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This study proposes an alternative interpretation of the pollen grains found on the Christian
relic of the Shroud of Turin, the majority of which belong to entomogamous plants. The
examination of the images in the literature and the observation of modern pollen under light
microscopy and scanning electron microscopy reveal that the most abundant pollen on the
relic may be attributed to the genus Helichrysum (Asteraceae family) instead of Gundelia
tournefortii. The other most important pollen found belongs to the Cistaceae-Cistus spp.—
the Apiaceae—probably Ferula spp.—and the Anacardianceae—the genus Pistacia. These
pollen grains could have come from plants used to obtain expensive and valuable substances
that would have been the basis for the oils of Helichrysum, ladanum and galbanum, as well as
for mastic and terebinth products; this fact has not been considered by previous authors.
Ancient historical records give us references that could link the pollen traces to a mixture of
balms and ointments employed for preparing the body for funeral and burial. For this reason,
the palynological study reveals coherency with these historical records about the rituals, as
reported on by the important scientists Pliny the Elder and Dioscorides, dating back to the first
century AD.
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INTRODUCTION

Death is the time to express the religious beliefs and the identity of the corpse, which is why
burial rituals and funeral treatments are in accord with the cultural history of a given people.
The care of the body, which follows rules dictated by the leaders and by the whole society, is
necessary if the optimal level of purification demanded for the deceased to pass over the thresh-
old between this life and the next is to be attained. It is performed using ointments and incenses,
in a mixture of religion and magic. In the ancient native societies of the Mediterranean basin,
funeral and burial rites differed from region to region, depending on the religious dogma and
the social status of the deceased. However, the embalming of the body using ointments was also
commonly applied to persons of higher social status from ancient times right up to the Early and
Middle Ages and the Renaissance (Vermeeren and van Haaster 2002; Hadjouis ef al. 2011;
Charlier et al. 2015). The ointments had to be not directly visible, and they needed to maintain
a certain stability, in the sense that there could be no odour or liquefaction during official presen-
tations. The significance of the substances and the actual practices employed have a long history,
which undergoes change with the passing of time. For example, in the 12th century AD, the
embalming process was traditionally carried out by cooks (Le Breton 1993; Charlier 2006). In
subsequent times, post-mortem preparation was executed by barbers, surgeons and apothecaries;
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in later centuries the process was supervised by chemists, who used plants to carry out the task
(Gannal 1840).

The use of botanical products was very common, and the probable pollen content, with its
strong and long-lasting coat, makes it possible for the preparation to remain attached to objects
or burial remains; so it becomes helpful evidence in the quest to unravel events in history. The
scientific support for pollen derives from the specific external morphological features possessed
by each type, allowing us to identify the provenance of the particular botanical taxon involved.
Palynological analysis has thus been useful in helping to discover techniques and substances
utilized in ancient times in Egyptian and early modern mummies, as well as in the relics of Joan
of Arc or of King Richard the Lionheart (Girard and Maley 1987; Mai and Girard 2003; Charlier
et al. 2010, 2013; Giuffra et al. 2011).

From ancient times, the embalming traditions of the Egyptians (3500 BC to AD 700) became
widespread throughout the Mediterranean; they carried out more or less durable embalming
using different products, according to the dead person’s particular caste (Girard and Maley
1987; Fuertes Rocaiiin et al. 2007). In nearby countries, other types of embalming were used
not to preserve the body for all eternity but, rather, to help the person to pass on to the other life.
An interesting practice of that period was carried out in the Phoenician population, which
established the first cemeteries from the seventh century BC, and employed perfumes and balms
to anoint and purify the corpse, as well as to give magical protection in the place of burial (Aubet
2004; Delgado and Ferrer 2007). From the First Punic War (264241 BC) onwards, the
Phoenicians’ customs for honouring the dead, as regards the use of scents, ointments and balms,
spread from Asia Minor to Europe; the Romans spent fortunes in burning spices and anointing
the body during funerals (Mengotti 1821 (Capitolo II. Aromi e unguenti); Blaizot 2009; Rottoli
and Castiglioni 2011).

