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Abstract

This study aims at reconstructing foodways in the north-east (NE) of the Iberian Peninsula, focusing on lipid residue analysis of
utilitarian vessels and using as case studies the sites of Puig Castellar of Biosca (180-120 BCE) and Guissona (120 BCE-third cen-
tury CE). In total, fifty vessel fragments of different types and origins were analysed with techniques such as gas chromatography-
mass spectrometry (GC-MS) and gas chromatography-combustion-isotope ratio mass spectrometry (GC-C-IRMS). As some vessel
fragments were recovered from waterlogged contexts, they had excellent lipid preservation, which enabled the detection of various
compounds that are rarely reported in archaeological contexts in Iberia. Analyses revealed both animal and plant products in the
vessels, suggested that a variety of food resources was consumed, and that vessels had multiple uses. The detection of levoglucosan
in some extracts, along with other heat markers, further suggested the presence of cellulose or starchy products in contact with fire
as well as the heating of animal fats. Combined with available bioarchaeological and palaeoenvironmental studies from both sites,
the analyses indicated a continuity in diet across the time periods during which the sites were occupied. Some differences were
also observed, including the possible use of tubers until the first century CE. The results are then contextualised and compared
with other available organic residue studies from the Roman Iberian Peninsula. The study demonstrates how the combination
of multiple bioarchaeological proxies and biomolecular approaches can provide a holistic means to approach Roman foodways.
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Introduction

The Iberian Peninsula was one of the first areas to be con-
quered by the Romans outside the Italian region (Morillo
and Aurrecoechea-Fernandez 2006), bringing significant
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changes to all aspects of life, including foodways. The lat-
ter do not merely reflect the availability of ingredients and
subsistence practices, but all activities involving food, from
production and preparation to modes of consumption and
discard. Importantly, they can reveal social relations, iden-
tities, economic strategies and more (e.g., Livarda 2013,
2018; Hastorf 2017; Twiss 2019). Significant advances to
understand the food culture during the Roman period in
the Iberian Peninsula have been made through several bio-
archaeological studies, which have contributed important
information on the types of plants (e.g., Pefia Chocarro et al.
2019) and animals (e.g. Colominas et al. 2019) that were
consumed and their management.

This study seeks to add to Roman food studies using a
different approach for the area, offering the first study of
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organic residue analysis on Roman ceramics from Catalonia.
Beyond Catalonia, residue analyses of Roman pottery in the
Iberian Peninsula are limited with most of them centring
on the detection of wine, olive oil or fish-based products
in Roman amphorae (e.g., Blanco-Zubiaguirre et al. 2019;
Dorrego et al. 2004; Cau Ontiveros et al. 2008; Pecci et al.
2021; Morais et al. 2016). Other studies have focused on the
examination of single vessels (Cosano et al. 2023; Guer-
rero and Sanchez Vizcaino 1995) while specific types of
amphorae have been examined for type of content, specifi-
cally the African (Woodworth et al. 2015) and the Lusitanian
amphorae (Morais et al. 2016), including material from the
Iberian Peninsula. Only two studies examine various types
of pottery with the aim to trace their contents and determine
dietary and cooking habits. In particular, Pecci and Cau
Ontiveros (2014) studied samples of cooking pots and differ-
ent types of amphorae from the Sa Mesquida site in Mallorca
(Balearic Islands), dated to the Late Roman period (fifth-
seventh century CE). Their results indicated the presence
of ruminant and vegetable fats and possibly fish in cooking
pots, as well as vegetable oil, grains, and degraded wine or
other substances in the amphorae. Parras et al. 2020 analysed
16 vessels from the site of Cerro de Las Albahacas (Santo
Tomé, Jaén), a Roman camp built after the battle of Baécula
(208 BCE), providing new insights into both the soldiers’
consumption practices and the productive capacity of the
Iberian population that presumably supplied the vessels and
their contents during the Second Punic War. The chemical
markers found indicated the presence of beeswax, plant oils,
such as those from nuts (almonds, walnuts), and fleshy fruits
(olive) as well as animal fats, while GC-C-IRMS analysis
of a single vessel indicated non-ruminant animal fats, most
probably from pigs (Parras et al. 2020). Our current inves-
tigation focuses on the sites of Puig Castellar of Biosca and
Guissona, which cover periods dating to the second century
BCE through to the third century CE, allowing a substantial
temporal resolution of food practices over a chronological
timespan not covered before in the Iberian Peninsula through
organic residue analysis (ORA).

Study sites

Puig Castellar (DMS: WGS84:148,514.590784,
5,134,997.013133) was a Roman Republican military for-
tress dating to between 180 and 120 BCE and was probably
used to control the region and supply logistical equipment to
the troops in the mainland (Rodrigo et al. 2022, 2014). It was
built on top of a hill known as Puig Castellar de Biosca or
Les Guixeres de Talteiill, surrounded by three river streams.
The location itself allows visual control of the whole area,
providing a strategic advantage in controlling the roads lead-
ing into the interior of the country. Additionally, the site
was naturally protected, as access from the northern slope
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is impossible (Rodrigo Requena et al. 2022; Pera Isern et al.
2019). Puig Castellar (Fig. 1) was surrounded by a defensive
wall which included square towers and bastions and occu-
pied an area of approximately 1.6 hectares (Rodrigo et al.
2022; Rodrigo Requena et al. 2022). Attached to the interior
of the southern and western sides of the wall, a series of bar-
racks were documented, which may have served as living,
storage and working quarters for the troops. In this same
area, evidence of an open space used for metalworking was
also detected. At the small plain located at the top of the
hill, a large headquarters building was identified, showing
clear Italian construction techniques, decorations, and meas-
urements (Rodrigo et al. 2022; Romani Sala et al. 2020).
According to the excavators, this building is probably one
of the first military headquarters (principia) of the Roman
Republican army in this province (Rodrigo Requena et al.
2022). Bioarchaeological analyses of palaeoenvironmental
remains at Puig Castellar are limited, however, the few ani-
mal bones recovered during the excavations indicated the
presence of cattle (Bos taurus), suiformes, sheep/goats (Ovis
aries/ Capra hircus), red deer (Cervus Elaphus) and horse
(Equus caballus) (Colominas 2022 unpublished report).

