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Abstract: The aim of this study was to characterize the highly detailed fatty acid (FA) profiles of
258 cheeses of 18 different categories of cheese collected in the mountains and on the plains of
the Veneto region (Italy). The results clearly showed that, aside from the distinctive FA profiles of
goat cheeses (more short-chain FAs and fewer MUFAs), the three categories of Formaggio di Malga
(artisanal cheeses produced on temporary summer farms on Alpine pastures where transhumance is
practiced) were very different from the other cheese categories in terms of their much higher CLA and
omega-3 contents. Two categories of cheese from permanent farms in the mountains (Morlacco del
Grappa and Monte Veronese PDO) were intermediate, and two other categories of cheeses originating
in the mountains (Asiago PDO and Montasio PDO), but now produced mainly on the plains, were
not distinguishable from the other cheese categories. The very detailed profile (65 individual FA,
11 isomers, and 12 groups of FAs) and the large number of cheese types analyzed (18) may represent
a useful reference for future investigations, especially on the causes of variability in FAs and on their
relationships with sensory properties and nutrition/health in humans.

Keywords: CLA; omega-3; Alpine mountain cheeses; goat cheeses; PDO cheeses; pasta filata cheeses;
healthy foods; cheese nutritional value

1. Introduction

There is currently great interest in the fatty acid profiles of milk and dairy products,
especially with respect to the implications of their consumption on human health.

New findings have recently intensified the debate over the impact of dietary fatty
acids on human health [1]. Large meta-analyses have found either no relationships between
saturated fatty acids and cardiovascular diseases (CVDs) or inconsistent results [2]. Fur-
thermore, the value of large categories of fatty acids, like saturated, unsaturated, omega-3,
trans-fatty acids, etc., have also been questioned in light of emerging scientific evidence
showing that, within each category, different fatty acids have very different health im-
pacts [3], as do molecules present in low concentrations. Highly detailed fatty acid profiles
of different foods are therefore needed. A state-of-the-art review in the Journal of the Ameri-
can College of Cardiology concluded that the most recent meta-analyses of randomized trials
and observational studies had found that reducing SFA intake had no beneficial effects on
CVDs and total mortality and conversely found protective effects against stroke [4].

The concept of an individual nutrient as a useful tool for describing the relationships
between foods and human health has also been questioned. In fact, the authors of the
aforementioned review concluded that “It is also apparent that the health effects of foods
cannot be predicted by their content in any nutrient group without considering the overall
macronutrient distribution” [4]. Furthermore, “Whole-fat dairy, unprocessed meat, and
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dark chocolate are SFA-rich foods with a complex matrix that are not associated with
increased risk of CVD. The totality of available evidence does not support further limiting
the intake of such foods” [4]. The need to re-evaluate dietary recommendations regarding
saturated fatty acids has also been highlighted by other studies [5,6]. The importance
of the interactions between the different nutrients and of the matrix in determining the
health effects of foods, particularly cheese, is well documented [7]. However, there are
many different types of cheese, which may be made from milk of different dairy species
in different geographical areas and farming systems, processed using a variety of proce-
dures (milk standardization, culture addition, heating, enzyme addition, curd cooking,
pressing, salting, etc.), and ripened for widely varying lengths of time and under varying
conditions [8-10]. It is well known that the fatty acid profile of cheese is not identical to
that of the milk from which it is made due to the different recovery rates of the different
fatty acids in the curd and the modifications induced by native and added enzymes and
microflora [11].

A search of scientific articles in international databases using the keywords fatty
acid and milk returned almost 25,000 references, about one-sixth of which included these
keywords in the articles’ titles. Far fewer articles dealt with the fatty acid profiles of
cheese (slightly more than 3000, with fewer than 500 with this keyword in the title, and
no reviews). Where the keywords included specific cheeses or cheese types, the number
of articles decreased to a few dozen, with a very small number comparing different types
of commercial cheeses [12-16]. Moreover, the number of fatty acids analyzed is generally
small (between 10 and 20), and the comparisons often concern the large fatty acid categories.

In order to better assess the variability in the nutritional and health attributes of
different types of cheeses, a large project, “Caseus Veneti”, was established in the Veneto
region (northeastern Italy) with the aim of characterizing at least 1000 different cheeses
of at least three dozen different cheese types produced by more than 100 cheese factories.
The project is described in detail in a previous study [17]. Having studied the latent
factors explaining most of the variability in the physical and chemical characteristics
of the cheeses [18] and their relationships with vibrational spectra as a tool for rapidly
predicting the chemical composition of cheese [19,20], the aim of the present study was
to obtain a highly detailed fatty acid profile of many different types of cheeses that could
be used as a reference for further studies, especially in relation to human nutrition and
health. In particular, to quantify the variability of the FA profile, we compared cheeses from
different dairy species (bovine and caprine), different production areas and farming systems
(mountains vs plains), traditionally protected cheeses vs modern commercial products, and
cheeses with very different ripening times.

2. Materials and Methods
2.1. Origin of the Cheeses Analyzed

A total of 1050 cheeses from 37 different cheese types were sampled over the three
years [17] of the Caseus veneti, an annual cheese exhibition and competition (today simply
known as “Caseus” https://caseusitaly.it/, accessed on 1 October 2024), sponsored by the
Veneto Regional Government (northeastern Italy). The most important aspects of cheese-
making technology for every cheese type were recorded and summarized in the previous
study [17]. For every individual cheese, data on physical (weight, diameter, and height of
the wheels, or length, width, and height of the blocks) and chemical (moisture/total solids,
fat, protein, ask and water-soluble nitrogen) characteristics were obtained [17]. Information
on dairy farms and animals was not available.

Of all the sampled cheeses, 234 were selected to determine their detailed fatty acid
profiles. The number of selected cheeses was proportional to the number of individual
cheeses of each cheese type that were available, and always included the three highest-
ranking cheeses of each cheese type. As the cheeses produced on Alpine summer farms
are of special interest, a larger proportion of these was selected from among the two


https://caseusitaly.it/

Foods 2024, 13, 4040

30f25

Caseus veneti Malga cheeses. A further 24 Malga cheeses from competitions in the nearby
Autonomous Province of Trento were also analyzed (258 cheeses analyzed in total).

2.2. Categorization of the Cheeses Analyzed

Given the modest number of cheeses selected per cheese type, those with similar
characteristics were combined to form 18 categories. The main characteristics of each
category and the number of cheese types included therein are summarized in Table 1.

Table 1. Main characteristics of 18 categories under protected designation of origin (PDO, 7 categories
with 17 cheese types) denomination, traditional specialty guaranteed (TSG, 1 cheese type), Veneto
regional traditional designation (RTC, 4 cheese types), and 17 other commercial cheese types.

Cheese  Cheeses Milk Cheese Cheese
Cheese Category Types  sampled Fat Heat Treat 2 Ripening Paste Notes
N N Content ! Time (Months) Firmness
Asiago PDO cheeses 4 20 variable yes/no 1to24 soft to hard mountain name
Casatella P]}?O + other fresh 2 20 full fat yes <1 very fresh no rind cheeses
cheeses
Grana Padano PDO 2 10 skim no 12 to 36 very hard from plains
Montasio PDO cheeses 3 12 full fat yes/no 2to 18 soft to hard mountain name
Monte Veronese PDO 3 14 variable yes/no 1to24 soft to hard mountain name
Piave Pl:zge-gscégher hard 2 9 skim yes/no 1to24 soft to hard mountain river name
PrOVOIOH?ﬂI; ]t:)aO +pasta 3 9 full fat yes 2to 12 soft to firm stretched hard cheeses
Mozzarel}ialz;l;iG * pasta 2 7 full fat yes <lto3 fresh to soft fresh stretched curd
Formaggio inbriago RTC 1 7 full fat yes/no 2-6 firm in marc/must/wine
Morlacco del Grappa RTC 1 7 skim yes/no 1-3 soft mountain name
Malga fresco RTC 1 42 skim no 2-6 firm from Alpine pastures
Malga vecchio RTC 1 19 skim no 12 to 24 very hard from Alpine pastures
Trentino di Malga 1 24 skim no 4to24 firm to hard from Alpine pastures
Caciotta and Latteria 2 12 full fat yes 14 semi-soft _ from plains
Flavored cheeses 5 14 full fat yes var. variable with sftifsli,e herbs,
Semi-hard cheeses 1 8 variable yes/no 3-6 firm from plains
Treated rind 2 10 full fat yes 1-6 semi-hard washed or moldy rind
Goat cheese 2 14 full fat yes <lto6 fresh to firm acid or rennet coag.

1 Milk fat content: full fat = milk not skimmed; skim = partly skimmed milk; variable = varies according to
single cheese type and dairy. 2 Heat treatment of milk: yes/no = varies according to cheese type and dairy; PDO:
protected designation of origin according to the European Union [21]; TSG: traditional specialty guaranteed
cheese according to the European Union [21]; RTC: regional traditional cheese according to the Veneto Region.