The specific Phoenician death rites from 593 BC were also the inspiration behind the Jewish
funeral tradition. In Jerusalem, offerings and purification of deaths were celebrated with many
kinds of incense (Blazquez 2001), in a fusion of profane and religious rituals. The body and
burial cloths were spread with selected substances before passage to the afterlife; the ointments
paying homage to the gods and honouring the dead. The first-century texts of Pliny the Elder
(Historia Naturalis), especially book XIII (Acervatim congesta honori cadaverum), and of
Dioscorides (De materia medica), register different botanical components, such as resins, barks
and oils, that were used to produce ointments and perfumed balms. In these ancient documents,
the botanical products of cinnamon (Cinnamomum spp.), cardamom (Elettaria cardamomum),
calamus (Calamus odoratus), estoraque (Styrax officinale), frankincense (Boswellia sacra),
ladanum (Cistus spp.), gum resins (Pistacia terebinthus and Pistacia lentiscus), myrobalan
(Prunus cerasifera), myrrth (Commiphora molmol), nard (the Amaryllidaceae family) and many
others were used in mixtures that are unknown today (Brun 2000). The Bible mentions the
custom of applying oils and spices in funeral and burial rites; in the case of Jesus Christ, ‘aloes’
and myrrh are generally specified as those used by Joseph of Arimathea and Nicodemus during
their practices (John 19:39). Nowadays, the only burial cloth attributed to have been used to wrap
Jesus Christ is the relic of the Shroud of Turin. Remarkable scientific analyses have been carried
out on this relic; palynological studies using pollen to point to Jerusalem as the geographical
origin of the cloth (Frei 1976, 1979a, 1979b, 1982, 1983; Ghio 1986; Danin et al. 1999; Barberis
2009). The sindonic pollen found was linked with common plants from the desert of Israel,
Turkey and the Western Mediterranean region; the most abundant species being attributed to
Gundelia tournefortii L. (Wilson 1978; Danin et al. 1999). In general, the pollen of plants known
to be spring-flowering in Israel was used to support the authenticity of the relic; today, the
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possibility of being able to pinpoint the geographical origin has been ruled out (Scannerini 1997;
Scannerini and Caramiello 1989). Pollen could be contained in the substances used for treating
the linen cloth as well as the body, being indeed a microscopic witness to what has happened
over the passing of time (Boi 2012).

The goal of the present study is to discuss the Shroud pollen with regard to: (a) the erroneous
identification of the majority pollen, discovered as the Gundelia type; and (b) the interesting data,
not considered until now, of the significance of the most abundant pollen in relation to specific bo-
tanical substances typically used during the treatment of preparing the corpse and the burial cloth.
The Shroud pollen found in the greatest abundance gives a snapshot of the cultural moment in which
the funeral and burial rites were completed. Although the original ointments employed have deteri-
orated, the pollen attached to the fibres reveals new information, hitherto not taken into account.

MATERIALS AND METHODS

Pollen samples were collected from the Shroud in 1973 and 1978 by Frei, using common adhesive
tape. Different images of the sindonic pollen under the optical and scanning electron microscope
were published by Frei (1976, 1979a, 1979b, 1983, 1985, Ghio (1986) and Danin et al. (1999).
The pollen found in the greatest amount were identified by Frei and subsequently confirmed by
Danin ef al. (1999), who analysed a part of the Frei samples. These pollen samples are inaccessible
nowadays, and are kept in storage in the United States. Although Frei did not include the pollen
count, Danin ef al. (1999) count 313 pollen grains; from those, they identified some 204 that were
distributed across 37 types of pollen. The images of the previous bibliographical texts were
analysed and compared with diverse present-day pollen types, using optical and scanning electron
microscopy. The comparative pollen samples were collected from the Herbarium of the Universitat
de les Illes Balears (Balearic Islands, Spain), as well as from fresh pollen of common taxa of the
Mediterranean region. Pollen were prepared for optical analysis using sticky tapes, following the
Frei method (Frei 1976, 1979a, 1979b, 1983; Ghio 1986), and mounted on slides embedded in
glycerine jelly using aerobiological methods (Galan ez al. 2007). The pollen samples were analysed
under an optical microscope (LM), at magnifications of x400 and x1000 (Olympus BX-41). For
the analysis of structural external features, following the Erdtman method (1960, 1969), fresh
and acetolyzed pollen were then dehydrated and mounted on stubs, and subsequently sputter-
coated with a gold—palladium mixture. Finally, the pollen was examined under the SEM-Hitachi
S-3400N scanning electron microscope. In order to verify the identification of pollen grains, to
species or genus level, its morphological characteristics and exine sculpturing and number of aper-
tures (pores or furrows) (SEM), along with its size and shape (LM), were analysed. With reference
to the pollen types identified in the previous studies, pollen of Anemone coronaria L., Cistaceae
spp., Ferula spp., Ridolfia segetum (L.) Moris (Apiaceae), Pistacia lentiscus L. and Helichrysum
species were examined at high magnification, and compared with the images from the previous
palynological studies referred to above. For the pollen descriptions, various texts were consulted
(Erdtman 1969; Valdés et al. 1987; Reille 1992, 1995, 1998; Boi and Llorens 2007; Hesse ef al.
2009). The ethnobotanical uses of various species in the ancient classical texts of Theophrastus
(Historiae plantarum, 300 BC), the Roman Pliny the Elder (Historia Naturalis, AD 23-79) and
the Greek Dioscorides (De materia medica, AD 40-90) were also checked.

