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Abstract: In order to highlight the influence of cattle farming systems on dairy products, assess-
ments were carried out on certain varieties of cheese—marked with the “Mountain product” quality
label in comparison with those conventionally produced ones not bearing the quality label. The
study was carried out using products obtained from raw milk issued from seven farms and trans-
formed into cheese in four small dairy factories from the mountainous area of Dornelor Basin,
Suceava County, Northeastern Romania. The analyzed cheese issued from the “mountain” produc-
tion system were “Călimani” Schweizer, “Călimani” Cas, caval, “Călimani” smoked Cas, caval, and
“Călimani” Telemea—salty brined cheese. Both the “Mountain cheese” and conventional cheese
samples produced throughout the same shift were collected and kept under refrigeration conditions
until laboratory analysis in order to compare the production systems. The physico-chemical analysis
revealed higher amounts of minerals (2.8 to 10.7% Ca; 2.8 to 9.5% P; 12.3% to double the amount of
Fe, p < 0.001) and polyunsaturated fatty acids (+5.6 to +13.7%), in mountain cheeses versus the con-
ventionally processed ones. Also, the sanogenic indices had higher values in the “Mountain cheese”,
such as the polyunsaturation index (+4.3 to 7.8%) and hypocholesterolic/hypercholesterolic fatty
acid ratio (+1.8 to 3.7%), while the atherogenic index and the thrombogenic index had lower values
(−1.9 to −4.3%) compared to the conventionally produced cheese, thus revealing healthier properties
for consumers. The Enterobacteriaceae family species were identified in “Mountain cheese”, while they
were absent from conventionally processed cheese, knowing the raw matter milk is thermally treated
at ultra-high temperatures in the latter ones. In the “Mountain cheese”, such microorganisms were
found within the safety regulation limits and contributed to providing flavor, taste, color, and specific
texture, making it superior in terms of sensorial quality compared to the conventionally produced
cheese.

Keywords: mountain cheese; conventional cheese; sanogenity; quality; microorganisms

1. Introduction

The present research was carried out in the Dornelor Basin, a mountainous region
with high tourism and agro-tourism potential due to its own varied gastronomy, traditions,
culture, and hospitality of the inhabitants, and also due to the herds of cattle raised in
the area [1,2]. In the studied area, there are generally cattle breeds with innate disease
resistance and suitable adaptability, namely the breeds Pinzgau of Transilvania, Brown,
Romanian Spotted, Romanian Spotted with Black, and crossbreeds of these breeds [3–6].

Studies on consumer perception of dairy cow welfare in traditional mountain farms
and also the integrated system approach have shown that mountain products are health-
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ier because of their geographical origin, farm locations, and small-scale production sys-
tems [7–12].

In the mountainous areas of Europe, with a humid and cold climate [13–15], as in
the mountainous area of the Dorna Basin, rearing dairy cattle is an important agricultural
activity, and the milk obtained here is often processed into cheeses, according to the spec-
ifications of origin protected (PDO) or with the mention of quality “mountain product”
in Romania, thus bringing added value to the farmer’s household. The registration of
products under the “mountain product” quality label scheme is fully carried out by the
National Agency of the Mountain Zone, is free of charge, and represents support granted by
the Romanian state to producers in the mountain area. The conditions for obtaining the op-
tional quality mention “mountain product” are the raw materials, but the animal feed must
come mainly from mountain areas, and in the case of processed products, their processing
must also be performed in mountain areas [16–18]. Dairy products obtained in mountain
areas are healthier for human consumers due to better fatty acids profile and sanogenic
indices than those obtained in lowlands, related to many influential factors: altitude and
geographical area [19] maintenance system (grazing free roaming on alpine pastures vs.
confined cattle) [20], predominance of pasture or of haystack and concentrates in diet [21],
different floral composition of pastures [22], and metabolism of cattle breeds adapted to
highlands [23]. The products that can be certified as “Mountain product” are processed or
unprocessed animal products (milk; fermented milk beverages; cheese; meat; meat prod-
ucts; eggs; bee products) and processed or unprocessed vegetable products [24–26]. The
benefits of capitalizing on dairy products with the quality label “mountain product” include
a reduction of value-added tax to 5% from 9%; superior utilization of products; recognition
of the quality of products obtained from less-polluted areas; promoting producers on the
“mountain product” platform; and joining the “Produs Montan” Association [27–30].

In the National Register of Mountain Products (RNPM), 1081 dairy products are
registered, which represent 30.88% of all mountain products registered under the logo
“mountain product” (animal, vegetable, beekeeping products). Out of these, 214 are also
registered as traditional milk products, and 3 products are fully registered under the
Protected Geographical Indication system. The mountain products recorded in the period
2018–2021 indicated an increased trend. Considering the small number of studies in the
mountainous area on milk production and the quality of dairy products, the aim of the
research was to follow the influence of conventional and “mountain” production systems
on the microbiology and quality of some dairy products. The utility of our findings resides
in the fact that results can be taken as a reference for future research and can serve as a
suitable recommendation for consumers regarding the quality and sanogenity of products
obtained in the mountain area compared to the conventionally produced ones.

