the decomposition of the body were
evisceration and dehydration of the tissues.
Some authors (Smith & Dawson, 1924; Lauer &
Iskender, 1955; Leek, 1969; Iskander & Shahin,
1973; Hamilton-Paterson & Andrews, 1978; Is-
kander, 1980; D’ Auria, 1988; Taylor, 1995; Ikram
and Dodson, 1998; Aufderheide, 2003; Salter-
Pedersen, 2004; Taconis, 2005; Sivrev et al.,
2005; Dunand & Lichterberg, 2006) have written
on the ideal technique and most expensive
method of mummification, which involved
many stages.

In the second method, oil of cedar was in-
jected into the anus, which was plugged to pre-
vent the escape of the liquid, and the body was
then treated with natron. Once this was com-
plete, the anal plug was removed and the lique-

fied stomach and intestines were drained out
with the oil (Hamilton-Paterson & Andrews,
1978; Abdel-Maksoud, 2001). In the third and
cheapest method, the body was purged so that
the intestines came away, and the body was
then treated with natron (David, 2001).

It can be said that most authors have agreed
on the description of three methods of mummi-
fication, but they differed among themselves in
the description of the mummification materials.
Some authors described the mummification ma-
terials depending on the description of old ref-
erences and this may be due to the lack of anal-
ysis tools. All these references were in the first
half of the twentieth century. Other authors de-
scribed these materials depending on the analy-
sis and investigation. Most analysis has oc-
curred from the end of the twentieth century to
present day. Since the end of the twentieth cen-
tury, archaeologists have long found them-
selves faced with the difficult problem of identi-
fying unknown materials used with mummies.
Most analyses were done on resinous materials.
This may be due to: (1) most authors have ana-
lyzed wrapped mummies; (2) most resinous
materials have been used on the bandages; (3)
from a conservation point of view, it was diffi-
cult to remove bandages of mummies (to look
for other mummification materials) because this
will lead to the deterioration of mummies. In
this study, some materials of mummification
were identified through analyses and investiga-
tions and other materials were written through
literatures.

In recent years, Egyptian mummies have
been the subject of a fairly large number of sci-
entific studies (Maurer et al., 2002), but at the
same time have always been a matter of contro-
versy. The analyses were based on high per-
formance liquid chromatography (HPLC) and
gas chromatography-mass spectrometry (GC-
MS). However, most of these methods are di-
rected to the identification of a few of the sub-
stances that are simultaneously present in the
sample, and thus only partial information can
be obtained (Colombini et al., 2000). Gas chro-
matography-mass spectrometry (GC/MS) and
other analysis studies allowed the elucidation
of a great number of clearly separated com-
pounds found in ancient embalming materials.
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Phenols, guaiacols, naphthalenes, monoter-
penes, sesquiterpenoids, oxidised diterpene res-
in acids and triterpenoids were identified;
through these intergradients, the materials used
in mummification could be determined. These
compounds also have antibacterial and antifun-
gal effects and also prevent against deteriora-
tion caused by insects. Meanwhile analytical
investigations have revealed a reasonably clear
picture of the process of mummification and the
materials used (Maurer et al., 2002).

This study aims to focus on the mummifica-
tion types and to discuss the materials used in
the mummification processes (history, chemical
composition, and their effectiveness in the
preservation of the body).

2. TYPES OF MUMMIFICATION

Naturally or artificially preserved bodies, in
which desiccation (drying, dehydration) of the
tissues has prevented putrefaction, have been
discovered in Egypt (David, 2001). Most proba-
bly, the natural preservation of the body was
noticed by the proto-dynastic people, perhaps
when they were burying a new corpse in the
sand near a previously buried one and it might
have inspired them to believe that the body
could be preserved and could more or less re-
tain its human likeness (Iskander, 1980). True
mummification (artificial methods) can be iden-
tified as a method, which incorporates several
sophisticated techniques, making use of chemi-
cal and other agents. Many years of experimen-
tation would be required to perfect such meth-
ods. The artificial preservation of the corpse
was practiced in Egypt from the Old Kingdom
to the Christian era (David, 1990). According to
Herodotus account, there were a set of men
who practiced the true mummification method
and made it their business. When a body was
brought to them, the embalmers showed the
family of the deceased wooden models of
corpses, so that they could choose the level of
mummification they wanted. The mummifica-
tion techniques were classified into three types.
The first method which was the most expen-
sive, was typically reserved for royalty and
very wealthy nobles. The second method was
inferior to the first and did not include wrap-

ping of the body and the third method was the
cheapest of all (Iskander, 1980).

The first method of mummification can be
summarized as follows:

1- The body was stripped of its garments,
laid out on the embalming couch and purified.
This was performed in a temporary structure
close to the Nile or a canal (Taconis, 2005).

2- An incision was then made in the left side
of the abdomen with a knife of obsidian or oth-
er kind of stone (Lauer & Iskender, 1955; Is-
kander & Shahin, 1973). Once the embalmers
inserted their hand through the incision and
removed the liver, stomach and intestines, they
cut the diaphragm and pulled out the lungs
(Ikram and Dodson, 1998). The heart wasn't
removed as the heart was believed to be
weighed in the afterlife to determine the good-
ness of the individual (Iskander, 1980). It is
thought that the kidneys were also left in the
body. The liver, stomach, intestines and lungs
were washed and rinsed out with spices and
palm wine (Sivrev et al., 2005). The spices were
probably used as a deodorant (Hamilton-
Paterson & Andrews, 1978), and a sterilizing
material (Iskander, A.E, Shahin, 1973; Taconis,
2005). Each of these organs was then individu-
ally dried, wrapped in linen and placed in a
canopic jar. Each jar held a different organ and
in later periods, the jar lids were shaped to rep-
resent one of the four sons of Horus (Aufder-
heide, 2003).