Soon after the abandonment of Puig Castellar, the
ancient town of lesso (under the modern town of Guis-
sona, DMS: WGS84:143,595.548912, 5,129,219.920341)
was founded about 6 km away, at the centre of the Guissona
Plain (Rodrigo et al. 2022; Fig. 2). The abundant ground-
water resources seem to have been precisely one of the
main reasons why the new town was established in this
area: the presence of a high-water table, which extends
about 2000 km? around Guissona, seems to have been cru-
cial to ensure constant water availability (Guitart Duran
2007). The site was surrounded by a wall about 2.5-3 m
wide and occupied a total area of 15-18 hectares. It was
inhabited from the end of the 2nd c. BCE until at least the
7th c. CE, undergoing several transformations through time
(Guitart et al. 2004).

The Roman structures excavated at Guissona include five
streets in a grid layout, a Republican residential neighbour-
hood progressively transformed into a large domus during
the 1st and 2nd c. CE, a public bath and, outside the wall,
an inn that provided meals, drink and lodging for travellers
(Romani Sala et al. 2022; Fig. 3). In addition, a total of five
water wells, built between the 1st ¢. BCE and the 2nd c. CE,
were identified (see Table 1).

Zooarchaeological material was studied from only two
wells (wells 1 and 4, see Table 1). The remains of cattle (Bos
taurus), dog (Canis familiaris), goat/sheep, pig (Sus domes-
ticus) and rabbit (Oryctolagus cuniculus) were identified
in well 1, located to a residential area (Padrés 2007). The
next well studied was associated with the inn and included
remains of dogs, oxen, horse (Equus caballus), sheep (Ovis
aries), goats (Capra hircus), pigs, rabbits, small rodents,
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Fig. 1 Plan of the site of Puig Castellar of Biosca (photo made by: Ifiaki Matias, UDG-ICAC)

small birds, turtles, snails and amphibians (Larumbe 2020,
2022, 2023 unpublished report; see S1 Appendix). Archaeo-
botanical studies were conducted for the wells of the resi-
dential area (wells 1 and 2, see Table 1) revealing the pres-
ence of mainly fruits and nuts, with fig (Ficus carica), grape
(Vitis vinifera) and walnut (Juglans regia) being the most
abundant remains (Bux¢ et al. 2004, p. 229;242; Baniou
et al. 2024; for a full list see S1 Appendix).

A palynological study from well 4 associated with the inn
showed the presence of mainly Chenopodiaceae, Poaceae
and Quercus coccifera, suggesting that the landscape was
probably semi-open and dry, although, the presence of taxa
such as Betula and Alnus indicated relative proximity to
more humid areas (Curras 2018 unpublished report). Some
indirect evidence for the existence of cultivated areas were
also present. Vitis sp. pollen was also identified, which could
be from both domesticated and wild varieties. The presence
of coprolitic fungi was indicative of livestock activity in the
area (Curras 2018 unpublished report; for a full list see S1
Appendix).

Finally, wood and charcoal remains from wells 1 and 2
of the residential area (Table 1) indicated the dominance
of Pinus sylvestris/nigra and Quercus sp. caducifoli in the
assemblage, while well 4 of the inn area had mainly Artemi-
sia sp. and Sambucus sp. (Buxé et al. 2004 for well 1 and 2;
Loépez-Bulté 2020 unpublished report for well 4).

Methodology
Sample selection and lipid extraction

A total of 50 vessel fragments (n =30 Guissona and n=15
Puig Castellar of Biosca) were selected for lipid residue
analysis. The chronological period ranges from the second
century BCE to the third century CE. One potsherd had a
visible charred residue (G12-48IR) that was encrusted onto
the inner surface of the sherd, which was analysed sepa-
rately. Most of the samples (n=37) selected were fragments
of cooking vessels, while the rest were vessels for processing
(n=6), serving or consumption (n=6) and storage (n=1)
(Table 2). Potsherds from different locations on the vessel
profile (e.g., base, body, rim) were selected. Both locally or
regionally-produced and imported potsherds were analysed
(North Africa; n=13; Italy; n=6). Twenty-six samples,
originating from various contexts, had charring marks on
their external surface indicating contact with fire. Of the
selected samples, 6 fragments were from two of the wells
found at Guissona (wells 4 and 5, associated with the Inn and
the public baths respectively), preserved under waterlogged
conditions. The rest of the fragments derived from various
contexts from both sites. For detailed contextual information
for each fragment, see S2 Appendix. Sediment control sam-
ples from the sites were not available as the pottery analysed
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Fig.2 The position of Puig Castellar of Biosca and Guissona in the map of Iberian Peninsula and the distance between them (photo made by:
Institut Cartografic i Geologic de Catalunya (ICGC), licensed under CC BY 4.0)

was excavated in the past between 2012-2021, when ORA  of purity). All glassware and the mortars and pestles used
studies were not anticipated for the site. However, contami-  for crushing pottery fragments were sterilised in a muffle
nation from the surrounding environment is expected to be ~ furnace at 450°C for 8 h. For each lipid extraction batch,
minimal as it has previously been observed that migration  analytical blanks were prepared in order to detect poten-
of lipids from the sedimentary matrix into pottery is highly  tial contamination from solvents or reagents. Clean, nitrile
restricted due to the hydrophobic properties of lipids that ~ gloves were worn while handling the potsherds and while

limit their transfer from the soil to the clay wall of the pot-  preparing the extracts. For full details of the extraction
tery (and vice versa) (Heron et al. 1991). protocols, see S3 Appendix.

