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The use of mineral and trace elements profiles
for cows’ and goats’ cheese species prediction

MILAN SUHAJ - MARIA KORENOVSKA

Summary

Cluster, principal component, factor and canonical discriminant analysis were used for differentiation of cows’ and
goats’ cheese species using the contents of minerals (Ca, Cu, K, Mg, Na) and risk elements (Ba, Cr, Hg, Mn, Mo, Ni,
V). Slovakian cheeses’ data output of cluster analysis concerning the membership of the samples to clusters resulted in
95.5% of correctly marked cheeses according to their species of origin. Recognition ability expressed as classification
in canonical discriminant analysis conditions resulted in 99.3% of the total cheeses correctly classified, where Cu, Na,
Ca, Hg and Mn showed the most discriminant impact on categorizing Slovakian cheeses by their affiliation to animal
species. When discriminant analysis was applied to European cheeses, the classification resulted in 97.7% of cheeses
correctly classified and in 97.5% of correctly classified samples after cross-validation in the prediction capability proce-
dure. The most discriminating variables for European cheeses were Ba, Ca, Cr, Cu, Hg, K, Mg, and Na concentrations.
Found results revealed that multielemental data selection and multivariate statistics are able to differentiate among
animal species origin of cheeses produced in cheese-making manufactories on the territory of one or more countries.
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In order to guarantee authenticity of cheeses,
analytical traceability methods are required, which
may be used by official authorities to control the
correctness of the information given in the la-
bel. The ability to determine the species origin of
milk products is important to protect consumer
interests and prevent producers from fraud caused
by the use of other than that declared milk in the
cheese production.

Currently, extensive literature on research
dealing with the detection of milk from differ-
ent species in raw and processed milk products
is available. Differences in the milk proteins are
the primary route to discriminate milk and dairy
products of different species. Separation of pro-
tein fractions by various forms of electrophoresis is
one of the most applied techniques to authenticate
cheeses of different species origin [1-9]. High-per-
formance liquid chromatography is another route
to protein separation and as such was effectively
used to determine proteins from different species

[10-13]. A number of enzyme-linked immuno-
sorbent assays (ELISA) has been developed for
milk species detection in dairy products [14-22].
Polymerase chain reaction (PCR) is one of the
most used molecular biology tools, having been
used by many authors for milk species identifica-
tion [10, 22-29]. Recently, new strategies for the
structural analysis of milk proteins based on mass
spectrometric technologies, in particular matrix-
assisted laser desorption — time of flight mass spec-
trometry (MALDI-TOF), have been developed
[30]. The use of multivariate statistical methods
has enabled a more global and objective approach
to analyse the data generated by the measurement
of basic or special physical-chemical descriptors in
cheeses [31, 32].

In general, the existing literature about the use
of trace elements composition for differentiation
of cheeses according to species is rather scarce,
but more works have been published on milk spe-
cies discrimination [33-38]. The content ranges
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of some elements in milk and cheese are closely
dependent on animal species and feeding, sea-
son, environmental conditions and manufacturing
processes. Results of a study on selected trace ele-
ments (Al, Ba, Cd, Co, Cr, Cu, Fe, Mg, Mn, Ni,
Pb, Pt, Sr and Zn) showed considerable differ-
ences between the ewes’ and goats’ milk as well as
related products [33]. RINCON et al. (1994) used
Cu, Fe, Zn, Mn, Ca, Mg, Na and K as markers for
ewes’ and goats’ milk differentiation [34]. A sta-
tistical study of correlation, factorial and discri-
minant analyses applied to the metal composition
(Se, Fe, Cu, Zn, Na, K, Ca, Mg) of milk (human,
cows’, goats’, pasteurized and powdered infant for-
mula) resulted in 98% of correctly classified sam-
ples [35]. The contents of nine mineral elements
(P, Ca, Na, K, Mg, Zn, Fe, Cu and Mn) were treat-
ed using stepwise discriminant analysis and 76%
of milk samples were classified correctly accor-
ding to species origin [36]. The mineral composi-
tion of ewes’, cows’ and goats’ milk and samples of
different types of pure-milk cheeses was analysed
and stepwise discriminant analysis of data demon-
strated that variables K/Mg, Na/Ca, Zn, Cu/Zn
and Cu/Na were the most useful in differentiat-
ing the samples, achieving correct classification in
98.2% of samples [37]. The most useful variables
for cheese were ratios of Fe/K, Na/Ca, Zn/Cu,
Na/Mg and Zn, which facilitated the correct clas-
sification in 97.1% of samples. Three goats’ milk
cheeses were successfully distinguished using
variables K/Zn, Fe/Cu and P. Using classification
functions obtained through discriminant analysis,
94.1% of cheese samples were correctly classified
into traditional or industrial groups, and 89.7% of
samples into groups of fresh, half-ripened, ripened
and old ripened cheeses [38]. Some promising re-
sults were obtained from identification of specific
sensory patterns for several cheese varieties with
special attention to ewes’, goats’ and cows’ chees-
es. Linear discriminant analysis showed that ewes’
milk cheese varieties with unique sensory charac-
teristics were very different one from each other
[39].