2. Materials and Methods

The study area is located within the Local Action Group, Suceava County, North-
eastern Romania (geographical area comprised between the coordinates 47◦08′–47◦47′

Northern latitude and 24◦94′–25◦83′ Eastern longitude). To carry out this study, 7 local pro-
ducers were taken into account (farms and small-size family dairy processing workshops).
The farms hosted lactating cows from multiple breeds adapted to the mountainous area:
Pinzgau of Transilvania, Brown, Romanian spotted, and less Romanian black spotted [31].

European Union legislation has allowed the member states considerable flexibility
in the implementation of the disadvantaged areas helping scheme. These proposals were
included in Regulation (EC) no. 1698 of 2005 with reference to support for rural develop-
ment [17]. In Romania, the disadvantaged mountain area mostly overlaps the Carpathian
area and comprises administrative-territorial units (UAT) located at average altitudes
higher than or equal to 600 m (Regulation (EC) no. 1257 of 1999) [17].

The mountain area of the Dornelor Basin looks like a flat relief with an average altitude
of 800 m. It presents a higher step of hilly type with altitudes between 800 and 1000 m
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located at the contact with the forested mountain area and a lower step consisting of terraces
and meadows along the river basins.

The farms that provided the raw milk for developing the studied “Mountain” cheese
are located at an average altitude of 800 m and have a minimum herd of 21 heads, 19 ha
of permanent grassland, and a maximum herd of 66 heads and 100 ha of permanent
grassland. The cattle are maintained indoors throughout the winter, while in the summer,
the maintenance is free-moving in summer camps at altitudes above 1000 m. In the farms
studied, milking is performed mechanically, using mobile individual milking devices.
Cows are fed on a seasonal basis, in winter from stock: mountain hay, clover hay, timothy
semi-hay, hay, fodder pumpkins, fodder beet, potatoes, corn fodder flour, wheat bran,
dicalcium phosphate, and semi-dehulled sunflower meal, and in the summer, feeding is
performed ad libitum on pastures composed of mountain meadows gramineas, “ottava”
(2nd scythe hay), corn feed flour, wheat bran, rye bran, dicalcium phosphate, and salt.

No animals were used for experimental purposes, but the dairy products developed
from their milk bear the quality label “Mountain product” in comparison with the conven-
tionally manufactured products. Dairy products labelled “Mountain product” are obtained
from raw materials originating from the mountain area and processed in the same area.
These products offer consumers access to healthy food originating from a territory with low
pollution levels and surrounded by natural reserves. It is relevant to notice that the milk
used in manufactured conventional cheese products is collected from multiple small-scale
family-size producers, and the heterogeneity of the raw matter is quite high, while the
feeding of dairy cows is not provided in a homogeneous manner, hence the hypothesis that
the nutritional and sanogenic quality of the cheese is expected to be different between the
“Mountain”-labeled products and the conventional ones. The commercial names of the
analyzed products are “Călimani” Schweizer, “Călimani” Cascaval, “Călimani” smoked
Cascaval, and “Călimani” Telemea—brine-salted cheese (Figure 1). The “Călimani” particle
in all these cheeses’ commercial names is given by the mountain massif patronizing the
area and from the national park bearing the same name, an emblematic symbol for the
area. Cascaval is the Romanian type of stretched-curd cheese, with no fermentation eyes
and hard edible crust, light to intense yellow colored, close in sensorial and nutritional
traits with the Italian cheese type Caciocavallo (hence the name Cascaval, pronounced
cashkahvahl in Romanian, bore by this sort of cheese across the whole Mediterranean and
Balkan countries). Schweizer is a locally prepared version of the Emmentaler Swiss-type
cheese (hence the name Schweizer), a light-yellow semi-hard cheese with fermentation
eyes (holes) the size of a grape berry or of a cherry. Telemea is a sort of semi-soft salt-brined
cheese produced traditionally in Romania and belonging to the Feta cheese family.

In accordance with the County Sanitary-Veterinary Authority analysis, the raw milk
used to manufacture the two categories of cheese (“mountain product” and conventional)
presented the commodity quality, freshness, and sanogenity traits according to composi-
tional quality safety regulations (total germs count—TGC and somatic cells count—SCC):

- Raw milk for “mountain product”: density = 1.298 g/cm3, pH = 6.53; fat = 4.1%,
protein = 3.42%, out of which casein = 33.7%; lactose = 5.82%; TGC = 87,000 CFU/cm3

(vs. max. admitted limit of 100,000 CFU/cm3), SCC = 112,300 cells/cm3 (vs. max.
admitted limit of 400,000 cells/cm3);

- Raw milk for conventional cheese: density = 1.282 g/cm3, pH = 6.61; fat = 3.9%,
protein = 3.27%, out of which casein = 28.3%; lactose = 4.92%; TGC = 67,000 CFU/cm3

(vs. max. admitted limit of 100,000 CFU/cm3), SCC = 83,700 cells/cm3 (vs. max.
admitted limit of 400,000 cells/cm3).

In brief, the technological flow of cheese manufacturing has several stages: (a) raw
milk reception; (b) milk filtering; (c) temporary refrigerating storage; (d) thermization—low
pasteurization (“mountain product”) or high pasteurization—UHT treatment (conven-
tional); (e) normalizing for fat content; (f) rennet enzymes and coagulating salts inoculating;
(g) heating for coagulating; (h) clotting and clot cutting; (i) whey removal; (j) pressing;
(k) cutting of crude curd; (l) boiling and salting of curd; (m) filtering; (n) putting into molds;
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(o) inoculating with probiotic lactic cultures; (p) maturation (ripening); (q) packaging;
(r) storage prior to marketing.
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Figure 1. Photographs of analyzed Mountain cheese types (original captures).

