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Abstract—This work aimed at comprehensively
evaluate the potential and effectiveness of natural
Deep Eutectic Solvents (DESs) for the extraction of
different natural compounds from archaeological
samples. We compared the procedure by DESs, which
are now emerging as green and sustainable solvents,
with the more conventional solvent extraction
protocols, which gave measurable yields of lipid
extract. The different techniques were applied onhe
absorbed residues of small samples of a replica
pottery vessel after cooking experiments of animal
fats. Direct extraction by DES and derivatization
proved efficient to obtain enough fatty acids for
quantification analysis of absorbed lipid residuesby
GC-MS. The next step was the application of DES
extraction procedure on some archaeological samples
previously submitted to conventional extraction

has been possible to identify a wide range of
commodities, such as terrestrial and marine anfiatsl
beeswax, vegetable oils, plant waxes, plant resits,
[3].

Lipid components absorbed into the archaeological
material are extracted using different techniques a
analysed by the employment of a range of different
analytical instruments suitable for their separgtio
identification and quantification, e.g. High Temaierre-
Gas Chromatography (HT-GC), Gas Chromatography-
Mass Spectrometry (GC-MS), High Performance Liquid
Chromatography-Mass Spectrometry (HPLC-MS), in
order to link the lipid residues to their origir#blogical
and environmental source.

The commonly employed extraction procedures use a
solvent wash with chloroform/methanol and the eted
compounds are subsequently silylated before maecul

methods. GC-MS analyses gave comparable results as analyses [4, 5, 6]. Nevertheless, it has been dstraiad

regards the amounts and relative proportions of faty
acids identified in the archaeological samples, thu
encouraging to further refine in the future the
analytical protocol by DES.

INTRODUCTION

that some lipids can establish stronger interastioith
the ceramic matrix and their recovery is possilhdy o
through alkaline hydrolysis using strong base efiva
[7], which is a long and laborious procedure.

Many scientists are now developing more efficientl a
rapid extraction methods [8, 9], with the aim tmqess
increasingly large numbers of potsherds in a stiore

Lipid residue analysis has become a common teckniqignd to deal more efficiently and systematically hwit

for the identification of the organic residues ueng

important archaeological questions.

from resources processed in archaeological ceramlidowever, despite the significant results of organic

vessels, integrating traditional
investigation for the determination of vessel use a
contributing to the reconstruction of food habdsltural
and economic practices in antiquity [1,2].

Lipids are the best preserved biomolecules andtiea
used as archaeological biomarkers. With this apgbroh

archaeologicalresidues analysis on archaeological pottery, toevery

of lipids from ancient vessels still requires exgiga and
toxic organic solvents for each step of the sample
preparation procedure.

Here we present an alternative extraction technicgiieg
natural Deep Eutectic Solvents (DESs), which are



emerging as green and sustainable solvents fariexffi [AS]
extraction of natural compounds.
[FN] 1. MATERIALS AND METHODS
A. Samples

Deep eutectic solvents (DESs) represent a promisinig order to validate the protocols, two pottery ptes
class of alternative solvents that have become@figg were taken from a replica ceramic vessel after immpk
interest both at academic and industrial levels-I3D experiments of animal fats (beef).
Compared to conventional volatile organic solvent®One sample was submitted to conventional extradiipn
(VOCs), DESs show high thermal stability, non-chloroform/methanol followed by alkaline treatmeoft
flammability and practically no vapour pressure,the insoluble residue of previously solvent-extdct
therefore low volatility. Formation of DESs can é&sily  potsherd.
accomplished by simply mixing and warming at léagt ~ Another sample was treated with DES, following the
safe, cheap, renewable and biodegradable compenengsocedure described in the following paragraph.
generally a hydrogen bond donor and a hydrogen borithe next step was the application of the extraction
acceptor, which are capable of forming a eutectidure  procedure on some archaeological pottery samplats th
having a melting point markedly, lower than eitbéthe  had been already submitted to conventional extacti
individual components (fig. 1). methods [16, 17]. The samples were taken from two

cooking pots retrieved during the excavations ie th

lonic Component indigenous settlement of Castello di Alceste (\dei
(Choline chioride) @N// Normanni-BR). These thin-walled containers have
B g X HO g\ narrow mouth, rounded and everted rim, globularybod

