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Abstract The goal of this study was to examine the possibil-
ity of verifying the origin and authenticity of Polish cheese,
Oscypek marked with protected designation of origin (PDO)
label, based on its volatile profile. Oscypek and its false imi-
tations Oscypek-like cheeses were analyzed using a solid-
phase microextraction-mass spectrometry method (SPME-
MS), which involved volatiles extraction by SPME with sub-
sequent volatiles characterization by MS without particular
components separation by gas chromatography. Collected da-
ta were treated using principal component analysis (PCA),
linear discriminant analysis (LDA), soft independent model-
ing of class analogy (SIMCA), and support vector machines
(SVM). The results of this study demonstrated that SPME-MS
method combined with chemometric tools can be successfully
used as electronic nose and applied to detect mislabeling and
adulteration of PDO Oscypek cheese.
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Introduction

The popularity of protected designation of origin (PDO) prod-
ucts is still growing; their chemical, microbial, and sensory
characterization is crucial to differentiate them from similar
products without PDO label (Mallia et al. 2005), to provide
final consumer’s satisfaction and protect from adulteration.

Unfortunately, PDO products, alike other food products, are
subjected to fraud. The most common adulteration among
food producers is the partial or complete substitution of au-
thentic material, easily available, and cheaper (Hrbek et al.
2014) and using advanced technology. The authenticity of
Oscypek PDO (Commission Regulation (EC) 2006) is asso-
ciated with such factors as a geographical area of production
(Podhale Region of Polish Tatra Mountains), materials (raw
ewe’s milk), and traditional technology. Raw ewe’s milk
should be obtained from a particular breed of mountain sheep
called Polish Highland, but the addition of cow’s milk is also
allowed, only if the milk comes from a specific mountain
breed called Polish Red, and the addition is only up to 40 %.
Additionally, traditional technology based on hand process-
ing, application of wooden tools, and natural preservation
methods such as brining and smoking in shepherds’ huts must
be employed (Majcher et al. 2011; Majcher and Jeleń 2011).
Such process is typical of a defined product, and therefore, the
resulting volatile composition could be an interesting indicator
of Oscypek origin. However, to resolve authenticity issues,
unique markers or group of markers should be identified
(Guerreiro et al. 2013). In dairy products, proteins have been
widely used as adulteration markers with different immuno-
logical, chromatographic, and electrophoresis techniques
employed (Mafra et al. 2008). Though, besides proteins, vol-
atile compounds identified by chromatographic methods and
electronic nose could be used for the determination of geo-
graphic origin of some dairy products (Pillonel et al. 2003).

Polish PDO cheese Oscypek has a distinct characteristic
aroma described previously by authors (Majcher and Jeleń
2011). Flavor is recognized as one of the key attribute that
determines cheese quality (Adda 1986). It has been reported
also that cheese aroma is influenced by animal feeding, milk
origin, or cheese-making method (Moio et al. 1996; Urbach
1997; Barron et al. 2005). The comparison of Oscypek and
Oscypek-like cheeses volatile profiles revealed that the aroma
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profile of Oscypek had larger amount of volatile and more
developed aroma than other cheeses. Additionally, Oscypek-
like cheeses produced industrially were less developed in fla-
vor than artisan cheese (Majcher et al. 2010).

The continuously developed analytical techniques could be
a useful tool in food quality and authenticity control, leading
to identify and quantify trace amounts of compounds.
Therefore, chromatographic methods coupled with
chemometrics could be used to confirm product authenticity
(Tu et al. 2014; Lv et al. 2014). Solid-phase microextraction
(SPME) with combination of gas chromatography-mass spec-
trometry is recently the key method of choice for the analysis
of volatile pattern of different food product, including cheeses
(Berezińska and Obiedziński 2007; Majcher et al. 2010;
Urgeghe et al. 2012). SPME-MS analysis, which is based on
the average MS signal obtained from the sample without GC
separation has been introduced as an electronic nose type
analysis at the end of 1990s (Dittmann et al. 1998; Marsili
1999). Since then, together with chemometric tools, it was
successfully applied to discriminate differences and authentic-
ity of honey (Stanimirova et al. 2010), olive oil (Cajka et al.
2010a), beer (Cajka et al. 2010b), and raw spirits (Jeleń et al.
2010); however, there is only a few works on cheese authen-
ticity based on volatile analysis. SPME coupled with mass
spectrometry was used for rapid characterization of
Camembert-type cheeses at different step of ripening (Peres
et al. 2001).

