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Universität zu Köln
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Zahnstein als neue Quelle

Zahnstein an Zähnen von Shanidar III (links), Spy I (rechts ab) und Spy II (rechts cd);
ungleiche Maßstäbe [He11].
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Stärkekörner im Zahnstein

Mikroskopisch sichtbare Spuren im Zahnstein von Neanderthalern aus El-Sidrón.
a) Stärkekörner in der Matrix; b) beschädigtes Stärkekorn in polarisiertem Licht;
c) fadenförmige und kugelige (coccus) Bakterien [Ha12].
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Gerstenstärke in Shanidar

Rezente Gerstenstärkekörner im Vergleich zu denen aus Shanidar. ab) Shanidar im
Hellfeld und kreuzpolarisiert; de) dasselbe rezent; c) gekochtes Korn aus Shanidar;
f) rezentes Korn nach 5 Minuten Kochen [He11].
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Kauen beschädigt Stärkekörner nicht

Vergleich zwischen rohen und zerkauten Stärkekornern, oben Hellfeld, unten kreuzpo-
larisiert, links roh, rechts gekocht. a–d) Weizen; e–h) Hafer; i–l) Reis [He11].
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Alte und rezente gekochte Stärke im Vergleich

Gekochte Stärkekörner, oben Shanidar, unten rezent;
a–d und f–i: Gerste; e und j: Weizen [He11].
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Rauch, Bitumen und Heilpflanzen

Scanning electron microscopy (JSM-6490) of two sam-
ples (SD-1427c, SD-1217e) coated with 15–20 nm gold-
palladium was undertaken at 20,000-fold magnification.
Three samples of dental calculus from three separate indi-
viduals (Adult 2 SD-1427c, Adult 3 SD-1217e, Adult 4 SD-
1604) were analyzed by TD-GC-MS and Py-GC-MS using
a CDS Pyroprobe 1000. Samples were thermally desorbed at
310 °C for 10 s in open split mode at 30ml/min. Initially, the
GC was held at 35 °C for 5 min, then temperature was
programmed from 40–340 °C at 6 °C per minute and held at
final temperature for 15 min, total 65 min. The run was
repeated with the same sample being pyrolysed at 610 °C
for 10 s. Four control samples of dental calculus including a
modern (Hoy) sheep and an (Alsatian) dog, and two
samples from the Victorian cemetery of St Barnabas,
London were used for comparative purposes to assist in
the interpretation of the El Sidrón material (ESM_1.pdf).
Plant microfossils extraction was conducted on all samples
according to a standard method (Hardy et al. 2009) in
which samples were first rinsed in 0.6 M HCl for 5 min
to remove adhered surface carbonates. They were then
dried and coarsely ground. The resulting powder was
suspended in 1.5 ml of 0.6 M HCl, vortexed every
15 min for 1 h, then centrifuged at room temperature at

13,000 rpm for 15 min. Samples were viewed on an
Olympus IX 71 inverted microscope. Imaging was con-
ducted using a Colour View camera and Cell D imaging
system.

Results

Table 2 summarizes the material observed and identified
from the dental calculus samples.

Adult 2—SDR-007c (lower left P²)

The thermal desorption-GC-MS (TIC) (Fig. 1 inset) is domi-
nated by a series of n-alkanes (carbon numbers C22 to C35),
suggesting a higher plant source (Eglinton et al. 1962), most
probably derived from plant waxes in the original food con-
sumed. Also identified were a series of hopanes (carbon
numbers C29 to C33), indicative of an oil shale or bitumen
and corroborated by the presence of the isoprenoid hydrocar-
bon biomarkers phytane and pristane (Williams and Douglas
1986; Connan 1999). The pyrolysis-GC-MS (TIC) (Fig. 1)
was dominated by C4 to C30 n-1-alkenes and n-alkanes,
typical of unsaturated and saturated fat/oil-derived acyl lipids

Table 2 Results of scanning electron microscopy, TD-GC-MS and Py-GC-MS and microfossil extraction from dental calculus samples

Sample no. SEM analysis MS Markers Microfossils Interpretation

Adult 2

SD-1427m NA NA 9 starch Ate starchy food

SD-1427b NA NA >20 starch 1 phytolith Ate starchy food

SD-1427c Filamentous and
coccoidal.