Cheese types with Protected Designation of Origin (PDO) status [22] included seven
categories:

- Asiago PDO cheese category comprised four PDO cheese types differentiated mainly
by the length of ripening: Asiago Fresco (full fat); Asiago Stagionato Mezzano, Asiago
Stagionato Vecchio, and Asiago Stagionato Stravecchio, all made from partly skimmed
milk; these cheeses are originally from the Altopiano di Asiago in the Prealps of the
Veneto region, although the area of production also includes the foothills and plains
below the mountains;

- Casatella Trevigiana PDO cheese and commercial rindless fresh (freschi) and very
fresh (freschissimi) cheeses; these cheeses are mainly produced in the plains of Treviso
province in the Veneto region;

- Grana Padano PDO category comprises two cheese types (12-20 and >20 months of
ripening); the cheeses analyzed were produced mainly on the plains of the Veneto
region, although the PDO area also includes parts of the regions of Lombardy, Emilia-
Romagna, and Piedmont;

- Montasio PDO category comprising three PDO cheese types differing mainly in the
length of ripening: Montasio Fresco, Montasio Mezzano, and Montasio Stagionato;
these cheeses were originally from the Carnic Alps in the nearby region of Friuli-
Venezia Giulia, although the production area also includes the hills and plains of the
eastern Veneto region;
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Monte Veronese PDO category comprises three PDO cheese types differing mainly in
the length of ripening: Monte Veronese latte intero (full fat), Monte Veronese d’Allevo
mezzano, and Monte Veronese d’Allevo vecchio, from partly-skimmed milk; these
cheeses are produced mainly in the mountains and hills of Verona province (western
Veneto region);

Piave PDO cheese and other commercial hard cheese types. Piave is produced in the
upper Piave valley in the eastern Veneto region, while the other commercial hard
cheeses are produced in various provinces of the Veneto region;

Provolone PDO cheese and other commercial ripened pasta filata cheeses. There are
two types of Provolone PDO cheeses with different ripening lengths: Provolone Dolce
and Provolone Piccante; Provolone cheese comes originally from the plains of the
nearby Lombardy and Piedmont regions, and in the Veneto region it is produced
mainly in the western province of Verona, while other commercially ripened pasta
filata cheeses are produced in different areas in the region, mainly on the plains;

One category comprises a cheese type with Traditional Specialty Guaranteed (TSG)

designation in accordance with European Union regulations [21,22] and a type that includes
other soft pasta filata cheeses:

Mozzarella TSG and other commercial fresh pasta filata cheeses produced mainly on
the plains of the Veneto region.

Four categories, each comprising a single cheese type designated as a Traditional

Veneto Cheese (RTC) by the Veneto region, and one category comprising a cheese type
assigned a similar designation by the Autonomous Province of Trento (Trentino di Malga):

Formaggio imbriago RTC is produced mainly on the plains of the eastern Veneto
region; “imbriago” means “drunk”, with the cheese being ripened in marc, must, or
wine;

Morlacco del Grappa RTC is produced in the central Prealps of the Veneto region (the
Grappa massif) and its foothills;

Malga fresco RTC is made from milk produced exclusively on Alpine summer farms in
the Veneto mountains, often in small dairies on the malga (temporary summer highland
farm) according to traditional artisanal procedures and ripened for 2-6 months;
Malga vecchio RTC has the same origin as the previous cheese category but is ripened
for 12 months or more;

Trentino di Malga is produced in a similar way to the previous two categories of
cheese, but malga cheeses produced in the Autonomous Province of Trento have
variable ripening lengths;

Lastly, five categories comprise exclusively commercial types of cheeses produced in

the Veneto Region, mainly on the plains:

Caciotta and Latteria are two types of soft and semi-soft cheeses differentiated in
particular by the weight of the wheels (<1.0 kg and >1.0 kg, respectively);

Flavored cheeses is a category comprising five different types of cheeses obtained
by adding ingredients other than rennet and salt to the milk during cheese making
or ripening: Formaggi al pepe or peperoncino, with the addition, respectively, of
pepper or chili; Formaggi con erbe, fieno o spezie, with the addition of herbs, hay, or
spices; Formaggi affumicati are smoked cheeses; Formaggi erborinati are blue cheeses;
and Formaggi alla birra o balsamico are manufactured via the addition of beer or
balsamic vinegar; the cheese-making procedures, wheel weights, ripening lengths,
and conditions are highly variable;

Semi-hard cheeses are made following procedures similar to those for the PDO cheeses
of Alpine origin with an intermediate ripening length but are produced outside
the areas specific to the various PDO denominations or without adhering to all the
production regulations of the PDO Consortia; these cheeses are produced in various
areas of the Veneto region;
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- The Treated rind category comprises two cheese types: Crosta fiorita with a bloomy
rind and Crosta lavata with a washed rind; these cheeses are produced in various
areas of the Veneto region;

- The Goat cheese category comprises two cheese types: Caprino a coagulazione acida,
with acid milk coagulation, and Caprino a coagulazione presamica, with rennet
coagulation; the majority of these cheeses are produced in the hills and mountains of
the Veneto Region.

2.3. Sampling and Storing Cheeses

The cheese wheels or blocks were halved and a representative central slice of at least
300 g was taken, weighed, immediately vacuum-packed, and refrigerated at +4 °C, then
transported to the Milk Quality Laboratory of the Department of Agronomy, Food, Natural
Resources, Animals and Environment (DAFNAE) of the University of Padova (Legnaro,
Italy). Within 3 d of sampling, the packaged samples were opened, the rind was removed,
and a sub-sample (>100 g) was ground, frozen at —80 °C, and stored till the analysis.

2.4. Lipid Extraction and Esterification

Lipids were extracted using a Soxtec extraction apparatus (ST 255; Foss Electric, Foss
A/S, Hillered, Denmark) with pentane as a solvent according to the ISO methodology [23].
Each sample was thawed and an amount containing approximately 4 g of fat (>10 g) was
transferred into a mortar and ground with a 1 + 1 mixture of sand and sodium sulfate
to yield a dry sample. The extraction was performed with 50 mL of pentane at 35 °C
for a total duration of 3 h. Pentane was then evaporated under a stream of nitrogen at
50 °C to obtain the pure fat sample. Forty milligrams of the pure fat was sampled and
subjected to acid-base transesterification and methylation, as described by Jenkins [24].
Specifically, 2 mL of sodium methoxide (0.5 M in methanol) and 2 mL of hexane were
added to the sample, and the mixture was incubated at 50 °C for 10 min. After cooling
to room temperature, 3 mL of hydrochloric acid in methanol was added and the sample
was heated to 80 °C for 10 min. Subsequently, 2 mL of hexane and 3 mL of K,COj3 solution
(0.43 M) were added to the cooled sample. After centrifugation at 400 g and 4 °C for 5 min,
the organic phase was transferred to a GC vial for analysis.

2.5. Two-Dimensional Gas Chromatography Analysis

Highly detailed fatty acid profiles of the samples were obtained using GC x GC equip-
ment (Agilent 7890A, Agilent Technologies, Santa Clara, CA, USA) using two columns
in series with a modulator (G3486A CFT, Agilent Technologies), and with an automatic
sampler (7693, Agilent Technologies) and flame ionization detector connected to the chro-
matography data system software (Agilent Chem Station v. C.01.10, Agilent Technologies).
The operating conditions, reported in detail in Schiavon et al. [25], were as follows: first
column of 75 m x 180 um (internal diameter) x 0.14 pm film thickness (23348U; Supelco,
Bellefonte, PA, USA), H, carrier flow of 0.22 mL/min; second column of 3.8 m x 250 um
(internal diameter) x 0.25 pm film thickness (J&W 19091-L431; Agilent Technologies, Santa
Clara, California, U.S.), H; carrier flow of 22 mL/min. The oven temperature was set to
50 °C (held for 2 min), increased to 150 °C at a rate of 50 °C/min (held for 15 min), then
increased to 240 °C at 2 °C/min (held for 84 min). Valves were as follows: modulation delay,
1 min; modulation period, 2.90 s; sample time, 2.77 s. Gas flows were as follows: hydrogen,
20 mL/min; air, 450 mL/min. A 1 uL sample volume was injected at a split ratio of 150:1.
The resulting two-dimensional chromatograms were analyzed with comprehensive GC x
GC software (GC Image Software v. 2.2, Zoex Corp., Houston, TX, USA) to calculate the
cone volume of each FA.

2.6. Identification and Quantification of FAs

The individual FAs were identified using two methods. The first involved comparing
the cone positions in the chromatogram with those obtained from various GC reference
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standards containing a mixture of pure FAs. These reference standards were #674 and
#463 (Nu-Chek Prep, Elysian, MN, USA) plus 5 CLAs: 18:2cis-9, trans-11 (#UC-60M; Nu-
Chek Prep, Elysian, MN, USA), 18:2trans-10, cis-12 (#UC-61M; Nu-Chek Prep, Elysian,
MN, USA), 18:2cis-9, cis-11 (#1256; Matreya LLC., Pleasant Gap, PA, USA), 18:2trans-9,
trans-11 (#1257; Matreya LLC, Pleasant Gap, PA, USA), and 18:2cis-11, trans-13 (#1259;
Matreya LLC, Pleasant Gap, PA, USA). Additional FAs were identified by comparing the
elution order with the position of each FA in the 2-dimensional chromatogram produced
by the comprehensive GC x GC software (GC Image Software, Zoex Corp.). Each FA was
quantified as the cone volume of each FA peak as a percentage of the volume of all FAs.
The FAs identified using the standards underwent separate statistical analyses, whereas
the MUFAs and PUFAs identified by position were summed into groups according to the
length of their carbon chain and degree of unsaturation.

