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ORIGINAL
RESEARCH Fatty acid profiling of bovine milk and cheese from six

European areas by GC-FID and GC-MS

DANIELA EISENSTECKEN,1 JAN STANSTRUP,2 PETER
ROBATSCHER,1 CHRISTIAN W. HUCK3 and MICHAEL OBERHUBER*1

1Laimburg Research Centre, Laimburg 6 - Pfatten (Vadena), Auer (Ora) 39040 Italy, 2Preventive and Clinical
Nutrition, University of Copenhagen, Rolighedsvej 30, Frederiksberg C 1958 Denmark, and 3Institute of Analytical
Chemistry and Radiochemistry, CCB — Center for Chemistry and Biomedicine, Leopold-Franzens University, Innrain
80-82, Innsbruck 6020 Austria

The fatty acid (FA) composition of milk from six European areas, as well as the alteration in the
FA profile during cheese production, was studied using both a targeted GC-FID and an untargeted
GC-MS approach. By applying principal component, partial least square discriminant and chemical
similarity enrichment analysis, a discrimination of the geographical areas could be achieved high-
lighting important FA classes such as odd- and branched-chain FAs for the differentiation. The FA
profile remained constant during cheese production, and aroma compounds have been identified as
biomarkers for the ripening methods used, namely foil and smear ripening.

Keywords Milk processing, Cheese, Fatty acids, Cheese ripening.

INTRODUCTION

Recently, food quality and safety received
increased interest from both the scientific com-
munity and the general public. Significant
research is dedicated to analyse food quality,
authenticity and geographical origin (Luykx and
van Ruth 2008; Dias and Mendes, 2018; Esteki
et al. 2018). Milk and dairy products are bio-
chemically and microbiologically dynamic, mak-
ing traceability and quality control a challenging
task that requires sophisticated analytical tech-
niques combined with multivariate analysis
(Esteki et al. 2018).
Specific biomarkers, which are transferred

from the diet to the milk or which are uniquely
produced by the animal or the microbial activity
in milk and cheese, may be used for authentica-
tion and quality control of milk and dairy prod-
ucts. The characteristic flavour and sensory
properties of cheese are directly linked to the
physicochemical and fatty acid composition of
milk (Bonanno et al. 2013; Romanzin et al.
2013). Stable carbon isotope ratios (Chung et al.
2018; Faberi et al. 2018), carotenoids (Nozi�ere
et al. 2006) and fatty acids (FAs) (Caligiani
et al. 2016) have been proposed as biomarkers

for the authentication of feeding practices as
well as geographical origin (Scampicchio et al.
2016; Caredda et al. 2017), since cow nutrition
is an inseparable factor from the rearing system.
Nowadays, different types of production systems
are applied, starting from intensive production
systems to traditional or organic rearing systems,
as well as differences between the summer and
winter seasons. Most of the proposed biomark-
ers have a direct relationship with dietary, ani-
mal and environmental and manufacturing
aspects (Kezsek et al. 2014; Kiczorowska et al.
2017).
The FA composition in milk and cheese

depends mainly on feed-related factors, animal
origin, stage of lactation and ruminal fermenta-
tion. Saturated fatty acids (SFAs) constitute the
main proportion (approx. 70% of total fatty
acids), whereas around 30% are unsaturated
fatty acids (UFAs) (M�ansson 2008). The impact
of dietary FAs on milk fat composition has been
extensively studied in literature (Walker et al.
2004; Khanal et al. 2008; Bonanno et al. 2013;
Oeffner et al. 2013; Romanzin et al. 2013),
mostly using gas chromatography coupled to
flame ionisation detection (GC-FID) for the
identification of the single FAs in milk and
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cheese. In recent years, gas chromatography coupled to a
mass spectrometer (GC-MS) has become increasingly attrac-
tive for the analysis and identification of FAs (Zhang et al.
2015; Caligiani et al. 2016; Sommella et al. 2018). Mass
spectrometry has been found to be particularly advantageous
for identification and quantification of low abundant FAs
such as C18 trans fatty acid isomers (Zhang et al. 2015) or
certain functionalised fatty acid classes like cyclopropane
fatty acids (CPFAs) Dodds et al. (2005) and Caligiani et al.
(2016), and advised the usage of a spectrometric confirma-
tion of fatty acid methyl esters (FAMEs) in complex biolog-
ical samples.
In this respect, the main objective of this work was to