NA 8 starch Ate starchy food

SDR-007c NA HC, FAME, C, PAH,
Ho, Ph Pr

20 starch Ate several different cooked starchy plants.
Inhaled woody smoke. No evidence for protein,
Evidence of contact with oil shale/bitumen.

Adult 3.

SD-1217e Filamentous and
coccoidal.

HC (trace) 8 starch Ate cooked starchy food

SD-1218a NA NA 7 starch Ate starchy food

Adult 4

SD-1604 NA HC, C, PhOH, PA,
PAH, Az, Co, Ac*

0 starch Ate a range of cooked carbohydrates. Azulenes and
coumarins consistent with yarrow and camomile.
Inhaled wood smoke and/or ate smoked food. Protein
markers. No evidence of lipids from animal meat.
Traces of moulding material.

Adult 5

SD-1327i NA NA 5 starch Ate starchy food

SD-1327 h NA NA 8 starch Ate starchy food

Juvenile 1

SD-1716 4 starch Ate starchy food

Key to abbreviations: HC hydrocarbon, FAME fatty acid methyl ester, C02-cyclopenten-1-one derivatives, PAH polynuclear aromatic hydro-
carbons, Ho hopanes, Ph phytane, Pr pristane, PhOH phenols, PA phenolic acids, Az azulenes, Co coumarins, Ac* acrylates *modern contamination
(for details on chemical compounds, see ESM_4 pdf)

620 Naturwissenschaften (2012) 99:617–626
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2016-06-01 Ha12



Oder Mageninhalt von Pflanzenfressern?

The evidence for cooked plants preserved in calculus from
smoke-related compounds, methylated lipids, and heat-cracked
starch grains indicates a level of sophistication in the Neanderthal
diet beyond what has often been considered possible (Henry et al.,
2011; Hardy et al., 2012). Henry et al. (2011) also point out that
several of the plants they identified from the calculus would require
relatively complex processing before consumption. Thus this new
method provides support for planning and breadth in dietary
practices, which runs counter tomany ideas about Neanderthal diet
and cognition. Perhaps most intriguing of all the results from cal-
culus analyses to date, however, is the suggestion by Hardy et al.
(2012) that the evidence from one individual from El Sidrón
points to medicinal plant use. It is this finding that we particularly
question and for which we suggest the alternative hypothesis of the
consumption of prey stomach contents. This hypothesis is also
relevant for some of the plants that the authors suggest would have
required special processing.

4. Self-medication, or the consumption of chyme?

In the calculus of one individual from El Sidrón, Hardy et al.
(2012) found evidence for the ingestion of what they suggested
were “medicinal” plants, potentially yarrow and camomile, based
on carbohydrate compounds. The authors propose that these plants
were not simply food, due to their bitter flavour and lack of nutri-
tional value. This is an interesting suggestion in light of the fact it is
known that at least one of the Neanderthals from El Sidrón had the
gene which, in H. sapiens, allows us to taste bitter flavours (Lalueza-
Fox et al., 2009). Bitterness does not preclude the use of a plant as
food. Many bitter plants are enjoyed for their taste - olives and
chicory being two examples from the modern Western diet. Both
yarrow and camomile are eaten for non-medical reasons by some
modern humans: for example Mabey (1973) suggests the addition
of yarrow to salads, and that sautéed in butter, its leaves make a
tasty cooked vegetable. Camomile tea is also widely drunk for its
taste as well as its calming properties, whilst its stems and flower
heads were traditionally eaten raw by Alaskan people for no
apparent medical reason (Kuhnlein and Turner, 1991).

