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ABSTRACT - The pottery assemblage from the Maharski prekop site was analysed to obtain insights
into vessel use and husbandry practices. Total lipid extracts of pottery samples were subjected to gas
chromatography (GC), gas chromatography-mass spectrometry (GC-MS), gas chromatography-com-
bustion-isotope ratio mass spectrometry (GC-C-IRMS) and soft ionisation electrospray mass spectro-
metric techniques ESI Q-TOF MS and ESI Q-TOF MS/MS. The charred organic deposits on vessels
were AMS 14C dated. The results show that some vessels were used for cooking ruminant meat, while
in other traces of mixed non-ruminant and ruminant meat or plants and animal meat cooking were
identified. Some vessels were used for milk processing.

IZVLECEK - Analizirali smo ostanke keramicnih posod z Maharskega prekopa, da bi dobili dodaine
informacije o uporabi keramicnih posod in zgodnji Zivinoreji. Lipide, ekstrahirane iz ostankov ke-
ramicnih posod, smo analizirali s pomocjo plinske kromatografije (GC), plinske kromatografije
sklopljene z masno spektrometrijo (GC-MS), plinske kromatografije sklopljene z masnim spektromet-
rom za analizo stabilnih izotopov lahkih elementov preko seZigne enote (GC-C-IRMS) in masnim
spektrometrom z analizatorjem na cas preleta ionov (TOF) z elektrosprej ionizacijo (ESI Q-TOF MS
in ESI Q-TOF MS/MS). Karbonizirani ostanki na posodah so AMS radiokarbonsko datirani. Rezulta-
1i kazejo, da so nekatere posode uporabljali za kuhanje mesa prezvekovalcev. V drugih posodah za-
sledimo ostanke kuhanja mesanega mesa prezvekovalcev in neprezvekovalcev ali ostanke kuhanja
mesanice rastlinske in Zivalske hrane. Nekatere posode pa so bile uporabljene za predelavo mleka.
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Introduction

Organic residues survive in two principal forms on
archaeological pottery: as charred deposits encrust-
ed on ceramic vessels, and/or as absorbed residues
preserved in low concentrations in highly degraded
and complex matrices in vessel walls. Both are clo-
sely associated with the chaine opératoire of food
storage, and food preparation, cooking and con-
sumption.

In this article, we present direct chemical evidence
for what we may recognise as preserved traces of
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cooked, boiled, stored or processed food through li-
pid characterisation using gas chromatography (GC),
gas chromatography-mass spectrometry (GC-MS),
gas chromatography-combustion-isotope ratio mass
spectrometry (GC-C-IRMS) and soft ionisation elec-
trospray mass spectrometric techniques ESI Q-TOF
MS and ESI Q-TOF MS/MS.

The analyses were carried out on organic residues

extracted from the Eneolithic vessels sampled from
the Maharski prekop pottery assemblage. The analy-
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ses focused on 20 potsherds (Tab. 1), covering well-
defined groups of vessel size and related fabrics (see
Mlekuz et al. this volume). Charred organic depo-
sits on the surface of 22 vessels from the Maharski
prekop assemblage were directly dated by the AMS
radiocarbon method (Fig. 1). The dates demonstrate
a distribution of probabilities, with periods of inten-
sive occupation dating between 4400 and 4000 and
between 3800 to 3550 calBC. While the charred de-
posits on pottery dating has been broadly accepted,
Anders Fischer and Jan Heinemeier (2003; see also
Craig et al. 2007) have noted that a number of dates
obtained from vessel residues from prehistoric sites
in northern Europe are too old with respect to the
‘old’ carbon effect, which was introduced into the
residue through the processing of marine and fresh-
water organisms in vessels. However, we found no
evidence that the pottery at Maharski prekop was
used for freshwater fish, crayfish or mollusc proces-
sing.

The Maharski prekop site is located beside a palaeo-
river channel in the IZica flood plain. During the ex-
cavation in the 1970s, 2432 vertical wooden piles
were recorded at the site. The arrangement of piles
can be interpreted as the remains of nine houses
with dimensions of around 10 x 3.5-4.5m arranged
in parallel. The settlement is divided into two buil-
ding phases. The pottery distribution within the ‘cul-
tural layer’ is clustered in at least three distinct con-
centrations. However, we cannot confirm any direct
relation between houses and pottery (see Mlekuz et
al. this volume).