3- The brain was not believed to have any
importance, so it was cut into small pieces to
facilitate removal and discarded (D’Auria,
1988). An examination of ancient Egyptian
skulls in the Macalister Collection at Cambridge
showed that 56 percent had a hole made in the
base of the skull through the plate of the eth-
moid bone. In 5 percent it had been made
through the left nostril, and in 3 percent
through the right one. In others the nasal sep-
tum had been wholly or partially removed,
which resulted in significant perforation to the
base of the skull (Leek, 1969). Brain removal
was often incomplete, and modern studies pro-
vide evidence that some tissue was usually left
behind.

4- In order to completely dehydrate the
body, the body cavities were packed with na-
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tron and then the entire corpse was covered in
natron and left on a slanting embalming couch
(Winlook, 1930). The body was placed in natron
for seventy days, but some scholars argue that
the body was only dried for forty days. The na-
tron salt was first used in a liquid state but from
the Middle Kingdom it was used as solid na-
tron, which resulted in a shorter desiccation
process (D"Auria, 1988). The natron salt not on-
ly caused the rapid desiccation of the body,
thus avoiding the process of decomposition, but
also entailed the saponification of the fatty tis-
sues, assuring 'the chemical stability of the
mummy' (Dunand & Lichterberg, 2006).

5- After the complete dehydration of the
body, the thoracic and abdominal cavities were
evacuated of their temporary stuffing materials
(Sivrev et al., 2005). Recent examination of vari-
ous samples of refuse embalming materials
showed that stuffing materials included dry
natron powder contained in linen packets,
packs of linen impregnated with gum risen,
straw and vegetables remains, and coarse pow-
ders containing quartz sand. Such packing
would speed the dehydration of the body tis-
sues, prevent the collapse of the abdominal
wall, and combat the odor of putrefaction [Lau-
er & Iskender, 1955; Iskander & Shahin, 1973;
Iskander, 1980; David, 1990).

6- After the temporary stuffing materials
were removed from the body cavities, the body
was washed with water and dried with towels
or alcoholic liquid (Iskander, 1980).

7- Then embalmers began to pack the body
with permanent dry stuffing materials. The cra-
nial cavity was filled with resin (Iskander, 1980;
Salter-Pedersen, 2004). The body could be filled
with several different materials, including
crushed myrrh, cinnamon, frankincense (Ikram
and Dodson, 1998), sawdust packets mixed
with resin, cassia (Arya et al., 2001), and occa-
sionally one or more onions (Iskander, 1980).
Hot liquid resin was also poured over the body,
which served to prevent the growth of bacteria
and acted as a disinfectant and deodorant. The
inside and outside of the body was prepared
with all kinds of oils, aromatic resins, unguent
and perfumes to prevent the re-entry of mois-
ture and to strengthen the skin (Taconis, 2005).
Layers of beeswax were used for covering the

mouth, eyes and ears (Ikram and Dodson,
1998).

8- Often the embalmers painted the face and
sometimes the whole body with ocher: red for
men and yellow for women (Hamilton-Paterson
& Andrews, 1978). The final touches of verisi-
militude come with the elaborate cosmetic de-
tailing of the face and fine coiffures. Hair was
often dyed back to its natural color and made
thicker with extensions woven onto existing
strands (David & Archbold, 2000). The ab-
dominal incision was normally left open, but in
some cases was covered with a plate of wax or
copper alloy. Occasionally the incision was
sewn shut.

9- Amulets were essential in transcending to
the afterlife. During all steps of the mummifica-
tion process, amulets were placed in specific
locations including around the neck, waist, and
limbs, as well as between the layers of the
wrappings (Andrews, 1894).

10- Bandaging the mummy: the fingers and
toes were individually wrapped, then layer af-
ter layer of linen was wound around the limbs
and the torso (David & Archbold, 2000). In
many cases, a thick 'carapace’ of resinous paste
and linen was applied over the whole body,
separating the outer and inner layers of wrap-
ping. After wrapping was a complete, red linen
shroud was draped over the body (Taylor,
1995).

The second method of mummification was
a less expensive method of mummification ac-
cording to Herodotus. It did not include com-
plete evisceration. In the second mummification
method (which was also used in animal mum-
mification) oil of cedar was injected into the
anus, which was plugged to prevent the escape
of the liquid, and the body was then treated
with natron. Once this was complete the oil was
drained off and the intestines and the stomach
come away with the oil; the flesh had also been
dessicated, so only the skin and the skeleton
remained (D’Auria, 1988; David, 2001; Taconis,
2005).

In the third method of mummification, the
stomach and internal organs were removed
through an abdominal incision on the left side
of the body. The body cavities were sterilized
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by ethyl alcohol. The whole body was then bur-
ied in natron salt (Iskander, 1980, David, 2001).

3. MUMMIFICATION MATERIALS USED

The authors divided the materials used in
the mummification processes into two groups:

- Materials used based on analyses and in-
vestigations. Most of these materials were res-
inous materials and oils;

- Materials used based on the descriptions of
some authors and literatures

3.1. Materials used based on analyses
3.1.1. Natron salt

The first use of the term “natron” appears to
be in the glazing of quartz and steatite. The
word (in Egyptian hieroglyphics “ntry”) is most
likely derived from the root “ntr”, indicating its
association with religious and funerary rituals.

Natron is a white, crystalline, hygroscopic,
and natural material mined at Wadi Natrun in
the Nile Delta, and it was an essential compo-
nent in the mummification process in ancient
Egypt. Natron was considered one of the most
important materials. It was used in the removal
of water from the tissues, prior to their treat-
ment with resins, and prevented or retarded the
biological deterioration and putrefaction of the
body through fungal and bacterial attack (Ed-
wards et al., 2007).