RESULTS

In Table 1, we report the four most important types of pollen found on the relic by the previous
authors, their bibliographical references and the proposed new identification. Although Frei does

© 2016 University of Oxford, Archaeometry *s, ** (2016) se—se



4 M. Boi

Table 1 The sources of the majority taxa according to Frei and Danin et al., and the current identifications

Author Frei Authors Danin et al.
Botanical Actual Actual
Sfamily Species Source identification  Species % Source identification
Anacardiaceae  Pistacia Frei Pistacia spp.  Pistacia sp. 0.6 Danin et al.  Pistacia spp.
lentiscus L. (1982) (1999)
Pistacia
vera L.
Asteraceae Gundelia Frei Helichrysum Gundelia 29.1 Danin et al.  Helichrysum
tournefortii L. (1983)  spp. tournefortii L. (1999) Spp.
Apiaceae Ridolfia
segetum
(L.) Moris
Frei Ferula spp. Apiaceae 4.2 Daninetal. Ferula spp.
(1982) (1999)
Cistaceae Cistus Frei Cistus spp. Cistaceae 7.3 Danin et al.  Cistus spp.
creticus L. (1982) (1999)
Cistus 0.3
incanus type
Cistus 0.6
salvifolius type
Ranunculaceae ~ Anemone Frei Pistacia spp. ~ Not confirmed - - -

coronaria L. (1983)

not indicate the percentage of pollen found, Danin ef al. (1999) made a partial account, checking
only part of the whole optical microscope slides. These previous authors concur with regard to
the greatest amounts of pollen-Gundelia tournefortii (Asteraceae). The other pollen taxa, in order
of abundance, are the Cistaceae type, Cistus spp., Apiaceae (not specified) and Pistacia spp. All
of these taxa represent 64.21% of the total pollen recognized (Danin ef al. 1999). Nevertheless, in
the prior sindonic pollen studies, mistakes were made regarding the exact identification of the
pollen grains discovered (Boi 2012). For example, in SEM images, Pistacia lentiscus was
wrongly identified as Anemone coronaria (Figs 1 (a) and 1 (b)) and Asteraceae pollen
(Helichrysum type) was identified as Ridolfia segetum (Apiaceae) (Figs 1 (g) and 1 (h)) (Frei
1983; Ghio 1986). Moreover, in an LM image (Danin et al. 1999), Asteraceae pollen was
identified as Gundelia tournefortii. Although the authors distinguished Gundelia tournefortii as
being the most represented, the illustrations, confirmed using the Frei SEM image, match with
the Helichrysum type.

The pollen of Mediterranean Helichrysum shows a morphological similarity (Coutinho and
Dinis 2009). Helichrysum pollen grains are tricolporate, spheroidal, prolate-spheroidal or
oblate-spheroidal in shape, with a small or medium size (21-34 umx22-33 um). The
ectoapertures are short colpi and the endoapertures are elliptical pori. The ornamentation is
echinate, with spines of 3—4 um, not swollen at the base, and with a rugulate and microperforate
tectum. The tectum is complete, with a exine thickness of about 2.0-3.5 um (Fig. 2; in (a), the
pollen is mounted on adhesive tape, as per the Frei method).