Palinological data indicate that the floodplain forest
was mixed, comprising predominantly Quercus, Co-
rylus, Fagus and Alnus, with some coniferous ele-
ments and open ground herbaceous taxa. In addi-
tion, the presence of cereal pollen is attested from
at least 4000 calBC. A sharp decline in arboreal pol-
len and an expansion of herbaceous taxa, particu-
larly cereals and Poaceae, and carbonised grains of
Hordeum sp., support the notion of arable fields
surrounded by forest (Culiberg, Sercelj 1991.252;
Gardner 1999.130, 165, 168: Sercelj 1975.121;
1981-1982.104; see also Andric 2007). The compo-
sition of the animal bone assemblage shows that do-
mestic ruminant animals prevailed in local subsis-
tence. The domestic package consists of sheep and
goat (29.7%,), cattle (12.9%) and pig (5.1%). In ad-
dition, dog represents 12%. In the wild animal as-
semblage, red deer (18.1 %), roe deer (3.4%), boar
(11.8%) and birds (3.0%) predominate (Drobne
1975a; 1975b).
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Material and methods

We selected 20 pottery fragments for a pilot chemi-
cal study encompassing lipid distribution including
fatty acids, stable isotope composition (bulk &13C
or 815N, and 813C of individual fatty acids) and the
di- and triacylglycerols (DAGs and TAGs) distribu-
tion of organic residues. Within the assemblage,
three samples (MP85, MP158A and MP181) were ob-
tained from charred organic residues from vessel
surfaces (Tab. 1). The sherds were surface cleaned
to remove any exogenous lipids. The sub-samples
were then ground to a fine powder. First, the isoto-
pic composition of carbon and nitrogen was deter-
mined on the bulk samples (Tab. 1). Each sample
was weighed in duplicate into tin capsules and ana-
lysed using a Europa Scientific isotope ratio mass
spectrometer with ANCA-SL preparation module for
solid and liquid samples (PDZ Europa Ltd, Crewe,
UK). Stable isotope results are presented as 813C or
O15N values in per mil (%o) relative to the VPDB and
AIR international standard, respectively.

Lipid analyses were performed using the extraction
procedure described in detail by Richard Evershed
et al. (1994). Two grammes of fine powder samples
were transferred into a 50ml glass vial. Lipids were
extracted with a mixture of chloroform and metha-
nol (2:1 v/v), and 20ul of an internal standard (n-
tetratriacontane, 1mg/ml in n-hexane) was added to
determine lipid concentrations. The solvent was ex-
tracted by ultrasonication (2 x 15min) and evapora-
ted to dryness under a gentle stream of nitrogen to
obtain the total lipid extract (TLE). One portion of
the TLE was derivatised using BSTFA (N, O-bis(trime-
thylsilyl)trifluoroacetamide, 40ul; 70°C; 60min),
evaporated to dryness and re-dissolved in n-hexane
for GC and GC-MS analysis.

Further aliquots of the TLE were methylated using
BF3/methanol to obtain fatty acid methyl esters
(FAMESs) (14%, w/v; 100ul; Sigma Aldrich, Gilling-
ham, UK; at 70°C for 1h). The methyl ester derivati-
ves were extracted with hexane, and the solvent re-
moved under nitrogen. FAMEs were re-dissolved in
hexane for analysis by GC and GC-C-IRMS. GC-C-
IRMS analyses were performed using an Isoprime
GV system (Micromass, Manchester, UK).