Some analysis and investigation had been
performed on natron for different purposes.
The following analysis had been done:

* Lucas (1914) had performed chemical
analysis on natron taken from different mum-
mies to know the main components of natron
used especially in the mummification processes;
he stated that sodium compounds (chloride,
carbonate, bicarbonate and sulphate) were iden-
tified

¢ Sandison (1963) stated by chemical analy-
sis that the essential process in artificial mum-
mification is dehydration of the body, and for
this common salt would have proved success-
ful. The choice of natron may have depended
on its superior ability to break down body fat.
He also stated that the composition of natron
varies widely since it is a naturally occurring

mixture of salts, but it contains sodium car-
bonate, sodium bicarbonate, sodium chloride
and sodium sulphate in varying proportions.
Sandison (1963) when on to say that this was
true of modern natron from Wadi Natrun and
El Kab, as well as ancient natron from tombs of
the Eleventh and Eighteenth dynasties

¢ Iskander and Shaheen (1973) performed
quantitative chemical analysis on three samples
taken from pottery jars (one sample taken from
Tura El-Asmant excavation 1960, and the two
other samples were taken from The Qurna ex-
cavation 1960). They identified the chemical
composition of natron as the same compounds
that were mentioned by Sandison (1963) ; Ikram
and Dodson (1998) mentioned that the chemical
composition (as mentioned above) of the vari-
ous natron samples varies widely;

e Abdel-Maksoud (2001) used artificial so-
dium components (6 parts of hydrated sodium
carbonate, 3 parts of sodium chloride, 1 part
sodium sulphate and 1 part sodium bicar-
bonate) in the experimental studies on mummi-
fication techniques used in ancient Egypt. He
conducted an experimental study on the
mummification process applied on rats, and
noted that the natron components used were
highly effectiveness in the desiccation of the
rats’ bodies.

* Edwards et al (2007) analyzed eight sam-
ples by the Raman spectroscopic analyses. The
analysis clearly indicates that the natron speci-
mens are of indefinite composition, comprising
sodium sulfate and sodium carbonate, with
several containing sodium bicarbonate and
gypsum. Halite, sodium chloride, does not have
a first-order Raman spectrum

® Cosmacini and Piacentini (2008) men-
tioned that the mixture of natural sodium car-
bonate and bicarbonate known as natron, were
used as desiccating agents in the sophisticated
methods of perfect artificial mummification in
ancient Egypt.

Desiccation with natron has been identified
as the seventh stage in a thirteen-stage process
used during mummification. During the dehy-
dration process, the body, probably on a slant-
ing bed, was completely covered with natron.
This had the effect of removing any remaining
body liquid and consequently ensuring against
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any further putrefaction (Peck, 1980). Some au-
thors argue that the drying-out process lasted
40 days (Peck, 1980; Cockburn et al., 1980) and
some authors argue that it lasted 70 days
[Sandison, 1963; Hamilton-Paterson & An-
drews, 1978). Abdel-Maksoud (2001) mentioned
that Sandison (1986) proved that the mummifi-
cation process did not take forty days, as was
mentioned by Herodotus. Complete dehydra-
tion of the body could have taken twenty-eight
days or less, as this process depended on one or
more of the following factors:

1. The condition of the body prior to natron
treatment

Since a body, which has already begun to
exhibit signs of putrefaction may take a long
time to achieve a suitable dry condition.

2. The composition of the salt mixture
which makes up the natron.

A high quality mixture of salt, especially so-
dium carbonate and bicarbonate, would pro-
duce the best quality results.

3. The re-use of natron salt for more than
one body

If natron is used for more than one body, the
result after the first use will deteriorate.

4. The ratio of natron volume to body vol-
ume

Under ideal conditions, the volume of natron
used should be at least ten times greater than
the body volume.

5. The duration of the natron treatment

It was found that the ideal treatment de-
pends on the climatic conditions.

Many authors and scientists varied in their
dealing with the use of natron in the mummifi-
cation process. Lucas (1914) said that natron
was used by the ancient Egyptians in connec-
tion with their dead, certainly in a solid state,
and possibly also as a solution. Abdel-Maksoud
(2001) wrote that Smith and Dawson (1924) and
David (1978) confirmed that the Egyptians used
natron in the solid form and supported their
opinions with the following reasons:

It was thought by some scholars that during
the mummification process, a solution of liquid
natron was applied to the body. However, this
is based on an incorrect translation and the ac-
cepted medium of desiccation was dry natron
(Cockburn et al., 1980).

3.1.2. Coniferous resin

The widespread use of plants oils indicates
that the embalmers were aware of the special
properties of unsaturated oils that allow them
to'dry', or rather, to polymerize spontaneously.
This polymerization would have produced a
highly crosslinked aliphatic network, which
would have stabilized otherwise fragile tissues
and/or textile wrappings against degradation
by producing a physico-chemical barrier that
impedes the activities of microorganisms (Buck-
ley and Evershed, 2001; Davies, 2011).

According to arguments presented by some
scientists, the resin used on the human body at
the end of the mummification process, was de-
rived from coniferous trees, specifically the ce-
dar, juniper, and pine trees (Klys et al., 1999). It
should be noted that coniferous materials had
been used in Egyptian mummies, but there had
been confusion regarding the actual trees mate-
rials used. Lucas (1931) Herodotus, Diodorus
and Pliny mentioned in their writings that the
resin employed by the Egyptians in mummifi-
cation was certainly from a conifer, although
probably never from the true cedar but from the
juniper tree instead. The materials mentioned
by Pliny as used for mummification were cedri
succus, the natural resinous product of a conif-
erous tree, probably juniper, and cedrium,
which contained pyroligneos acid that was
composed of a mix of oil of turpentine and
wood tar. Baumann (1960) mentioned that
throughout ancient times, junipers were con-
fused with cedars. Iskander (1980) mentioned
that in the second method of mummification,
oil of cedar was injected into the body through
the anus, which was afterwards stopped up to
prevent the liquid from escaping. Amoros and
Vozenin-Serra (1998) mentioned that coniferous
material (in the form of sawdust) came from the
cedar tree and was found in mummies dating to
different periods (Eleventh, Twelfth, Eight-
eenth, Nineteenth, and Twenty-first Dynasties
and the Greco-Roman period). Taconis (2005)
noted that in the First Intermediate Period,
evisceration was practiced, either by incision of
the abdominal wall or by means of an enema of
cedar (or more probably juniper) oil.