study the possibility of discriminating milk samples from
six geographical areas in Europe (Austria, France, Germany,
Italy, the Netherlands and Slovakia), obtained by the respec-
tive wholesalers, as well as the alteration in the FA profile
during cheese production based on their FA composition
using principal component analysis (PCA). Partial least
square discriminant analysis (PLS-DA) was used to classify
the milk and cheese samples according to their FA composi-
tion, and chemical similarity enrichment analysis (Chem-
RICH) was applied to investigate the fatty acid classes
responsible for the discrimination. Two analytical platforms
were used to analyse the fatty acid composition: GC-FID
using a highly polar column for the quantification of 36
FAMEs (Kramer et al. 2002), including 18:1, 18:2 and 18:3
isomers on one side, and GC-MS using a nonpolar, low
bleeding column (Caligiani et al. 2016) for an untargeted
approach on the other.

MATERIALS AND METHODS

Standards
All standards and chemicals of analytical grade were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA).

Samples
Raw milk (1000 L) was collected from six different countries
(A: Slovakia, B: Italy, C: Germany, D: the Netherlands, E:
Austria and F: France) within a period of 15 days at the end
of October/beginning of November 2013. Each milk sample
was delivered to ‘H€ohere Bundeslehr- und Forschungsanstalt
f€ur Landwirtschaft und Ern€ahrung sowie Lebensmittel- und
Biotechnologie Tirol (HBLFA)’, Austria, for cheese produc-
tion within 24–36 h from sampling. The physicochemical
parameters were analysed immediately after arrival at
HBLFA. An aliquot (80 mL) of the raw milk samples was
frozen at �80 °C and stored until further analysis.

Physicochemical parameters
Physicochemical analyses on the raw milk samples were
carried out using the MilkoScan 6000 (Foss, Hillerød, Den-
mark) for the content of fat, protein, lactose, solids-non-fat,

freezing point and urea. Cell count was determined by Fos-
somatic 5000 (Foss, Denmark) and plate count by BactoS-
can FC 100 (Foss). The inhibitor-test was carried out using
the Brilliant Black Reduction Test (AiM GmbH, Munich,
Germany).

Cheese production
The raw milk (RM) was pasteurised (PM) at 74 °C for
40 s, and an aliquot was stored at �80 °C for analysis
by GC-FID and GC-MS. The 1000 L sample was divided
into two batches of 500 L each. 4 M CaCl2 (55 mL) and
NaNO3 (75 g) were added to each batch to yield cheese
milk (CM). An aliquot of CM from each batch was fro-
zen at �80 °C until further analysis. After addition of
the starter cultures (5 L CHN-19 (Chr. Hansen Holding
A/S, Hørsholm, Denmark) and 250 mL KK3 (HBLFA
internal culture)) and animal rennet (HBLFA internal cul-
ture), coagulation, cutting, stirring, cooking (40 °C) and
pressing, an additional sample was taken (CbS), frozen at
�20 °C and stored until analysis. The next step during
production process consisted of brining (1 day), after
which a sample (CaS) was taken, frozen at �20 °C and
stored until analysis. Out of the 500 L starting material,
13 cheese loafs were produced using foil ripening (CF)
and five using smear ripening (CS), which were sampled
after six weeks, frozen at �20 °C and stored until analy-
ses were performed. In all cases from milk to final
cheese samples, five replicates of the pooled samples
were taken.

Fat extraction and methylation for GC-FID and GC-
MS

Milk
Total milk lipids were extracted according to the ISO stan-
dard 14156 method (International Organization for Stan-
dardization (ISO 2001), but with an additional extraction of
the aqueous phase to ensure a complete extraction. The milk
fat was stored at �80 °C until analysis.