The third TLE aliquot was used to identify the TAG
content following the procedure described by Sig-
rid Mirabaud ef al. (2007). The silica solid-phase ex-
traction (SPE) cartridges (500mg, 3ml, Isolute, Bio-
tage) were rinsed with 2ml of n-hexane, 2ml of



Pots and lipids: molecular and isotope evidence of food processing at Maharski prekop

CH,Cl,/CH30H (2:1 v/v), and then 4ml of n-hexa-
ne. The first fraction of the sample containing hy-
drocarbons was eluted with 1ml of hexane, while
the second fraction, which contains the TAGs, was
eluted with 1ml of CH,Cl,. The fractions with TAGs
were evaporated to dryness and then analysed. Mass
measurements were run on a hybrid quadruple time
of flight mass spectrometer (Q-TOF Premier) provi-
ded with an orthogonal Z-spray ESI interface (ESI-MS;
Waters Micromass, Manchester, UK). The doping rea-
gent of LiCl (Merck, Darmstadt, Germany) was added
to the methanol sample solution for more efficient
electrospray ionisation of long chain lipids. For ESI-
MS/MS, the lithiated molecular ions [M+Li]* were
selected in the first quadrupole, accelerated to an
energy of 3kV, dissociated by using 10 to 30eV col-
lision energy and analysed with the TOF analyser.

Results and discussion

Bulk C and N isotope composition
The carbon and nitrogen isotope composition of the
organic remains in pottery ves-

OxCal v4.1.7 Bronk Ramsey (2010); r:

fication of food content. The Ci0/Ciso fatty acid ra-
tios of >2.0 and the presence of a homologous series
of long chain n-alkanes from C;6-C3; (odd-over-even
carbon number predominance) indicate the use of
plants and the presence of degraded vegetable oils in
samples MP85 and MP181. In sample MP158A, on
the other hand, the low Cy6.0/Cis0 ratio of 0.1, and
the presence of cholesterol and stable isotope data
with A13C value of -2.4%o show the presence of ru-
minant adipose fat. These data match well with the
results obtained for lipids in the bulk pottery sample
MP158 from the same vessel, as we discuss below.
The differentiating parameter between the two sam-
ples of a single vessel is the high &!5N value of
+9.8%o0 determined in the charred organic residues
on the inner surface of this pot (MP158A). It is worth
pointing out that thermal degradation and microbial
reworking of organic matter could significantly alter
the 615N values, making this analysis less reliable, and
should be used only as a general indicator prior to
more specific chemical and molecular analysis such
as lipid identification and stable isotope data.

data from Reimer et al (2009);

sels may reflect the average
O13C or 815N values of the de-
graded food during vessel use
and burning. It may provide im-
portant information, particular-
ly on whether the food was ba-
sed primarily on animals or
plants (Cs and C4). The determi-
nation of the isotopic composi-
tion of C and N was possible in
only 15 samples. The average
and standard deviation from
potsherd samples are -30.7
1.3%o and +1.0 £ 3.8%o for 513C
and 315N, respectively (Tab. 1).
These data fall in the range ex-
pected for degraded animal and
plant tissues whose subsistence
was based mainly on C; plants.

Maharski prekop
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Three charred organic residue
samples from Maharski prekop
(MP158A, MP85, and MP181)
exhibit higher 315N values ran-
ging from +6.2 to +9.8%o. We
suggest that these pots were
used to process low-protein fat

R_Date Poz-48521 (MP1
R_Date P0z-48520 (MP2
R_Date Poz-48661 (MP2
R_Date Poz-48659 (MP2
R_Date P0z-48518 (MP1

R_Date Poz-48519 (MP2

R_Date Poz-48512 (MP45

R_Date Poz-48524 (MP15

00)