Some analytical techniques have greatly in-
creased the accuracy of the identification of an-
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cient natural materials such as oils or resin. The
following analytical techniques have identified
the resin material used on mummies as coming
from a conifer:

- Proefke and Rinehart (1992) used fast atom
bombardment combined with mass spectrome-
try (FAB/MS), high resolution FAB/MS, FAB
tandem mass spectrometry (MS/MS), and gas
chromatography/mass spectrometry (GC/MS),
to determine the composition of the resinous
material recovered from the wrappings of an
Egyptian Greco-Roman mummy dating to ap-
proximately 350 A.D.

The three oxidation products of abietic acid
found in the mummy resin clearly indicate that
a true conifer resin was used as the base for the
embalming fluid.

- Wisseman (1992) stated that chemical anal-
ysis of the embalming fuilds of an Egyptian
mummy at the World Heritage Museum, Uni-
versity of Illinois, indicated that coniferous res-
in was used.

- Amoros and Vozenin-Serra (1998) men-
tioned that sawdust taken from a Late Period
mummy was analyzed by traditional wood
anatomy methods and investigated under opti-
cal microscope. The microscope investigation
revealed that the sawdust packing was com-
prised of 70% coniferous wood, 10% tamarix
species and 20% unidentified vegetal remains,
possibly gramineae stems and leaf parts.

The radial walls of the larger vertical trache-
ids of dry untreated sawdust were investigated
under high magnification of the optical micro-
scope. In these walls, highly characteristic bor-
dered pits with fringed torus margins were ob-
served, and assigned these woody elements to
the Cedrus genus (Pinaceae family, Abietoideae
sub-family).

Identification of the Cedrus remains at spe-
cies level is difficult in view of the anatomical
similarities between Cedrus atlantica and
Cedrus libani. When compared to other sam-
ples, it seems that the sample is closer to Cedrus
libani.

- Connan et al. (1999) stated that the analysis
of balms from Egyptian mummies (1000 BC to
400 AD) by GC/ MS analysis and GC/C-IRMS
reveals complex molecular mixtures which are
diagnostic of products such as conifer resin and

beeswax mixed with bitumen to prepare each
balm.

- Connan (1999) stated that one of the major
conclusions of his study, restricted to mummies
dated between 1000BC and 400AD, is that the
molecular signatures are extremely diverse
from one sample to another and that conifer
resin is the key ingredient from which most
balms were prepared.

- Klys et al., (1999) mentioned that different
ancient resin specimens have recently been ana-
lyzed by infrared spectrometry and gas chro-
matography/ mass spectrometry (GC/MS). It
was supposed that the resins used in ancient
Egypt were from coniferous trees (cedar, juni-
per, firs and pines). He also stated that the
analysis of the resin samples was performed by
means of physicochemical tests, infrared spec-
troscopy and spectrographic method. The tests
were performed on many fragments from dif-
ferent parts of the mummy of Iset-Iri-Hetes be-
longing to the collection of the Archeological
Museum in Krakow, Poland. A pine resin was
identified by the analysis mentioned above.

- Buckley and Evershed (2001) made chemi-
cal investigation to a collection of Egyptian
mummies dating from the mid-dynastic period
(c. 1,900 yr BC) to the late Roman period (AD
395). This study revealed that coniferous resin
clearly increase in its prominence through time,
and is found in material taken both directly
from the bodies and from the wrappings. Co-
niferous resin is identified by the presence of
both
diterpenoid components. For example, 7-
oxodehydroabietic acid and 15-hydroxy-7-
oxodehydroabietic acid were usually the domi-
nant diterpenoid components, and the normally
abundant dehydroabietic acid was virtually ab-
sent. Buckley and Evershed (2001) also stated
that, although coniferous resins were clearly
used in the embalming process at least as early
as 2,200 yr BC (VI dynasty), their use becomes
most apparent in later periods; both the tissues
and the wrappings of mummies from the Ro-
man period (30 yr BC to AD395) contain appre-
ciable quantities (up to 37%) of coniferous
diterpenoids. The increasing use of coniferous
resin suggests that the embalmers may have
become aware of the ability of specific natural

functionalized and defunctionalized
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products to inhibit microbial degradation by
means of mechanisms (physico-chemical barri-
ers and antimicrobial action) analogous to their
protective roles in the plants from which they
derived.

- Maurer et al., (2002) have used gas chroma-
tography and gas chromatography-mass spec-
trometry (GC-MS) to analyze four samples tak-
en from four Roman mummies (4th century
AD), which were discovered in the Dakhleh
Oasis excavation in the Western Desert of
Egypt. The analyses proved that the soluble ma-
terial on the mummies mainly consisted of
plant material. The use of resins of coniferous
trees is indicated by the presence of abietic acid
and related tricyclic diterpenoid acids.