Individual variation in appreciation of bitter flavours notwith-
standing, yarrow and camomile do both have long histories of
medicinal use in H. sapiens. Camomile is renowned today for its
calming and mild analgesic properties, and it has also been used to
treat common complaints such as stomach pain, asthma, bites and
stings, diarrhoea, and skin inflammations (Hatfield, 2004; van Wyk
andWink, 2004). Yarrow’s main use is clear from its common name
(“soldiers’ wound-wort”), but as well as being antiseptic and anti-
inflammatory it has long been used to treat indigestion, tooth-
ache, fevers, and has been taken as a general tonic (Hatfield, 2004;
van Wyk and Wink, 2004). As Hardy et al. (2012) point out, other
primate species are known to self-medicate (e.g. Huffman, 2003),
so it would not be surprising if Neanderthals were also capable of
this kind of botanical knowledge.

This is not the only explanation, however. We suggest instead
that plants of no nutritional value to hominins (and perhaps also
those that needed processing to be rendered edible) could have
been ingested indirectly via the consumption of the stomach con-
tents of herbivorous prey (chyme). This is not the first time it has
been suggested that Neanderthals may have consumed the stom-
achs of their prey (Speth, 2010, 2012; Hockett, 2011), but to our
knowledge, the possibility of this practice confounding dietary re-
constructions has not been acknowledged. Moreover, it is known
that phytoliths occur in the coprolites of carnivores with herbivo-
rous prey due to the consumption of the digestive system of the
herbivore (Bamford et al., 2010), which could confuse dietary an-
alyses if this source of plant matter was not considered.

5. The ethnographic evidence for chyme consumption

The consumption of prey stomach contents was historically
widespread amongst non-agricultural peoples following traditional
subsistence strategies. Ethnographic accounts come from high
latitudes (the Inuit (Nansen, 1893; Sollas, 1911; Fediuk, 2000;
Andersen, 2005), the Cree (Corrigan, 1946)), temperate regions
(Blackfoot (Lee and Daly, 2004) and Lakota (Lame Deer and Erdoes,
1972)), and hot, arid regions (Australian Aborigines (O’Dea et al.,
1991), the Damara and KhoeSan (Low, 2009), and the Kuria
(Peterson and Walhof, 2002)). Although this is a practice most
associated with hunter-gatherers, it is also recorded amongst pas-
toralists (such as the Kuria, from Kenya and Tanzania (Peterson and
Walhof, 2002)). A wide range of species’ stomachs are consumed,
reindeer is the most reported (Nansen, 1893; Sollas, 1911; Fediuk,
2000; Andersen, 2005), but ringed seal, ptarmigan, arctic hare,
beluga, bearded seal, narwhal, and walrus are also recorded as
being part of the traditional Inuit diet (Fediuk, 2000; Andersen,
2005; Speth, 2012). The Damara and KhoeSan of the Kalahari
consume the stomach contents of ostrich, kori bustard, and por-
cupine (Low, 2009), and Native American groups who depended on
buffalo ate stomach and stomach contents as part of their sacred
use of the entire body (Lame Deer and Erdoes, 1972; Lee and Daly,
2004). Thus it is not only ruminants, nor even herbivores, which are
favoured.

The following quote describes the practice in the group who are
most famous for it, the Inuit (previously referred to as Eskimo):

“One of their greatest delicacies is the contents of a reindeer’s
stomach. If a Greenlander kills a reindeer, and is unable to
convey much of it home with him, he will, I believe, secure the
stomach first of all; and the last thing an Eskimo lady enjoins
upon her lover, when he sets off reindeer-hunting, is that he
must reserve for her the stomach of his prey. It is no doubt
because they stand in need of vegetable food that they prize this
so highly, and also because it is in reality a very choice collection
of the finest moss and grasses which that gourmet, the reindeer,
picks out for himself. It has undergone a sort of stewing in the
process of semi-digestion, while the gastric juice provides a
somewhat sharp and aromatic sauce. Many will no doubt make
awry face at the thought of this dish, but they really need not do
so. I have tasted it, and found it not uneatable, though somewhat
sour, like fermented milk. As a dish for very special occasions, it
is served up with pieces of blubber and crowberries” (Nansen,
1893).