=

and/or high-fibre food (Span-
genberg et al. 2006; Craig et al.
2007). However, the GC-MS ana-
lysis gives a more precise identi-
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Fig. 1. Radiocarbon dates of charred organic deposits on the surface of
22 vessels from Maharski prekop.
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Lab. Labcode AMS | Conventional | 83Cpuik | 8"5Nbuik Lipid Fatty acids Ci6:i0/Crgio | 03Ci6i0 | 83Cigi0 Di- and Other constituents Predominant
sample | radiocarbon | radiocarbon +0.2 +0.3 | concentration 10.3 +0.3 | triacylgricerols commodity type
no. dating age (BP) (%0) (%0) (ngg™) (%0) (%0)
MP1 Poz—48522 5280 + 40 -31.7 1.7 223 Cusey @5 Cize, Gamy Gy 1.8 —31.4 —31.4 n/a odd carbon numbered mixture
Cign, Cigo, Cooioy Cazio higher alkanes
MP2 Poz—48659 4750 * 35 n/a nj/a 0.75 nj/a nj/a nj/a n/a n/a n/a n/a
MP17 Poz—48514 4900 + 40 n/a n/a 0.05 n/a n/a n/a n/a n/a n/a n/a
MP2g Poz—48510 5340 * 40 -29.9 3.8 434 Cioioy Cizoy Cigio, 150-Ciseo, 2.0 -29.8 | —29.9 D26—Dsy, CaoHeo mixture
ﬂdm”o. ﬁ_m:. ﬁdwﬂo. ﬁmono ._.mml._uu»
MP45 Poz—48512 5210 + 40 —30.4 —4.0 189 Cae G Carn Gae 1.1 -29.6 | —29.9 D30—Dsy, n/a ruminant, possible
6554 goat milk
MP46 Poz—48513 4980 + 40 n/a n/a 2.32 nj/a nj/a n/a n/a n/a n/a nj/a
MPg6 Poz-48516 5270 + 40 —29.7 2.2 129 Cioioy Ciz:or Cizioy Cibioy Crizo|  10.7 —30.4 | -303 n/a wax, odd carbon plant
numbered higher alkanes
MP1oo Poz—48502 5470 % 35 —32.0 —0.4 3622 G Gas Cas Gas, 0.9 —28.3 —30.1 Tao—Tss odd carbon numbered ruminant, cattle
Cigioy Caoi0, Cazio higher alkanes and adipose fat
alcohols, cholesterol
MP121 Poz—-48503 5760 + 40 —32.0 3.5 110 Co:0, Civior Cisioy 1.8 —30.7 —30.6 n/a n/a mixture
ﬁ&”o: ﬁ»o”o‘ ﬁ»muo
MP123 Poz—48521 4790 =+ 35 —30.8 -0.2 870 Coen Craray Caay 0.2 —30.0 | —29.8 D26—Ds6, odd carbon numbered ruminant, possible
Cis:0, Cazio Ta6—Ts, higher alkanes goat milk
MP144 Poz—48504 5105 =+ 35 n/a n/a 0.43 n/a n/a n/a n/a n/a n/a n/a
MP151 Poz—48526 5000 * 40 -29.6 2.1 44.3 Cioor Cigor Gision 1.1 —30.4 -32.0 n/a n/a ruminant
ﬁ&HQ ﬁ»No
MP158 -29.8 —0.6 456 Co:00 Cro:0r Crgeor Cr6ioy 0.9 —29.1 —30.7 Tao—Ts4 odd carbon numbere ruminant, cattle
Cizor Giga, Cigio, Cazio higher alkanes, cholesterol adipose fat
MP158A| Poz—48506 4860 + 40 —30.0 9.5 18 Cier Cae Cae 0.1 —28.0 | -30.4 n/a odd carbon numbered ruminant
higher alkanes, cholesterol
MP172 Poz—48508 4940 + 40 —28.9 —5.2 41.7 Ci6:0, Cigior Cazo 1.2 —30.4 —31.1 n/a n/a ruminant
MP174 Poz—48517 5310 + 40 —33.8 —2.3 57.3 Cq:0, Cio:oy Cigior 150-Ciscoy 2.4 —31.7 —31.2 n/a odd carbon numbered mixture
Cigio, Cigio, 150-Cizio, Ciga, higher alkanes, cholesterol
ﬂdm:. ﬁdm“o_ ﬁmo”o. ﬁ»n”o
MP177 Poz-48518 4700 + 40 n/a n/a 0,28 n/a n/a n/a n/a n/a n/a n/a
MP211 Poz—48660 4970 + 40 —30.3 2.6 9.5 Co0, Gioior Cigior Gy Citioy 1.4 —29.7 —29.5 n/a CooHeo mixture
Gz, Gz, Gigioy Cazo
MP8s5 —26.7 9.8 22.8 Cis0r Ci6:or Cigio 4.0 —32.5 —31.1 n/a odd carbon numbered plant
higher alkanes, Cs.., ketones
MP181 —25.2 6.2 21.7 G400 Cisio, Cigio 2.4 —32.2 | —30.0 n/a odd carbon numbered plant
higher alkanes, Ca.. ketones

Tab. 1. A summary of the analyses of the potsherds and organic residues from Maharski prekop.
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Lipid identification in potsherds

The lipid residue analyses were performed
with the GC and GC-MS methods. Lipid pre-
servation was very good, with 75% of pot-
sherds yielding an appreciable lipid concen-
tration. Lipid concentrations of less than
5ugg-1 were considered unreliable and ex-
cluded from further interpretation (Tab. 1).