The pollen type of Gundelia tournefortii is described as a tricolporate pollen, with an
average size of 48 um in diameter, spheroidal or suboblate in equatorial view, circular in polar
view, and isopolar. The sculpture is echinate, with conical spines of subglobose-shaped bases,
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Figure |  Optical microscope (LM) and scanning electron microscope (SEM) images: (a, b) Anemone coronaria pollen;
(c, d) Cistus albidus pollen; (e, f) Ferula communis pollen, (g, h) Ridolfia segetum pollen; (i, j) Pistacia lentiscus pollen.
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Figure 2 (a) Helichrysum pollen on sticky tape (LM); (b) Helichrysum pollen type (LM) in polar view; (c, d)
Helichrysum pollen ornamentation (SEM).

4 um long, with swollen bases, and the tectum is microperforate (Wortley et al. 2007; Katinas
et al. 2008).

Because it is a stenopalynous type, Asteraceae pollen, requires examination of the micro-
morphological features for each taxon to be recognized. The previous images of the Asteraceae
pollen on the Shroud, especially those made using SEM (Frei 1983), show a medium size, about
30 um, with echinate spines, not subglobose at the base, with a microperforate tectum coinciding
with the type Helichrysum. The Helichrysum characteristics coincide accord with the SEM
image, as well as with the LM ones (Danin ef al. 1999), which show an exine ultrastructure anal-
ogous to the Helichrysum genus.

The Cistaceae pollen is tricolporate, medium- or large-sized (32—-67 umx27-53 um) and
circular or prolate to subprolate in shape. The ectoapertures are colpi and the endoapertures are
elliptical or circular pori. The ornamentation shows striate, reticulate or rugulate patterns. The
tectum is partial or complete, with an exine thickness of about 1.5-5.0 um. In Figures 1 (c)
and 1 (d), the reticulate pollen of Cistus albidus L. is displayed.

Apiaceae pollen is tricolporate and has a perprolate shape, being elliptic or subrectangular in
equatorial view and triangular or circular in polar view, with an isopolar from a small to a
medium size (15-49 pm x 5-28 um). The ornamentation consists of smooth, scabrate, perforate,
foveolate and rugulate types. Ferula spp. pollen is tricolporate and of medium size
(28-37 um x 12—-17 pm). The pollen is perprolate, with large and narrow ectoapertures of colpi
and with an endoaperture of elliptical pori. The tectum is complete, with an exine thickness of
about 1.2—1.5 um. In the polar area, the exine is rugulate and perforates; while in the equatorial
part, the muri form narrow rugulae (Figs 1(e) and 1(f)). Ridolfia segetum shows a tricolporate
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pollen, of medium size (23-24 um x 13—15 um), perprolate in equatorial view and triangular in
polar view. The pollen is perprolate, with large and narrow ectoapertures of colpi and with an
endoaperture of elliptical pori. The tectum is complete, with an exine thickness of about
0.6 um in the polar area and 2 pm in the mesocolpial area. The ornamentation is rugulate and per-
forate in the polar area, while in the equatorial part the muri form a narrow rugulae (Figs 1(g) and
1(h)).

Anemone coronaria of the Ranunculaceae family is pantoporate, with an average medium size
of 30-36 um. It is apolar, and circular or elliptic in shape. The pori, about 25 in number, are cir-
cular, and show aperture membranes of a microechinate operculum. The tectum is complete, with
perforate and microechinate surfaces. The exine thickness is about 3—4 pm (Figs 1(a) and 1(b)).

Pistacia lentiscus (mastic) and P. terebinthus (terebinth) belong to the Anacardiaceae family.
The pollen morphology of P. lentiscus and P. terebinthus are similar, both of them being of the
pantoporate type, although P. lentiscus is smaller, with a diameter of 23—42 um. They are apolar,
with a circular or elliptical shape and 5—11 simple pores in P. lentiscus (Figs 1(i) and 1(j)); there
are fewer in P, terebinthus (4-7 pores), the external rings of which are not easily distinguishable.
The tectum is incomplete and microreticulate with perforation forming an irregular lumen; the
muri are granulates. The exine thickness is about 1.5 pm.

With reference to the species identified and analysed (Table 1), the classical literature sources
of Pliny the Elder and Dioscorides were consulted as regards ointments and odoriferous products.