- Koller et al., (2003) stated that mummy
‘Saankh-kare’, Eighteenth Dynasty, 1500 B. C.
was analyzed by gas chromatography. The
analysis proved the presence of coniferous resin
according to the recovery of guaiacols without
syringols
which are formed when soft coniferous wood is
heated. They also stated that the brown solid
resinous material found near the mummy

and methoxyphenol derivatives,

‘Saankh-kare” also contained sesquiterpenoid
components normally detected in organic
solvent extracted wood from cedar atlantica
called cedar oil which is composed of junipene,
cadalene, cadinatriene, a-curcumene, cuparene
etc. Koller et al., (2003) stated that the analysis
on bone fragments, now deposited in the
Naturhistorisches Museum at Vienna, and the
mummy of Idu II from the Old Kingdom,
suggested that diterpenoid resin acids found on
the fragments were evidence of the use of pine
resin.

- Charrié-Duhaut et al., (2007) analyzed a
sample from a canopic jar in the Louvre with
gas chromatography-mass spectrometry and
liquid chromatography-mass spectrometry
(GC-MS and LC-MS) and absolute dating by
Carbon-14. The results revealed that the sam-
ple, scraped from the interior face of the jar,
was identified as an unguent made of conifer-
ous oil and animal fat, dating from the Third
Intermediate Period.

- Davies (2011) mentioned that many sources
suggest that cedar was used for mummification
and ancient texts by the Roman scholar Pliny

and Greek historian Herodotus link a wood
called ‘cedrium’ to embalming. Cedar materials
were found in unused ancient Egyptian em-
balming materials from Deir el-Bahari, an Egyp-
tian complex of mortuary temples and tombs
dating from about 1500BC. GC-MS analysis re-
vealed the presence of phenols and sesquit-
erpenoids and, importantly, a compound found
in wood smoke called guaiacol. The guaiacol
was attributed to tar oil produced from cedar
wood, known to be rich in the compound. The
embalming material would have had “powerful
bactericidal and fungicidal activity.

Through the previous studies and analytical
methods performed, the coniferous oils can be
divided into the following:

1. pine oil: pine oil (Table 1A) comes from
the pine tree (Family: Pinaceae, Pinus sp.) which
reaches a height of over 40m, has evergreen
leaves (needles), a straight trunk with a rather
spreading, irregular crown and bark that is
scaly and cracked. The leaves set in pairs on the
branchlets, are aromatic, needle-like, sheathed
and glaucous. Medicinally useful parts are
gathered in summer (Chiej, 1988).

2. Cedar wood oil (Table 1B): the famous ce-
dar of Lebanon is a true cedar. For thousands of
years its 70-100 foot height and 16-25 foot girth
have inspired men with thoughts of strength
and solidarity and the trees have always been
regarded with what Franklin Lamb calls "sacred
awe." Lebanese cedar usually grows in associa-
tion with pines and firs. The forests were exten-
sive in Biblical times, but only five small groves
exist today-about 6000 feet up Mount Lebanon.
These are under the care of a Christian sect
called the Maronites. The wood is fragrant, in-
sect-repellent, quite durable and rot-resistant. It
was highly esteemed by the Egyptians for many
kinds of wood-work and very much so for cof-
fin-making. It was first used in coffins some-
time around the tenth dynasty an-id persisted
well into the Ptolemaic period (Baumann, 1960).
Sawdust made from this cedar was also used as
a body packing for mummies.

3. Juniper (Fig. 1A, Table 1C): A shrub or
small tree (Family: Cupressaceae), about 10 feet
(3m) in height. The bluish-green leaves are nar-
row, leathery and very pungent; there is a pale,
concave line running the whole length of the
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upper surface of each leaf. Male and female
flowers are born on separate trees. The fruit is a
false berry formed by the bracts surrounding
the flower. The medicinally useful parts are
gathered in the summer and autumn (Chiej,
1988).

Juniper cones (generally being Juniperus
phoenicea L.) have often been found in ancient
Egyptian graves. An account of Coptic burials
at the Monastery of Epiphanius in Thebes re-
lates that handfuls of juniper cones and coarse
rock salt were put between the legs and over
the body of the deceased. Cones of . phoenicea
were plentiful enough to be utilized in large
amounts as an embalming substance in the bur-
ials (Brussell, 2004).

Fig. 1. Mummification materials used: (A) Juniper, (B)
Mastic, (C) Myrrh, (D) Cassia
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Fig. 2. Structural formulas of the monoterpenes, the
major components of essential oils (Miihlbauer et al.,
2003).

3.1.3. Mastic

Mastic is a light yellowish (Fig. 1B), semi-
transparent, natural resin that is exuded from
cuttings made on the trunk of mastic trees (Pis-

tacia lentiscus var. Chia) every year, from July to
October. These trees belong to the Anacardiace-
ae family, which is traditionally cultivated in
the south of Chios, a Greek island in the Aegean
Sea.

This material remains under the trees for
many days and coagulates through the local
environmental conditions (Table 1D). The co-
agulated product is then collected and is called
mastic gum. Mastic oil is produced by the
steam distillation of mastic (Mills & White,
1989; Paraskevopoulou, 2009).

The Egyptians used mastic in embalming
and in religious capacities. It probably had reli-
gious significance even when used for embalm-
ing (Baumann, 1960). There are several studies
proving the presence of mastic resin in mummi-
fication materials. The following analyses have
been done:

- Colombini et al.,, (2000) used gas chroma-
tography-mass spectrometry to analyze Mer-
neith's mummy balms (plant resins, oils and
their degradation products). He compared
Merneith’s unguents with several natural pure
substances, which were collected and used as
reference materials. He proved that the main
components found on the balm of Memeith's
mummy was mastic resin.

- Buckley and Evershed (2001) Indicated that
the former include the isomasticadienonic, mas-
ticadienonic, moronic and oleanonic acids that
are diagnostic of the presence of Pistacia resin
and are found in a female mummy of the Third
Intermediate Period (XXI to XXV dynasty;
1,069-664 yr BC).