In the rennet enzymes inoculating stage, naturally harvested rennet (abomasum
content of youth calves, dried or lyophilized) is used for the “Mountain product”, while the
conventional cheese types are inoculated with biotechnologically originated commercial
products enzymes for clotting. Temperature ranges between 30 and 33 ◦C in the clotting
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recipient. Coagulating salts usually consist of calcium chloride solution, 25%, introduced at
50–70 mL/100 L milk. Calcium chloride is used in conventional cheese manufacturing only.

In smoked Cascaval, stage (p) is followed by smoking, then the flow is resumed. In
Telemea cheese, the flow modifies from (j) pressing, and the rectangular pressed curd is
transferred into barrels with saline (brine) solution 18–20%, which is stored upon marketing.

The maturation (ripening) stage lasts 12–24 h in Cascaval-type cheese and at least
60 days in Schweizer, at room temperature (15–20 ◦C) and in relative humidity conditions
ranging between 70 and 80% in Cascaval and 80–90% in Schweizer.

Samples of these cheese types, both “Mountain product” labeled and convention-
ally produced, were collected at 7 days after the ripening period ended from 4 small
dairy factories in Dornelor Basin (500 g/type/processor). Each processor produces both
mountain-labeled products and conventional products, using milk from different sources:

- Raw milk for “Mountain product” produced in the study area, collected from 7 dairy
farms in Calimani National Park, with cows grazing on the mountain meadows and
fed mostly haystack harvested from the same area. Cows were not provided herbs or
maize silage throughout the cold season;

- Raw milk for conventional products, collected from many small-size producers in the
whole of Suceava County, both from mountain areas and hilly-plain regions, whose
feeding was not traced, but, usually, the smallest farm holders use local pastures,
complete with corn silage and alfalfa hay, bought from all Northeast Romania, upon
availability.

2.1. Cheese Sampling

Four local producers (small local dairy workshops) were used to sample the cheese
for multiple reasons:

- They use, on a daily basis, the same raw matter procured from the farmers raising
dairy cows in the specific study area;

- Only one set of samples for analysis, from only one producer (local dairy workshop)
would have been very subjective and narrow as data collected, considering there could
be differences due to workshop influence;

- The workshops use the same recipe to prepare each type of cheese and the same raw
matter.

The four types of cheese were chosen to be studied due to the high demand existing in
conventional distribution chains (retailers, small shops) and farmers’ markets. They are
one of the most consumed cheeses in Romania (Cascaval types, both regular and smoked;
Schweizer-type cheese and white cheese preserved in salted brine—Telemea cheese).

Samples were issued from the cheese batches that were produced on the very same
day, using the same batch of raw matter milk. Milk typical analysis prior to transformation
into cheese was unique, both for the locally produced milk transformed into mountain
products and for the county-collected milk transformed into conventional products.

Collection of cheese samples was carried out on the matured finished product in
accordance with the AOAC 920.122-1920 Cheese—Collection of Samples Procedure [32],
i.e., 4 × 500 g in sealed plastic bags from each cheese type from each producer.

The labelled sealed bags were introduced into a refrigerating container for 8 h while
they were transported from the study area to the university, then transferred into a labora-
tory refrigerator and kept between 1 and 4 ◦C and 30–50% relative humidity for 12 days
until they were submitted to analysis to investigate composition, fatty acids profiling, and
microbiological features.

Prior to analysis, for each type, the cheese was minced in small shards of approxi-
mately 1–2 mm each, and the samples from the 4 different producers were mixed together
(4 × 500 g/cheese type/production system) in order to obtain a homogeneous bulk sample
that could depict, on average, the mean value of the products.

The analytical samples were randomly collected from the bulk homogenized sample
(2000 g/cheese type/production system) and weighed:
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- 3–5 g/repetition in proximate composition investigations;
- 5 g/repetition in fatty acids profiling;
- 3 g/repetition in mineral micronutrients analysis;
- 50 g/repetition in the microbiological investigations.

Considering these sampling conditions and the analytical sample preparation, the
external factors that could interfere with cheeses’ stability and sanogenity were reduced to
the greatest extent.

2.2. Chemical Proximate Composition and Gross Energy Content

Sample analyses were carried out at the Milk and Dairy Products Inspection Lab-
oratory, part of the Centre for Quantitative and Qualitative Monitoring of Animal Pro-
ductions and Food Research Infrastructure, Faculty of Food and Animal Sciences, Iasi
University of Life Sciences, Romania (https://eeris.eu/ERIF-2000-000P-1926, accessed on
15 November 2023).

The chemical composition of dairy products refers to the water (moisture) content
(g/100 g product) as well as to the dry matter compounds (g/100 g product). Sev-
eral standardized methods proposed by AOAC International (www.aoac.org, accessed
on 15 November 2023) were used as analytical protocols. For each element of chemi-
cal proximate composition and for gross energy content as well, 25 analytical repeti-
tions/calculations have been carried out.