Ho/\/%\ - s §:|e and they begin to appear during the archaic agaany

c® Hydrogen Bond . r; indigenous settlements in southern Italy. Most lafn

Donor R are Greek imports that, together with many othtfacts

Hydrogen Bond X=N,0 Deep Eutectic of Greek provenance, reflect important innovations
Acceptor Solvent (DES) food preparation and consumption among the archaic

indigenous societies. The sampled pots, databléhdo
VIt century B.C., presented burnt traces on the @xteri
surfaces and no visible residues adhering on ttezidm

Deep Eutectic Solvents (DES) can be formed betveeensurfaces' [FN]

variety of ammonium salts (e.g., choline chloride,
betaine, glycine, proline, etc.), and a very largege of
hydrogen bond donors such as urea, glycerol, cghgox
acids, amino acids and carbohydrates, polyalcoldls.
these components come from renewable sources; th
their biodegradability is extraordinarily high, arnkeir
toxicity is non-existent or very low if compared thvi
classical VOCs deriving from petroleum.

Moreover, it is noteworthy that the extraction daipity

Fig. 1 Schematic representation of a choline clderi
based Deep Eutectic Solvent.

B. Lipid extraction of powdered ceramic samples
A typical extraction procedure with DES can be diestl
in three simple steps:

. The suspension of the ground potsherd in th@eguro
deep eutectic solvent. 3 ml of a glycerol/cholirgel)
mixture was used for the extraction of the powdered
sherd samples (ca 2 g), after the addition of lofmh
standard solution of nonadecane.

2. The extraction by mixing, stirring and heatinge t
Iﬂ']gredients. Ultrasounds or microwaves can alsdstass

?hoeng ?i?r?glr, 'r: ';Cp;fsclﬁgntiga?esrgnemgsb% Srttml;;t/z the extraction process, in order to optimize theldyiof
pt phy . . ! prop extraction. Extraction was performed by ultrasotica
extraction of a peculiar biological marker. for 1 hour at 70°C

DES are made of two components, the ionic partthed 3. After cooling and centrifugation the liquid ftam is

hydrogen-donor that is often a molecule with higher L
lipophilicity compared to the other constituent.cBu ready to be analysed by liquid chromatography

double nature gives to DES a wide polar range ant chniques ~ (HPLC, ~LC-HPLC, —etc) but  for
consequently a high degree of solubilisation stiferigr hromatographic analysis by GC-MS or HT-GC, a sdcon

. .2 extraction to remove the analytes from the DES is
many classes of compounds characterized by d'sm.m"required. This can be easily done using a common
malecular _structure_s. Therefore, _the extraCtIonSorganic solvent such as ethyl acetate, diethyl rethe
performed with DES, instead then classical VOCa, lma hexane, etc. and adding some water in order tacethe
accomplis_hed without employing other a_dditives sash_ typical ’high. viscosity of DES and the solubility of
strong_ ACIGSSOF bgs_es, often responsible of chém|c nalites in the polar phase (water/DES). In this
alteration of the original sample (e.g. hydrolysfstri-, experiment, hexane (2x4ml) was used as extraction
di- and monoglycerides into glycerol and fatty agid '



solvent. The solvent was then evaporated undemtiege but we decided to store the solvents in glass dmtih
stream of nitrogen, for subsequent derivatization. order to avoid modern contaminations in future
The dried extracts were derivatized  with experiments.
bis(trimethylsilyl)trifluoroacetamide (BSTFA) + 1% However, the distribution of fatty acids and thetative
trimethylchlorosilane (TMCS) at 80°C for 1 houridPrto  concentrations were extremely consistent in all
analyses by GC-MS, the BSTFA was evaporated underextractions.
slow stream of nitrogen and the samples redissatvea
appropriate volume of hexane. Archaeological samples
The data obtained from the experimental vesselthes

