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Executive Summary

This project was a technology viability study that set out to investigate the feasibility of applying
specific analytical methodologies for isotopic ardeaital analysis for identifying the provenance of
artisan foodstuffs. Specifically, the research investigated if artisan cheeses labelled as produced on th
island of Ireland (lol) could be described as such. The strategy pursued generated a considerab
quantity of baseline analytical data on the elemental and isotopic composition of lol artisanal cheese
as well as a selection of artisanal cheeses from Great Britain (GB) and mainland Europe. While it w.
not possible to confirm the geographic provemaniclol artisanal cheeses with 100% accuracy,
nonetheless trends in some of the data, especially the isotope data, suggest the possibility of effective
segregation of lol from mainland European, if not GB, cheeses. Therefore the analytical methodologie
investigated have been scoped out for this purpose and can now be taken forward and applied in more
focussed investigations involving artisan cheeses and other foods produced on the lol.
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Introduction and background

Provenance of processed foods is a
significant quality attribute for many
consumers and one for which they are
willing to pay a price premium. As a
consequence, the fraudulent mislabelling or
adulteration of higivalue foods now occurs
on a global scaleRegulatory authorities
and food businesses are focussing greater
efforts in combatting food fraud which can

have serious ramifications for both revenue

and reputation. A number of provenance
verification schemes have been established

in other countries ith the express purpose

of protecting the denomination of quality associated with particular food products. This includes the
Grana Padano or Parmigi&eggiano protected designation of origin status for artisan cheeses in
Italy. Thereiscurrenttymose p ebj b cl o ~oqfp~k Il o Jc”rojelr|
it is desirable to facilitate a system of provenance confirmation which can provide confidence to
consumers in the true geographical origin of artisan cheeses branded as pratieckd. oit is
therefore prudent at this point in time to investigate analytical methods that could be applied to
provide consumers with the necessary assurance of the claimed lol origin of such products.

The concentration and relative ratios of keytsain a food products such as cheese are mainly
influenced by animal diet and geographic location. Several reports from other countries or regions have
shown that the use of multivariate analysis of analytical data comprising elemental and isotopic rati
values can provide confirmation of claimed geographic provenance. Given that food animals on the lol
are largely fed a grasased diet and reside within a discrete insular geographical area, there is
potential for developing robust fingerprint moddiat tcan characterise indigenous farmhouse
cheeses.

Ultimately, the development of robust models will require the demonstration of two properties: (a)
models should correctly classify the provenance of@mibdiniced artisan cheeses as originating on
thelol, and (b) models should correctly identify that farmhouse cheeses produced outside the lol are
not of lol provenance. These two objectives are inseparable in the context of the provenance testing
desired and must be demonstrated before any such oaodéle confidently used in practice.
However, before this juncture is reached the applich@malytical methodologies for the purposes

of robust fingerprinting must be investigated.



Project aims anabjectives

Objective 1

Adatabasef farmhouseleeses to be sampleds establishedThis took into account variables such

as milk source, pasteurised vs. raw, hard vs. soft, cultured or not, etc. The list was compiled on the bas

of discussions with members of the Project Advisory @qoogndix)and other relevant bodies.

Samples of each cheese type were taken at two time points during the project lifetime to include any

possible seasonality effects on cheese composition

Objective 2

Analytical procedures for both the inductively coupledlasss spectrometry (IB) and isotope
ratio mass spectrometry (IRMS) techniques were developed and validated.

Objective 3

Analytical data ascollected on all sampleshe data was subjected tivariate statistial analys

and a dedicatede b j | j bgof ° plcgt”~ob m~» h~r"db %] Rkp"~

development.Both discriminant and class modelling approagkesinvestigated A databank of
these data has now been created and stored at the Tasigasm Food Resdafentre.

Objective 4

Dissemination of the outcomes of the resetratheesemakers and other industry groupkis
happenedt asafdoodKnowledge Network event on food safety iniCAgkil 2015.

0"j



Key Project Recommendations

1. The analyticadpproach enabled the development of indicative models for confirmation of
geographic provenance in artisan cheeses produced on the lol. This will provide the basis for
more extensive study of the application of isotopic and elemental fingerprintinig for
purpose.

2. Future investigations should incorporate a more extensive list of elements including

transit5ion elements ard34S isotope measurements.

3. The development of robust identification models for lol artisan cheeses will necessitate, in
addition to the analysis of a greater number of elements, sampling over a greater geographic
region and time span, as well as the application of alternative multivariate data analysis
procedures.