Cheese
The cheese samples were defrosted and finely ground with
an analytical mill (A11 basic, IKA, Germany) before analy-
sis. Total cheese lipids were extracted using a modified
Folch’s technique (Christie 1989). Four gram of cheese was
mixed in a chloroform–methanol solution (40 mL, 2:1 v/v)
and homogenised with an Ultra-Turrax T25 homogeniser
(IKA, Staufen, Germany). The mixture was agitated for
30 min in a thermomixer (Eppendorf AG, Hamburg, Ger-
many), filtrated into a separator funnel through filter paper
(Ø 185 mm, Macherey-Nagel, D€uren, Germany) and
extracted with brine (10 mL). The organic layer was dried
over anhydrous Na2SO4 and concentrated to dryness in
vacuo.
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Methylation
The milk/cheese fat (98 mg) and glyceryltriundecanoate
(2 mg), used as internal standard, were dissolved in hexane
(5 mL) and were transesterified to the corresponding fatty
acid methyl esters (FAMEs) according to the ISO standard
15884 method (International Organization for Standardiza-
tion (ISO), 2002).

GC-FID analysis
The qualitative and quantitative analysis of the fatty acid pro-
file for RM, PM, CM, CbS, CaS, CF and CS was carried out
by gas chromatography with flame ionisation detection using
a split/splitless injector (Bruker, Billerica, MA, USA). The
FAMEs were separated on a capillary column Rt-2560
(100 m, 0.25 mm ID, 0.2 lm), identified based on the reten-
tion time and quantified using the Supelco 37 Component
FAME Mix standard in addition with methyl-cis-6-octade-
cenoate (C18:1 cis-6), methyl-trans-6-octadecenoate (C18:1
trans-6), methyl-cis-11-octadecenoate (C18:1 cis-11), methyl-
trans-11-octadecenoate (C18:1 trans-11) and all-cis-
7,10,13,16,19-docosapentaenoic acid methyl ester (C22:5 n-
3, DPA) as external standards. Helium flow was 1 mL/min;
the injector temperature was set to 280 °C, and 1 µL of sam-
ples were injected with split ratio of 1:20. The temperature
programme was 120 °C for 5 min and ramped up by 2 °C/
min up to 240 °C, isothermal for another 10 min. Detector
temperature was set to 300 °C. Evaluation of retention times
and peak areas was done by MSWS 8.2 Software (Bruker).

GC-MS analysis
The qualitative analysis of the milk (RM) and cheese (CF
and CS) fat was carried out by gas chromatography coupled
to a mass detector using a split/splitless injector (Bruker) on
a low-polarity capillary column SLB-5 ms (30 m, 0.25 mm
ID, 0.2 lm). The chromatogram was recorded in the full
scan mode (40–500 m/z) with a programmed temperature
from 40 °C (5 min) to 280 °C at 10 °C/min holding for
10 min. The electron ionisation was set at �70 eV and the
ion source temperature at 220 °C. Data processing was per-
formed using MS-DIAL v.2.84 (Lai et al. 2018) for decon-
volution, peak picking, alignment and identification. An in-
house m/z and retention time library consisting of 55 com-
pounds comprising of SFAs, UFAs, CPFA, hydroxy FAs
and branched-chain FAs was used in addition to spectra
databases in msp format from MassBank of North America
(MoNA) and NIST mass spectral search program Version
2.2. After background subtraction and removing duplicates,
45 identified metabolites, 61 annotated compounds and 69
unknowns were reported (Viant et al. 2017). These 175 fea-
tures were normalised by sum prior to statistical analysis.

Statistical analysis
For descriptive statistics and analysis of variance (Mann–
Whitney U-test with Bonferroni correction), the R statistical

environment (R Core Team, 2019) was used. Data sets were
normalised further by log transformation and auto scaling or
Pareto scaling for multivariate analysis in Metaboanalyst
(Chong et al. 2018). Principal component analysis (PCA)
was used to visualise the GC-FID data set, whereas partial
least square discriminant analysis (PLS-DA) was used for
the GC-MS data set. Chemical enrichment calculations were
done using ChemRICH (Barupal and Fiehn, 2017).

RESULTS AND DISCUSSION

Physicochemical properties of the raw milk from six
different sampling locations
Nine physicochemical parameters determined in the raw
milk samples are given in Table 1, as a description of the
overall milk quality upon delivery at HBLFA. The fat, pro-
tein, lactose, solids-non-fat and urea content, as well as the
freezing point, were consistent among the samples, whereas
cell counts (SSC) and in particular plate counts (SPC) were
distributed over a wide range. SPC was highest in milk
sampled in Italy reaching 903 000 cells/mL and lowest in
Slovakian milk with a value of 9000 cells/mL. Bacterial
contamination from inside the udder or during collection,
processing, distribution, and storage (Oliver et al. 2005;
LeJeune and Rajala-Schultz, 2009) are likely reasons for
these widespread values and depend primarily on the cattle
management practices.