Water and dry matter (total solids) contents were assessed through sample drying
(AOAC Method 926.08-1927) [33] in a MEMMERT UF110 + air convection oven (manufac-
turer: Memmert GmbH, Germany) throughout two successive stages: (1) 24 h at 60 ◦C;
(2) minimum 6 h at 103 ◦C or until reaching the constant mass.

Crude ash (total minerals) was assessed through calcination in NABERTHERM B180
furnace (manufacturer: Nabertherm GmbH, Lilienthal, Germany), where the sample was
burned at 550 ◦C, throughout 24 h, in accordance with AOAC Method 935.42-1935, ash of
cheese, gravimetric method [34].

Total nitrogen and Total proteins were assessed through the AOAC Method 920.123-
1920, nitrogen in cheese [35], applied on devices BEHR K8 digester, BEHROSOG 3 fume
evacuator (digestion stage), BEHR S5 module (distillation—titration stage) (manufacturer
Behr GmbH, Germany). The values achieved via the titrimetric procedure were input
into calculation using the initial sample mass and other volumes of reagents, and the total
protein content in edible products was obtained.

Total lipids in cheese products were assessed by AOAC Method 920.125-1920 [36],
using a Behrotest 6er Probe extractor (manufacturer Behr GmbH, Stuttgart, Germany).

Nitrogen-free extract (NFE-total carbohydrates) content was calculated by difference,
using the relation (1) [37].

NFE (g/100 g) = 100 g − [W (g/100 g) + TM (g/100 g) + TP (g/100 g) + TL (g/100 g)] (1)

in which NFE = nitrogen-free extract; W = water content; TM = total minerals; TP = total
proteins; TL = total lipids.

Gross energy was calculated using the Atwater relation (2) proposed by FAO [38]:

GE (Kcal/100 g) = 4.36 Kcal × g TP + 8.79 Kcal × g TL + 3.87 Kcal × g NFE (2)

in which GE = gross energy; TP = total proteins; TL = total lipids; NFE = nitrogen-free extract.

2.3. Lipid Profile (Fatty Acids, Cholesterol)

Fatty acid profile and cholesterol content were investigated within the laboratories
of the National Institute of Research and Development for Biology and Animal Nutrition
Balotesti, Ilfov County, in 6 analytical repetitions per sample.

https://eeris.eu/ERIF-2000-000P-1926
www.aoac.org
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Fatty acids profiling was realized using a method comprising two consecutive stages:
(1) preparation of methyl esters (ISO/TS 17764-1:2002 method) [39] and (2) gas chromato-
graphic method (ISO/TS 17764-1:2002 method) [40].

In order to better depict the sanogenity of the compared products, based on the fatty
acids analysis, certain nutritional-sanogenic indices were calculated using the equations
compiled from the literature by Simeanu et al. [41]: polyinsaturation index (PI)—Equation
(3); atherogenic index (AI) (Equation (4)); thrombogenic index (TI) (Equation (5)); and
hypocholesterolic/hypercholesterolic ratio (h/H) (Equation (6)):

PI = C18:2 n − 6 + (C18:3 n − 3 × 2) (3)

AI = (C12:0 + C16:0 + 4 × C14:0)/[ΣMUFA + Σ(n − 6) + Σ(n − 3)] (4)

TI = (C14:0 + C16:0 + C18:0)/[0.5 × ΣMUFA + 0.5 × Σ(n−6) + 3 × Σ(n − 3) + Σ(n − 3)/Σ(n − 6)] (5)

h/H = (C18:1 + PUFA)/(C12:0 + C14:0 + C16:0) (6)

Cholesterol content was assessed via the gas chromatograph—direct saponification
method in accordance with the AOAC 994.10 protocol [42].

2.4. Mineral Micronutrients Analysis

The concentrations of Ca, P, and Fe were investigated within the laboratories of
the National Institute of Research and Development for Biology and Animal Nutrition
Balotesti, Ilfov County, in 6 analytical repetitions per sample. Calcium content was as-
sessed using a complexometric–titrimetric method with EDTA derived from AOAC Method
no. 968.31-1969 [43]. Iron content was measured through flame atomic absorption spec-
trophotometry using a method indicated by Singh et al., 2015 [44]. Phosphorus was assessed
in accordance with the methodology specified by the EU Regulation 152/2009 (European
Commission, 2009) [45].

2.5. Microbiological Analysis

Microbiological assessments have been carried out in the Microbiology and Biosecurity
Laboratory, Sanitary-Veterinary and Food Safety Directorate, Iasi County, Romania, in
6 analytical repetitions per sample. Certain microorganisms’ detection was pursued, and
quantification proceeded: Enterobacteriaceae—most probable number method, according
to SR EN ISO 21528-1/2017 [46]; Staphylococcus aureus and other species—DIN-EN ISO
6888-2/A1:2021 method [47]; Escherichia coli betaglunoridase positive—ISO 16649-2:2001,
2007 method [48]; Listeria monocytogenes-ISO 11290-1/2017 method [49].

2.6. Statistical Analysis

The analytical data were statistically processed for main descriptors (mean, standard
deviation, coefficient of variation) via GraphPad Prism 9.4.1 (673) software; then, the
data were compared for the significance of differences between the analytical means of
conventional and “Mountain”-labeled dairy products, using the unpaired t-test followed by
Welch’s correction. Also, relative (%) differentiations have been calculated and presented
within the discussion chapter [50].