This paper summarizes results obtained from
European cows’ and goats’ cheeses differentia-
tion by using selected elemental data and multi-
variate statistics. Results of this article contribute
to the development of a procedure based on the
hypothesis that multielement profiling could dis-
tinguish animal species from which a foodstuff is
derived [33, 40]. This study follows our previously
published papers concerning the differentiation of
cows’ and ewes’ cheeses according to their animal
species origin [41] or the geographical authentica-
tion of some European cows’ hard cheeses [42].

MATERIALS AND METHODS

A set of 162 goats’ hard and semi-hard cheeses,
with a declared fat content from 32% to 48% in
dry matter, of Slovakian (40), Austrian (18), Czech
(28), Italian (6), French (22), Dutch (26), German
(6), Croatian (6), Portuguese (4) and Spanish (6)
origin was obtained from retail during 2007-2008.
Another set of 280 cows’ hard cheeses (emmental
and edam type, with a declared fat content from
32% to 48% in dry matter) of Slovakian (94), Aus-
trian (30), Czech (16), Dutch (22), French (12),
German (30), Hungarian (22), Italian (12), Polish
(28) and English (14) origin was collected during
2006-2007. All samples were analysed for the con-
tents of minerals (Ca, Cu, K, Mg, Na) and risk ele-
ments (Ba, Cr, Hg, Mn, Mo, Ni, V). The contents
of mineral and trace elements were calculated on
a wet weight basis and expressed in mg-kg-1.

Samples of cheeses (0.5 g) were digested with
4 ml of 65% HNOs3 (Suprapure; Merck, Darm-
stadt, Germany) and 0.5 ml H2O2 (p.a.; Merck)
by a microwave digestion system MLS 1200
MEGA (Milestone, Sorisole, Italy). The micro-
wave digestion programme was applied as fol-
lows: 250 W (1 min), 0 W (1 min), 250 W (5 min),
400 W (5 min) and 650 W (5 min). The digested
samples were adjusted to the volume of 10 ml
with ultrapure water and used for further analysis.
A Perkin Elmer 4100 atomic absorption spectro-
meter (Perkin Elmer; Norwalk, Connecticut,
USA) equipped with a deuterium lamp back-
ground-correction system, HGA 700 graphite tube
atomizer with pyrolytically coated graphite tubes
and flame was used for elements determination
based on atomic absorption spectrometry. Mineral
elements Ca, Cu, K, Mg, Na were determined by
atomic spectrometry using an air/acetylene flame.
Trace elements Ba, Cr, Mn, Mo, Ni and V were
measured on graphite tube atomizer using argon
as the inert gas. For the determination of mer-
cury, atomic absorption spectrometer AMA 254
(Altech, Prague, Czech Republic) was used. This
instrument is a single-purpose mercury analyser, in
which mercury vapour is generated after thermal
oxidation treatment of the sample in a stream of
oxygen. All results were expressed as the average
of triplicate measurements. Instrumental condi-
tions and all analytical and validation parameters
of this method have been in detail previously de-
scribed [41, 42].

Statistical analysis

Multivariate statistical techniques using the
cluster analysis (CA), principal component analy-
sis (PCA), factor analysis (FA) and discriminant
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(canonical, k-th neighbour and stepwise) analysis
(DA) were done by statistical programme Unistat
v. 5.6 (Unistat, London, United Kingom). The
recognizability of a discriminant model was de-
termined as the percentage of correctly classi-
fied samples in the training data set. In addition,
the predictability was tested as percentage of the
samples correctly classified in the k-fold cross-vali-
dation approach (jack-knife method) by assigning
samples randomly to a training set and a test set,
the latter containing about 20% of samples [43].
The same process of data splitting was repeated
5 times to ensure that all the cheese samples were
at least once in the position of test sample.