Targeted fatty acid profiling by GC-FID
The potential of the fatty acid profile to trace the six sam-
pling locations was evaluated. We used a highly polar col-
umn enabling the separation of 18:1, 18:2 and 18:3 isomers
on the GC-FID platform to analyse 36 FAs. The average
relative composition of the 36 FA was, in general, in agree-
ment with previous studies (Collomb et al. 2002; Bergam-
aschi and Bittante, 2017; Paredes et al. 2018). The most
abundant FAs found in milk- and cheese-extracted fat were
palmitic acid (C16:0), oleic acid (C18:1 cis-9), mystiric acid
(C14:0) and stearic acid (C18:0), accounting for about 79%
of the total FAs. Lauric acid (C12:0), capric acid (C10:0),
caproic acid (C6:0), palmitoleic acid (C16:1), linoleic acid
(C18:2 cis-9,12) and caprylic acid (C8:0) were also detect-
able while the others occurred only in traces (Table S1 in
Supporting Information). A PCA of the FA profiles biplot
(Figure 1) showed that Slovakian, Austrian and Dutch sam-
ples separated in distinct groups, while Italian, German and
French samples overlapped. According to the loadings, the
Slovakian samples were mainly influenced by middle chain
fatty acids (MCFAs) – C10:0, C12:0, and C13:0- and
C16:0, Austrian samples by omega-3 fatty acids (C18:3 n-3,
C20:3 n-3 and C20:5 n-3) and by long-chain saturated FA
such as C17:0, C22:0 and C23:0, whereas the Dutch sam-
ples were characterised by MUFAs like C18:1 cis-9, C18:1
trans-9, C18:1 trans-6, C20:1 cis-11 and C22:1 cis-13.
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According to a Mann–Whitney U-test with Bonferroni cor-
rection, 34 compounds of 36 were significantly different
between sampling locations in the milk samples and 33
compounds of 36 were significantly different between
groups in the cheese samples. These results show that a sep-
aration of the six origins based on FA profiling was possi-
ble; however, care must be taken when interpreting the
results as other factors than origin influence the FA profile
in milk and cheese. The two main sources of milk fatty
acids are the feed and the microbial activity in the rumen
(Parodi 2004), but a series of additional factors impact on
the FA composition in milk and cheese (Elgersma et al.
2006; Kezsek et al. 2014), including management systems
(Walker et al. 2004; Butler et al. 2009; Akbaridoust et al.
2014), genetic characteristics of the animals (Lawless et al.
1999) and the production process of dairy products itself
(Domagała et al. 2013; Laskaridis et al. 2013). The hus-
bandry management system such as biological, extensive,
intensive or summer farming on mountain pasture is known
to change the FA profile significantly (Butler et al. 2009;
Romanzin et al. 2013; Bonanno et al. 2013). Therefore, the
FA profiles in Figure 1 cluster according to regional dairy
systems, understood as origins interconnected with feeding
strategies and livestock farming practices, which are adapted
to the relevant regional needs. For example, the milk col-
lected in Austria was obtained from hay-fed cows without
any silage (ARGE Heumilch Austria ‘hay-milk’ regulation
2013). Grass hay contains high percentages of unsaturated
fatty acids (UFAs) (Kala�c and Samkov�a, 2010). Thus, a-li-
nolenic acid, being the major n-3 FA in grass hay, is found
also in higher content in samples from Austria. Elgersma
et al. (2006) and Ellis et al. (2006) also reported that graz-
ing fresh forage at pasture increased the relative content of
PUFA, n-3 FA and C18:1 trans-11, which is found
increased in the Austrian samples. The Slovakian sample, in
turn, originated from one farm with more than 2000 cows,
located in the western region of the country. Large-scale
farms do usually not practice grazing in central Europe,
explaining the higher amounts of middle chain (C6-C17)