3. Results
3.1. Proximate Chemical Composition and Gross Energy

Table 1 shows the statistical descriptors resulting from the 25 replications of each
analytical investigation related to proximate chemical composition, table salt content, and
calculation of the gross energy content, carried out on the “Călimani” Cascaval samples of
both origins (“Mountain” labeled and conventional).
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Table 1. Gross composition and gross energy content of “Călimani” Cascaval and of the corresponding
conventional product (n = 25).

Cascaval
Type Statistics Water

(g/100 g)
Dry Matter

(g/100 g)

Total
Minerals
(g/100 g)

NaCl
(g/100 g)

Total
Proteins
(g/100 g)

Total
Lipids

(g/100 g)

Nitrogen
Free Extract

(g/100 g)

Energy
(Kcal/100 g)

“Mountain” Mean ±
StDev

56.54 a ±
0.40

43.46 a ±
0.40 1.62 a ± 0.60 0.77 a ± 0.11 22.55 a ±

0.32
19.04 a ±

0.73 0.25 a ± 0.16 264.58 a ±
5.96

Conventional Mean ±
StDev

45.26 d ±
0.62

54.74 d ±
0.62 4.38 d ± 0.91 2.88 d ± 0.18 22.95 d ±

0.37
25.84 d ±

0.85 1.57 d ± 0.18 331.22 d ±
6.37

Student test results: analytical means with different superscripts per column differ significantly for p < 0.001 when
a vs. d superscripts were used.

Data issued from the chemical analysis of “Călimani” smoked Cascaval were processed
statistically and presented in Table 2.

Table 2. Gross composition and gross energy content of “Călimani” Smoked Cascaval and of the
corresponding conventional product (n = 25).

Smoked
Cascaval

Type
Statistics Water

(g/100 g)
Dry Matter

(g/100 g)

Total
Minerals
(g/100 g)

NaCl
(g/100 g)

Total
Proteins
(g/100 g)

Total
Lipids

(g/100 g)

Nitrogen
Free Extract

(g/100 g)

Energy
(Kcal/100 g)

“Mountain” Mean ±
StDev

56.39 a ±
0.50

43.61 a ±
0.50 1.52 a ± 0.65 0.78 a ± 0.13 22.50 a ±

0.30
19.16 a ±

0.80 0.43 a ± 0.23 266.11 a ±
6.33

Conventional Mean ±
StDev

47.19 d ±
0.61

52.81 d ±
0.61 2.80 d ± 1.18 1.60 d ± 0.27 23.86 d ±

0.36
25.62 d ±

1.65 0.54 b ± 0.08 329.18 d ±
14.31

Student test results: analytical means with different superscripts per column differ significantly for p < 0.05 when
a vs. b superscripts were used; p < 0.001 when a vs. d superscripts were used.

Table 3 reveals the statistically processed data derived from the analyses and compu-
tations run on the “Călimani” Schweizer samples of both origins.

Table 3. Gross composition and gross energy content of “Călimani” Schweizer and of the correspond-
ing conventional product (n = 25).

Schweizer
Type Statistics Water

(g/100 g)
Dry Matter

(g/100 g)

Total
Minerals
(g/100 g)

NaCl
(g/100 g)

Total
Proteins
(g/100 g)

Total
Lipids

(g/100 g)

Nitrogen
Free Extract

(g/100 g)

Energy
(Kcal/100 g)

“Mountain” Mean ±
StDev

36.38 a ±
0.50

63.62 a ±
0.50 4.03 a ± 0.45 1.95 a ± 0.11 26.52 a ±

0.27
27.46 a ±

0.27 5.61 a ± 0.51 376.33 a ±
2.99

Conventional Mean ±
StDev

43.69 d ±
0.68

56.31 d ±
0.68 2.29 d ± 0.26 3.76 d ± 1.65 22.86 d ±

0.49
26.09 d ±

0.32 5.00 d ± 0.44 346.28 d ±
3.03

Student test results: analytical means with different superscripts per column differs significantly for p < 0.001
when a vs. d superscripts were used.

Another studied mountain product was the “Călimani” Telemea—brine-salted cheese.
Table 4 presents the data with reference to this “Mountain product”, analyzed from a chemi-
cal and energetic point of view, along with the values measured for a similar conventionally
processed product.

Table 4. Gross composition and gross energy content of “Călimani” Telemea and of the corresponding
conventional product (n = 25).

Telemea
Type Statistics Water

(g/100 g)
Dry Matter

(g/100 g)

Total
Minerals
(g/100 g)

NaCl
(g/100 g)

Total
Proteins
(g/100 g)

Total
Lipids

(g/100 g)

Nitrogen
Free Extract

(g/100 g)

Energy
(Kcal/100 g)

“Mountain” Mean ±
StDev

61.80 a ±
0.51

38.20 a ±
0.51 5.39 a ± 0.17 3.57 a ± 0.25 16.09 a ±

0.36
15.45 a ±

0.36 1.27 a ± 0.70 209.34 a ±
2.53

Conventional Mean ±
StDev

63.66 d ±
0.50

36.34 d ±
0.50 4.91 d ± 0.17 4.22 d ± 0.28 17.09 d ±

0.39
12.96 d ±

0.52 1.39 d ± 0.67 192.25 d ±
3.23

Student test results: analytical means with different superscripts per column differ significantly for p < 0.001 when
a vs. d superscripts were used.
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3.2. Fatty Acids Profile

Table 5 shows the results issued from the gas chromatographic analysis of lipids profile
in the cheese, expressed as fatty acids methyl esters (FAMEs) (g FAME/100 g total FAME),
the ratios between various groups of fatty acids, as well the cholesterol content and the
sanogenic indices calculated on the basis of fatty acids profile (polyunsaturation atherogenic
index, thrombogenic index, and hypocholesteromic/hypercholesterolemic ratio).