The analyses that were carried out on one of
the blue-glazed faience jars with the cartouche
of Ramesses Il by Charrie’-Duhaut et al., (2007),
which entered the Louvre in 1905, proved that
the substance stored in the jar was likely an
embalming substance, made of pure vegetable
resin (Pistacia) and dating from the Ptolemaic
Period.

- Stern et al. (2003) studied resin taken from
some bowls found at Amarna. He suggested
that on the basis of the molecular composition
the resin is from a species of Pistacia. He men-
tioned that there is also some evidence of the
use of pistacia resin during mummification, at
least as early as the Third Intermediate Period.
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Fig. 3. Mastic gum: (A) Physicochemical characteristics
of aroma compounds (B) Chemical structure of the
triterpenes (Assimopoulou et al., 2005).

3.1.4. Myrrh

Myrrh is an oleo-gum resin (Fig. 1C, Table
1E), freely discharged from natural fissures or
from incisions made to collect this product. It
flows as a pale yellow, bitter, odorous gum,
which hardens as it dries to yield a reddish-
brown or orange irregular mass. In commerce,
myrrh is found as a powder or as granular pieces
of many. Myrrh resinous exudates are obtained
from trees of certain Commiphora species of the
Burseraceae family. Myrrh oils are occasionally
used as flavouring agents. Myrrh contains the
resin myrrhin (23-40%), the volatile oil myrrhol
(2-8%), gum (40-60%) and a bitter unidentified
component (Hamm et al., 2003).

Myrrh, antiyw in ancient Egyptian, was fra-
grant gum, essentially resin in the shape of small
yellow-red lumps. Myrrth was imported from
Somalia and southern Arabia, and it was com-
monly used during the New Kingdom to stuff
and massage on and into mummies. It was most-
ly valued for the fragrance that it imparted to the
corpse [14]. There are some studies that charac-
terize the presence of myrrh in Egyptian mum-
mies. The following analysis had been done:

Hamm et al., (2003) used Headspace SPME
coupled with GC-MS to identify the mono-,
sesqui-, and diterpenes of myrrh, provided that

diterpenes like incensole or isoincensole and
their oxide or acetate derivatives are character-
istic biomarkers of myrrh.

3.1.5. Beeswax

Beeswax is a type of wax from the honey-
comb of the honeybees. It is yellow, brown, or
white bleached solid. The normal color of bees-
wax varies from shades of yellow, orange, red
and brown. The color of beeswax changes with
age, for example virgin wax is white but darkens
rapidly as it ages, often becoming almost black.
It has a faint honey odor. It consists largely of
myricyl palmitate, cerotic acid and esters, and
some high-carbon paraffins. Beeswax is lipid by
nature. It has saturated hydrocarbons, acids or
hydroxy-acids, alcohols, pigments, mostly from
pollen and propolis, as well as minute traces of
brood (http://www .beekeeping.com/leclercq/
wax.htm; Hossain et al., 2009).

Beeswax was utilized for a number of pur-
poses in ancient Egypt. For example, it was of-
ten used to model figures and was also em-
ployed in the mummification process. Lucas
(1962) cited a few examples of Middle Kingdom
and New Kingdom date where wax had been
used as an adhesive. Connan et al. (1999) stated
that the analysis of balms from Egyptian
mummies (1000 BC to 400 AD) by GC/ MS
analysis and GC/C-IRMS revealed complex mo-
lecular mixtures, which were diagnostic of
products such as conifer resin and beeswax
mixed with bitumen to prepare each balm. Ser-
pico and White (2000) reported that the use of
beeswax in mummy wrapping dating from the
Late Period to the Roman Period had been es-
tablished. GC and Py-MS. Buckley and Ever-
shed (2001) said that beeswax is characterized
chemically by alkanes (C25-C33), wax esters
(C40-C50) and hydroxy wax esters (C42-C54).
They also stated that the first appears of bees-
wax notably later than coniferous resin, with its
positive identification in a resinous coating tak-
en from the chest cavity of a female mummy of
the Third Intermediate Period (XXI to XXV
dynasty; 1,069-664 yr BC). In a sample taken
from 'Pedeamun', a XXVI dynasty (664-525 yr
BC) mummy. Goffer (2007) said that the ancient
Egyptians used beeswax over 6000 years ago to
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preserve mummies, by soaking the linen strips
used for wrapping in beeswax. They also coated
and sealed the coffins with wax.

3.1.6. Bitumen

Bitumen may be either (a) a mixture of hy-
drocarbons originating in petroleum found nat-
urally impregnating certain porous rocks, gen-
erally limestone, but occasionally sandstone, in
various parts of the world or (b) a similar mate-
rial mixed with varying, proportions of mineral
matter found in the form of deposits, as in the
well-known "pitch". Pitch may be either natural
or artificial. Natural pitch is simply bitumen,
which has become solid by exposure, and is
found in the neighborhood of the Dead Sea
(Lucas, 1914).

The bitumen used as a preservative in some
ancient Egyptian mummies was previously
thought to come only from the Dead Sea area in
Palestine. A closer source of bitumen was inves-
tigated at Gebel Zeit on the southwestern shore
of Egypt’s Gulf of Suez (Harrell, 2002).

The origin of the black color of mummies
has always been a subject of debate (Connan,
1999). Lucas (1914) and Hammond (1959) stud-
ied the writings of the Egyptian, Arab, Greek
and Latin authors who studied mummies and
mummnification, and concluded that either bi-
tumen or pitch, or both, were extensively em-
ployed by the ancient Egyptians in the preser-
vation of the dead. Lucas (1914) however could
not find any careful or systematic examination
or analysis of the material, and apparently
nothing of the sort has been done. It seems then
that the recognition of the use of bitumen or
pitch, was soley based on the appearance of the
material on the mummy, and in a few cases, the
behavior of mummified material when burned.