2.7. Statistical Analysis

The individual fatty acids (g/g total FA x 100) and the various related groups were
analyzed using the following linear mixed model in SAS (https:/ /www.sas.com/en_in/
home.html, accessed on 1 December 2024, SAS Inst. Inc., Cary, NC, USA):

yij = 1 + cheese-type; + ejj,

where yj = the fatty acid traits (65 individual FAs, 11 sums of FA isomers, 12 groups of
FAs); u = the overall intercept of the model; cheese-type; = the fixed effect of cheese type (1
to 18); and e;j = the residual random error~N (0, 02e).

To avoid calculating and presenting 153 possible multiple comparisons between the
18 cheese types for every FA trait, the significance of the solutions of each cheese type
(i.e., the significance of the difference between a given cheese type and the general mean
of all cheese types) was presented. For each fatty acid trait, a single cheese category was
considered significantly different from the average if its solution differed from 0.00 at
p <0.05.

Multivariate Principal Component Analysis (PCA) was performed using Statistica 7.1
(StatSoft, Paris, France) to explore the relationships among the FA profiles of the 18 cheese

types.

3. Results and Discussion
3.1. Composition and Detailed Fatty Acid Profiles of Cheeses

The chemical composition and physical characteristics of all the cheeses analyzed
(1050), from which the 258 reported in this study were selected, were reported and discussed
in detail in a previous study from the same project [17] and are therefore not discussed
here. Only data on the total solids and lipid contents of cheeses used in this study are
summarized in Table 2 to favor the comprehension of data on fatty acid profiles.

The 18 categories of cheeses have large differences in their contents of total solids
(Table 2).

Six categories had significantly lower than average solid contents (p < 0.05), with
least squares mean (LSM) values in the range of 40.4 to 54.7%, and higher than average
moisture contents (45.3 to 59.6%): Casatella Trevigiana + other fresh cheeses, Mozzarella
TSG and other soft pasta filata cheeses, Morlacco del Grappa (RTC), and the commercial
cheese categories goat cheeses, Treated rind cheeses, and Caciotta and Latteria. All the
other cheese categories had high contents (p < 0.05) of total solids (64.3 to 71.4%), except
for the Provolone PDO + other firm pasta filata cheese category and the Malga fresco RTC
category, which had an intermediate solids content (61%).
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Table 2. Contents of total solids and lipids (g/100 g) of the 258 individual cheeses analyzed and the
proportions of fatty acids (% of total content) according to their saturation and carbon-chain length:
descriptive statistics, F-values, and significance of the effects of cheese categories (*** = p < 0.001) and
their least squares means (LSMs) (red bold values are inferior (p < 0.05) and green bold values are
superior (p < 0.05) to the general average value of all groups).

Composition FA Saturation FA Chain Length
Solids Lipids SFA MUFA PUFA C<15 C16 c>17

Descriptive statistics:
mean 59.7 28.94 65.42 29.08 5.50 26.52 30.30 43.17
SD 10.0 5.00 4.53 3.90 0.97 3.38 3.12 5.65
min 40.4 12.17 55.04 10.36 3.54 17.28 24.61 25.97
max 714 42.46 83.54 39.50 7.95 40.09 39.06 54.79

F-value 30.3 *** 14.9 #* 25,0 *** 21.2 *** 16.3 *** 28.3 *** 19.5 *** 24.5 ***
LSMs of Cheese categories:

Asiago PDO cheeses 66.5 30.94 67.00 27.81 5.19 26.86 31.46 41.58
Casatella PDO + other fresh 837 2463  66.69 28.39 492 26.84 32.36 40.79
Grana Padano PDO 68.0 27.31 67.87 27.04 5.09 27.75 31.84 40.41
Montasio PDO cheeses 66.6 31.81 68.21 26.85 4.94 27.93 31.91 40.14
Monte Veronese PDO 65.0 31.12 68.10 26.15 5.75 27.62 31.40 40.98
Plave PDO + other hard 714 3450 68.44 26.35 5.20 28.76 32.06 39.15
Provolone PDO + pasta filata 60.8 27.44 68.23 27.09 4.69 27.36 32.90 39.74
Mozzarella TSG + pasta filata 40.4 19.93 68.53 27.00 4.47 28.03 33.48 38.54
Formaggio inbriago RTC 65.9 31.38 66.88 27.87 5.25 27.01 31.77 41.16
Morlacco del Grappa RTC 47.3 23.14 63.67 30.40 5.93 25.08 29.86 45.05
Malga fresco RTC 61.3 29.69 60.73 33.02 6.25 23.45 27.47 49.05
Malga vecchio RTC 66.2 30.55 60.15 33.30 6.54 23.18 27.28 49.58
Trentino di Malga 65.5 29.81 60.78 32.79 6.43 23.74 27.24 49.02
Caciotta and Latteria 54.7 27.53 67.15 28.21 4.64 27.27 32.50 40.15
Flavored cheeses 64.3 32.02 68.39 26.92 4.69 28.03 33.14 38.84
Semi-hard cheeses 68.3 33.63 68.85 26.41 4.73 28.47 33.07 38.44
Treated rind 53.9 27.11 68.61 27.00 438 28.08 33.07 38.85
Goat cheese 44.0 19.83 70.70 23.81 5.49 34.45 28.25 37.35

The lipid content was less variable (Table 2). Only two categories had a higher
(p < 0.05) than average fat content: Piave PDO + other hard cheeses (34.54%) and the
semi-hard cheeses (33.63%), which were also the categories with cheeses with the highest
contents of total solids. Three categories of fresh cheeses had the lowest (p < 0.05) fat
content: Mozzarella TSG + other soft pasta filata cheeses (19.93%), Morlacco del Grappa RTC
(23.14%), and goat cheeses (19.83%). The large variability in the lipid contents of different
cheeses could mask the smaller variability in the proportion of individual fatty acids in
their sum. Thus, it is expected that the cheeses characterized by the highest level of lipids
will also be those with the highest levels of total and individual fatty acids. This means
that the variability in the quantity of lipids can mask the variability in the quality of lipids.
This is the reason why the individual fatty acids and their groups have been reported and
discussed only in terms of their proportion to the sum of all the fatty acids of the cheese
sample analyzed (fatty acid profile).

The results showed that cheese has a very complex fatty acid profile. We have reported
here the proportions of 65 individual fatty acids, several dozen other isomers summed for
11 fatty acids, and 12 groups of fatty acids. With few exceptions [12], the large majority of
scientific articles report the proportions of only one to two dozen fatty acids [14-16,26-28],
or a few fatty acid categories [13,29-31]. The detail obtained in this study was made possible
through the use of 2-dimensional gas-chromatography, also used in other studies [32,33].
The analysis of many fatty acids has become increasingly important because of the growing
scientific evidence concerning the effects of individual fatty acids on human metabolism
and health [3,5]. Given the role of these substances as not only nutrients but also bio-
active compounds with enzymatic/hormonal-type action, it is important to also quantify
those fatty acids that are present in foods in low or very low amounts [34]. Moreover, the
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fundamental role of milk fatty acids and their enzymatic and microbiological metabolism
on the development of sensory properties of cheese are well known [35].

In our previous analyses of fatty acid profiles carried out with the same instrument, we
were able to identify and quantify between 51 and 56 individual fatty acids in milk [36,37]
and 56 in cheese [36]. It is obvious that there is a direct relationship between the fatty acid
profiles of unprocessed milk and the dairy products derived from it, but there are also
some differences. In research aimed at studying the sequential evolution of the fatty acid
profiles of milk and dairy products and by-products during the cheese-making process, we
analyzed 11 dairy matrices obtained during seven cheese-making sessions [36]. The fatty
acid profiles of milk often differ between the morning and evening milkings, especially in
the proportions of some SFAs and MUFAs [36]. Furthermore, where the milk is partially
skimmed to produce some types of cheese, differential migration gives rise to differences
between the fatty acid profiles of the partly skimmed milk and the cream, especially when
they are separated by natural creaming [36], and also between the cream and the fresh
cheese. Other changes were observed during the storing, heating, and culturing of the milk
in the dairy so that the milk in the vat, before the addition of rennet, could be differentiated
from the milk at the farm gate [36].

Although about 80 to 90% of milk fat is recovered in the curd used for shaping the
cheese wheels during cheese-making, the individual fatty acids are not recovered at the
same rate, nor is their recovery equal to the recovery of the milk fat. These differences are
affected by the cow’s diet [25]. Relevant differences have been found for different fatty
acids [25]. For example, there are some differences between the fatty acid profiles of whey
and fresh cheese. Larger differences were found between ricotta (made from the whey)
and scotta (the residual liquid from this process) [36]. Lastly, in a previous study on Malga
cheese, we monitored the fatty acid profiles of the cheeses during ripening and found large
differences between the fresh cheese and the same cheese after 6 months of ripening, but
more moderate differences between the cheeses after 6 and 12 months of ripening [36].
These alterations seem to be mainly the result of microbial activity during ripening and
regard particularly the MUFAs present in small concentrations [25,27]. The differences in
the fatty acid profiles of different cheeses cannot, therefore, be only due to differences in
the fatty acid profiles of the milk they are derived from but also reflect differences in milk
storage and culturing, cheese-making procedures, and ripening length and conditions.