This illustrates several of the key reasons people may have for
consuming the stomachs of prey animals: reasons of taste, culture,
or nutrition.

6. Why eat stomachs and their contents?

Strange as it might seem to modern Western palates, stomach
contents are often described in ethnographic accounts as a delicacy,
something sought after. It seems that the piquant taste of the
digestive juices was prized as enlivening every day diet (Lame Deer
and Erdoes, 1972; Fediuk, 2000; Speth, 2010, 2012). An elderly
Greenland Inuit informant of Fediuk’s vividly illustrates that
stomachs and stomach contents were traditionally eaten for more
than their nutritional value, and are missed even when other foods
are available: “Today, when she craves one of her favourite foods,
ringed seal pup stomach, she purchases Philadelphia cream cheese
instead”(Fediuk, 2000). In such cases, the consumption of such
traditional foods may play a part in reinforcing cultural identity as
well as being sought after for taste, as described by Lame Deer, a
Lakota medicine man (Lame Deer and Erdoes, 1972).

L.T. Buck, C.B. Stringer / Quaternary Science Reviews 96 (2014) 161e167164
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Oder als Gewürz zur Geschmacksversserung?
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Sabrina Krief et al.

Table 1. Leaves chewed with red colobus prey hunted by chimpanzees in Kanyawara, Kibale
National Park, Uganda.

Ingestion order Leaf species chewed with meat Part of prey Chimpanzee consumer

1, 8 Diospyros abyssinica abdominal muscles KK (adult male)
2, 7 Chrysophyllum albidum stomach and intestine AJ (adult male)

LR (adult female)
3, 4 Uvariopsis congensis carcass LR (adult female)

KK (adult male)
5 Teclea nobilis carcass LR (adult female)
6 Antiaris toxicaria carcass OG (juvenile male)
9, 10, 11 Bosqueia phoberos carcass OU (adult female)

OG (juvenile male)
OT (juvenile female)

12 Urera sp. skin, head QT (adult female)
13 Trema orientalis abdominal organs AJ (adult male)

have been observed chewing leaves with the meat of mammalian prey and with wasp combs.
The addition of plants to food or water is therefore not a specifically human trait, and the
process does not necessarily involve complex cognitive capacities.

The vegetation added to food or water in Kanyawara (Tables 1 & 2) is not part of
the chimpanzees’ normal diet. Chimpanzees prey on the colobus monkey, and they were
observed chewing leaves while eating different parts of the colobus; among these were
several plant species known for their biological properties. These included: Antiaris toxicaria
(latex), which contains cardiotonic cardenolides—the plant is toxic and is used as dart
poison by local people (Carter et al. 1997); Uvariopsis congensis, the leaves of which are rich
in acetogenins such as annonacin and gigantotrecin, which have antiparasitic qualities; and
Diospyros abyssinica leaves. Two molecules that we isolated from Diospyros abyssinica leaves
(binaphthoquinones named diospyrin and isodiospyrin) inhibit the growth of tumour cells
and kill parasites in culture (Krief et al. 2006) (Table 1). Eaten in large quantities, leaves
containing bioactive compounds can be poisonous. Most of them have a strong, bitter taste,
which reduces the likelihood of any creature ingesting a large quantity. Only a few leaves
of each pharmacologically active species were eaten with animal material, preventing the
poisoning that could result if a single species was eaten in a large quantity. For example, an
adult female chimpanzee (LR) who hunted and consumed a red colobus monkey ate three
different species of plant leaves with the monkey. Some species of plants are recorded as being
used repeatedly either with meat or with wasp comb. Diospyros abyssinica was consumed on
six different occasions by six different chimpanzees.