Table 5. Fatty acids profile and sanogenic indices in the “Călimani” Mountain products investigated
in comparison with the conventional ones (n = 6).

Fatty Acid

Cheese Type
(Fatty Acids Methyl Esters Content,

Expressed as g FAME/100 g Total FAME)

Cascaval Smoked Cascaval Schweizer Telemea
M * C ** M C M C M C

Butyric acid 0.12 0.14 0.18 0.22 0.14 0.19 0.25 0.28
Caproic acid 1.43 1.49 1.61 1.69 1.45 1.47 0.18 0.19
Caprylic acid 1.36 1.38 1.36 1.42 1.32 1.41 1.32 1.38

Nonanoic acid 0.07 0.10 0.21 0.12 0.02 0.04 0.02 0.03
Capric acid 2.92 2.95 2.83 2.89 2.90 2.95 2.78 2.85

Undecanoic acid 0.35 0.34 0.34 0.42 0.35 0.42 0.33 0.39
Tridecanoic acid 3.43 3.48 3.28 3.31 3.48 3.54 3.31 3.41

Lauric acid 0.10 0.12 0.10 0.11 0.10 0.11 0.11 0.12
Myristic acid 12.78 12.81 12.68 12.74 13.18 13.25 12.75 13.01

Myristoleic acid 1.49 1.51 1.52 1.48 1.61 1.58 1.55 1.42
Pentadecanoic acid 0.73 0.76 0.80 0.85 0.82 0.84 0.91 0.95
Pentadecenoic acid 1.90 2.10 1.88 1.74 2.02 1.98 2.15 2.08

Palmitic acid 33.93 34.22 33.73 33.92 33.81 33.85 33.93 34.03
Palmitoleic acid 1.95 1.97 2.13 2.08 1.96 1.92 2.25 2.14

Heptadecanoic acid 0.55 0.62 0.57 0.62 0.56 0.62 0.62 0.69
Heptadecenoic acid 0.98 0.97 0.99 0.87 1.00 0.97 0.99 0.95

Stearic acid 8.71 8.82 8.34 8.41 8.12 8.24 8.05 8.06
Oleic cis acid 21.19 21.08 21.83 21.79 20.89 20.74 22.50 22.30

Linoleic trans Ω-6 acid 0.32 0.26 0.29 0.25 0.35 0.31 0.25 0.21
Linoleic cis Ω-6 acid 1.79 1.68 1.71 1.68 1.73 1.68 1.79 1.73

Arachidic acid 0.05 0.06 0.05 0.04 0.10 0.14 0.09 0.12
Gamma linolenic Ω-3 acid 0.15 0.11 0.15 0.13 0.17 0.15 0.16 0.12
Alpha linolenic Ω-3 acid 1.51 1.41 1.32 1.28 1.46 1.38 1.35 1.29
Conjugated linolenic acid 0.60 0.51 0.65 0.61 0.67 0.61 0.63 0.58

Eicosadienoic Ω-6 acid 0.10 0.08 0.13 0.11 0.11 0.09 0.12 0.09
Eicosatrienoic Ω-3 acid 0.11 0.05 0.13 0.12 0.15 0.11 0.11 0.08

Eicosatetraenoic Ω-3acid 0.26 0.17 0.19 0.15 0.14 0.10 0.21 0.19
Arachidonic Ω-6 acid 0.11 0.10 0.13 0.12 0.10 0.08 0.09 0.06

Other fatty acids 1.01 0.71 0.87 0.83 1.29 1.33 1.20 1.25

Total SFAs 66.53 67.29 66.08 66.76 66.35 67.07 64.65 65.51
Total UFAs 32.46 32 33.05 32.41 32.36 31.7 34.15 33.24

Total MUFAs 27.51 27.63 28.35 27.96 27.48 27.19 29.44 28.89
Total PUFAs 4.95 4.37 4.70 4.45 4.88 4.51 4.71 4.35
SFAs/UFAs 2.05 2.10 2.00 2.06 2.05 2.12 1.89 1.97

PUFAs/MUFAs 0.18 0.16 0.17 0.16 0.18 0.17 0.16 0.15
Omega 3 FAs 2.03 1.74 1.79 1.68 1.92 1.74 1.83 1.68
Omega 6 FAs 2.92 2.63 2.91 2.77 2.96 2.77 2.88 2.67

Omega 6/Omega 3 1.44 1.51 1.63 1.65 1.54 1.59 1.57 1.59

Polyunsaturation index 5.13 4.76 4.64 4.49 5.00 4.75 4.74 4.52
Atherogenic index 2.62 2.67 2.56 2.62 2.68 2.74 2.49 2.59

Thrombohenic index 0.55 0.59 0.55 0.57 0.54 0.56 0.53 0.54
Hypocholesterolemic/hypercholesterolemic ratio 0.56 0.54 0.57 0.56 0.55 0.53 0.58 0.57

Cholesterol content (mg/100 g sample) 28.99 31.24 35.76 38.25 43.54 45.19 16.37 17.84

* M = “Mountain product”-labeled cheese samples; ** C = conventional cheese samples.
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3.3. Content of Calcium, Phosphorus, Iron

The certain macro- (calcium, phosphorus) and trace- (iron) minerals in the analyzed
samples are presented in Table 6.