Helichrysum

The name Helichrysum comes from the Greek ‘helios’ (sun) and ‘chrysos’ (gold), and is called
such due to the alleged healing properties of the flowers. The plant’s inflorescences, consisting
of floral buds, of an especially golden—yellow colour, conserve their fresh appearance for a long
time, and so were given the name of ‘evergreen’ or ‘everlasting’. Theophrastus, whose original
study was partially lost and whose works formed a large part of the sources for the compilations
of Pliny the Elder, writes in Historiae Plantarum (book VI, 8, 1), in which mentions that
Helichrysum was widely used in the ritual coronation of images. Pliny the Elder confirms that
the plant comes from the metamorphosis of a nymph and is used for making crowns and gar-
lands; it also possesses anti-inflammatory properties (Historia Naturalis, book XXI 96, 168,
169). In Historia Naturalis XXI (Historiarum mundi, book XXXVII), he writes ‘Eliocriso, some
call it chrysanthemum: it has white stems, whitish leaves similar to the “abrotino” [Santolina—
Asteraceae], when it reaches for the sun it shines like gold and it never fades. For this reason, the
gods are crowned with it, and clothes are protected by its fragrance’.

Dioscorides, in book IV (58), defines: ‘The Elicriso, called by a few “Chrysanthemom’” [Chry-
santhemum] and by others “Amaranton” [Amaranthus], is a certain plant with which the idols are
usually crowned. It is also called amaranth, because its flowers last indefinitely without corrup-
tion and without any loss of smell, combating the wounds of corruption’ (book I, 55). There
are two species of ordinary amaranth: the yellow one, which the barbarians call ‘sticados citrina’
and another purple one, the so-called ‘flower amoris’, or ‘flower of love’. Dioscorides mentions
Helichrysum sanguineum Boiss. as ‘bakkaris’, with the appearance of grass, used for crowns and
with rough leaves. In book III (46), he comments that its smell provokes dreams. Amaranth does
not wither, and as such is a symbol of immortality, consecrating the deceased. Pliny the Elder
(Historia Naturalis, book XXI, 132) and Dioscorides (De materia medica, book III, 46) concur
in identifying Helichrysum, and especially H. sanguineum, as being among the hypnotic, seda-
tive, narcotic and psychotropic plants: ‘Helicriso, a flower that it does not wither, called
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immortal; it crowned their gods, as Ptolemy, king of Egypt says. It is a flower whose garlands
and ointments give benevolence and glory, the oil is stored in golden glasses that are called
apyron’ (Historia Naturalis, book XXI, 6).

Cistus

The registers of the Cistaceae pollen include the genus Cistus, which produces resins all over the
Mediterranean area that are collected during the flowering season (April and May). There are
different gums of other species of the genus Cistus (rock roses), which were used to keep the
corpse from smelling unpleasant (Pliny the Elder, book XIII, 1), and these were also used to treat
wounds and as a pain reliever (Dioscorides, book II, 106, 108). ‘Cisto’ is quoted by Dioscorides
as being used in poultices to heal wounds and burns (Dioscorides, book I, 106). The important
resin of ladanum is collected from Cistus ladanifer (rose of Sharon); this resin, when mixed with
myrrh and other oily scented ointments, was spread directly on to the body or burned during
funerals (Dioscorides, book II, 108). The procedure to gather the resinous ‘ladano’ is ancient;
the resin is collected from the fleeces of goats after they graze among the stems, because it
remains stuck to the hair, or it is gathered with an ancient tool for flailing the plants (the
ladanesterion) (Dioscorides, book I, 108).

Ferula

According to Dioscorides, perfumes and ointments were prepared with the resin of different
‘Ferula’ (book I, 59; book III, 85). This resin, called galbanum, was used to heal wounds, and
it was also burned in temples during burial rituals (Pliny the Elder, book XII, 26). It is the base
element of the ointment of ‘Metopio’, which heals wounds (Dioscorides, book I, 56). Galbanum
is a strong-smelling oily gum-resin, similar to frankincense, which is extracted by making small
cuts on the base of the stalk of the plant when it starts to bloom in April (Dioscorides, book III, 91).