Before analysis, data were checked for the
presence of outliers. It was examined and con-
firmed that the data represent approximately nor-
mal within-class distribution which is one of the
requirements for efficient discrimination. Some
of the distribution data were found to be of Lapla-
cian distribution, which is similar to normal distri-
bution.

A. Bovine cheeses
Mineral elements

RESULTS AND DISCUSSION

All samples were analysed for the contents
of twelve elemental markers, i.e. Ba, Ca, Cu, Cr,
Hg, K, Mg, Mn, Mo, Na, Ni and V. Markers’ se-
lection was based on our previous experience with
authentication of European cows’ and ewes’ hard
cheeses [42]. Most of them were chosen as ele-
ments with the largest variance in the topsoil dis-
tribution according to the data accessible in the
Geochemical Atlas of Europe [44]. The results on
the distribution of mineral and trace elements in
cows’ and goats’ cheeses originating from 10 Euro-
pean countries are shown in the Box-whisker and
dot plot (Fig. 1). Some strong differences in ele-
ment content variability between cows’ and goats’
cheeses are evident mainly in case of minerals Ca
and Na, or trace elements Ba and Cu.

Slovakian cheeses

Recognition ability of multivariate statistics for
distinguishing cheeses according to animal species
origin was first examined with Slovakian cows’and
goats’ cheeses.

B. Bovine cheeses
Trace elements
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Fig. 1. Distribution of mineral and trace elements contents in European cows’ and goats’ cheeses.

280 cows’ cheeses (Emmental and Edam types) and 162 goats’ cheeses originated from 10 EU countries.
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Fig. 2. Cluster analysis of contents of mineral and trace elements
in Slovakian cows’ (B) and goats’ (G) cheeses.

94 cows’ cheeses (Emmental and Edam types) and 40 goats’ cheeses.

Cluster analysis is an exploratory technique
that groups objects based on similarities in the ob-
servational data for the set of variables selected
for the analysis [31]. In order to assess this tenden-
cy, a hierarchical cluster analysis of samples with
a method of average within groups and Euclidean
distance measure was performed. This procedure
finds natural groupings of the data set presented
in Fig. 2 in the form of a dendrogram. There, at
a distance of about 3600, the cheese samples are
divided into two main large clusters that corre-
spond to the cheese species origin. The first clus-
ter is mainly represented by goats’ (G), and the
second cluster consists mainly of cows’ (B) chees-
es. Data output of cluster analysis concerning the
membership of the samples in clusters resulted in
95.5% of correctly marked cheeses according to
their species origin.

Essentially, PCA provides the means to re-
duce the often large number of interdependent
(correlated) variables (elemental data) present in
the original data set to a few independent (uncor-
related) variables, or principal components, that
are linear combinations of the original variables
and explain most of the variation in the origi-
nal data set [31]. PCA was applied to the Slova-
kian cows’and goats’ cheese elemental data set
(134 cheese samples, 40 goats’and 94 cows’).
Despite the low covering (55.7%) of the total
variance by the three principal components, good
separation between cheese samples according to

their species origin was achieved (Fig. 3). From
the loadings of the variables on the principal com-
ponents, Na and Mg were the dominant elements
in the first principal component, Cr and V in the
second one, while Ca and K dominated the third
principal component. The method of factoring
offered similar result (data not presented).

Discriminant analysis involves deriving linear
combinations of the independent variables that
discriminate between the a priori defined groups
[31]. Correlation matrix (Tab.1) showed that
markers selection for cheese differentiation was
done properly, because in the case of Slovakian
cheeses only a medium correlation between Mg
and Hg (0.535), Na and Hg (-0.634) and Na and
Mg (-0.503) was found, and similarly, some spo-
radic weak correlations (r < 0.5: Mg-Ca, Mo—Ca
and Mg-Ba) were found in the whole European
data set.

When the canonical discriminant analysis was
applied to the 12 elements, the classification in the
recognition conditions resulted in 99.3% of the
total cheeses correctly classified (only one sample
was misclassified), Cu, Na, Ca, Hg and Mn being
the most discriminant elements for categorizing
samples into species.

All the used techniques of pattern recogni-
tion analysis applied on the Slovakian cows’ and
goats’ cheese elemental data set demonstrated
that multivariate analyses are capable of extract-
ing information that is useful for differentiating of
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Fig. 3. Principal component analysis of mineral and trace elements contents
in Slovakian cows’ (OB) and goats’ (® G) cheeses.

94 cows’ cheeses (Emmental and Edam types) and 40 goats’ cheeses.

goats’cheeses from cows’ ones or for their species
classification. As shown below, such a good sepa-
ration of cheese species was successful when mul-
tivariate approach was applied on the whole Euro-
pean elemental data set as well.