Table 6. Calcium, phosphorus, and iron in the analyzed “Mountain” and conventional cheeses (n = 6).

Cheese Type Statistics Ca
(g/100 g)

P
(g/100 g)

Fe
(mg/100 g)

Cascaval
“Mountain” Mean ± StDev

0.65 0.63 2.46 a

0.04 0.04 0.16

Conventional Mean ± StDev
0.62 0.64 2.19 c

0.04 0.03 0.18

Smoked Cascaval
“Mountain” Mean ± StDev

0.74 0.72 2.49
0.09 0.06 0.16

Conventional Mean ± StDev
0.72 0.71 2.31
0.07 0.07 0.20

Schweizer
“Mountain” Mean ± StDev

0.73 0.74 5.87 a

0.05 0.05 0.25

Conventional Mean ± StDev
0.74 0.72 2.27 d

0.06 0.05 0.20

Telemea
“Mountain” Mean ± StDev

0.72 a 0.69 a 2.19 a

0.07 0.05 0.18

Conventional Mean ± StDev
0.65 b 0.63 b 2.46 c

0.04 0.04 0.16

Student test results: analytical means with different superscripts per column within each cheese type differ
significantly for p < 0.05 when a vs. b superscripts were used; p < 0.01 when a vs. c superscripts were used;
p < 0.001 when a vs. d superscripts were used.

3.4. Microbiological Assessment

Table 7 reveals the results on the microorganisms’ identification and/or quantification
in the analyzed “Mountain products” in comparison with the conventionally produced ones.

Table 7. Microorganisms in the analyzed dairy “Mountain” versus conventional cheese (n = 6).

Cheese Type Enterobacteriaceae
MPN/g

Staphylococci
CFU/g

Escherichia coli
CFU/g

Listeria monocytogenes
CFU/25 g

Cascaval
“Mountain” 1.6 <10 - -

Conventional 0 <10 - -

Smoked Cascaval
“Mountain” 4.3 <10 - -

Conventional 0 <10 - -

Schweizer
“Mountain” 4.3 <10 - -

Conventional 0 <10 - -

Telemea
“Mountain” 9.3 <10 - -

Conventional 0 <10 - -

MPN—most probable number; CFU—colony-forming units.

4. Discussion
4.1. Chemical Composition and Gross Energy

Water content in the “Călimani” Cascaval was 56.54 g/100 g, while dry matter reached
43.46 g/100 g. Total proteins per raw sample reached 22.55 g/100 g, total minerals
was 1.62 g/100 g, salt (NaCl) content was 0.77 g/100 g, and lipids were quantified at
19.04 g/100 g. The gross energy content per 100 g of product was calculated at 264.58 kcal
(Table 1). The conventionally processed product of the same type was much richer in salt
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(up to the maximum admitted inclusion level, 3 g/100 g) and lipids (26.00 g/100 g, +46.47%
compared to the “Mountain product”). It also had slightly more proteins (22.95 g/100 g,
+1.99%, compared to the “Mountain product”) while the gross energy content was 25.2%
higher (331.22 kcal/100 g, vs. 264.58 kcal/100 g in “Mountain product” samples). Therefore,
the mountain product was less caloric and lighter in terms of fat content, so healthier and di-
etetic, especially for consumers facing cardiovascular risks and metabolic syndrome [51,52].
In all run comparisons of proximate composition compounds, the differences between
“Mountain product” and conventional samples were found to be statistically significant for
p < 0.001.

Samples of “Călimani” smoked Cascaval (Table 2) had a water mean proportion of
56.39 g/100 g, while total solids reached 43.61 g/100 g. Total minerals accounted for
1.52 g/100 g, salt (NaCl) 0.78 g/100 g, total proteins 22.50 g/100 g, total lipids 19.16 g/100 g,
and the nitrogen-free extract reached 0.43 g/100 g. The gross energy content per 100 g
edible portion was 266.11 kcal. The conventionally obtained equivalent product had more
than double salt content (1.60 g NaCl/100 g), 33% more fat (25.62 g/100 g), and 6.7%
more proteins (23.80 g/100 g). Due to the higher concentration of organic matter, caloric
content was higher as well (329.18 kcal/100 g). In most of the comparisons, the “Mountain
product”-labeled samples differed significantly from the conventional ones (p < 0.001).

Analyzing the results obtained for the two Cascaval-type “Mountain products” (“Călimani”
Cascaval and “Călimani” smoked Cascaval), no significant differences could be observed
between them. In fact, it is about the same product that is marketed as it is primarily
obtained or in its smoked form. Smoking is an effective and relatively simple preservation
method practiced in the mountain area in order to maintain dairy and meat products’
quality and stability throughout storage, therefore prolonging shelf life or improving the
sensorial appeal of such products.