D. Gas chromatography — mass spectrometry compared with lipid concentration data for archagual
Samples were analysed using an Agilent Technologigsottery sherds sampled from two cooking pots, whiat
6850 Il series gas chromatograph (5% phenylbeen analysed previously following the extraction
polymethylsiloxane capillary column, 30 m, internalmethods published in literature [4, 5, 6, 7]. GC-MS
diameter 0.25 mm, 0.25 pm film thickness), with aanalyses of the total lipid extract showed the gmes of
split/splitless injection system used in the spiitde and fats from ruminant animals [16, 17], due to preduemice
maintained at 300°C, coupled to an Agilent 5973of palmitic and stearic acid and the detection dfi o
Network mass spectrometer operated in the EI m@@e ( numbered and branched chains fatty acids. Chotdster
eV). The mass spectrometer was set to scan inatlger was also detected.
of m/z 50 to 600 in a total cycle time of 1 s. TBE oven GC-MS results of the samples treated with the etitra
temperature was programmed from 100°C to 280 °C agirocedure by DES showed a similar fatty acids
10°C/min, and held at 280°C for 15 min. Helium wasdistribution (fig. 3). The percentage of the totalid
used as the carrier gas at a constant flow ratenalfmin.  extracts was close to that obtained from the sasnple
Compounds were identified partially by their retent treated with chloroform/methanol, although the pe#ék
time within the GC, based on comparisons with asedy cholesterol was recognizable only by its retentiimne
reference compounds, but mainly by their mass spect and not by the mass spectra, due to low conceotrati
interpreted manually with the aid of the NIST MassThe samples analysed didn't gave higher conceatrati
Spectral Library. of lipid residues compared to conventional extacti
[AS] protocols, but the alternative method proved edfitito

liberate enough fatty acids from the pottery maivix

archaeological samples.

2. RESULTS These preliminary results show the potential of thew
Replica pottery vessel protocol, but they also suggest the necessity tionige it
The sample submitted to  extraction  withthrough further experiments, in order to achievéieoe
chloroform/methanol gave very high lipid concentmas.  results on archaeological samples.

The major fatty acids identified (fig. 2a) are paim [FN]
(C16:0), oleic (C18:1) and stearic (C18:0) acidgether
with tetradecanoic acid (C14:0). Cholesterol, bhaat
chain and odd-numbered straight chain fatty adiiib(0
and C17:0) were also detected, confirming the mese
of fats from ruminant animals [18].

The sample treated by DES shows equivalent lipid
concentrations as evidenced by the enhanced peak ar
compared to the internal standard (fig. 2b), whicds
added at the same volume (1ml) in both extractions.

We observed also a higher percentage of nonanalc an
decanoic acids (C9:0 and C10:0) but a lower aburglan
of stearic acid. The differences observed in theohtte
amounts of lipids are probably due to variationgha
yield of lipids absorbed by different points of thessel
profile.

The highest peak is represented by glycerol, dagivi
from the solvent used in the extraction mixturethalate
plasticizers were observed in lipid extracts andivee
from plastic bottles the solvents have been stared
Despite this, none of the samples was excluded fiem
study, as these contaminations are quite easy tectde
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Figure 2. Chromatograms of the total lipid extrast

samples of replica pottery vessel

archaeological sample (SV05 505/6) treated with PES
showing the profile of fats from ruminant animals.
IS=Internal Standard; *=phthalate (plasticizer).

CONCLUSIONS

The analyses by GC-MS of the pottery samples suédhnit
to DES extraction gave comparable results with the
analyses of the samples treated with chloroformiareil
and alkaline hydrolysis of the insoluble residues, a
regards the amounts and relative proportions dfy fat
acids identified. = For archaeological samples, this
alternative method proved efficient to liberate @yio
fatty acids from the pottery matrix for quantificat
analysis of absorbed lipid residues. Neverthelélss,
procedure still requires further investigation irder to
improve and enhance the extraction potential of ®ES
and to develop its application on the chemical
characterization of different classes of organic
compounds. Future experiments on this new approach
will be aimed also at the evaluation of the reshitshe
application of different analytical techniquespiarticular
HPLC-MS, that would allow direct sample analydigra
the extraction by DES, thus greatly reducing theda
preparation procedure.

The extraction technique proposed here could dffer
fact an efficient, rapid and low cost analyticabtocol

for extracting lipid residues from archaeologicaltpry,
making the processing of large numbers of potsherds
feasible within the period of most research prgeth
addition, also archaeologists could carry out Himple
procedure  without necessarily using chemical
laboratories, because the solvents hheeadvantages of

treated  Withyjoqegradability and ease of handling with very low

chloroform/methanol (a) and DES (b), showing thgoma toxicity.
fatty acids (as TMS derivatives). 1S=Internal Staurak]

*=phthalate (plasticizer).
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Figure 3. Chromatogram of the total lipid extradt the
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In conclusion, the development of this protocoéimds to
offer an alternative method for absorbed lipid desi
analysis, aimed at saving time and laboratory
consumables in the preparation of the extractstlier
analyses by the common employed analytical
instruments: gas chromatography-mass spectrometry
(GC-MS), High Performance Liquid Chromatography-
Mass Spectrometry (HPLC-MS), etc.
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