As in the scientific literature, there is a lack of studies reporting detailed fatty acid
profiles of many categories of cheeses. To make available a reference for future studies and
for nutritional utilization, we decided to include here the complete fatty acid profiles of all
the 18 cheese categories analyzed. National and international nutritional databases make
available data on cheese fatty acids averaged from many heterogeneous sources [38,39].
Due to the very detailed fatty acid profiles obtained and the large number of cheese
categories considered, the results have been reported here in several tables comparing, in
each table, all the cheese categories by individual groups of fatty acids.

3.2. Cheese, Fatty Acid Saturation, and Carbon Chain Length

Starting with the level of saturation of the fatty acids (Table 2), it is worth noting
that the three categories of cheeses made from milk produced on Alpine summer farms
(Malga fresco RTC, Malga vecchio RTC, and Trentino di Malga) had the lowest (p < 0.05)
proportions of saturated fatty acids (SFAs, about 60-61% of the total fatty acid content),
and the highest (p < 0.05) contents of monounsaturated fatty acids (MUFAs, 33-34%) and
polyunsaturated fatty acids (PUFAs, 6-7%). Among the other cheese categories, only
Morlacco del Grappa RTC had a lower than average SFA content (63.67%; p < 0.05), and
only goat cheeses had a higher than average proportion (70.7%; p < 0.05) of SFA, while
goat cheeses and Monte Veronese PDO cheeses had lower than average (24-26%,; p < 0.05)
proportions of MUFAs. Monte Veronese PDO cheese had a higher than average (5.75%;
p < 0.05) proportion of PUFAs, while five other categories had lower than average (4.4-4.7%;
p < 0.05) proportions of PUFAs (Table 2).
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The lengths of the carbon chains of the fatty acids (Table 2) confirmed the distinctive-
ness of the three Malga cheese categories, which had the lowest proportions of short-chain
fatty acids (23-24%; p < 0.05) and medium-chain (27-28%; p < 0.05) fatty acids, along with
goat cheeses (28.25%; p < 0.05), in contrast to Mozzarella TSG + other soft pasta filata cheeses,
Flavored cheeses, and Semi-hard cheeses (~=33%; p < 0.05); however, they had the highest
proportions of long-chain fatty acids (~49%; p < 0.05), along with Morlacco del Grappa
RTC (45%; p < 0.05), in contrast to the Flavored cheeses and Goat cheeses (37-39%; p < 0.05).

3.3. Proportions of Even-, Odd-, and Branched-Chain SFAs

The differences among the cheese categories in terms of the sum of all linear even-
chain SFAs are very similar to those observed for all SFAs, the large majority of which
are linear even-chain fatty acids (Table 3). The same pattern was also observed for all the
individual short- and medium-chain fatty acids, except butyric acid (C4:0). In fact, the
three Malga cheese categories and Morlacco del Grappa RTC generally had the lowest
proportions of these fatty acids (p < 0.05), whereas the goat cheeses and Piave PDO + other
hard cheeses had the highest (p < 0.05). The butyric acid content was found to be higher
than average in Montasio PDO, Monte Veronese PDO, and Morlacco del Grappa RTC
cheeses (3.1-3.3%; p < 0.05) and lower in Treated rind cheeses (2.70%; p < 0.05) and goat
cheeses (2.11%; p < 0.05). The patterns of individual long-chain linear even SFAs tended
to be the opposite of those for short- and medium-chain SFAs, with the Malga categories,
and sometimes Monte Veronese PDO and Morlacco del Grappa RTC, having the highest
contents (p < 0.05).

The sum of all the linear odd-chain SFAs did not vary much among the cheese cate-
gories, whereas there were some significant differences in individual fatty acids between
categories, except C19:0 (Table 4). These patterns differed for the various individual fatty
acids, with the three Malga categories tending to have lower proportions of C7:0, C11:0,
and C13:0 (p < 0.05) and higher proportions of C17:0 (p < 0.05).

The differences among cheese categories in terms of the sum and the proportions of
individual branched-chain SFAs tended to have a more homogeneous pattern (except for
C19:0 iso), with the Malga, Monte Veronese PDO, and Morlacco del Grappa RTC categories
having the highest values (p < 0.05) and the goat cheeses the lowest values (p < 0.05)
(Table 5).

3.4. Proportions of MUFAs

The differences among the cheese types in terms of the relative proportions of indi-
vidual MUFAs are summarized in Tables 6 and 7. Here, too, the goat cheeses and the
three categories of Malga cheeses were the more distinctive. The goat cheeses presented
significant (p < 0.05) deviations from the average for 13 of the 22 individual MUFAs and
the sum of the MUFA isomers quantified. Compared with all the other cheese categories,
out of the 22 MUFAs and sums of MUFA isomers analyzed, the goat cheeses had the
lowest proportions (p < 0.05) of eight MUFAs (C14:1 cis-9, C16:1 cis-9, X.C17:1, C18:1 cis-9,
C18:1 cis-11, 2C19:1, C20:1 cis-8, and £C20:1) and the highest proportions (p < 0.05) of four
MUFAs (ZC14:1, 2C15:1, ZC16:1, and C20:1 cis-11) and the sums of the MUFA isomers.

Among the bovine cheeses, the three Malga cheese categories (made from cows’ milk
produced on Alpine summer farms) differed significantly (p < 0.05) from the other cheese
categories in several of the individual MUFAs and the sums of the MUFA isomers (16 out
of 22 for Malga fresco RTC, 14 for Malga vecchio RTC, and 15 for Trentino di Malga). These
cheese categories often had the lowest proportions (p < 0.05) of short-chain MUFAs (C < 14)
and the highest proportions of mid- and long-chain MUFAs (C > 15), with the exception of
C16:1 cis-9, C18:1 cis-12, the sum of C19:1 isomers, and the sum of C22:1 isomers.

The other 14 cheese categories were much less variable in terms of their proportions
of MUFAs, and only 1 to 5 individual MUFAs and the sums of the MUFA isomers deviated
from the general mean (p < 0.05).
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3.5. Proportions of CLA Isomers, Omega-3, Omega-6, and Other PUFAs

The first group of nutritionally important PUFAs comprises the conjugated linoleic
acid (CLA) isomers, summarized in Table 8. The three Malga cheese categories had the
highest proportions of the sum of all the CLA isomers (1.4-1.7; p < 0.05) as well as C18:2
cis-9, cis-11, C18:2 cis-9, trans-11, and the sum of the remaining CLA isomers, except C18:2
cis-11, trans-13. Other cheese categories of mountain origin presented significantly higher
proportions of CLA isomers than the general means: Monte Veronese PDO for C18:2 cis-9,
trans-11 (0.986%; p < 0.05); Montasio PDO for C18:2 cis-11, trans-13 (0.059%; p < 0.05); and
Morlacco del Grappa RTC for Zothers CLA (0.113%; p < 0.05).

Lower than average (p < 0.05) proportions of CLA isomers (X CLA and C18:2 cis-9,
trans-11) were found in the two pasta filata categories (Provolone PDO + other hard pasta
filata cheeses and Mozzarella TSG + other soft pasta filata cheeses), the Grana Padano cheeses
(C18:2 cis-9, cis-11), the Flavored cheeses, and Treated rind cheeses (2 CLA and C18:2 cis-9,
trans-11).

The proportions of the sum of all omega-3 PUFAs and the sum of the major individual
omega-3 PUFAs are summarized in Table 9. The highest proportions (p < 0.05) of these
PUFA were found in the three Malga categories in particular and in other categories of
cheeses of mountain origin (Monte Veronese PDO, Piave PDO + other hard cheeses, and
Morlacco del Grappa RTC), and in only one omega-3 PUFA in the goat cheeses. The lowest
proportions (p < 0.05) were found in the two pasta filata categories of cheeses, the fresh
cheeses (Casatella Trevigiana PDO + other fresh cheeses and Caciotta and Latteria), the
Flavored cheeses, and the Treated rind cheeses.

The pattern was very different in the case of omega-6 MUFAs, as summarized in
Table 10. The three Malga cheese categories and the goat cheeses had the lowest proportions
(p < 0.05), while the PDO cheeses had the highest proportions (p < 0.05).

The proportions of the other PUFAs are summarized in Table 11. Significant differences
in these were more sporadic, with some notable exceptions regarding the goat cheeses and
the Malga categories of cheeses.
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Table 3. Content of even, saturated, linear-chain fatty acids and their sums (XESL-FA) expressed as % of the sum of all fatty acids in the 258 individual cheeses
analyzed: descriptive statistics, p-values, and significance of the effects of cheese categories (*** = p < 0.001) and their LSMs (red bold values are inferior (p < 0.05)
and green bold values are superior (p < 0.05) to the general average value of all groups).