We find it unlikely that the leaves consumed with the prey were for self-medication to
reduce a parasitic burden unrelated to the meat consumption. There are three reasons for
this: the first is that all members of the party consuming the meat added leaves to it and
it is unlikely that they were all suffering the same parasitic infection simultaneously and
coincidentally with meat consumption, which is rare. The second is that these species of
plants, which are abundant in their habitat, were not part of the chimpanzees’ diet in the

C© Antiquity Publications Ltd, 2015

465

Blätter, die von Schimpansen in Kanyawara, Kibale Nationalpark, Uganda, zusammen
mit dem Fleisch von gejagten roten Kolobusaffen gekaut werden [Kr15].
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Mund und Zähne als Werkzeug

Ein Splitter Nadelholz aus dem Zahnbelag eines Neanderthalers von El Sidrón.
C) anhaftender Zahnstein. Maßstab 100 µm [Ra16].

10 / 15

Dipl-Ing. Axel Berger
Institut für Ur- und Frühgeschichte Universität zu Köln
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Zahn als Werkzeug

Beginnende Furchenbildung an einem Zahn aus El Sidrón durch Verwendung als
Werkzeug (Fasern) [Ra16].
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Zahnstein als Archiv für das Microbiom
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Unlike other human microbiomes, the oral microbiome will cause 
disease in a majority of people during their lifetime, suggesting that it 
is currently in a state of dysbiosis rather than symbiosis1,2. The human 
oral microbiome comprises more than 2,000 bacterial taxa, including 
a large number of opportunistic pathogens involved in periodontal, 
respiratory, cardiovascular and systemic diseases3–7. Dental calculus, a 
complex, calcified bacterial biofilm formed from dental plaque, saliva 
and gingival crevicular fluid8, is emerging as a potential substrate for 
the direct investigation of the evolution of the oral microbiome and 
associated measures of oral health and diet9,10. Recently, a DNA-based 
16S rRNA phylotyping study identified the major bacterial phyla in 
dental calculus and argued for shifts in microbial diversity associated 
with the origins of agriculture and industrialization11, and, so far, five 
common oral bacteria have been identified in historic and prehistoric  

dental calculus using targeted PCR12, quantitative PCR (qPCR)11 
and immunohistochemistry13. However, phylum-level community 
analysis and single-species targeted amplification are insufficient to 
characterize oral health and disease states, as this requires a deeper 
taxonomic and functional understanding of microbiome ecology14.

We present the first detailed analysis to our knowledge of ancient oral 
microbiome ecology and function at the genus and species levels, leading 
to a deeper understanding of recent evolution of the human oral microbi-
ome. Focusing on the dental tissues of four adult human skeletons (G12, 
B17, B61 and B78) with evidence of mild to severe periodontal disease 
from the medieval monastic site of Dalheim, Germany (c. 950–1200 CE) 
(Supplementary Fig. 1), as well as modern dental calculus from nine 
individuals with known dental histories, we demonstrate for the first time, 
to our knowledge, that the human oral microbiome has long served as a 

Pathogens and host immunity in the ancient human  
oral cavity
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Calcified dental plaque (dental calculus) preserves for millennia and entraps biomolecules from all domains of life and viruses. 
We report the first, to our knowledge, high-resolution taxonomic and protein functional characterization of the ancient oral 
microbiome and demonstrate that the oral cavity has long served as a reservoir for bacteria implicated in both local and systemic 
disease. We characterize (i) the ancient oral microbiome in a diseased state, (ii) 40 opportunistic pathogens, (iii) ancient 
human–associated putative antibiotic resistance genes, (iv) a genome reconstruction of the periodontal pathogen Tannerella 
forsythia, (v) 239 bacterial and 43 human proteins, allowing confirmation of a long-term association between host immune 
factors, ‘red complex’ pathogens and periodontal disease, and (vi) DNA sequences matching dietary sources. Directly datable and 
nearly ubiquitous, dental calculus permits the simultaneous investigation of pathogen activity, host immunity and diet, thereby 
extending direct investigation of common diseases into the human evolutionary past.
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Unlike other human microbiomes, the oral microbiome will cause 
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INNER WORKINGS

Ancient teeth reveal clues about
microbiome evolution
Jyoti Madhusoodanan, Science Writer

Christina Warinner often spends the better part of
her day rubbing toothbrushes and dental scrapers
against filthy jaws. But she is not a dental hygienist. A
molecular anthropologist at the University of Okla-
homa, Warinner chips away at ancient teeth to collect
dental calculus, the thick chalky layer that hygienists
scour away.