In addition, to minimise contamination, all surfaces of Due to financial restrictions, all samples could not be
the selected potsherd fragments were removed with a mod-  analysed via every instrumental method. Thus, the follow-
elling drill (cleaned prior with dichloromethane/metha- ing approach was adopted to ensure maximisation of the

nol; 2:1 v/v) to remove exogenous lipids that may have  obtained results: all samples (n=50) were analysed via Gas
originated from the storage or handling of the potsherds. Chromatography-Flame Ionisation-Detector (GC-FID);
Then the fragments were crushed to obtain a fine pow-  then, samples with high lipid concentrations and/or with
der (2-3 g) in a mortar and pestle. Lipids were extracted = complex chromatographic profiles were further analysed
using established protocols; 6 potsherds from waterlogged  via Gas Chromatography-Mass Spectrometry (GC-MS)

contexts from Guissona were extracted using the conven- (n=31). The obtained GC-MS data were then used to iden-
tional solvent extraction protocol (Evershed et al. 1990),  tify compounds in the extracts, and compounds such as fatty
while for the rest (n=44) the acidified methanol extrac- acids were matched in other non-analysed extracts based on

tion protocol was used (Craig et al. 2013; Correa-Ascencio  identical retention time. In addition, some of the samples
and Evershed 2014). Several other measures were adopted ~ that were not analysed via GC-MS (such as G12-4, G13-10,
to avoid contamination. All solvents used were GC grade G14-11, G13-14, G13-15, G16-25, G16-30, G12-48) were
and the reagents were analytical grade (typically >98% analysed via Gas Chromatography-Combustion-Isotope
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Fig.3 Aerial photograph of the site of Guissona (photo made by: Guissona Research Team)

Table 1 Dating of Guissona’s

Date

wells Number of well Area
Well 1
Well 2
Well 3 Domus
Well 4 Inn
Well 5

Residential area
Residential area

Gardened space- pub-
lic baths

Ist c. CE—2nd half of 2nd ¢. CE

Ist half of 1st c. BCE—beginning of Ist c. CE

mid-2nd c. CE — (abandonment) 5th ¢c. CE

mid-1st c. CE—end of 2nd c. CE/ beginning of 3rd c. CE
1stc. CE

Ratio Mass Spectrometry (GC-C-IRMS) to identify fatty
acids and obtain their §'>C values to discriminate the source
of the fats.

Instrumental analysis: GC-FID, GC-MS
and GC-C-IRMS

GC-FID analysis was performed on 50 samples using an
Agilent Technologies 7820A GC series with a Flame Ioni-
sation Detector System with an Automatic Liquid Sampler
and equipped with a 15 mx0.25 mm X 0.15 pm DB-5 MS
capillary column (J&W Scientific, CA, USA) and 5 m of
guard column. Sample injection was performed in splitless

mode. The oven temperature programme started at 50°C
(held for 2 min) then increased to 320°C at a rate of 6°C
min~! and held for 10 min. Injector and detector tempera-
tures were 310°C and 320°C respectively. Hydrogen was
used as the carrier gas at constant flow of 2 mL min~!. For
full details, see S3 Appendix.

GC-MS analyses were performed on thirty-one sam-
ples (31/50=62%, see S2 Appendix) as they demon-
strated high lipid content and complex chromatographic
profiles in the GC-FID profiles. An Agilent Technologies
7890A GC System coupled to an Agilent 5975C MS and
an Automatic Liquid Sampler was used, operated in elec-
tron impacted ionization mode (EI, 70 eV), equipped with

@ Springer
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Table2 Sample selection

Type of pottery Origin Number of
pottery frag-
ments

cooking pot Local or regional 23

cooking pot or deep casserole North Africa 2

cooking pot or casserole Local or regional 2

North Africa 1

shallow casserole North Africa 6

patina Italy 2

North Africa 1
serving platters or patina North Africa 2
mortar Local or regional 3
Italy 3

storage container (kalathos) Local or regional 1

bowl Imported or regional 1

cup or small pot Local or regional 1

dish/flat bowl Local or regional 2

TOTAL 50

a 30 mx0.25 mm X 0.25 ym DB-5MS capillary column
(J&W Scientific, CA, USA) and a 5 m guard column. Sam-
ple injection was performed in splitless mode. The oven
temperature programme started at 50°C (held for 2 min)
then increased to 320°C at a rate of 6°C min~' and held
for 10 min. Injector and detector temperatures were 310°C
and 320°C respectively. Helium was used as the carrier
gas at constant flow of 1.5 mL min~!. Injector, transfer
line, and ion source temperatures were 310°C, 320°C and
250°C, respectively. The GC-MS was set to operate in
a mixed mode. That means that a combination of acqui-
sition in selective ion monitoring (SIM) and scan mode
was programmed. The SIM mode was included to enhance
the analytical sensitivity for o — (o-alkylphenyl) alkanoic
acids (APAAs) by targeting the ions with m/z 105 (as base
peak), 262, 290, 318 and 346. Full details are provided
in S3 Appendix. Compound identification was performed
by comparing MS spectral data with the NIST database
combined with the relative retention time.