FA (Capuano et al. 2014) found in this sample. Myristoleic
(C14:1 cis-9) and palmitoleic (C16:1 cis-9) acids, which
were also found in higher concentrations in Slovakian sam-
ples, are biosynthesised endogenously from SFAs by the
mammary D9-desaturase (Bauman and Lock, 2010). The
Slovakian samples were well separated from other origins,
including Germany (Figure 1). German samples originated
from Eastern Germany, where more than 70% of the cows
are held in free-range barns, applying similar husbandry
management systems as in Slovakia. Therefore, a similar
FA profile was expected, but it cannot be excluded that dif-
ferent diet supplementation resulted in a modified composi-
tion of milk fat (Nudda et al. 2014). Notably, milk and
cheese samples from each region are overlapping in the
PCA biplot (Figure 1), showing that the FA profile did not
change substantially during processing. Along the cheese
production chain, multiple comparison tests showed only
few significant differences: C6:0 and C8:0, for instance, dif-
fered between raw milk (RM) and smear ripened cheese
(CS) for most sampling origins. Only the Slovakian milk
and cheese samples differed in 15 FA, including SFAs,
MUFAs and PUFAs. Nudda et al. (2005) reported a close
relationship in the FA profile between sheep milk, cheese
and ricotta. Bergamaschi and Bittante (2017) reported fatty
acid profiles in bovine milk, cheese, ricotta and by-products,
showing that ripening influenced the FA profile of cheese
by increasing medium chain SFAs and decreasing in many
PUFAs. The observed difference in the composition
between milk and cheese samples could be due to the partial
hydrolysis of triglycerides and lipase activity during manu-
facture, ripening and ageing according to Laskaridis et al.
(2013); however, our results confirm that the cheesemaking
process used in this study has a limited impact on the FA
profile (Revello Chion et al. 2010).

Untargeted fatty acid profiling by GC-MS
To obtain a more detailed metabolic fingerprint, the
extracted fat of the raw milk and the related ripened cheese
samples were subjected to an untargeted GC-MS approach

Table 1 Physicochemical properties of the raw milk from the six different sampling locations.

Slovakia A Italy B Germany C Netherlands D Austria E France F

Fat (% w/w) 3.66 3.75 4.03 3.76 3.92 3.97
Protein (% w/w) 3.39 3.48 3.53 3.30 3.43 3.46
Lactose (% w/w) 4.67 4.70 4.76 4.75 4.79 4.74
Solids-non-fat (% w/w) 8.81 8.93 9.04 8.80 8.97 8.95
fp (°C) �0.511 �0.521 �0.526 �0.530 �0.527 �0.525
Urea (mg/100 mL) 28 23 24 31 20 25
SSC (cells/mL) 144 000 230 000 210 000 230 000 126 000 198 000
SPC (cells/mL) 8000 903 000 71 000 258 000 91 000 35 000
Inhibitors Neg. Neg. Neg. Neg. Neg. Neg.

fp, freezing point; SSC, cell count; SPC, plate count.
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using a nonpolar, low bleeding column. From the GC-MS
data set, 175 compounds have been detected using the MS-
DIAL software, 45 of which could be identified using their
mass spectra and reference standards. Furthermore, 61 com-
pounds have been annotated with database searches and 69
remained unknown (Table S2 in Supporting Information). A
multivariate PLS-DA model (Figure 2) was used to analyse
the differences of the raw milk sampling locations based on
the untargeted GC-MS data. Multiple milk fat metabolites
contributed to the separation in the PLS-DA model
(P < 0.001 over 2000 permutations): The 15 metabolites
with the largest contribution are shown in the variable
importance plot (VIP) for component 1 (Figure 3a) and
component 2 (Figure 3b). Most metabolites contributed to
both components, resulting in a total of 17 most relevant
metabolites in the PLS-DA model. Six of the 17 metabolites
belonged to the odd- and branched-chain FA (OBCFA)
class produced predominantly by ruminal microorganisms
(Harfoot 1981) and in a small proportion from postruminal
synthesis (Vlaeminck et al. 2015). C19:1 cis-10, C19:0, and
methyl 10-methyldodecanoate, were found lowest in Slo-
vakian milk samples and highest in Austrian samples,
whereas C11:0 and C13:0 were the exact opposite (Fig-
ure 3, Figure S1 in Supporting Information). C15:0 was
found highest in Italian samples and lowest in Austrian,
Dutch and French samples. Another important FA class for
the differentiation was the long-chain PUFA, including
DPA, conjugated linoleic acids (CLAs) and C18:3 n-6
together with C18:1 trans-11 as part of the trans-MUFA