Chemical studies were undertaken to find a
solution to this controversial problem:

- Connan (1999) stated that gas chromatog-
raphy, GC/MS and GC/C-IRMS analysis on 20
balms from Egyptian mummies, mainly from
the Valley of the Queens and not older than
1000 BC, showed that bitumen from the Dead
Sea was the most common bitumen found in
balms. This was a result of identifying sterane
and terpane patterns and comparing them with
bitumen found in the Dead Sea region.

- Harrell (2002) stated that five mummies
were analyzed using molecular biomarkers de-
rived from gas chromatography/mass spec-
trometry. It was found that four of the mum-
mies contained Dead Sea bitumen, and the fifth
and oldest one, that of the Libyan Pasehor from
about 900 BC, had bitumen from Gebel Zeit.
This is the first evidence for the use of an indig-
enous source of bitumen in ancient Egypt.

- Aufderheide (2003) mentioned that chroma-
tographic techniques proved that bitumen from
the Dead Sea, instead of the usual resins, was
employed by some Late Egyptian embalmers.

- Koller et al., (2003) stated that bone frag-
ments, now deposited in the Naturhistorisches
Museum at Vienna, Department of Anthropol-
ogy, were analyzed by GC and GC/MS. There is
strong evidence that a bituminous material was
applied on the surface of the mummy and parts
of it have migrated into the bones. This is be-
cause of the detection of pristane and phytane
together with the alkanes.

3.2. Materials used based on the descrip-
tions of some authors and literatures

Some references mentioned that the follow-
ing mummification materials were used for dif-
ferent purposes in the mummification process-
es. Unfortunately, scientific analysis and inves-
tigations have not been done for these materi-
als. The authors explained these materials de-
pending on the description of some observa-
tions and explanations of archaeologists and
scientists. These materials are:

3.2.1. Cassia

Cinnamomum cassia (Nees) Nees ex Blunmie
and Cinnawomum zeyla:nicumn Breyn. These are
the sources of cassia and cinnamon respective-
ly. Various parts such as the fruits, oil, inner
bark and leafy twigs of cinnamon are used. The
inner bark is a pungent, sweet and spicy herb
(Baumann, 1960; Ates & Erdogrul, 2003).

During ancient times, cassia (Fig. 1D, Table
1F) and cinnamon were both referred to, alt-
hough to what extent their botanical terminolo-
gy aligns with that of modern times is un-
known. Cassia was mentioned in Chinese herb-
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al texts as early as 4,000 years ago (Hernandez,
http://www.cinnamoncassia.com/)

There is considerable doubt as to whether
cinnamon and cassia were used in ancient
Egypt (Baumann, 1960). Ancient records point-
ing to the use of cinnamon and spices date from
the Old Kingdom, around 2,600 BC (Hernan-
dez, http://www.cinnamoncassia.com/). Bau-
mann (1960) mentioned that in the Karnak Re-
liefs of the Nineteenth Dynasty, it is written: "I
gather together all the countries of Punt, all
their tribute, of gum of myrrh, cinnamon..."
And in the Harris Papyrus from the Twentieth
Dynasty, cinnamon is mentioned four times
and cassia once in the lists of tributes.

Because of its natural preservative properties
and potent scent, Cassia and cinnamon were a
part of ancient embalming practices, most nota-
bly in Egypt. The art of embalming was often a
partly medical and partly spiritual practice, and
cinnamon played an important role in both
spheres. Its chemical properties make it a practi-
cal ingredient in embalming, but its distinctive
scent, high price, and vibrant color served sym-
bolic purposes as well (Ikram and Dodson, 1998).

Pettigrew (1834) mentioned that on the sur-
face of a Twentieth Dynasty mummy was “...a
thick layer of spicery... (which)... still retains
the faint smell of cinnamon or cassia”.
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Fig. 4. Formation of organo-sulphur compounds dur-
ing metabolic pathways in processed onion (Corzo-
Martinez et al., 2007).

3.2.2. Onions

Onion, (Allium cepa L.) is one of the most im-
portant and oldest vegetable crops grown in
Egypt. Although it is primarily grown for food,
it is also used as traditional medicine (Hussein
et al., 2007) (Table 1G).

Onions were found in body cavities from the
New Kingdom until the Third Intermediate Pe-
riod. David and Archbold (2000) mentioned
that Ramesses IV had onions placed in his eye
sockets and his ears, and a piece of onion skin
covered with resin was inserted into each nos-
tril. Sandison (1957) mentioned that this is
probably the only instance of the use of onions
to simulate the eye.
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Fig. 5. Onion: (A) Major organo-sulphur compounds
present in different onion preparations based on the
extraction method (Corzo-Martinez et al., 2007); (B)
Biosynthetic pathway of thiosulfinates (Lanzotti, 20

3.2.3. Lichen

Lichen (Table 1H) often inconspicuous, har-
dy and adaptive plants are composed of a fun-
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gus and a green or blue-green alga. This union
or symbiosis produces a long-lived organism
that does not look like either the fungal or algal
partners. Both partners contribute to the growth
of lichen.

The alga uses photosynthesis, like other
plants, to produce food, while the fungus sup-
plies water and essential minerals producing a
structure that protects the alga from extreme
environmental conditions. Together they thrive
in some of the harshest environments on earth
where few other plants and neither partner
alone can survive (Hagan, 2004).

Lichen was used to fill out body cavities
(Ikram and Dodson, 1998), such as the lichen
used in the cavities of Ramesses IV (Hamilton-
Paterson & Andrews, 1978), and also lichens
were inserted under the skin to try to give the
body a more 'fleshy' appearance (Knight, 2009).
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Fig. 6. Lichen: (A) Probable pathways leading to the
major groups of lichen products (Edwards et al., 2003),
(B) Proposed biosynthetic route for usnic acid
(Ingolfsdottir, 2002).
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Fig. 7. Lichen: (A) Structure of various paraconic acids
(Horhant et al., 2007), (B) Structure of lichen com-
pounds, sphaerophorin (depside) and pannarin (dep-
sidone) (Russo et al., 2008).