The selection of samples analysed via GC-C-IRMS
was made with the following criteria: samples from both

archaeological sites and with different chronologies were
analysed. An attempt was also made to analyse different
types of vessels (cooking pot, mortar, bowl, patina, shal-
low casserole) of both imported and local origin in order
to assess any differences in vessel type, dating or origin.
Full details about the GC-C-IRMS analysis are provided
in S3 Appendix.

Results
Lipid preservation

The range of lipid concentration in the vessels studied was
wide and all samples except two (G21-22; G1-46) had
interpretable lipid concentrations (above 5 pg g~!) (Ever-
shed et al. 1999; Evershed 2008; see Table 2). None of the
extracts had lipid profiles typical of lipids from sediments
(i.e., high concentrations of n-alkanes). The average lipid
concentration of vessels from Guissona was 84.4 pg g~!
(solvent extracts; n=6) and 730.3 ug g~' (acid extracts;
n=29), while the average lipid concentration of vessels
from Puig Castellar was 105.1 ug g~' (acid extracts, n=15)
(see Table 3). No relationship between lipid concentration
and the type or the origin of vessel was observed, with pati-
nae and cooking pots retaining both the highest and lowest
amounts of lipids (Table 4; see S2 Appendix).

A range of compounds was detected in the samples,
including saturated fatty acids ranging from Cg. to Cy.
(up to Csy.o in samples G16-28 and G12-48), branched-
chain fatty acids, unsaturated fatty acids, n-alcohols, o,®-
dicarboxylic acids, mid-chain ketones and sterols. Levoglu-
cosan was detected in 3 extracts from waterlogged contexts.
The different types of compounds detected and the types of
organic substances identified are detailed below.

Animal fats

Overall, the extracts from Guissona (n=35) are domi-
nated by a wide range of fatty acids (with relatively low
abundance of long-chain fatty acids (C,.-Cs.))- Extracts
from Puig Castellar (n=15) demonstrate a narrower range
of fatty acids (C,4.9-C4.o)- Fatty acids C4.q and C,5. had

Table 3 Average and median
lipid concentrations of acid

Acidified methanol extractions (AE)

Solvent extractions (SE)

extracts (AE) and solvent Site name Number of Average lipid con- Median lipid con- Number of Average Median
extracts (SE) from samples from samples centration (pug/g)  centration (pg/g)  samples TLE (pg/g) TLE
Guissona and Puig Castellar (ngle)
of Biosca. TLE: Total Lipid
Extract Guissona 28 730.3 81 6 84.4 97.9
Puig Castel- 15 105.1 48.5
lar of
Biosca
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Table 4 Average and median range of lipid concentrations from different vessel types from Guissona and Puig Castellar of Biosca

Guissona Puig Castellar of Biosca
Type of vessel Number  Average lipid Median range Type of vessel Number  Average lipid Median range
of sam-  concentration lipid concentration of sam-  concentration lipid concentration
ples (hgle) (ng/e) ples (hgle) (hg/e)
Bowl 1 16.4 Dish/flat bowl 2 206.6
Cooking pot 11 1502.6 160.3 Cooking pot 10 86.4 42
Cooking pot or cas- 3 125.4 83.3
serole
Cooking pot or deep 2 14.1
casserole
Shallow casserole 6 425.4 137.5
Cup or small pot 1 24
Mortar 3 23.8 23.6 Mortar 3 100 254
Patina (baking dish) 3 110 115
Serving platter or 2 18.3
patina (baking dish)
Storage container- 1 8.3
Kalathos
Unknown -possible 2 515.6
cooking pot
Total vessels 35 Total vessel 15

the highest relative abundance in extracts from both sites.
Branched-chain fatty acids (C 405 Ci5.000 Ci6:06r0 C17:0b00
Cig.000 Cro.0b) Were identified in almost all samples (32/35
91.4%- from Guissona and 14/15-93.3%- from Puig Castel-
lar). These compounds have bacterial origin and might be
indicative of ruminant fats (Christie 1981; Dudd and Ever-
shed 1998). Thirteen samples from Guissona and 7 from
Puig Castellar contained cholesterol derivatives (Fig. 4a, d).
Sixteen samples from Guissona and 7 from Puig Castellar
contained acyl glycerols (Fig. 4a-d). The above compounds
(cholesterol derivatives and acyl glycerols) suggest the pres-
ence of degraded animal fats (Dudd and Evershed 1999;
Whelton et al. 2018).

The determination of the stable isotopic values (8'°C) of
the major fatty acids (C,¢,, and Cy.() in eighteen samples
(13 from Guissona; 5 from Puig Castellar) enabled char-
acterisation of the degraded animal fats. The 8'*C 4, val-
ues obtained (ranging from -32%o to -25%o0) suggest that
the animals from which the fats were derived were grazing
exclusively on C; vegetation (Copley et al. 2003; Fig. 5). A
scatterplot of the 8'3C,4, and 8'3C,4,, values reveals that
none of the samples fall within confidence ellipses for mod-
ern references for ruminant carcass fats or porcine fats, but
rather in-between, reflecting the mixture of these products in
vessels (Fig. 5). Similarly, A'3C values (§'3C 4.-8"2C 4.0),
suggested that 6 samples (33.3%) fall within the range of
ruminant adipose fats, while 12 samples (66.7%) fall within
ranges for plant oils and in-between ranges of non-ruminant

origin and ruminant adipose fats, reflecting mixtures
(Fig. 5). Interestingly, despite the presence of short-chain
fatty acids (Cq.(-C,(.0) in the lipid extracts, which have been
reported in ruminant dairy fats (Dudd and Evershed 1998;
Evershed et al. 1992), none of the obtained 8'3C values fell
within established ranges for ruminant dairy products.