class (Figure 3, Figure S2 in Supporting Information). In
addition, six unknown metabolites (Figure 3, Figure S3 in
Supporting Information) with a retention time between
19.95 min and 25.83 min contributed to the classification of
the milk origins. The observed differences in the FA profile
can be linked to the regionally adapted feeding and manage-
ment systems. Baumann et al. (2016), for instance, showed
that the presence of supplementary lipids in the diet can
affect the OBCFA profile of milk. C�ıvico et al. (2017) used
OBCFA in goat milk to differentiate between four feeding
trials with two different starch/nonforage neutral detergent
fibre ratios supplemented or not with linseed oil by canoni-
cal discriminant analysis. Fievez et al. (2012) postulated the
OBCFA profile as a diagnostic tool to evaluate rumen func-
tion. Milk C15:0 was found to be negatively related to
rumen acetate production and positively related to propi-
onate production (Fievez et al. 2012). Some FA classes, like
branched-chain FA (BCFA) have also been suggested to
have beneficial effects on human health (Wongtangtintharn
et al. 2004; Cai et al. 2013). Long-chain PUFA found in
our study are typically present in low percentages in milk
but have been demonstrated to exhibit a significant biologi-
cal impact on human health (Rodr�ıguez-Alcal�a et al. 2017).
LCFA emerge mostly from dietary lipids and partially from
lipolysis of adipose tissue triacylglycerols (Parodi 2004).
C18:0 can be desaturated in the mammary gland to the cor-
responding mono-unsaturated FA. We conclude that the dif-
ferences in these metabolites can be related to different
feeding strategies in each sampling location. Since several

Figure 1 Principal component analysis (PCA) biplot of milk (+) and cheese (D) samples, as determined by GC-FID. (A = Slovakia, B = Italy,
C = Germany, D = Netherlands, E = Austria, F = France).
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individual cows or in some cases also cattle from various
farms contribute to the bulk milk samples used in this study,
it is difficult to identify the single parameters affecting the
FA profile in more detail. However, it can be concluded that
our sample from Slovakia is predominantly characterised by
SFA and MCFA, the sample from Italy and Germany by
C18:1 cis-9 and C15:0, the Dutch and French sample by
branched FAs, cyclopropyl FAs, and unknowns, and the
Austrian sample by BCFA and LCFA. Generally, we found
that the interplay of different fatty acid classes results in an
unique fatty acid composition description of each sampling
location. The odd- and branched-chain FA as well as long-
chain mono- and polyunsaturated FA play a major role in
the discrimination of the geographical areas.
Milk samples from Slovakia and Austria form well-sepa-

rated clusters along component 1 in both PCA (Figure 1)
and PLS-DA (Figure 2). The samples come from two differ-
ent but regionally typical husbandry management systems.
Milk obtained from Austria was trademarked as hay milk
where cows are fed exclusively on fresh grass and hay with
supplementary grain and protein meals. Silage (fermented
feed) is not allowed in this feeding strategy. In contrast, the
milk samples from Slovakia came from one farm with more
than 2000 cows, thus typifying an intensive husbandry man-
agement system or conventional milk. The differences
between these origins were, therefore, investigated in more
detail using a chemical similarity enrichment analysis
involving the identified and annotated fatty acids. Figure 4
shows the significantly impacted metabolite clusters. On the
y-axis, the enrichment P-values calculated by the Kol-
mogorov–Smirnov test and on the x-axis the cluster order