3.2.4. Henna

The henna plant Lawsonia inermis Linn (Table
1I) is a fragrant shrub native to Asia and northern
Africa. The species is sometimes referred to as L.
alba or L. rubra and is cultivated in India, the Mid-
dle East, Egypt and tropical America (Avijit,
2002). The henna plant is a glabrous, many-
branched shrub or quite a small tree with grayish-
brown bark. Leaves are opposite, sub sessile, el-
liptic or broadly lanceolate, entire, acute or obtuse,
2-3cm long and 1-2cm wide. Flowers are numer-
ous, small, white or rose colored and fragrant
(Muhammad & Muhammad, 2005). Henna dye is
prepared by grinding the fresh leaves of this plant
or by powdering the dried leaves and then mixing
into a grayish-green paste with water. The result-
ing brown dye is extensively used as decorative
skin paint, for nail coloring and as hair dye and
conditioner (Cordeiro et al., 2008).

A variety of analyses on Ramesses II's mum-
my showed that the embalmers dyed the phar-
aoh's hair, probably with henna (Brier, 1994).
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3.2.5. Gum Arabic

Gum Arabic is a naturally occurring exudate
collected from Acacia senegal trees and, to a less-
er extent, from Acacia seyal trees. It is one of the
oldest and most important industrial gums
(Yadav et al., 2007). It is a high molecular
weight macromolecule that can easily be dis-
solved and dispersed in water under appropri-
ate conditions. About 70% of the world produc-
tion of gum arabic is in Sudan, the rest is in the
French-speaking countries of West Africa. Gum
Arabic is used in the production of food, phar-
maceuticals and cosmetics; it has also seen some
use in medicine (Zaied et al., 2007).

Gum Arabic is a branched-chain, complex pol-
ysaccharide, either neutral or slightly acidic,
found as a mixed calcium, magnesium and potas-
sium salt of a polysaccharidic acid (Arabic acid).
The backbone is composed of 1,3-linked b-D-
galactopyranosyl units.

The side chains are composed of two to five
1,3-linked b-D-galactopyranosyl units, joined to
the main chain by 1,6-linkages. Both the main
and the side chains contain units of a-L-
arabinofuranosyl, a-L-rhamnopyranosyl, b-D-
glucuronopyranosyl 4-O-methyl-b-D-
glucuronopyranosyl, the last two mostly as end
units (Buffo et al., 2001; Ali et al., 2009). Gum
Arabic was comprised of 39-42% galactose, 24—
27% arabinose, 12-16% rhamnose, 15-16% glu-
curonic acid, 1.5-2.6% protein, 0.22-0.39% ni-
trogen, and 12.5-16.0% moisture (Islam et al.,
1997; Zaied et al., 2007).

The chemical composition of Gum Arabic can

and

vary with its source, the age of the trees from
which it was obtained, climatic conditions and
soil environment (Ballal et al., 2005). The Ancient
Egyptians used gum Arabic as an adhesive when
wrapping mummies (Yadav et al., 2007).

4. CONCLUSION

Through previous studies, it is apparent that
bodies mummified by the third method were
more damaged by bacteria, fungi and insects
than others mummified by the second and royal
methods. The bodies mummified by the most
expensive, royal method were the most protect-
ed. This can be explained by the use of plant
materials in the second and royal methods.

- Cedar oil was used in the second method. It
was injected into the body, and was also used in
the ideal method to treat the body cavities after
washing by palm wine. It contains essential oil
and some essential ingredients (apinene, myrce-
ne, limonene, terpinolene and a-terpinene), which
have a major effect against bacteria, fungi and
some insects. This may explain the reason why
the mummies were protected.

- Pine oil was used in the Third Intermediate
and Roman Periods. Some ingredients of the
essential oil (B-thujene, a-pinene, B-pinene and
bornyl acetate) have antibacterial effects against
gram-positive and gram-negative, in addition
to antifungal effects.

- Juniper was used in the First Intermediate
Period and has the same effects as that of coni-
fer oil.

- Mastic was used in the New Kingdom,
Third Intermediate Period and Ptolemaic Peri-
od. Some essential oil ingredients (verbenone,
a-terpineol, linalool and pentacyclic triterpenes)
have antiseptic and antimicrobial effects.

- Myrrh was used in the New Kingdom.
Some of its essential oil ingredients (a-pinene,
sesquiterpene hydrocarbons, d-elemene and (-
bourbonene, furanosesquiterpenes and ger-
macrene - type compounds) are used to kill and
repel pests, and these compounds are effective
arthropod repellents.

- Cassia was used around 2,600 BC. Some of
the essential oil compounds (cinnamaldehyde,
linalool, eugenol and 1,8 cineol) have antimi-
crobial, antiseptic and antifungal effects in
addition to a major effect against insects.

- Onions were used from the New Kingdom
until the Third Intermediate Period. Some of the
onion compounds (alliin, y- glutamlcysteins,
steroid, saponins and sapogenins) have antimi-
crobial effects and have a significant effect
against UV light.

- Lichen was used in the New Kingdom.
Some of its compounds (usnic acid, sphaero-
phorin, pannarin and paraconic acid) have an-
tibacterial and antifungal effects. Usnic acid en-
antiomers caused significant antifeedant activi-
ty and toxicity towards larva.

- Henna was used in the New Kingdom.
Some of its compounds (lawsone, 2-hydroxy-
1,4 naphthaquinone) have antibacterial effects.
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Table 1: Scientific data of mummification materials
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