European cheeses

Recognition and prediction ability of multi-
variate statistics for distinguishing the cows’ and
goats’ cheese species origin was examined on
the European elemental data set consisting of

162 goats’ and 280 cows’ cheeses from 10 Euro-
pean Union countries. Fig. 4 demonstrates a very
efficient separation of cows’ and goats’ cheeses
achieved by principal component analysis. The
most effective elements for cheese species differ-
entiation were found to be Na, Ca, Mg and K.
Canonical discriminant analysis considering the
12 elements as cheese species origin markers was
performed in the conditions of testing the recog-
nition and prediction ability of the model. When
DA was applied to the data, 97.7% of cheeses

Tab. 1. Correlation matrix between elements in the Slovakian cows’ and goats’ cheeses.

Ba Ca Cr Cu Hg Mg Mn Mo Na Ni \"
Ba | 1.0000
Ca | 0.0326 | 1.0000
Cr |-0.3990 | 0.0708 | 1.0000
Cu | 0.1649 | -0.0121 | -0.3864 | 1.0000
Hg | -0.3030 | -0.1621 | —-0.2483 | 0.0875 | 1.0000
K | -0.0416 | -0.2562 | 0.0459 | -0.1704 | 0.2362 | 1.0000
Mg | —0.4477 | -0.0085 | 0.1875 |-0.1253 | 0.5350 | 0.2210 | 1.0000
Mn | 0.2442 |-0.0102 | -0.0960 | 0.2290 | -0.3550 | -0.0696 | -0.3934 | 1.0000
Mo | 0.2094 |-0.2044 | -0.2779 | 0.1988 | -0.1538 | —-0.0303 | -0.2268 | 0.4848 | 1.0000
Na | 0.2199 | 0.4837 | -0.0025 | 0.2022 | -0.6337 | -0.2396 | —0.5027 | 0.3502 | 0.1404 | 1.0000
Ni | -01383 | 0.0690 | 0.3239 |-0.0679 | -0.2502 | -0.1734 | -0.1435 | 0.0327 | -0.1098 | 0.1370 | 1.0000
V | -0.3036 | 0.2213 | 0.4356 | 0.0557 | -0.2265 | -0.1648 | -0.0018 | 0.1214 | -0.1108 | 0.2234 | 0.2562 | 1.0000
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Fig. 4. Principal component analysis of mineral and trace elements contents
in European cows’ (® B) and goats’ (O G) cheeses.

280 cows’ cheeses (Emmental and Edam types) and 162 goats’ cheeses.

were correctly classified (recognition capability)
and 97.5% samples were correctly classified after
cross-validation in the prediction capability proce-
dure. Elements Ca, Mg, Cr and Ba were found to
be the most significant discriminant markers dis-
tinguishing goats’ from cows’ cheeses.

Recently, BENINCASA et al. (2008) found that
multielement data processing by discriminant
analysis allows differentiation between milk from
the two animal species, produced under identi-
cal environmental and husbandry conditions on
one farm [40]. These results were by the authors
explained as a consequence of different reten-
tion time and mineral absorption of feed in the
digestive system of animals. Some authors rec-
ommended to study the discrimination of dairy
products made from milks of different animal
species coming from miscellaneous farms. Our re-
sults revealed that multielemental data processed
by multivariate statistics are capable to differenti-
ate cows’ and goats’ cheeses produced by differ-
ent cheese-makers supplied with milks from many
farms not only in the territory of one country (Slo-
vakia) but also of several other European coun-
tries. It is evident that different environmental
conditions of farms and pastures, as well as differ-
ent cheese-making technologies, reinforce the dif-
ferences between the elemental profiles in cheeses
of different animal species. Further, results show
that differences in mineral and trace element con-

tents of cheeses originating from animal species
with different physiology are greater than cheese
mineral and trace elements variance across the re-
gions and countries.

CONCLUSION

The results of this study demonstrate that mul-
tivariate analyses applied to an elemental data
set is a useful tool for differentiation of cows’ and
goats’ cheeses. The most discriminating variables
for the differentiation and classification of cheeses
were Ba, Ca, Cr, Cu, Hg, K, Mg, and Na concen-
trations. The results suggest that differences in
elemental profiles between cheeses according to
their species origin caused by natural physiological
differences in animals producing milk may be in-
tensified by diversification of feed sources and dif-
ferent environmental farm conditions on regional
and multi-regional levels.
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