on the similarity tree based on chemical similarity and
ontology mapping are plotted. Cluster colours give the pro-
portion of increased or decreased compounds (red = in-
creased, blue = decreased) in Slovakian compared to
Austrian samples showing that linoleic acids and derivatives
is the most significantly different FA group on the top of
the y-axis with C18:2 cis-9,12 as the key compound of this
group. Branched FA (key compound: methyl 12-methylte-
tradecanoate) and LCFA (key compound: C15:0) were
decreased in Slovakian milk samples (Table S3 in Support-
ing Information). The PUFA, MUFA, MCFA, trans-MUFA
and linoleic acids and derivatives clusters contained metabo-
lites that were both increased and decreased in Slovakian
milk samples compared to Austrian milk samples (Table S3
in Supporting Information) showing colour scales between
purple and pink. Paredes et al. (2018) studied the possibility
to discriminate hay milk from conventional milk by FA pro-
files in retail samples from different seasons finding on
average a 14 % higher concentration of PUFA in hay milk,
with C18:3 n-3 being significantly higher in all four evalu-
ated seasons. The increased concentration of C18:3 n-3 in
hay milk was confirmed in our study; however, the other
PUFA and linoleic acids and derivatives gave a mixed pic-
ture: Eight out of 19 metabolites were more abundant in
Austrian hay milk compared to the Slovakian milk samples
and 11 were less abundant. In recent studies (Caligiani
et al. 2016), other acids such as cyclopropane fatty acids
(CPFAs), including (all cis-9,10) methyleneoctadecanoic
acid (C18:0 cis-9,10 D), have been proposed as markers for
silage feeding which is prohibited in hay milk (The Euro-
pean Commission 2016). In our samples, the content of
C18:0 cis-9,10 D was different between the two sampling
locations, but the CPFA cluster as a whole was not
(Table S3 in Supporting Information). Our data suggest that
BCFA could be an interesting class for the discrimination of
hay milk from conventional milk, since 10 of 14 metabolites
of the cluster were higher in hay milk samples (Figure 4
and Table S3 in Supporting Information).
To evaluate the differences in the FA profiles of smear

ripened (SR) and foil ripened (FR) cheese, the GC-MS pro-
files have been analysed using PLS-DA (Figure 5). The FA
profiles of the two ripening methods fell into two distinct
clusters: methyl 3-methylbutanoate, 3-phenylpropionic acid
methyl ester, methyl phenylacetate and methyl 4-methylpen-
tanoate were mainly responsible for the discrimination. All
four compounds were consistently higher in smear ripened
cheese, suggesting that the cheese ripening method is
impacting more on aroma compounds like esters whereas
fatty acids are left largely unchanged. During the smear
ripening process, cheeses are inoculated on the curd surface
either by dipping, spraying or brushing with a mixture of
bacteria and yeasts (Fox et al. 2017). Microorganisms have
been reported to change the appearance and aroma of the
cheese by proteolysis and lipolysis increasing the amount of

Figure 2 PLS-DA scores plot of raw milk samples (A = Slovakia,
B = Italy, C = Germany, D = Netherlands, E = Austria, F = France), as
determined by GC-MS. The shaded ellipses represent the 95% confi-
dence interval estimated from the score.
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free amino acids (FAAs) and free fatty acids (FFAs)
(McSweeney 2004). The microbial metabolism of FAA and
FFA gives rise to a variety of chemical compound classes
such as esters, alcohols, ketones, thioesters and others that
impact the aroma of the cheese (McSweeney 2004). In con-
trast, foil ripened cheese is immediately wrapped in foil

after brining, and ripening proceeds under anaerobic condi-
tions under the foil, reducing water loss as well as mould
contamination (Hough et al. 1994). Alewijn (2006) studied
the production of FFA, lactones, esters and ketones in foil-
wrapped Gouda cheese during ripening, showing that fat-
derived flavour compounds developed less in foil ripened
cheese compared to conventionally coated cheeses.

CONCLUSION

In this study, FA profiles of milk samples have been shown
to differ significantly by sampling location but remain
approximately constant during cheese production. The ripen-
ing method, instead, showed variations in the development
of aroma compounds. The difference in the FA composition
in milk and cheese samples is mainly linked to the feeding
and livestock management practices, which are adapted to
regional requirements. Different fatty acid classes such as
odd- and branched-chain FA, long-chain PUFA and MUFA
have been identified as useful biomarkers to trace regional
differences of milk and dairy products, but more research is
required to understand the sources and conditions that deter-
mine regionally different FA compositions in dairy products
and give rise to the unique pattern of fatty acids in specific
geographical areas. We suggest further work to validate the
proposed FA classes for origin determination by a wider
range of geographical areas as well as different sampling
time-points.
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