Pistacia lentiscus and Pistacia terebinthus

According to Dioscorides (book I, 24, 36, 71, 72), these plants produce exudate resins, which
when mixed with myrrh and other products, help wounds to heal. According to Pliny the Elder
(book XIII, 6), the terebinth resin, commonly called incense, was also burned in burials to
disguise unpleasant smells. From the species P. terebinthus, turpentine is obtained; on the island
of Chios (Greece), the very valuable mastic is produced from P. lentiscus. The mastic plant
produces a resin, and oil is obtained from the mature fruits (skinclaion) in a way similar to the
use of the terebinth plant (Pliny the Elder, book XII, 36; book XIV, 25). The oil, made by the
crushing of leaves and fruit or by boiling leaves, fruit and bark in water, was used as an ointment,
or as a balsam to eliminate ulcers, sores and wounds (Pliny the Elder, book XII, 16). All the
products of ‘lentisco’ show the same properties of wound and bone healing; ‘terebinto’
administrated in poultices is used to combat tiredness (Dioscorides, book I, 71, 72).

DISCUSSION

Frei (1976, 1979a, 1979b, 1983, 1985, Ghio (1986) and Danin et al. (1999) affirmed that the
most numerous pollen types present on the relic came from entomogamous plants, their pollen
needing the help of insects to complete pollination. The fact that this type does not travel by itself
through the air made this discovery very interesting when considering the presence of the
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The significance of pollen trace in the Shroud of Turin 9

abundant pollen of Helichrysum (not of Gundelia tournefortii), as well as of the Cistaceae (Cistus
spp.), the Apiaceae (Ferula spp.) and Pistacia lentiscus. Until recently, then, the most abundant
pollen was considered to be the Gundelia type, but we would have to ask ourselves: how and
why would that kind of pollen have come in contact with the relic anyway? Gundelia tournefortii
(tumbleweed), called ‘A’kub’ or ‘Ka’ub in Arabic, grows in the mountain deserts of Egypt,
Turkey, Syria, Lebanon, Palestine, Jordan, Israel, Iraq, Iran, Azerbaijan, Turkmenistan,
Armenia and Cyprus (Matthzus and Ozcan 2011). In Israel and Palestine, it has a traditional cu-
linary use, testified to in the Talmud of Babylonia (Mishnah—Beitzah 34a) (Danby 1933) as well
as in the biblical text (Feliks 1968). The custom of collecting the entire plant for gastronomic use
before flowering has led to a drastic reduction of this plant since ancient times (Lev-Yadun and
Abbo 1999). The alleged high presence of this pollen has been used to link the Shroud of Turin to
a past stay in Asia Minor (Frei 1979a), even though the morphological traits do not in fact cor-
respond with this pollen type. The presence of supposedly Gundelia pollen was also claimed to
have originated from the cloth coming into direct contact with the flowers after the death of the
man wrapped in the Shroud, since blooming begins in March, the time of Easter (Danin ef al.
1999). Furthermore, Danin ef al. (1999) believed that this plant was used for the crown of the
crucified person, because they found marks of the Gundelia plant seeming to show up as im-
prints. These appeared solely on a negative image of the Shroud, taken by the photographer Enrie
in 1931, but would seem to be only a pareidolia phenomenon (Di Lazzaro et al. 2013). Other
writers have noted that Gundelia, which does not have especially sharp thorns on the stem, is
an unlikely contender for use in the ‘crown of thorns’ (Hind 2013). Moreover, if Gundelia
flowers had really come into direct contact with the linen, latex residues would have been found
on the fabric, along with the colloidal emulsion of stalk and leaves. Gundelia has now been ruled
out as being the dominant species present on the relic (Bryant 2000; Danin and Guerra 2008).

The replacement of the Gundelia tournefortii by Helichrysum spp., taken alongside the whole
set of sindonic entomogamous species, suggests the use of botanical products that were widely
used in ancient funeral and burial rituals, whose purpose in embalming the body was to delay de-
composition, as well as to make burials smell less unpleasant. These 2000-year-old techniques
using ointments, oils and perfumed balsams were unusual in Europe, with some reported excep-
tions during the Roman Empire (Papageorgopoulou et al. 2009; Brenner 2014). Pliny the Elder
and Dioscorides assembled the knowledge of many other earlier Roman, Greek and Asian
writers, information that was read throughout a broad region of the world, remaining valid until
the Middle Ages and the Renaissance. In the 14th century, the writings were given new life by
physicists and naturalists, such as Matthiolus and Tabernaemontanus, who collected the works
of Hippocrates and Galen, as well as of Dioscorides and Pliny the Elder, in expanding contem-
porary knowledge of nature. During the Middle Ages, there was a decline in the use of botani-
cally based ointments; embalming consisted of innovative techniques, such as the injection of
chemical substances or immersion of the body in alcohols. In the subsequent medieval period,
the anointing of the body was substituted by the durable practice of embalming involving the
evisceration of the body, which was then washed with cold water and aqua vitae, and its cavities
filled aqua vitae—moistened cotton and powder. Finally, the corpse was then sewn up and
wrapped in wax (Brenner 2014).