YESL-FA C4:0 C6:0 C8:0 C10:0 C12:0 C14:0 C16:0 C18:0 C20:0 C22:0 C24:0

Descriptive statistics:
mean 60.48 2.88 1.9 1.22 2.80 2.94 10.48 27.92 9.91 0.23 0.10 0.10
SD 8.87 0.31 0.18 0.35 1.58 0.68 1.25 3.17 1.22 0.05 0.04 0.04
min 41.99 1.84 1.47 0.77 1.35 1.55 6.63 22.03 6.24 0.09 0.01 0.01
max 91.57 4.32 2.73 2.73 10.49 5.94 14.14 37.02 13.29 0.4 0.22 0.31

F-value 27.0 *** 19.5 *** 12.7 *** 83.0 *** 124 *** 26.2 *** 16.4 *** 20.9 *** 10.2 *** 8.0 *** 8.1 *** 4.0 ***
LSMs of Cheese categories:

Asiago PDO cheeses 62.11 2.88 1.86 1.16 2.57 3.06 10.93 29.42 9.81 0.25 0.10 0.09
Casatella IZEeOesJ;;ther fresh 61.81 3.04 1.90 1.14 2.46 2.94 10.80 30.03 9.07 0.22 0.10 0.09
Grana Padano PDO 63.03 291 1.94 1.21 2.74 3.24 11.22 29.68 9.70 0.23 0.08 0.08
Montasio PDO cheeses 63.31 3.08 1.98 1.22 2.72 3.20 11.33 29.78 9.61 0.23 0.09 0.11
Monte Veronese PDO 63.05 3.33 1.99 1.19 2.56 2.99 11.12 29.11 10.28 0.25 0.11 0.11
Piave PDO + other hard cheeses 63.58 2.89 2.05 1.38 3.18 3.39 11.50 29.68 9.14 0.19 0.09 0.10
Provolone PDO + pasta filata 63.42 2.85 191 1.20 2.66 3.17 11.15 30.61 9.52 0.21 0.07 0.06
Mozzarella TSG + pasta filata 63.83 2.89 1.99 1.26 2.76 3.32 11.31 30.99 9.00 0.18 0.06 0.08
Formaggio inbriago RTC 61.67 3.04 1.90 1.15 2.52 2.99 10.81 29.53 9.31 0.21 0.10 0.10
Morlacco del Grappa RTC 58.60 3.30 1.81 1.06 2.16 2.56 9.79 27.52 9.93 0.29 0.14 0.09
Malga fresco RTC 55.66 2.92 1.78 1.03 2.02 2.32 9.23 24.97 10.90 0.24 0.12 0.12
Malga vecchio RTC 55.10 2.86 1.73 1.01 1.96 2.28 9.23 24.71 10.85 0.24 0.12 0.13
Malga Trentino 55.51 2.87 1.80 1.05 2.08 2.37 9.34 24.60 10.90 0.22 0.13 0.13
Caciotta and latteria 62.38 2.84 1.93 1.20 2.59 3.15 11.15 30.00 9.15 0.19 0.09 0.08
Flavored cheeses 63.51 2.79 1.98 1.25 2.75 3.32 11.43 30.58 9.11 0.18 0.06 0.07
Semi-hard cheeses 64.20 2.71 2.02 1.30 2.89 3.46 11.67 30.71 9.07 0.18 0.08 0.10
Treated rind 63.74 2.70 1.97 1.31 3.09 3.31 11.30 30.57 9.12 0.20 0.08 0.09
Goat cheese 66.26 2.11 2.22 2.49 8.75 4.39 10.95 26.21 8.65 0.28 0.12 0.09
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Table 4. Contents of odd, saturated, linear-chain fatty acids and of their sums (XOSL-FA) expressed as % of the sum of all fatty acids in the 258 individual cheeses
analyzed: descriptive statistics, p-values, and significance of the effects of cheese categories (*** = p < 0.001; * = p < 0.05) and their LSMs (red bold values are inferior
(p < 0.05) and green bold values are superior (p < 0.05) to the general average value of all groups).

XOSL-FA C5:0 C7:0 C9:0 C11:0 C13:0 C15:0 C17:0 C19:0 C21:0

Descriptive statistics:
mean 2.48 0.12 0.13 0.08 0.08 0.13 1.15 0.67 0.09 0.04
SD 0.40 0.02 0.05 0.03 0.02 0.03 0.13 0.08 0.03 0.02
min 1.43 0.08 0.02 0.01 0.03 0.05 0.69 0.52 0.01 0.01
max 3.69 0.19 0.25 0.16 0.16 0.19 1.53 0.93 0.15 0.13

F-value 1.8* 6.9 *** 6.3 *** 11.7 #** 18.6 *** 13.1 3.2 ¥ 4.7 % 1.6 3.3 ##*
LSMs of Cheese categories:

Asiago PDO cheeses 2.45 0.12 0.15 0.05 0.08 0.13 1.15 0.65 0.09 0.04
Casatella PDO + other fresh cheeses 2.50 0.13 0.18 0.06 0.08 0.14 1.15 0.66 0.08 0.03
Grana Padano PDO 2.55 0.14 0.18 0.06 0.10 0.15 1.16 0.65 0.09 0.03
Montasio PDO cheeses 2.46 0.13 0.17 0.06 0.09 0.14 1.15 0.64 0.09 0.02
Monte Veronese PDO 2.38 0.13 0.09 0.05 0.08 0.13 1.19 0.71 0.10 0.04
Piave PDO + other hard cheeses 249 0.11 0.14 0.08 0.09 0.15 1.17 0.62 0.08 0.04
Provolone PDO + pasta filata 2.53 0.14 0.18 0.09 0.10 0.15 1.15 0.63 0.08 0.03
Mozzarella TSG + pasta filata 2.54 0.13 0.16 0.10 0.10 0.16 1.19 0.60 0.08 0.03
Formaggio inbriago RTC 2.65 0.13 0.18 0.08 0.09 0.13 1.24 0.70 0.09 0.04
Morlacco del Grappa RTC 2.44 0.15 0.11 0.07 0.08 0.12 1.16 0.70 0.10 0.04
Malga fresco RTC 2.40 0.11 0.11 0.08 0.06 0.11 1.10 0.71 0.09 0.04
Malga vecchio RTC 2.37 0.11 0.09 0.08 0.05 0.11 1.09 0.71 0.10 0.04
Malga Trentino 2.48 0.12 0.12 0.08 0.06 0.12 1.17 0.71 0.08 0.04
Caciotta and latteria 2.44 0.11 0.13 0.08 0.08 0.15 1.18 0.64 0.07 0.02
Flavored cheeses 2.59 0.15 0.14 0.10 0.09 0.16 1.23 0.64 0.07 0.03
Semi-hard cheeses 2.48 0.11 0.13 0.09 0.09 0.16 1.20 0.60 0.08 0.02
Treated rind 249 0.11 0.13 0.08 0.09 0.15 1.20 0.63 0.08 0.02

Goat cheese 2.36 0.11 0.13 0.12 0.12 0.14 0.97 0.63 0.08 0.07




Foods 2024, 13, 4040 13 of 25

Table 5. Contents of saturated branched-chain fatty acids and of their sums (£SB-FA) expressed as % of the sum of all fatty acids in the 258 individual cheeses
analyzed: descriptive statistics, p-values, and significance of the effects of cheese categories (*** = p < 0.001; ** = p < 0.01) and their LSMs (red bold values are inferior
(p < 0.05) and green bold values are superior (p < 0.05) to the general average value of all groups).

XSB-FA C13:0 iso C14:0 iso C15:0 iso C15:0 anteiso C16:0 iso C17:0 iso C17:0 anteiso C18:0 iso C19:0 iso

Descriptive statistics:

mean 2.48 0.07 0.18 0.30 0.57 0.34 0.41 0.52 0.09 0.02
SD 0.40 0.02 0.04 0.07 0.10 0.05 0.07 0.07 0.03 0.01
min 1.43 0.02 0.10 0.13 0.32 0.22 0.20 0.24 0.02 0.01
max 3.69 0.12 0.30 0.59 0.91 0.53 0.70 0.74 0.24 0.07
F-value 9.5 *#* 6.8 *** 4.6 *** 7.2 8.7 *** 2.5 ** 11.5 *** 3.3 #** 4.5 ##* 1.5

LSMs of Cheese categories:
Asiago PDO cheeses 2.44 0.06 0.18 0.29 0.55 0.34 0.38 0.51 0.11 0.01
Casatella PDO + other fresh cheeses 2.38 0.07 0.17 0.28 0.54 0.34 0.36 0.51 0.10 0.02
Grana Padano PDO 2.29 0.06 0.17 0.27 0.52 0.34 0.34 0.51 0.08 0.01
Montasio PDO cheeses 2.44 0.06 0.19 0.29 0.55 0.37 0.38 0.52 0.09 0.02
Monte Veronese PDO 2.67 0.07 0.20 0.33 0.63 0.36 0.44 0.56 0.10 0.02
Piave PDO + other hard cheeses 2.37 0.06 0.18 0.29 0.55 0.35 0.39 047 0.07 0.02
Provolone PDO + pasta filata 2.28 0.05 0.16 0.27 0.51 0.31 0.36 0.51 0.09 0.02
Mozzarella TSG + pasta filata 2.15 0.06 0.16 0.23 0.50 0.30 0.34 0.49 0.07 0.02
Formaggio inbriago RTC 2.56 0.06 0.18 0.32 0.57 0.36 0.41 0.54 0.11 0.02
Morlacco del Grappa RTC 2.64 0.08 0.21 0.34 0.61 0.39 0.43 0.53 0.09 0.02
Malga fresco RTC 2.68 0.08 0.20 0.34 0.62 0.35 0.46 0.52 0.11 0.02
Malga vecchio RTC 2.69 0.08 0.19 0.34 0.62 0.35 0.46 0.54 0.10 0.02
Malga Trentino 2.80 0.08 0.20 0.36 0.65 0.33 0.49 0.57 0.11 0.02
Caciotta and latteria 2.32 0.06 0.16 0.26 0.54 0.33 0.37 0.51 0.08 0.02
Flavored cheeses 2.28 0.06 0.16 0.26 0.50 0.34 0.37 0.51 0.07 0.02
Semi-hard cheeses 2.17 0.06 0.16 0.26 0.51 0.31 0.33 0.48 0.06 0.03
Treated rind 2.38 0.06 0.17 0.28 0.54 0.35 0.36 0.54 0.08 0.02
Goat cheese 2.00 0.05 0.14 0.23 0.40 0.30 0.37 0.44 0.06 0.02
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Table 6. Contents of major short- and medium-length carbon-chain mono-unsaturated fatty acids and sums of other isomers expressed as % of the sum of all fatty
acids in the 258 individual cheeses: descriptive statistics, p-values, and significance of the effects of cheese categories (*** = p < 0.001) and their LSMs (red bold values
are inferior (p < 0.05) and green bold values are superior (p < 0.05) to general average value of all groups).