Plant products

There is a variable amount of evidence pointing to the pres-
ence of plant products in most of the samples from both
sites. Unsaturated fatty acids (Cy4.; Cy4.1, Cyg.15 Cig.0, Cogg
and C,,.,; Fig. 4a-e) were identified in thirty-three samples
from Guissona and 8 from Puig Castellar. The presence of
oleic acid (C,g.;) in higher or equal abundance to stearic
acid (Cg.¢) in 4 extracts (G17-16, G11-47 PCB14-12, and
PCB22-5; see S2 Appendix; Fig. 4a,e) is an indication of the
presence of plant oils in these vessels (Evershed et al. 1990;
Rageot et al. 2019). Additionally, the presence of erucic acid
(Cy,.p) in samples G13-9, G14-12, G1-33 and PCB14-9 may
be indicative of plants belonging to the Brassicaceae family
(Colombini and Modugno 2009).

Hydroxy acids and a large range of a,w-dicarboxylic acids
(diacids), from Cgq to C,, were found in thirteen extracts
from Guissona and 5 extracts from Puig Castellar (Fig. 4b-
e). Short-chain diacids are formed as degradation products
of unsaturated fatty acids (Regert et al. 1998), which are
present in higher quantities in plant products (Colombini

@ Springer
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and Modugno 2009). However, diacids with longer-chain ~ processing of these products in samples G16-28, G1-34,
lengths from C 4 to Cy¢ are diagnostic of suberin, whichis ~ G04-52, PCB16-19 and PCB20-26 (Fig. 4b).

found in the outer part of underground plants, such as tubers Finally, plant sterols (such as stigmasterol, B-sitosterol
(Kolattukudy 1980, 1981; Dunne 2022) and may suggest  and campsterol) were identified in sixteen samples (10/35
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«Fig. 4 Chromatograms of extracts from Guissona (a-c) and Puig Cas-
tellar of Biosca (d-e). a) is a solvent extract and indicates the pres-
ence of plant oils, degraded animal fats, heat markers (mid-chain
ketones and levoglucosan), dehydroabietic and 7-oxo-dehydroabietic
acid; b-e) are acidified methanol extracts and indicate the presence of:
b) degraded animal fats and plant products, c) degraded animal fats
(heated), plant products and dehydroabietic and 7-oxo-dehydroabi-
etic acid, d) degraded animal fats, heat markers, plant products and
dehydroabietic and 7-oxo-dehydroabietic acid and e) plant oils and
degraded animal fats. Key: Circles=fatty acids; Hexagon=unsatu-
rated fatty acids; Stars=Acyl glycerols; Diamonds=DHA and 7-
oxo-DHA; Squares=ketones; Triangles=cholesterol derivatives;
Arrow =Diacids, * =plasticizer contamination; LV =Levoglucosan;
OH = Alcohol; I.S. =Internal Standard)

from Guissona, 28.6% and 6/15, 40% from Puig Castel-
lar), which are undoubtedly of plant origin (Colombini and
Modugno 2009; Briggs et al. 2023; Fig. 4c-d).

Diterpenoid biomarkers (Fig. 4a, c-d) can derive from
the deliberate use of conifer resins (Regert 2004; Colom-
bini et al. 2005), the firing process through the use of wood
(Reber et al. 2018), reheating in an oxidising atmosphere
(Whelton et al. 2021), or even bacteria (Costa et al. 2016).
Some of the samples (22/50, 44%) from both sites contain
diterpenoids, such as dehydroabietic acid and 7-oxodehydro-
abietic acid. In this context they might suggest the heating
of coniferous resins in an oxygenated environment, the use
of products that may have been in contact with resins, or a
bacterial source (Whelton et al. 2021). Finally, the presence
of levoglucosan in samples G17-16; G17-19 and G21-23
from waterlogged contexts suggests the presence of cellulose
or starchy products that have been in contact with fire (see
also below) (Shoda et al. 2018; Heron et al. 2016; Simoneit
et al. 1999; Fig. 4a).

Heating markers and other compounds

Mid-chain ketones (C,q; C;;; Cs3; C35) were identified in
twelve extracts (7 cooking pots, 1 cooking pot or casserole,
1 mortar, 2 shallow casseroles and 1 patina) from Guissona
and 4 extracts (3 cooking pots, 1 mortar) from Puig Cas-
tellar. The heating of animal fats above 300 °C causes the
decarboxylation and condensation of fatty acids and the for-
mation of mid-chain ketones dominated by the C;; C;; and
C;5 homologues (Fig. 4a, c-d) (Evershed et al. 1995; Raven
et al. 1997). This suggests that animal fats were heated in
these vessels. Additionally, the homologue C,q is derived
from the leaf waxes of Brassica sp. (Dudd and Evershed
1999; Evershed et al. 1995) and was found in 4 extracts from
Guissona (Fig. 4a, c).