Therefore, the aim of this study was to develop a rapid
method for the authenticity determination of traditional
Polish cheese Oscypek based on the volatile profile.
Consequently, for this purpose, SPME-MS technique that
combines extraction with profiling of volatile compounds
without separation was used, with further treatment of the data
by different statistical analysis.

Materials and Methods

Cheese Samples

Original Oscypek cheeses with PDO label were produced ac-
cording to traditional technology in the Podhale Region di-
rectly from shepherd huts from Niedzica, Białka Tatrzańska,
Brzegi, Bukowina Tatrzańska, and Leśnica—abbreviation
BOO^ (37 samples). Adulterated cheeses, Oscypek-like, were
produced from cow’s milk according to traditional technology
from shepherds huts—abbreviation BAO1^ (36 samples).
Oscypek-like cheeses were produced from ewe’s milk, ac-
cording to industrial method, in a small dairy factory—abbre-
viation BAO2^ (18 samples). Oscypek-like cheeses were pro-
duced from cow’s milk, according to industrial method, in a
dairy factory—abbreviation BAO3^ (22 samples). All the
Oscypek-like cheeses are produced in Podhale Region. All

cheese samples were stored under vacuum and frozen until
analyzed. Analysis was performed within 2 months from the
collection of the samples.

Sample Preparation

Frozen samples of Oscypek and Oscypek-like cheeses were
grated mechanically and 10 g of samples were taken and
placed in 40 mL vials, sealed with an aluminum crimp cap
provided with a needle-pierceable polytetrafluoroethylene/
silicone septum.

Analytical Equipment

For SPME-MS analysis, a Hewlett-Packard HP5890II
coupled to a Hewlett-Packard 5971 quadrupole mass spec-
trometer was used. Capillary analytical column was replaced
by a fused silica capillary tubing with no phase coating (fused
silica, 5 m×0.2 mm, Supelco, Bellefonte, PA).

SPME-MS Method

The sample vial was placed in a 50 °C heating block for 5 min
to equilibrate and then the septum was pierced with the SPME
needle. The fiber was exposed to the sample headspace for
15 min. After the extraction time, fiber was retracted into the
needle and transferred immediately to the injection port and
desorbed at 260 °C for 5 min in a splitless mode. Carboxen/
PDMS (CAR/PDMS) fiber was used for extraction of vola-
tiles, as the most effective fiber based on previously published
data (Majcher et al. 2011). GC-MS operating conditions were
as follows: helium flow, 0.4 mL min−1 and oven temperature,
200 °C (isothermal). The spectrometer was operated in an
electron ionization (EI) mode (70 eV). The ion source was
indirectly heated by a transfer line set to 280 °C. Detection
was carried out in a full scan mode in a range of 33–330m/z.
All samples were run in triplicates.

Statistical Analysis

All statistical tests were performed using Statistica 10.0 soft-
ware (Statsoft, Tulsa, OK) equipped with a multivariate statis-
tics package. Principal component analysis (PCA) was used as
a first step of data analysis to visualize information and to
detect patterns in data, whereas linear discriminant analysis
(LDA) was used to calculate classification rules for samples
discrimination. Additionally, support vector machines (SVM)
and soft independent modeling of class analogy (SIMCA)
were also used.
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Results and Discussion

As a result of SPME sampling, a single peak with an average
spectrum reflecting volatile compounds adsorbed was ob-
served (Fig. 1). The SPME-MS method employs no
chromatographical separation, a single peak of unresolved
volatile compounds desorbed from the fiber is obtained, and
the collection of the data in mass spectrometer lasts only a few
minutes. Electronic noses based on mass detection use frag-
ment ions (m/z) which act as sensors and can be used as var-
iables in chemometric data treatment.