C10:1 xC12:1 C14:1cis-9 YotherC14:1 XC15:1 C16:1cis-9 C16:1 t-9 YotherC16:1 XC17:1
Descriptive statistics:
mean 0.29 0.21 0.82 0.21 0.09 1.34 0.17 0.20 0.36
SD 0.04 0.04 0.21 0.06 0.04 0.26 0.10 0.15 0.07
min 0.17 0.10 0.15 0.09 0.01 0.44 0.02 0.01 0.24
max 0.39 0.33 1.17 0.51 0.19 2.07 0.44 0.67 0.69
F-value 10.4 *** 10.5 *** 36.1 *** 16.0 *** 5.9 *** 20.6 *** 19.4 *** 25.4 *** 15.9 ***

LSMs of Cheese categories:
Asiago PDO cheeses 0.31 0.23 0.96 0.21 0.08 1.45 0.10 0.03 0.32
Casatella PDO + other fresh cheeses 0.32 0.24 1.03 0.22 0.08 1.58 0.10 0.02 0.34
Grana Padano PDO 0.31 0.24 0.96 0.23 0.08 1.42 0.09 0.03 0.30
Montasio PDO cheeses 0.31 0.23 0.92 0.22 0.08 1.38 0.10 0.03 0.29
Monte Veronese PDO 0.31 0.21 0.90 0.19 0.10 1.38 0.18 0.06 0.36
Piave PDO + other hard cheeses 0.30 0.22 0.83 0.24 0.08 1.29 0.15 0.28 0.31
Provolone PDO + pasta filata 0.31 0.23 0.95 0.23 0.04 1.48 0.09 0.12 0.34
Mozzarella TSG + pasta filata 0.32 0.24 0.98 0.25 0.08 1.53 0.09 0.23 0.33
Formaggio inbriago RTC 0.30 0.23 0.93 0.23 0.10 1.45 0.14 0.02 0.34
Morlacco del Grappa RTC 0.29 0.21 0.88 0.22 0.10 1.35 0.20 0.05 0.35
Malga fresco RTC 0.25 0.18 0.74 0.17 0.11 1.31 0.24 0.20 0.42
Malga vecchio RTC 0.25 0.18 0.77 0.17 0.10 1.29 0.27 0.21 0.41
Malga Trentino 0.25 0.18 0.67 0.17 0.11 1.27 0.30 0.27 0.47
Caciotta and latteria 0.31 0.23 0.96 0.22 0.07 1.50 0.11 0.32 0.36
Flavored cheeses 0.31 0.24 0.93 0.26 0.06 1.47 0.11 0.33 0.34
Semi-hard cheeses 0.31 0.24 0.92 0.24 0.06 1.44 0.09 0.31 0.32
Treated rind 0.31 0.23 0.90 0.24 0.06 1.43 0.10 0.32 0.35

Goat cheese 0.27 0.22 0.24 0.34 0.11 0.62 0.15 0.43 0.29
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Table 7. Contents of major long-length carbon-chain mono-unsaturated fatty acids and sums of other isomers expressed as % of the sum of all fatty acids of the 258
cheeses: descriptive statistics, p-values, and significance of the effect of cheese categories (*** = p < 0.001; ** = p < 0.01; * = p < 0.05) and their LSMs (red bold values
are inferior (p < 0.05) and green bold values are superior (p < 0.05) to general average value of all groups).

C18:1 C18:1 C18:1 C18:1 C18:1 C18:1 C18:1 C20:1 C20:1

cis-9 cis-11 t-11 cis-12 cis-13 cis-15 cis-16 LCI8:1-t LC19:1 cis-8 cis-11 1C20:1 rC22:1
Descriptive statistics:

mean 20.24 0.56 2.48 0.29 0.08 0.12 0.08 1.03 0.21 0.17 0.07 0.24 0.03
SD 3.00 0.08 1.34 0.09 0.05 0.03 0.02 0.87 0.04 0.05 0.03 0.06 0.01
min 1.07 0.29 0.09 0.1 0.01 0.04 0.03 0.19 0.08 0.01 0.01 0.03 0.01
max 29.81 0.79 5.84 0.55 047 0.33 0.15 5.97 0.6 0.29 0.21 0.38 0.08
F-value 15.5 *** 9.9 *** 3.7 ¥ 10.7 *** 12.9 *** 2.5 ** 4.1 17.1 *** 3.1 % 4.7 *** 2.1 % 10.8 *** 19*

Cheese categories LSMs:
Asiago PDO cheeses 19.93 0.55 2.15 0.32 0.05 0.12 0.08 0.52 0.20 0.17 0.08 0.24 0.02

Casatella PDO + other fresh

cheeses 20.21 0.57 1.82 0.33 0.04 0.10 0.08 0.61 0.21 0.20 0.08 0.28 0.03
Grana Padano PDO 19.07 0.57 1.91 0.40 0.04 0.13 0.10 1.33 0.23 0.19 0.07 0.23 0.02
Montasio PDO cheeses 19.06 0.55 1.00 0.34 0.09 0.11 0.07 1.71 0.23 0.20 0.08 0.27 0.02
Monte Veronese PDO 17.29 0.49 2.17 0.23 0.05 0.11 0.08 1.36 0.21 0.19 0.07 0.26 0.03
Piave PDO + other hard cheeses 18.23 0.53 1.97 0.33 0.08 0.11 0.08 0.75 0.21 0.15 0.06 0.20 0.02
Provolone PDO + pasta filata 19.08 0.58 1.46 0.37 0.07 0.11 0.08 0.91 0.23 0.18 0.08 0.25 0.01
Mozzarella TSG + pasta filata 18.93 0.56 1.38 0.36 0.07 0.11 0.07 0.90 0.20 0.16 0.07 0.22 0.01
Formaggio inbriago RTC 19.36 0.55 2.05 0.29 0.06 0.12 0.08 0.94 0.21 0.19 0.08 0.27 0.02
Morlacco del Grappa RTC 21.19 0.59 2.77 0.24 0.07 0.14 0.09 0.90 0.20 0.23 0.08 0.31 0.04
Malga fresco RTC 22.92 0.59 3.35 0.24 0.10 0.14 0.09 1.67 0.21 0.19 0.08 0.27 0.03
Malga vecchio RTC 22.84 0.59 4.00 0.24 0.07 0.14 0.09 0.90 0.21 0.20 0.09 0.28 0.03
Malga Trentino 22.11 0.59 4.20 0.19 0.09 0.14 0.09 0.92 0.20 0.18 0.06 0.25 0.02
Caciotta and latteria 19.93 0.56 1.88 0.30 0.09 0.10 0.07 0.57 0.22 0.18 0.06 0.24 0.03
Flavored cheeses 18.62 0.59 1.57 0.35 0.09 0.11 0.07 0.88 0.21 0.16 0.06 0.22 0.02
Semi-hard cheeses 18.26 0.51 1.81 0.39 0.09 0.11 0.08 0.74 0.22 0.15 0.03 0.19 0.02
Treated rind 19.06 0.52 1.55 0.32 0.09 0.09 0.06 0.72 0.25 0.16 0.06 0.22 0.02

13Goat cheese 17.33 0.39 1.71 0.27 0.04 0.10 0.07 0.78 0.16 0.04 0.09 0.12 0.02
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Table 8. Sum of all conjugated linoleic acids (CLAs) and contents of the major CLA isomers and sum of the other isomers expressed as % of the sum of all fatty acids
in the 258 individual cheeses analyzed: descriptive statistics, p-values, and significance of the effects of cheese categories (*** = p < 0.001) and their LSMs (red bold
values are inferior (p < 0.05) and green bold values are superior (p < 0.05) to the general average value of all groups).