The well-preserved extractable lipids in 15
samples consisted mainly of free and boun-
ded fatty acids identified by their methyles-
ters (FAME) mass spectra. The most com-
mon distribution found in our samples was
dominated by a high abundance of the Cie,
and Cisy fatty acids derived from degraded

Relative intensity

MP158

16:0

W fatty acids
180 A n-alkanes
| | % cholesterol, cholestanol

IS
[ |
[ | A AA

animal fats (Fig. 2). The presence of degra-
ded animal fats can be further recognised
in the relative abundances of Cie and Cis.
In 11 samples (or 73%; numbers MP1, MP25,
MP45, MP100, MP121, MP123, MPI5I,
MP158 with MP158A, MP172, MP211) the Ci60/Ciso
ratios of fatty acids range between 0.1 and 2.0 (Fig.
3). They indicate ruminant adipose fat (Copley et al.
2005). In 2 samples (or 13%; numbers MP96 and

MP100

Cizo
MP45
4“%‘ Ciso Cieo
c
]
£
(]
=
kS
@
Cu:o C‘ i1
L..A_‘ I\ L 1
C1$U
MP25
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3 3ﬁ Claf Co
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M
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Fig. 3. The representative GC-MS total ion chroma-
tograms of the fatty acids methylesters (FAMEs)
with different Ci5.0 and C1s.0 abundance extracted
Jfrom the Maharski prekop pottery samples MP25,
MP45 and MP100.

Retention time

Fig. 2. The GC chromatogram displaying the trimethylsilyla-
ted lipid extract from the Maharski prekop pottery sample
MP158 that is characteristic of degraded animal fats.

MP85) the ratios are greater than 3.0 and consistent
with degraded vegetable oils (Copley et al. 2005).
The other two samples, MP174 and MP181, have
Ci6:0/Ciso ratios of 2.4, indicating the possible pre-
sence of dairy fats.

The Cie0/Cigo ratios that range from 0.9 to 2.0 in
6 of the 11 potsherds extracts (MP1, MP25, MP45,
MP100, MP158, MP211) and the ratio of >2.0 in
MP174 are all consistent with degraded animal fats
and clearly show evidence of fatty acid preservation.
The main acids in these extracts are Ci20, Ci40, Cis:0,
is0-Ci50 Ci60, Ci7.0, i50-Ci70, Ciso, Cis1, Ca00 and
Ca20. Other fatty acids were less frequently observed
(Co:0, C10:0, C13:0). The isomers of Cyg,; with two diffe-
rent double bond positions at 9 and 11 were found
in all 7 pottery samples mentioned above. The pre-
sence of branched iso-fatty acids with 15 and 17 car-
bon atoms was observed in samples MP1, MP25 and
MP174. The presence of these acids together with
two double bonds positional isomers of C;g; indica-
tes ruminant animal fats that have been biosynthe-
sized in the gut and rumen (Christie 1981; Dudd et
al. 1999; Mottram et al. 1999; Regert 2011). The pa-
rallel biomarkers, i.e., the cholesterol and its deriva-
tives, were detected in four samples (MP158 with
MP158A [samples relate to the same vessel], MP100
and MP174), confirming the presence of degraded
animal fats (Tab. 1 and Fig. 2). A single Cis.; isomer
that reflects non-ruminant monogastric animal fat,
such as porcine (Enser 1991; Evershed et al. 1997),
was not detected in any of the samples from Mahar-
ski prekop.
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A homologous series of long chain n-alkanes from
Ci6-C33 (odd-over-even carbon number predomi-
nance) that originate from epicuticular waxes of
vascular plants (Bianchi 1995) was present in 9 sam-
ples (numbers MP1, MP96, MP100, MP123, MP158
with MP158A, MP174, MP85, MP181) (Tab. 1). The
highest abundance of n-alkanes associated with the
highest abundance of Cj4, in sample MP96 suggests
the presence of plants as well. The correlation of
long chain n-alkanes, the highest abundance of Cie0
and the highest Ci60/Ciso ratio of 10.7 indicate that
the vessel was used for preparing or storing plant
foods. The appearance of both animal and plant bio-
markers observed in the other 8 samples (numbers
MP1, MP100, MP123, MP158 with MP158A, MP174,
MP85 and MP181) suggests that the pots were used
for mixed food processing and storage (Tab. 1).