These yellowing flakes, Warinner has found, trap
not only microscopic food remnants, pollen grains,
and proteins, but also ancient DNA, both human and
microbial. Warinner’s primary aim: understanding the
role and the evolution of ancient microbiomes. What’s
considered damaging debris at the dentist’s office
is, for Warinner, an invaluable bacterial treasure trove
that could link the microbiomes of ancient peoples to
our own, revealing secrets about disease and the
health of modern-day humans.

“We know almost nothing about the evolution of
the human microbiome,” says Warinner. “We have
dramatically altered our lifestyles over the last several
centuries; how has this affected our microbes?”

Warinner aims to address that question by com-
paring the microbial inhabitants of our bodies across
space, time, and lifestyles. Studying the microbiomes of
people living in different parts of the world, ranging from

Tanzanian hunter-gatherer groups to city-dwellers in
Houston, reveals how different lifestyles correlate with
differences in our microbiomes. For example, studies
have suggested that indigenous populations have
greater diversity in their microflora than those from
industrialized societies (1, 2).

Curious Coating
Everyone’s teeth are coated with a sticky biofilm,
known as dental plaque, that’s made of microbes and
proteins. Over time, minerals deposited in plaque
harden to form tartar, or dental calculus, trapping bits
of food. Early studies of fossilized teeth and calculus
focused on these remnants of ancient diets.

But while trying to replicate a study of starch
granules embedded in ancient tartar, Warinner no-
ticed a problem. “We were having so much trouble
locating the starch granules because all these bacteria
were in the way,” she says. “I had this Aha! moment:
maybe these bacteria are interesting and maybe no
one has looked at them yet.” She started to try to
identify these bacterial nuggets.

Warinner’s initial experiments to extract microbial
DNA failed, however. Most protocols to study ancient
DNA are designed for trace amounts of samples, and
calculus simply carried too much. “We went from
thinking it had no DNA to considering it the richest
source,” she says.

Combining the methods used by ancient-DNA
researchers and those of modern microbiome studies
led to the first study describing the contents of our
ancestors’mouths (3). In comparing microbiomes from
1,000-year-old remains at a medieval monastic site in
Germany to nine living people with known dental
histories, the study was the first to report that calculus
did in fact harbor ancient microbial DNA. Warinner and
her colleagues found rich evidence that strains linked to
periodontal disease today, such as Tannerella forsythia
and other ”red complex”microbes, were present in the
ancient samples, thus confirming a long association
between these pathogens and human oral health.

Fossilized feces, known as coprolites, which War-
inner also studies, have rich bacteria stores, but those
remnants can decompose quickly. Calculus consists of
the same hard, calcium-based deposits that form bones
and teeth. Boosting its preservation capacity, calculus
mineralizes even in living organisms to form large,
dense crystals rather than the smaller structures found
in bones and within teeth. “It essentially fossilizes while

Researchers retrieved dental calculus from skeletal remains such as this ∼1,500-
year-old jaw, excavated in 2012 at a site in Samdzong, Nepal. Image courtesy of
Christina Warinner (University of Oklahoma, Norman, OK).

5764–5765 | PNAS | May 24, 2016 | vol. 113 | no. 21 www.pnas.org/cgi/doi/10.1073/pnas.1606592113
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Résumé

Mögliche Quellen für Materialspuren im Zahnbelag:

Konsum von Nahrungspflanzen (He11)
Konsum des Mageninhaltes von Jagdwild (Bu14)
Nicht-Nahrungspflanzen als Medizin (Ha12, Ha13)
Nicht-Nahrungspflanzen als Gewürz (Kr15)
eingeatmeter Rauch oder Staub (Ha12)
Gebrauch der Zähne als Werkzeug (Ha12, Ra16)
Zahnhygiene (Ra16)
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Handout und Literatur

Vielen Dank

Handout und Literatur liegen auf:
www.axel.berger-odenthal.de/work/Referat/
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