It is interesting to note that 9 of these samples show
evidence of charring on the surface of the vessel. Twelve
extracts (cooking pots, shallow casseroles, patinae, bowl)
were found to contain polyaromatic hydrocarbons (PAHs)
which are considered to be smoke indicators (Simoneit et al.

2000; Reber et al. 2018), possibly suggesting exposure to
campfire smoke. However, the formation of PAHs can also
be caused by environmental factors. In particular, it can
be caused by endogenous synthesis of micro-organisms or
highly developed plants that have come into contact with
high temperatures (Suess 1976).

Three waterlogged samples contained levoglucosan,
which has been identified as a pyrolysis product of cellu-
lose or starch and might be consistent with the processing
of starchy materials under heat in the vessels (Shoda et al.
2018; Simoneit et al. 1999; Caseiro and Oliveira 2012).
Additionally, the presence of dehydroabietic acid and 7-oxo-
dehydroabietic acid in seventeen samples (mostly in cooking
pots, but also in a shallow casserole, bowl, mortar and stor-
age container) indicate the presence of coniferous resins in
contact with fire that could suggest the use of pine wood as
fuel (Simoneit et al. 2000). However, as the abundance of
these compounds in the extracts is quite low, it is possible
that instead of indicating the direct use of wood or conifer-
ous products in vessels, it rather shows the use of products
that had previously been stored in resin-lined vessels (e.g.,
Cramp et al. 2011).

Discussion

Overall, organic residue analysis of a range of vessels from
the two studied sites point to a variable diet from the second
century BCE to the third century CE that combined different
alimentary sources. Analysis of the relationship between the
contents of vessels and their type, origin and form did not
reveal clear patterns as similar products were found in all of
them (Supplementary file 4).

The results show a mixture of ingredients in each vessel,
which is indicative either of 1) their use multiple times, 2)
the use of different products each time, and/or 3) the combi-
nation of products for the creation of meals.

At Puig Castellar, all available information on food
resources is based on a limited number of animals remains
that were found at the site. No flotation had been carried out
until recently and the few samples available are currently
under study. The results of the organic residue analysis sug-
gest that a mixture of plant and animal products formed the
diet of the people inhabiting the fortress. Concerning ani-
mal products, the fatty acid-specific stable isotopic results
suggest that non-ruminant animals and ruminant meat
was consumed, which is consistent with the dominance of
ovicaprid remains followed by suiformes at the site (Colo-
minas 2022 unpublished report). The zooarchaeological
analysis indicated that the age of the animals was linked to
the usual age at which animals were slaughtered for meat
consumption. At the same time, the anatomical parts of ani-
mals at the site suggest that meat was brought into rather
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Fig.5 Graphs showing A: A
813C g, versus 8!3C ¢ values
and B: A'*C values (§"3Cyg,o-
813C ) versus 8'3C 4 values
from the vessels from Guis-
sona (orange circles) and Puig
Castellar (purple circles).

In A, the confidence ellip-

ses relate to modern fats of
animals raised on a purely C3
diet in Britain (Copley et al.
2003). In B, ranges represent
the mean + 1 s.d. of the A'*C
values for a global database
comprising modern reference
animal fats from various regions
including the UK, regions in
Africa, central and south-west
Asia, as well as plant oils (Dudd L
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than prepared on-site (Colominas 2022 unpublished report).
The supply of meat in Roman military camps was usually
from the local area or from further away when in processed
form (e.g., salted, dried, smoked) (Thomas and Stallibrass
2008). According to zooarchaeological studies, pig was the
prevalent meat in military sites of the Roman world (King
1999), although local variation has also been argued for (e.g.
MacKinnon 2019).

Regarding plant products consumed at Puig Castellar it
is not possible to add much detail on the species due to the
lack of completed archaeobotanical studies. However, as
erucic acid was detected (in an imported Italian mortar),
it is possible that species of the Brassicaceae family were
used and consumed. The presence of mid-chain ketones,
charring marks on vessels, products derived from heating
(levoglucosan, PAHs) and other heat markers suggest that it
is likely that meat was cooked, and that 4 vessels (3 cooking
pots and 1 mortar) came into contact with high temperatures,
shedding light on food preparation practices.

@ Springer
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More detail can be achieved for the reconstruction of the
foodways at Roman Guissona. Overall, the diet of the inhabit-
ants of Guissona does not seem to change dramatically from
the first century BCE to the third century CE. Faunal remains
and lipid residue analysis point to the consumption of animal
meat. Regarding the macrofauna remains from well 1 (1st
c. CE to second half of the 2nd c. CE), ovine/caprine, cat-
tle, pigs and rabbits have been identified with some of the
bones showing colour changes in their surface due to contact
with fire, as well as cutting marks (Padrés 2007). In well 4
(mid-1st c. CE- end of 2nd c. CE/ beginning of 3rd c. CE)
some animals were found whole (dogs and horse) with no
signs of processing, while others in bone portions (cattle,
ovine/caprine). Some of the bones showed traces of thermal
changes and intentional fractures linked to food consumption
(Larumbe 2023 unpublished report). The presence of red deer
(Cervus elaphus) is confirmed by the presence of 2 bones,
one of which had probably been turned into an object of util-
ity purpose (Larumbe 2023 unpublished report).
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Based on the GC-C-IRMS results, the inhabitants of
Roman Guissona consumed both ruminant and non-rumi-
nant animals, which is also corroborated by the zooarchaeo-
logical analysis. Four of the vessels extracts from well 4
have mid-chain ketones, indicating that animals were cooked
in these vessels (cooking pots, patina, shallow casserole).
Given that only ruminant animals with traces of consump-
tion were found in this well, it can be speculated that rumi-
nant animals were processed in these vessels (note, however,
that GC-C-IRMS results are not available for these samples).
In contrast, both ruminant and non-ruminant animals with
cut-marks were identified in well 1, fitting well with the lipid
residue results from vessels from a similar chronological
period. The consumption of cooked meat is also attested
by the presence of ketones in twelve samples of different
types of vessels (cooking pot, shallow casserole, patina and
mortar) of various origin and chronology, while the main
animals cooked and consumed could be cattle, goat, sheep,
pig and rabbit, based on the animal bones that have been
found at the site.