X CLA C18:2 cis-9, cis-11 C18:2 cis-9, trans-11 C18:2 cis-11, trans-13 Y. Others CLA
Descriptive statistics:
mean 0.98 0.08 0.90 0.02 0.07
SD 0.51 0.06 0.45 0.03 0.04
min 0.31 0.01 0.29 0.01 0.01
max 2.25 0.24 2.04 0.47 0.28
F-value 8.9 ¥** 4.5 *** 10.1 *** 4.8 *** 1.0

LSMs of Cheese categories:
Asiago PDO cheeses 0.706 0.036 0.661 0.015 0.065
Casatella PDO + other fresh cheeses 0.711 0.033 0.654 0.024 0.040
Grana Padano PDO 0.612 0.023 0.575 0.018 0.061
Montasio PDO cheeses 0.655 0.031 0.622 0.059 0.062
Monte Veronese PDO 1.055 0.056 0.986 0.020 0.064
Piave PDO + other hard cheeses 0.727 0.050 0.679 0.016 0.041
Provolone PDO + pasta filata 0.526 0.021 0.498 0.018 0.037
Mozzarella TSG + pasta filata 0.514 0.022 0.491 0.018 0.047
Formaggio inbriago RTC 0.875 0.065 0.786 0.024 0.063
Morlacco del Grappa RTC 1.124 0.083 1.047 0.025 0.113
Malga fresco RTC 1.399 0.129 1.263 0.025 0.089
Malga vecchio RTC 1.584 0.132 1.426 0.028 0.107
Malga Trentino 1.627 0.144 1.464 0.027 0.119
Caciotta and latteria 0.687 0.043 0.632 0.019 0.050
Flavored cheeses 0.580 0.053 0.543 0.016 0.063
Semi-hard cheeses 0.574 0.051 0.550 0.019 0.033
Treated rind 0.575 0.026 0.541 0.026 0.042

Goat cheese 0.705 0.043 0.645 0.028 0.044
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Table 9. Sum of all the omega-3 fatty acids and contents of the major omega-3 fatty acids expressed as % of the sum of all fatty acids in the 258 individual cheeses
analyzed: descriptive statistics, p-values, and significance of the effect of cheese categories (*** = p < 0.001) and their LSMs (red bold values are inferior (p < 0.05) and
green bold values are superior (p < 0.05) to the general average value of all groups).

03 C16:3 QO3 HTA C18:3 ()3 ALA C20:3 Q3 ETE C20:4 O3 ETA C20:5 O3 EPA C22:5 O3 DPA
Descriptive statistics:

mean 0.91 0.03 0.62 0.02 0.07 0.08 0.13

SD 0.28 0.02 0.21 0.01 0.02 0.02 0.03

min 0.44 0.01 0.29 0.01 0.01 0.03 0.02

max 1.66 0.12 1.27 0.06 0.13 0.16 0.29
F-value 11.5 *** 3.2 *** 11.6 *** 3.5 *** 10.3 *** 5.1 *** 4.7 ***

LSMs of Cheese categories:

Asiago PDO cheeses 0.882 0.013 0.603 0.014 0.059 0.077 0.131
Casatella PDO + other fresh cheeses 0.664 0.015 0.445 0.015 0.045 0.064 0.102
Grana Padano PDO 0.834 0.016 0.582 0.013 0.051 0.076 0.117
Montasio PDO cheeses 0.766 0.016 0.510 0.016 0.053 0.077 0.119
Monte Veronese PDO 0.990 0.018 0.654 0.022 0.070 0.100 0.152
Piave PDO + other hard cheeses 0.893 0.045 0.613 0.021 0.054 0.081 0.131
Provolone PDO + pasta filata 0.658 0.017 0.435 0.015 0.046 0.066 0.101
Mozzarella TSG + pasta filata 0.621 0.018 0.411 - 0.048 0.067 0.095
Formaggio inbriago RTC 0.931 0.015 0.619 0.021 0.074 0.086 0.137
Morlacco del Grappa RTC 0.965 0.037 0.677 0.023 0.082 0.089 0.102
Malga fresco RTC 1.072 0.028 0.757 0.024 0.081 0.086 0.132
Malga vecchio RTC 1.118 0.033 0.780 0.031 0.081 0.093 0.136
Malga Trentino 1.207 0.038 0.843 0.029 0.090 0.097 0.154
Caciotta and latteria 0.650 0.019 0.420 0.019 0.049 0.066 0.106
Flavored cheeses 0.704 0.022 0.445 0.021 0.057 0.076 0.121
Semi-hard cheeses 0.716 0.034 0.478 0.035 0.046 0.074 0.114
Treated rind 0.652 0.020 0.417 0.013 0.045 0.069 0.116

Goat cheese 0.867 0.032 0.615 0.020 0.023 0.083 0.150
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Table 10. Sum of all the omega-6 fatty acids, content of the major omega-6 fatty acids expressed as % of the sum of all fatty acids, and ratio between omega-6
and omega-3 fatty acids in the 258 individual cheeses analyzed: descriptive statistics, p-values, and significance of the effects of cheese categories (*** = p < 0.001;
* = p < 0.05) and their LSMs (red bold values are inferior (p < 0.05) and green bold values are superior (p < 0.05) to the general average value of all groups).

C20:2 26 C18:3 26 C20:3 (26 C20:4 26 C22:4 06

106 EDA GLA DGLA AA Adrenic 06/03
Descriptive statistics:
mean 0.34 0.04 0.06 0.13 0.17 0.03 043
SD 0.08 0.02 0.01 0.03 0.03 0.02 0.20
min 0.17 0.01 0.02 0.01 0.09 0.01 0.13
max 0.55 0.09 0.11 0.20 0.27 0.10 1.23
F-value 17.5 *** 3.9 *** 3.0 *** 23.0 *** 12.1 *** 2.1% 13.7 ***

LSMs of Cheese categories:
Asiago PDO cheeses 0.426 0.052 0.062 0.152 0.184 0.043 0.51
Casatella PDO + other fresh cheeses 0.443 0.053 0.064 0.150 0.195 0.050 0.71
Grana Padano PDO 0.428 0.049 0.063 0.155 0.190 0.043 0.53
Montasio PDO cheeses 0.425 0.057 0.066 0.151 0.190 0.037 0.57
Monte Veronese PDO 0.407 0.054 0.067 0.146 0.188 0.032 0.42
Piave PDO + other hard cheeses 0.349 0.045 0.066 0.133 0.177 0.037 0.46
Provolone PDO + pasta filata 0.403 0.044 0.069 0.148 0.197 0.034 0.62
Mozzarella TSG + pasta filata 0.367 0.030 0.060 0.136 0.171 0.038 0.61
Formaggio inbriago RTC 0.380 0.049 0.065 0.141 0.178 0.033 0.46
Morlacco del Grappa RTC 0.373 0.041 0.067 0.139 0.180 0.043 0.46
Malga fresco RTC 0.290 0.036 0.060 0.113 0.144 0.026 0.29
Malga vecchio RTC 0.282 0.046 0.065 0.111 0.145 0.021 0.27
Malga Trentino 0.252 0.016 0.047 0.105 0.131 0.029 0.22
Caciotta and latteria 0.342 0.023 0.057 0.133 0.168 0.032 0.55
Flavored cheeses 0.351 - 0.062 0.136 0.178 0.037 0.54
Semi-hard cheeses 0.350 - 0.058 0.139 0.169 0.047 0.55
Treated rind 0.319 0.021 0.060 0.120 0.170 0.029 0.51

Goat cheese 0.267 0.039 0.053 0.042 0.192 0.028 0.33
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Table 11. Contents of other major polyunsaturated fatty acids expressed as % of the sum of all fatty acids in the 258 individual cheeses analyzed: descriptive
statistics, p-values, and significance of the effects of cheese categories (*** = p < 0.001) and their LSMs (red bold values are inferior (p < 0.05) and green bold values
are superior (p < 0.05) to the general average value of all groups).

£C16:2 C18:2 C18:2 C18:2 C18:2 C18:2 C18:2 C18:2 C18:2
cis-9, cis-12 cis-9, cis-15 cis-9, trans-12  cis-9, trans-13  trans-8, cis-13  trans-9, cis-12 trans-11, cis-15  trans-9, trans-12
Descriptive statistics:

mean 0.03 1.91 0.06 0.16 0.27 0.21 0.07 0.32 0.09

SD 0.02 0.35 0.02 0.04 0.04 0.07 0.18 0.26 0.07

min 0.01 1.12 0.01 0.01 0.18 0.05 0.01 0.02 0.01

max 0.09 3.21 0.11 0.33 0.49 0.44 2.32 2.13 0.29
F-value 4.4 #** 4.9 *** 1.6 225 *** 1.0 14.8 *** 9.0 *¥** 23.6 *** 7.8 ¥**

LSMs of Cheese categories:

Asiago PDO cheeses 0.012 2.027 0.048 0.093 0.252 0.267 0.262 0.300 0.042
Casatella iﬁgsz:ther fresh 0.012 2.002 0.060 0.167 0.251 0.243 0.089 0.189 0.016
Grana Padano PDO 0.014 2.079 0.051 0.160 0.276 0.245 0.058 0.378 0.013
Montasio PDO cheeses 0.014 1.971 0.058 0.158 0.243 0.246 0.056 0.180 0.048
Monte Veronese PDO 0.013 1.982 0.051 0.140 0.267 0.291 0.048 0.292 0.099
Piave PDO + other hard cheeses 0.039 1.984 0.049 0.169 0.267 0.211 0.077 0.438 0.017
Provolone PDO + pasta filata 0.013 1.992 0.060 0.141 0.257 0.247 0.018 0.174 0.023
Mozzarella TSG + pasta filata 0.016 1.855 0.059 0.155 0.261 0.192 0.022 0.161 0.015
Formaggio inbriago RTC 0.021 1.806 0.061 0.110 0.256 0.239 0.134 0.196 0.070
Morlacco del Grappa RTC 0.025 1.938 0.068 0.142 0.284 0.244 0.055 0.369 0.086
Malga fresco RTC 0.031 1.853 0.065 0.157 0.292 0.190 0.077 0.458 0.135
Malga vecchio RTC 0.026 1.842 0.064 0.175 0.306 0.182 0.059 0.464 0.119
Malga Trentino 0.027 1.584 0.056 0.168 0.295 0.151 0.072 0.515 0.168
Caciotta and latteria 0.025 1.831 0.051 0.154 0.242 0.209 0.019 0.192 0.023
Flavored cheeses 0.018 1.862 0.055 0.163 0.256 0.191 0.025 0.196 0.084
Semi-hard cheeses 0.021 1.949 0.052 0.178 0.255 0.187 0.091 0.199 0.016
Treated rind 0.021 1.752 0.056 0.161 0.236 0.186 0.035 0.172 0.030