The investigations on the Shroud do not display evidence of the funeral practices of the
Middle Ages or the medieval era. Rather, the pollen discovered in this relic could be from
the compounds of early burial ointments, suggesting that its origins lie in the first century
AD. It is not difficult for pollen to stay attached to fibres for a long time (Boi 2015), but
the attachment can be even stronger when the pollen is combined with greasy botanical
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substances, such as those applied to the body after death, or those adhering to a burial cloth
(Mariotti Lippi 1998). According to the Holy Bible and ancient history, the plants themselves
never came into contact with a cadaver, especially in Jewish customs, whereas it was com-
mon to anoint the body for burial (Haklill 2005). The traces of the most abundant pollen
on the relic point to plants used in ancient ethnocultural practices, rather than from secondary
practices or contamination. The majority pollen type of Helichrysum Miller, known as ‘Ever-
lasting’ or ‘Immortelle’, includes aromatic plants of the Mediterranean area from which, by
pressing only the fresh flowers, a supreme-quality oil is produced. The use of Helichrysum
oil in death practices has been documented in Arabia, Greece, across the whole of the Roman
Empire and in Britain (Maffei et al. 1988, 1990; Seaton 1995; Antunes Viegas et al. 2014).
In accordance with ancient practices, the burial cloth of the Shroud was treated with
Helichrysum oil, probably in an effort to protect the textile fibres, as documented in the
ancient texts (Pliny the Elder, book XXI, 25, 96, 168, 169; Dioscorides, book IV, 58).
Helichrysum flowers were also used in head garlands for prominent people and for gods,
denoting denoted fame and glory, according to Theophrastus (Historiae Plantarum, book
VI, 8, 1). Oil extracted from flowers of different species of Helichrysum is currently highly
valued for its important curative, pharmacological and antimicrobial properties combatting in-
fections, fungi and viruses, and is an anti-inflammatory (Czinner et al. 2001; Sala et al. 2002,
2003; Sagdic et al. 2003; Tepe et al. 2005; Van Vurren et al. 2006; Sobhy and El Feky 2007,
Albayrak et al. 2010; Zahin et al. 2010). The precise identification of Helichrysum pollen
discovered in the previous images and formerly wrongly recognized as Gundelia, validates
the theory that the corpse kept in the Shroud received a funeral and burial with all the honour
and respect that was customary in the Hebrew tradition.

The lesser quantity of the other pollen present (Table 1) can be explained as having derived
from resin, gum, fruit, bark and leaves, but not from flowers. Moreover, because the word
‘ladanum’ is similar to the Hebrew ‘lebona’, which means incense, it may have been wrongly
translated in the Bible. All the incenses mentioned in the Bible might thus refer not to the pure
incense, but to aromatic resins such as those of the genus Cistus or Cistus ladanifer (ladanum)
and Ferula (galbanum) (Stewart 2003). The genus Ferula is an important source of aromatic
resins in the Mediterranean region, North Africa and North India (Kanani ef a/. 2011). In ancient
Mediterranean cultures, terebinth and mastic (Pistacia spp.) were used to mask the smell of the
cadaver in the tomb (Conder 1830). Helichrysum flowers, as well as Cistus (ladanum) and Ferula
(galbanum) products, are collected during the flowering period, a fact that could explain their
high pollen representation; the resin and oil of Pistacia instead is gathered from July to October,
during the fructification period.