Diet in Roman Guissona also included legumes, cere-
als, fruits and nuts, according to archaeobotanical studies
from two of the wells, and may have been supplemented by
the consumption of vegetable oils, other plants, as well as
starchy products, as suggested by the lipid residue results.
In terms of cereal consumption, few barley (Hordeum vul-
gare), free-threshing wheat (Triticum aestivum/durum) and
emmer (Triticum dicoccum) grains were identified (Buxd
et al. 2004). The presence of legumes was more limited, with
only common vetch (Vicia sativa) and pea (Pisum sativum)
present. Many of the findings were fruits, mainly grapes and
figs. At the same time, nuts were also identified, including
walnuts (Juglans regia) and hazelnuts (Coryllus avellana)
(Bux6 et al. 2004). The presence of these species was not
identified through organic residue analysis and could have
been consumed through other culinary pathways (such as
raw, or through flour-based preparations).

Evidence for plant oils were detected in four extracts from
Guissona and Puig Castellar. The macrobotanical results
suggest the presence of olive stones, the derivatives of which
may have been used in the cooking process, although, spe-
cific evidence for olive oil was not found. The presence of
erucic acid was attested in 4 other extracts, possibly sug-
gesting the use of oils from the Brassicaceae family, which
was also reported in palynological analyses (Curras 2018
unpublished report). The diet of the inhabitants was also
possibly supplemented by tubers, as indicated in 5 extracts
(3 from Guissona and 2 from Puig Castellar) containing
long-chain diacids (C;4-C,g). Interestingly, the extracts
with long-chain diacids are from cooking pots and a dish/flat
bowl dating to between the second century BCE (PCB16-
19, PCB20-26) and the first century BCE-beginning 1st c.
CE (G16-28, G1-34, G04-52) but none of the later samples

contain evidence of underground plant organs. Whether this
is an artefact of sampling or a real indication of a change in
dietary habits after the first century CE can be only assessed
with larger-scale study of more vessels and of plant macro-
and micro-remains.

Plant products were found in all the vessel types under
consideration (cooking pots, shallow casserole, deep cas-
serole, patina, mortars and dish/flat bowl) at both Guissona
and Puig Castellar of Biosca, except for a single storage
container which had low lipid concentration. Moreover, the
presence of plant products was observed in vessels of both
local/regional and imported origin from all study periods.
Therefore, it seems that regardless of the type or origin of
the vessel, the consumption of plant species in combination
with animal fats was a standard cooking practice. The same
appears to apply to the use of plant oils, as they have been
identified in vessels of local origin or imported from Africa;
in serving platters or patinae, shallow casseroles, cooking
pots and dishes/flat bowls.

The case of fish at both sites is rather intriguing as a
search for relevant ions for biomarkers of aquatic products
using SIM mode on the GC-MS in the extracts (4,8,12-tri-
methyltridecanoic acid (TMTD): m/z 87, 213, 270; pris-
tanic acid: 88, 101, 312; phytanic acid: m/z 101, 171, 326);
@ — (0-alkylphenyl) alkanoic acids (APAAs): m/z 262, 290,
318 and 346, and the fragment ion of the base peak m/z 105)
did not reveal any evidence for their presence. This is con-
sistent with the absence of fish bones from at least all the
-relatively few- studied contexts, although amphorae asso-
ciated with the storage of salted fish and fish sauces were
found at Guissona. Future injection of samples onto a longer
column (e.g., 60 mx0.32 mm) (e.g., Cramp and Evershed
2014; Lucquin et al. 2016) may further elucidate the role
of fish in diet. The consumption of fish, especially fresh
fish, in the Roman period was related to geographical loca-
tion, period and social status (Marzano 2019). Fresh and
salted fish were more spatially limited while sauces, such as
garum, were more widespread socially and spatially (Bek-
ker-Nielsen 2005). The absence of fish-related compounds
may therefore be due to the geography of the sites away
from the sea.

In a similar vein, dairy products were not detected in
any of the samples from either site. In general, the Romans
included dairy products in their diet; mainly cheese, as milk
needed a special preservation method (MacKinnon 2019,
151). Dairy products could have also been part of the diet of
the Roman troops (Davies 1971, 127-128). Zooarchaeologi-
cal studies carried out on material from the North-East of the
Iberian Peninsula, indicate that from the 1st to the 3rd cen-
tury AC, sheep, goats, and cattle were not bred for their meat
but mainly for their secondary products (Colominas et al.
2019; Colominas 2013, 136). In fact, it has been suggested
that from the first century AC onwards, cattle served mainly
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as draught animals, goats for their milk, sheep for wool and
pigs for their meat (Colominas 2013, 137). The zooarchaeo-
logical analysis carried out at Puig Castellar of Biosca did
not produce any evidence for livestock breeding and instead
it was identified as a consumption site (Colominas 2022
unpublished report). This may mean that cheese/milk pro-
duction was not carried out at the site and thus dairy con-
sumption may have been more limited. As far as Guissona
is concerned, the study of zooarchaeological remains is so
far limited to only a few finds from the wells. No extensive
zooarchaeological study has been carried out in the different
contexts of the site, and animal husbandry practices have
not yet been explored. Furthermore, the absence of dairy
products does not necessarily mean that such products were
not consumed as their absence may be due to the specific
vessels studied not having been used for their processing or
consumption. Yet, as a variety of vessel types were studied,
it is possible that dairy products were not a ‘staple’ of cook-
ing practices but were rather consumed in more restricted
or specific settings. Overall, the absence of dairy products
could be the result of sampling, the limited presence of dairy
products at the sites, or a combination of both.