Stable carbon isotope composition of fatty acids
The 513C values determined by the GC-C-IRMS me-
thod in fatty acids in modern edible oils and fats can
be used to access the origin of lipids preserved in ar-
chaeological ceramics (see Copley et al. 2003; Span-
genberg et al. 2006; Craig et al. 2007). The 813C va-
lues of the major fatty acids in oils from Cs plants
are plotted near the 1:1 line, while modern dairy
fats plot below the A13C = -3.3%o line (Evershed et

5C, 5, (o)

-36 -34 -32 -30 -28 -26 -24 -22
A T T T T T T T

£ v 124

-26

-28

perch C’:P
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MP123
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MEL7Z MhsayVh

(%) "0, 0

white fish

A

-36

al. 2008: Copley et al. 2003; 2005; Dunne et al. 2012)
(Fig. 4a). Seven samples of Maharski prekop plot
near the 1:1 line, while the other five samples fall
below the 1:1 line in a zone of ruminant adipose
fats. No evidence of fish, porcine or ruminant dairy
fat was found in the samples when observing the
S13C values.

A more precise differentiation between non-rumi-
nant adipose, ruminant adipose and ruminant dairy
fats can be seen in the diagram where A13C values
(013C18:0-013C160) are plotted against the 513Ci6 Va-
lues (Fig. 4b). The comparison of the A13C values
of modern reference animal fats with those of the
Eneolithic pottery residues show that 42% of these
plot in the range for ruminant adipose fats. A fur-
ther 58% of the samples fall close to the limiting va-
lue between non-ruminant and ruminant meat (A13C
= 0%o0). However, the later samples may not be as-
signed to meat mixture exclusively, but also to a mix-
ture of plant-animal fats. The 813C values indicate
that three pottery vessels (MP100, MP151, MP158
with MP158A) could contain sheep/goat and cattle
fats. None of the 613C values determined in our sam-
ples plot below the A13C = -3.3%o line, which was
used as a criterion for the determination of dairy
foods (Evershed et al. 2002; 2008; Copley et al.
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Fig. 4. Plot showing: A the 6!3C1s.9 versus 6!3Ciq.0 values of modern reference animal fats and archaeolo-
gical samples. B the difference in the 6!3C values of Cis. and Ciso fatty acids (A13C) versus 8'3Cis9 reco-
vered from pottery extracts from Maharski prekop and modern reference fats (x data from Craig et al.
2007; Gregg, Slater 2010; A data from Spangenberg et al. 2006).
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Fig. 5. ESI Q-TOF MS mass distribution of the TAG fraction from the Maharski prekop potiery samples

MP25, MP45, MP100 and MP123.

2003; 2005; Mukherjee et al. 2007; Dunne et al.
2012).

Distinguishing animal fats by ESI Q-TOF MS
DAG and TAGs are indicative lipids of degraded ani-
mal fats. Previous work has shown that the TAG
distribution could help to differentiate between fats
of ruminant and non-ruminant animals and rumi-
nant dairy fats (Kimpe et al. 2002; Mirabaud et al.
2007; Regert 2011). We applied the ESI Q-TOF MS
and ESI-MS/MS methods to obtain information about
the structure of TAGs in the Maharski prekop pot-
tery samples. A major advantage of this method is
its sensitivity, which overcomes one of the major dif-
ficulties raised by the low occurrence of TAGs in com-
plex archaeological samples. A similar approach in-
cluding the nanoESI-MS method was successfully ap-
plied to a series of modern reference fats and archa-
eological samples (see Mirabaud et al. 2007; Gar-
nier et al. 2007; Regert 2011). The TAG analysis of
modern fats of ruminants (i.e., sheep, goat, and cat-
tle), and non-ruminants (i.e., pig) has shown clear
differences between these two groups. The ruminant
adipose fats contain TAGs that range from Ty, (for
cattle) or Tu4 (for sheep) to Tss (Dudd et al. 1999;
Mukherjee et al. 2007). The non-ruminant adipose
fats also show a narrow distribution that range from