Later observations demonstrate that the Shroud pollen samples have a covering of mineral sub-
stances and wax, which made specific botanical identification difficult (Riggi Di Numana, 1988).
The pollen encrustation could be the residues left by products used in first-century Hebrew
customs, offerings in purification and healing rituals carried out using valuable ointments and
poultices of Helichrysum oil, ladanum, galbanum, mastic and terebinth products, which are still
prized today, although the various formulas for these mixtures are not known today. Dioscorides
and Pliny the Elder mention that luxurious botanical substances, more expensive than gold, were
used in funeral and burial rituals over the whole Mediterranean region. In the first century,
Judaism considered that the dead body should be respected and honoured as sacred, as well as
buried in the same way regardless of whether it was that of an honest person or of a criminal
(Lamm 2000). Furthermore, for the funeral rite to be concluded, it was necessary to dispose of
the whole body, including the blood (Maimonides and Russell 1981).
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The rituals of anointing the body and burning oils, incenses and spices on altars were carried
out for purification, healing and disinfection of the air, as well as to keep the environment clear
of scavenger insects; after the preparation and purification rites, the body was finally wrapped in
a burial cloth (Rops 1961). The body was not washed with water during preparation for the
funeral but, rather, cleaned and treated with scented oils and ointments, in elaborate practices
designed to ensure the person’s entry into the next life with honour. It was vital to carry out this
process, because as soon as the body began to decompose, it became impure, as did everything
that came in contact with it. The ritual therefore had to be completed within 24 hours of death
(Deuteronomy 21:23); an unburied body or one that had been eaten by animals would invoke
a curse (Maimonides and Russell 1981). In the case of the Shroud of Turin, the proof that the
body was not washed is evidenced by the presence of blood and stains directly from precise
body wounds (Wilson 1978, 1979, 1981). This in turn corroborates and supports the application
of ointments (Meacham 1983; Fazio ef al. 2015); after the anointing, the corpse was probably
rinsed with water to clean away dirt (Krauss 1910-12). This leads us to assume that the body
wrapped in the Shroud received a Hebrew funeral and burial rites according to the Torah, the
Law of Moses (Deuteronomy 22:11).

Red traces of vermilion or cinnabar have also been found on the Shroud (McCrone 1990).
Cinnabar has been employed for protective purposes since the Neolithic age as a pigment or cos-
metic; it is also found at Neolithic burial sites and in Egyptian tombs (Saha 1972; Martin-Gil
et al. 1995; Parsons and Percival 2005). It also has a symbolic meaning, as it gave a life-like
colour to the corpse (Wreschner et al. 1980; Lopez Padilla et al. 2012). Detection of the pigment
could be explained if this mineral had been sprinkled on the body alongside the ointments at the
time of burial, which was a normal practice in ancient times, in an attempt to preserve funeral
artefacts (Edwards et al. 2004).

The presence of pollen on the Shroud acts as a guide in the quest to discover the kinds of
ointments used in ancient times in burial rituals (Josephus, Antiquities of the Jews, 15, 61;
Haklili 2005). For this reason, a new line of multidisciplinary research on the relic thus needs
to be opened up, to allow the different new theories and palynological approaches to be
further developed, especially in the light of the controversy surrounding the radiocarbon
dating (Damon et al. 1989).

CONCLUSIONS

We have set forth new data about the Shroud of Turin. The pollen evidence shows that the relic
could contain botanical substances used in anointing and embalming during funeral and burial
rites in ancient times. The exact identification of the sindonic most abundant pollen of the
Asteraceae (Helichrysum), along with the presence of the Cistaceae (Cistus), the Apiaceae
(Ferula) and Pistacia, reveals the use of ointments. These plants were typically employed in ex-
pensive and valuable products cited in the scientific writings of Pliny the Elder and Dioscorides.
Our conclusions show that the relic could be a real burial cloth, yielding pollen evidence of
Helichrysum oil, as well as of ladanum (Cistus spp.), galbanum (Ferula spp.), mastic oil and
gum (Pistacia lentiscus) and terebinth (Pistacia terebinthus), all of which are the bases of ancient
ointments used in the first century AD. The precise identification of Helichrysum pollen, which
had formerly been wrongly recognized as Gundelia tournefortii, confirms and authenticates the
theory that the corpse kept in the Shroud received a funeral and burial with all the honour and
respect that would have been customary in the Hebrew tradition. The largest amount of
Helichrysum pollen originates from the form used to produce its oil, utilizing exclusively fresh
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flowers. The smaller quantities of the other pollen types can be explained by the use of products
derived from other botanical components.

These botanical products have contributed to an exceptional preservation of the fabric right up
to the present time; they have protected the linen by acting as powerful insect and fungal repel-
lents. At the same time, they have caused the yellowish tinge of the Shroud, because these are
substances that oxidize on coming into contact with the air.
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