This study further provides new insights into the cooking
methods of the period. The analysed material indicated that
different kind of vessels (cooking pots, platters and mortars)
were heated to temperatures above 300 °C, a practice seem-
ingly common at both sites. The identification of the diter-
penes typical of coniferous resin in some vessels, may be an
indication for its use as fuel in cooking fires. These taxa were
present in the area, as shown by the wood, anthracological
and palynological analyses. In Guissona, the most common
species among the wood remains were Pinus sylvestris-nigra
type and Quercus sp. deciduous. Although both species were
used among others to produce artefacts, they are also among
the few species found in charred form (Piqué et al. 2016).
Anthracological studies of the Roman city of Lleida (first
century BCE-fourth century CE) as well as of other Roman
and Late Antiquity sites of Spain also indicated its use as
firewood, among other taxa (Piqué 2009).

Studies have shown that Roman mortars were used to mix
and grind different kind of products such as plant, meat and
dairy products (e.g., Cramp et al. 2011). Of the six mortars
included in our study, in all of them traces of degraded ani-
mal fats were found, three of which had fatty acid isotopic
results that suggest the presence of mixtures of ruminant
and non-ruminant fats. In sample G14-8 ketones, hydroxy
acid and dehydroabietic acid were identified, suggesting the
presence of heated coniferous resins and the heating of ani-
mal fats in the vessels. However, the presence of traces of
resin may originate from the use of products in the mortar
that were transferred from resin-lined vessels (Cramp et al.
2011). It cannot be explained with absolute certainty why
ketones are found in mortars. However, it has been suggested
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that mortars could have been placed directly on the fire dur-
ing the preparation of specific recipes or used as a lid on
cooking pots (Cramp 2008, 39).

Direct comparisons of the results of this study with those
of other sites of the Iberian Peninsula are not straightforward
as they do not align chronologically. However, the Roman
military camp of Cerro de Las Albahacas (Santo Tomé, Jaén,
Spain) dating to the late third century BCE (Parras et al.
2020) is relatively close chronologically to Puig Castellar
(2nd c. BCE). At both sites non-ruminant animal fats were
found, together with plant oils and probably plant waxes,
with Puig Castellar providing additional evidence for the
consumption of tubers as well as ruminant carcass fats.

From the first century BCE to the third century CE, our
results from Guissona, point to a variety in cooking and
consumption practices, including ruminant and non-rumi-
nant animal fats, plant products, plant oils, and probably
starchy products. While evidence from the fourth century
CE is lacking, the site of Sa Mesquida (Mallorca, Balearic
Islands) dating to the fifth-seventh century CE has evidence
of the consumption of ruminant and non-ruminant animals,
vegetal products and oils, with indications of potential
fish consumption in the late Roman period (Pecci and Cau
Ontiveros 2014). Based on the data from the examined sites,
it appears that the diet of individuals in the military camps
was relatively more limited, while in the residential sites was
more variable, although this may be an artefact of sampling.

Conclusion

This study provides the first study of organic residue analysis
from Roman ceramics in Catalonia. It is also one of the few
studies in the Iberian Peninsula that deals with the analysis
of different types of vessels at a settlement level and the
first one for the period second century BCE-third century
CE, opening up new windows to a better understanding of
diet and cooking methods in the Roman past. According to
the results, the diet during these centuries in the north-east
of the Iberian Peninsula was characterised by a variety of
animal and vegetable products and their potential combi-
nations. The combination of plant and animal products in
the preparation of meals was seemingly a common cooking
practice as shown both by the results of the organic resi-
dues and by bibliographical sources. Fish and dairy products
seem absent or limited based on current evidence at both
sites. The potential consumption of tubers could be traced
in vessels that date up to the first century CE. At both sites,
evidence of the heating of vessels and the direct or indirect
use of coniferous wood products was attested.

At Puig Castellar it appears that all cooking pots,
dishes, and mortars, regardless of the context where they
were collected, were used to process both animal fats
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and plant products, with a possible preference for non-
ruminant animal fats as shown by their dominance in the
GC-C-IRMS results. In Guissona, mixtures of products
in vessels can be explained by the fact that the inhabit-
ants combined meat and vegetable products in their diet.
Combining the various archaeological analyses and the
results of the organic analysis, it becomes clear that the
consumption of ruminant and non-ruminant meat was a
common practice. At the same time, the diet was supple-
mented by plant products in cooked form (based on residue
analysis), but also in raw and/or flour-based form (based
on archaeobotanical analysis). Finally, continuity in the
eating habits seems to be delineated throughout the time
span occupied within each site.

Although there is still a long way to go to fully understand
Roman dietary habits, this study, through the analysis of
organic residues and its combination with other proxies, has
provided new insights into Roman dietary habits and cooking
technologies, focusing its attention to a poorly studied area
of the Iberian Peninsula in regard to organic residue analysis.
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