T44 to Ts4, but with low quantities of Ts4, T4 and Tss.
A broad distribution that ranges from T to Ts4 is
recognised in dairy fats (Mirabaud et al. 2007; Re-
gert 2011). 1t should be mentioned, however, that
even if these distributions could partially resist de-
gradation, they are modified in TAGs compositions
to varying extents over time (Dudd et al. 1999; Muk-
herjee et al. 2007; Regert 2011).

The distribution of TAGs in five Maharski prekop
samples shows that samples MP45 and MP123 have
a large TAG distribution from Tag to Ts4. In the other
three samples, a narrower distribution runs from Tz
to Ts4 (sample MP25) or from Ty to Tss (samples
MP100 and MP158) (Fig. 5). Along the saturated
TAGs, two Tso.1 and Ts4z (sample MP45) four Tso.i,
T52:1, T54;3, and T54;2 (samples MP100 and MP158) un-
saturated TAGs were detected. We compare these
distributions with modern reference fats. We recog-
nise the TAG distribution in samples MP45 and
MP123 as indicators of dairy fat products (Fig. 5).
The comparison of the TAG and DAG distributions in
the identification of goat versus cow milk favours
goat milk (Mirabaud et al. 2007). More precise iden-
tification could be obtained from fatty acid distribu-
tion in Ti4o using ESI-MS/MS fragmentation. This
fragmentation was not possible in the Maharski pre-
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kop samples due to the low amount and poor ioni-
sation yield of T4

Maharski prekop samples MP100 and MP158 show
evidence of the presence of cattle adipose fats, since
the TAG distribution starts at Ts. This is in accor-
dance with the A13C values for these particular
samples (Fig. 4B). Some samples (MP25) show only
low molecular TAGs and DAGs, which suggest that
lipids are of animal origin, although more precise
determination was not possible (Fig. 5).

On the other hand, the TAGs and DAGs distributions
in the Maharski prekop samples (MP45 and MP123)
do not correlate well with the A13C values. The val-
ues of -0.3 and 0.2%o are higher than expected for
cow or even goat milk (Fig. 4B). One of the possible
explanations for this could be milk processing, since
it was observed that Cie9 and Cisy fatty acids are en-
riched in 13C during heating, and thus the difference
in the 813C values between the two acids becomes
lower (Spangenberg et al. 2006). Further investiga-
tion is needed, therefore, to understand the influ-
ence of milk processing (i.e., warming and boiling)
on the isotopic composition of fatty acids.

Conclusions

The results obtained from the lipid analysis of pot-
tery from Maharski prekop indicate dietary trends
involving animal and plant tissue. None of the total
lipid extracts contained porcine or freshwater fish

adipose fats or ruminant dairy fats. A good correla-
tion in the interpretation of ruminant adipose fats,
based on lipid identification and stable isotope ana-
lysis, was obtained in pottery samples MP100, MP151,
MP158 with MP158A and MP172. Furthermore, the
TAG distributions in MP100 and MP158 samples cor-
relate well with the presence of cattle adipose fats
recognised in the discriminating criteria found in
modern fats. In other samples, the presence of dif-
ferent mixed fats either from non-ruminant and ru-
minant meat or from a plant-animal fats mixture
was observed. Nevertheless, the TAG distribution in
two samples (MP45 and MP123) showed the resi-
dues of dairy products that probably derived from
goat milk. These data do not match the outcome of
the stable isotope analysis completely, since the
A13C values in those samples are higher than ex-
pected for goat milk. One of the possible explana-
tions for this distribution could be milk processing
and dairy food production. Further investigation is
needed to understand the inconsistencies that ap-
pear in the results obtained by different methods.
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