Data Processing Prior to Chemometric Analysis

In the first stage, before the construction of any classification/
discrimination models, the raw data (number of samples x
number of variables) were logarithmically transformed and
preprocessed using constant row sum approach (each vari-
able was divided by the sum of all variables for each sam-
ple). The logarithmic transformation was used to correct sig-
nificant differences in the variances obtained for the raw
data. Such transformation enables an easier comparison of
the sample profiles.

A)

B)

Fig. 1 a Desorption peak and b average mass spectrum of Oscypek PDO cheese obtained by SPME-MS analysis
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Because of a large volume of predictive variables and their
collinearity, partial least squares (PLS) method together with
variable importance in the projection (VIP) index was used to
reduce the number of variables. After choosing 30 best pre-
dictors, PCA analysis were performed. First 10 components
explaining over 97 % of variability were used to build classi-
fication model using linear discriminant analysis.

Principal Component Analysis

Principal component analysis (PCA) represents one of the
most frequently used chemometric tool, which is applied in
the first stage of the data processing. One of the most attractive
features of PCA is the possibility to project particular data
from a higher to a lower dimensional space and then recon-
struct them without any preliminary assumptions about their
distribution (Stanimirova et al. 2007). In the preliminary anal-
ysis of the different cheese data, PCAwas performed to inves-
tigate clustering of samples on the basis of milk origin and
technological process. The first principal component
accounted for 35.4 % of variance, while the second principal
component contributed 28.2 %. As Fig. 2 shows, using PCA
approach, cheese samples were divided into several groups.
First group described as BOO^ samples is a group of Oscypek
cheeses with PDO label produced according to traditional
technology in Podhale Region. PCA approach let to perfectly
separate ewe’s cheeses from all cheese samples. Both

Oscypek-like cheeses produced from ewe’s milk, according
to industrial method, in a small dairy factory BAO2^ and
Oscypek-like cheeses produced from cow’s milk, according
to industrial method, in a dairy factory BAO3,^ were ideally
separated from original certified ewe’s cheeses BOO^ and
cheeses produced from cow’s milk according to traditional
technology from shepherds hut BAO1.^ Such grouping con-
firmed the utility of SPME-MS-PCA as a tool for the detection
of adulteration of ewe’s cheeses with cow’s milk. However,
this technique is less sensitive in the differentiation of indus-
trially produced Oscypek-like cheese, both cow’s and ewe’s,
samples BAO2^ and BAO3^ (Fig. 2).

Linear Discriminant Analysis

Linear discriminant analysis (LDA), as a supervised pattern
recognition method, is probably the most frequently used.
LDA is based on the determination of linear discriminant
functions, which maximize the ratio of between-class variance
and minimize the ratio of within-class variance, which was
applied for collected data (Berrueta et al. 2007). To avoid
the LDA model overfitting due to high number of variables,
the first five PCs obtained with the PCA were used as the
inputs for LDA. However, the classification ability using five
principal components were relatively low (83 %). Only, the
BOO^ samples create a clearly separated group, but the dis-
crimination among other samples is difficult (data not shown).

Fig. 2 PCA scores plot of
volatiles of Oscypek and its false
imitations Oscypek-like cheeses.
Data obtained using SPME-MS
analysis
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Therefore, the LDA analysis was performed on 10 principal
components. As a scatter plot of canonical values (Fig. 3)
shows that the discrimination of BOO^ samples is noticeable,
additionally, classification groups are more cohesive than for
less number of inputs. In the case of BOO^ samples, the pro-
priety of classificationwas 100%,whereas for BAO1,^ BAO3,
^ and BAO2^ was 96.6, 95.5, and 83,3 %, respectively. LDA
let to clearly separate ewe’s from cow’s milk cheeses, both
produced with traditional technology. However, discrimina-
tion between Oscypek-like cheeses produced industrially
was almost impossible. The difficulties in classification of
AO3 and AO2 samples could be related not only to the rela-
tively low number of samples in test set but also to the false
producer declaration about milk origin.