4, A comprehensive data bank of lol, GB and Europearchetes®s has been generated which
could provide the raw material for further investigations to augment existing data.



Cheeses analysed In this study

Cheese samples

A representative range of lol artisan cheeses was identified using published infornchtese
mol ar " bop ~ka sbo_"i "l kg gp tfge N j~rglo
variance and capture any seasonality effects in this sample set, cheeses were obtained on two separal
occasions during the project i.e., NovemhEs aAd April 2015. Mdrcheeses were purchased in

retail outlets in NI on several occasions during the project. The cheeses sampled included hard and sof
fermented and nefermented, bovine, caprine and ovine; some also contained adtreditional

ingredients such as herbs, alcohol, etc.

In total, 131 samples of cheese were collected.

Cow Sheep Goat Buffalo
lol 34R40P1U 7P 2R9P5U
Great Britain 6P14U 1u 1P1U
France 2R
Germany 1P
Greece 1U
Italy 1R1U 1uU
Norway 1R
Switzerland 2R

R: raw; P: pasteurised; U: unknown

Care was taken to ensure that a wide geographical range of locations on the lol was factored into the
sampling plan, including proximity to the coast. lol cheese samples were collected in@@uf)es Cl

Cork (31), Derry (1), Down (4), Galway (6), Kerry (2), Kilkenny (6), Limerick (7), Louth (4), Tipperan
Tyrond5), Waterford (13) and WickddwThe density of artisan cheese producers on the lol increases
significantly from North to Sibu

A full description of the analytical process is available in Appendix 2.



Research findings

Thefollowingparameters may give some preliminary indication of the potential for the analytes to be
usa in provenance determination.

Univariate analysis ainean results

Each of the mean results was examined to calculate overall mean, dispersion and normality (see
Appendid). Gaps in the analytical dataset were encountered for certain elements i.e. Fe (5), Cu (25), €
(12) and Mo (5) (Appeddlix This wadue to technical difficulties encountered or the fact that the
results obtained were at or below the limit of detection. Also, considerable differences were recorded
for (&) elements: lowest (Mo; mean of 0.10 ppm) to highest (Na; mean of 6417 ppsotoged (b
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Figure 1. Graphical illustration of mean, maximum, minimum, range and standard deviation values for all analytes

and all samples.



Given that the purpose of these analyses was to investigate whether any or all of the results could
discriminate between cheese produced in or outside the lol, it can be instructive to compare the
indicators shown in Figure 1 for each analyte on theobaaimples grouped according to their
provenance on (1) the lol, (2) GB, and (3) mainland Europe. Figure 1 is a graphical display of the m
maximum, minimum, range and standard deviation values listed in Apperidie variation in
magnitude of theasults across the range of analytes is very clear. Becawuserigletion between

any of the variables can pose problems with their use in certain data analyses, an examination of this
inter-correlation was carried out (Appe®jlixit is clear thatvie element8 Mg, P, Ca, Zn and Mo

were intercorrelated, as weee180 and 2H.
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Figure 2. Summary comparison of elemental statistical descriptors on the basis of geographic region (lol, GB an
mainland Europe).
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Figures 2 and 3 also illustrate the comparisons between lol, GB and mainland Europe. On the basis
the overlapping nature of all of the individual analytes, it may be concluded that no single element or

isotope ratio is able to achieve thesired discrimination. Only in the case @BO is there the
possibility of some degree of separation between cheeses produced on mainland Europe versus thos

with an lol or GB geographical provenance.

d180 by region d2H by region

d14N by region d13C by region

Figure 3. Summary comparison of isoiptcstical descriptors on the basis of geographic region (lol, GB and

mainland Europe).

Information on the dispersion or spread of individual analytes is also f@detdetngany unusual
results or distributions Norrnormal distributions can impact on many multivariate analytical
procedures and may require data transformations to alter such distributions before further analysis.

Histograms for each elemergablyte are shown in Figure 4.
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Figure 4. Histogmas and overlaid normal distribution curves for elemental and isotope data
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Figure 4 continued
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d180 I~ d2H

Figure 4 continued

In the case of the majority of the elements, a distribution reasonably close to normal was observed,
especially given the relatively small sample size in thisvisknference was also supported by the
outcome of the Kolmogor@mirnov test for normsl on each analyt€igure 5).
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Figure 5: Kolmogor®mirnov normality test outputs
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