Goat cheese 0.071 2.458 0.046 0.212 0.290 0.105 0.067 0.199 0.024
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3.6. Variability in the Detailed Fatty Acid Profiles of Different Cheese Types

In this study, we found wide variation in the detailed fatty acid profiles of the 258 dif-
ferent cheeses analyzed. Type of cheese was a very important source of variation. In fact,
only five of the 88 individual fatty acids, sums of isomers of specific fatty acids, and fatty
acid groups were not significantly affected by cheese type. Our analyses show that these
differences are not randomly distributed among cheese types, but instead, there are several
associations (co-variations) among the different fatty acids and the different categories of
cheeses. Unfortunately, the large numbers of fatty acids and cheese types make it difficult
to identify the main drivers of these associations by simply examining the LSMs of the fatty
acid proportions reported in the results tables.

Further clarity may be gained by analyzing the data with a multivariate statistical
technique, such as principal component analysis, and representing the results graphically
(Figure 1).
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Figure 1. Principal component analysis of the detailed fatty acid profiles of 18 cheese categories.

The large number of associations between the fatty acids and the cheese categories
is demonstrated by the fact that the first principal component alone explains 45.5% of
all the variability, while the second explains a further 22.1%. Therefore, the first two
principal components represented in the figure combined explain about two-thirds of all
the variability. As information on farming systems, feeding practices, animal breeds, milk
composition, etc., is not available, it is not possible to discriminate between the effects
of these factors and those related to cheese-making technologies; this requires specific
research based on an ad hoc experimental design. In this study, the effect of cheese type
should be considered as the result of the combined effects of the area of production, farm
characteristics, attitude, and, consequently, milk properties.

It is evident that goat cheeses are very distinct from all the bovine cheeses. Among the
latter, the Malga cheese categories, made from milk produced on Alpine summer farms,
clustered together and were very easily distinguished from all the other categories. The
other cheeses of mountain origin, particularly Morlacco del Grappa and Monte Veronese,
also tended to be distinct from the cheeses produced on the plains. Lastly, less evident
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clustering was obtained when comparing the two pasta filata cheese categories with the
remaining categories. No multivariate analysis of cheese types has been reported.

3.7. Detailed Fatty Acid Profiles of Caprine and Bovine Cheeses

Goat milk has certain particular characteristics compared with other dairy species,
especially in the coagulation, curd-firming, and syneresis processes [40,41].

It is well known that goat milk also has a different fatty acid profile to cow’s milk [42]
and other dairy species [43], and that what mainly distinguishes caprine milk is the relative
abundance of short-chain, even, SFAs, except for the shortest, C4:0 [28,44,45]. This well-
established knowledge can be seen in the common names of these fatty acids: caproic acid
(C6:0), caprylic acid (C8:0), and capric acid (C10:0). Capra is the Latin word for a goat.
In contrast, goat cheeses, like goat milk, have the lowest contents of butyric acid (C4:0),
palmitic acid (C16:0), and stearic acid (C18:0), and of branched-chain SFAs, often assumed
to be indicators of microbial fermentation in the rumen. The second principal component
illustrated in Figure 1 (representing 22.1% of all the variability) seems mainly related to the
species of the dairy animal, with the goat cheeses having a very high (positive) score and
all the cows’ cheese categories having small to negative scores.

3.8. Detailed Fatty Acid Profiles of Cheeses Produced on Summer Highland Farms

Malga cheeses are often produced in small traditional dairies annexed to temporary
summer farms on Alpine pastures and are very distinctive mountain cheeses [46—49].

The presence of several MUFAs and PUFAs in the fresh forage is mainly responsible
for the distinctive fatty acid profile of milk produced by grazing cows, and this is, of course,
reflected in the fatty acid profile of the cheese produced from that milk.

Particularly interesting is the presence and activity of rumenic acid (C18:2, cis-9, trans-
11), the main CLA in forage, milk, and cheese, and of its precursor vaccenic acid (C18:1
trans-11) [50]. CLAs play an important role in human nutrition due to their function in
preventing inflammation [51].

The high content of CLA isomers in fresh forage, milk, and cheese is probably the
most important marker of dairy products produced in grazing farming systems; however,
CLA isomers, particularly C18:2, trans-10, cis-12, are also responsible for a significant
alteration in lipid metabolism, with reduced synthesis of many other fatty acids [52,53]
and in non-bovine dairy species [54,55]. Similar proportions of CLAs in the fats of several
cheeses obtained from milk produced by non-grazing cows were found in other studies [30],
but more CLA isomers are contained in cheeses made from the milk of cows grazing in
highland pastures than from the milk of cows kept indoors [44].

3.9. Detailed Fatty Acid Profiles of Cheeses Produced in the Mountains and on the Plains

The majority of the PDO and RTC cheeses sampled for this study claim in their desig-
nations to have their origins in the mountains (Asiago, Montasio, Monte Veronese, Morlacco
del Grappa), and consumers associate these cheeses with traditional mountain dairy farm-
ing. However, the production areas defined by the PDO regulations of these cheeses also
include the foothills and plains below these mountains [56,57], where the majority of these
cheeses are produced in intensive farming systems. This is evident from the clustering of
cheese groups illustrated in Figure 1. The first principal component (explaining 45.5% of
all fatty acid profile variability) is clearly related to the environment/dairy-farming system
where the milk for cheese-making is produced. In fact, the highest (positive) scores were
obtained by the three Malga cheese categories. The Pasta filata cheese categories had the
lowest (negative) scores, and the majority of the commercial cheese groups (mainly from
intensive farms on the plains) had small negative scores. It is interesting that the PDO
and RTC cheeses of mountain origin differ from each other, and the Asiago and Montasio
PDO cheeses are at the margins of the cluster of commercial cheeses, with slightly negative
scores, whereas the Monte Veronese PDO and Morlacco del Grappa RTC cheeses (local
cheeses with smaller production levels) are in an intermediate position between the Asiago



Foods 2024, 13, 4040

22 of 25

and Montasio cheeses and the Malga cheeses. The detailed fatty acid profiles seem to attest
to the classification of Monte Veronese and Morlacco del Grappa cheeses as mountain
cheeses, whereas the Asiago and Montasio cheeses are probably very variable according to
the area and factory of production.

3.10. Detailed Fatty Acid Profiles of Other Commercial Cheese Categories

Among the other cheese categories, those with the lowest scores for the first principal
component are the two categories of pasta filata cheeses. The majority of these cheeses
come from the plains, like the majority of the remaining groups. Although the primary
driver of variability between cheese categories is the length of ripening [58-60], pasta
filata cheeses are characterized by very short (the category including Mozzarella TSG) or
medium ripening lengths (the category including Provolone PDO). Therefore, if they are
not differentiated from the other categories in terms of the origin of the milk or the length
of ripening, it is probable that the main factor differentiating them is the cheese-making
technology and, in particular, the high temperature of the curd stretching phase and the
alterations it induces in the physical, chemical, and (especially) microbiological properties
of pasta filata cheeses [61-63].

The remaining groups clustered together despite the large variability in milk pro-
cessing and the addition of other substances (spices, herbs, smoke, etc.), meaning that
these techniques are not responsible for the considerable modifications to their fatty acid
profiles. It is worth noting that the Grana category also clustered with the other groups,
even though these cheeses are the heaviest (35 kg per wheel, on average) and ripened for
the longest period (up to 36 months) among all the categories tested [17]. On the other hand,
Grana Padano is produced on the plains from milk from intensive farms that keep mainly
Holstein cows fed on total mixed rations with corn silage and concentrates [61,64,65]. It is
also produced in mountain areas in traditional farming systems [66].

4. Conclusions

We characterized 18 different categories of cheeses using highly detailed fatty acid
profiles. Fatty acids present in small concentrations are increasingly interesting because
of their possible effects on human metabolism (bioactive compounds) and health and as a
source of volatile organic compounds responsible for some sensory properties. The results
clearly showed that, aside from the distinctive FA profiles of goat cheeses (more short-chain
FAs and fewer MUFAs), the three categories of artisanal cheeses produced on temporary
summer farms on Alpine pastures were very different from the other cheese categories
in terms of their much higher CLAs and omega-3 contents. Two categories of cheeses
from permanent farms in the mountains were intermediate, and two other categories of
cheeses originating in the mountains, but now produced mainly on the plains, were not
distinguishable from the other cheese categories. Also, the technology used for producing
pasta filata cheeses seems to cause some modification to the fatty acid profile. The very
detailed fatty acid profile of many cheese categories found in this study could become a
reference for further technological, sensorial, or nutritional research.
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