Soft Independent Modeling of Class Analogy

SIMCA main idea is to build a confidence limit for each class
with the help of principal component analysis and then to
project the unclassified samples into each principal compo-
nents space and to assign them to the class in which they fit
best (Wold 1976). In SIMCAmethod, selection of the optimal
number of principal components is a key point (Vandeginste
et al. 1998). For all group samples, for a PCA model, 30 best
predictors were used. On the base of classification matrix, the
percentage of classification propriety was obtained. The
highest percentage of correctly classified samples was in
BOO^ group which was 100%.Afterwards, for BAO3^ group,
it was 95.5 % and for BAO1,^ it was 93.1 %, whereas the
lowest percentage was observed for BAO2^ was only
58.3 %. SIMCA method confirms the possibility of easy

separation of BOO^ samples among different cheese samples.
Additionally, Cooman’s plot, which shows the object-to-
model distance for both the new objects as well as the calibra-
tion objects, was prepared (Fig. 4). Figure 4 shows the dis-
tance between the samples according to the BAO1^ and BOO^
model. All the BOO^ are out of critical values (represents 95%
confidence interval), and there are no additional samples clas-
sified as BAO1^ and any detached samples. While to the
BAO1^ class, both BAO3^ and BAO2^ samples were classi-
fied. Although there is a possibility to build the Cooman’s plot
based on different models, the presented one shows good
classification ability of SIMCA method. Comparing results
obtained for SIMCA and LDA method (for 10 PCs), it should
be affirmed that both methods had the same classification
propriety for PDO-labeled cheeses (100 %). These results
confirmed the effectiveness of adopted methods for identifi-
cation and authenticity confirmation of PDO cheese. In the
case of BAO1^ samples, slightly higher classification proprie-
ty has LDA method 96.6 %, then SIMCA 93.1 %. Identical
percentage of correct classification was observed for BAO3^
samples (95.5 %), whereas the biggest differences were re-
ported for BAO2^ cheeses, 83.3 and 58.3 % in LDA and
SIMCA analysis, respectively.

Support Vectors Machines

Support vector machine (SVM) is a binary classification tool
that performs classification by constructing an optimal hyper-
plane, which is defined as the one that maximizes the distance
between the objects and the two classes (Vapnik 1995). For
the SVM analysis, 10 predictors (principal components) were

Fig. 3 LDA sample classification
of Oscypek and its false
imitations Oscypek-like cheeses
obtained from volatiles collected
using the SPME-MS analysis
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used. The complete number of samples was 94, including 70
samples in a training set and 24 in a test set. Among different
available function, radial basis function (RBF) was used. On
the basis of SVM analysis, for the total number of samples, a
97.9 % of classification accuracy was obtained. The highest
classification accuracy was observed for the test set, and it
means that during the learning process, the optimal distribu-
tion of hyperplane was obtained, with the maximum separa-
tion distance. Only two samples, BAO3^ and BAO2,^ were
misclassified, and it means that again industrially produced
cheeses are problematic.

Conclusions

Themain conclusion of our study is that the volatile profiles of
different cheeses are specific enough and allows for the dis-
crimination of traditional PDO Oscypek from Oscypek-like
cheeses of different milk origin. In general, all applied models
showed good efficiency in separation of original Oscypek
from other samples. As the preprocessing of data is the same
for all statistical approaches and the results are comparable, it
is a matter of robustness of software package, its availability,
and personal preferences which statistical method should be
used.

Additionally, SPME-MS method together with
chemometrics demonstrated to be a useful and effective tool
in cheese discrimination and classification process. These
combined methods could be irreplaceable in research on ori-
gin and authenticity of cheeses. It let to verify the honest

producers, who have the certificates and declare the originality
and product conformity to European Community
requirements.
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