In Italy, a study was carried out on hard cheeses bearing the Protected Designation
of Origin (PDO) label. The chemical composition revealed a crude fat of 27.89% in Grana
Padano cheese, 29.90% in Montasio cheese, 30.21% in Asiago cheese, 31.37% in Parmigiano
Reggiano cheese, and the highest crude fat of 36.16 for Cheddar cheese. Correspondingly,
for the same types of cheese, crude protein was 34.21% for Grana Padano cheese, 27.67%
for Montasio cheese, 30.46% for Asiago cheese, 34.01% for Parmigiano Reggiano cheese,
and 26.59% for Cheddar cheese [53–56]. In comparison, the hard cheese labeled with the
“Mountain product” quality logo originating in the mountainous area of the Dornelor Basin
in Romania presented a crude fat of 20.17% and a crude protein of 22.55%, values that are
lower than the cheese produced in Italy.

In “Călimani” Schweizer samples (Table 3), water content reached 36.38 g/100 g, while
dry matter was calculated as 63.62 g/100 g. Total minerals reached 4.03 g/100 g, salt (NaCl)
1.95 g/100 g, total proteins 26.52 g/100 g, total lipids 27.46 g/100 g, and the nitrogen-
free extract 5.61 g/100 g. Due to the highest proportion of fat and lactose (nitrogen-free
extract), the gross energy content of this cheese type reached 376.45 Kcal/100 g edible
portion (about 39% in excess of the caloric content, in comparison with the Cascaval-
type analyzed products, that have less lipids and lactose). The conventional equivalent
product presented less salt (1.70 g/100 g), less proteins (23 g/100 g), and also less lipids
(26 g/100 g), a situation that led to a lower caloric content (328 kcal/100 g), in accordance
with the producer statement on the label. In all comparisons, the results of gross chemical
composition elements differed significantly (p < 0.001) in relation to the production system
(“Mountain product” or conventional).

Research on Emmentaler cheese, the equivalent of Schweizer cheese from Romania,
produced in six regions of Europe: Allgau in Germany, Brittany in France, Switzerland,
Finland, Savoie in France, and Vorarlberg in Austria highlighted Emmentaler cheese from
Vorarlberg Austria with the highest crude fat content of 34.2% and the lowest crude fat
content of 30.0% in Emmentaler cheese produced in Bretagne, France. If we compare with
the Schweizer, a “Mountain product” from Romania, the value for crude fat was 27.46%,
lower than the types of Emmentaler cheese from Western Europe. Regarding protein,
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the highest value of 28.87% was identified in Emmentaler cheese from the Savoie region
of France, and the lowest value of 26.81% was recorded in Emmentaler cheese from the
Vorarlberg region of Austria. Mountain-produced Schweizer cheese from Romania had a
protein value of 26.52%, close to that of the Austrian Emmentaler-type cheese. It should be
noted that the types of surveyed Emmentaler cheese have protected origin (PDO) [53–56].

The originality of cheeses depends on several factors, such as milk- and cheese-
making processes (including microbiology and technology), which are both dependent on
geographical origin. Climate, geology, feed, and the cattle breed itself influence the quality
of the milk, while local, regional, or national traditions influence the making of the cheeses.

In “Călimani” Telemea (Table 4), total solids content reached 38.20 g/100 g, while
water content was measured at 61.80 g/100 g. Total minerals were found in 5.39 g/100 g
quantity and salt at the level of 3.57 g/100 g. Total proteins reached 16.09 g/100 g, lipids
15.45 g/100 g, and nitrogen-free extract 1.27 g/100 g. The average gross energy con-
tent reached 209.34 kcal/100 g. The conventionally processed Telemea had higher salt
content, was slightly richer in proteins (17.09 g/100 g), and had lower total fat content
(12.96 g/100 g), hence the lower gross energy content (192.2 kcal/100 g).

Comparing the “Călimani” Telemea, which is a soft cheese with 16.09% protein, 15.44%
fat, and nitrogen-free extract of 1.22%, with other types of soft cheese such as Mozzarella
with crude fat 16.11% and crude protein 18.23%, Casatella with 24.69% crude fat and
15.66% crude protein, Gorgonzola with 27.65% crude fat and 18.69% crude protein, and
Taleggio with 26.73% crude fat and crude protein of 19.73%, we note that in terms of
protein, Telemea cheese has a close value to Casatella cheese, and as crude fat, it is close to
Mozzarella cheese. The total minerals in Telemea cheese were, on average, 5.39%, and in
the rest of the literature-surveyed cheeses, the limits were between 4.77 and 5.34% [53–55].

If we analyze the chemical composition of dairy products, we can see that the highest
protein content was found in “Călimani” Schweizer (26.52 g/100 g), followed by “Călimani”
Cascaval (22.55 g/100 g), “Călimani” smoked Cascaval (22.50 g/100 g), and “Călimani”
Telemea (16.09 g/100 g). The highest energy content occurred in “Călimani” Schweizer
(376.33 kcal/100 g), while the lowest one was in “Călimani” Telemea (209.34 g/100 g). Con-
cerning total minerals content, higher values were measured in the “Mountain product”-
labeled cheese, in comparison with other data reported in the literature for conventional
equivalent sorts of cheese [57–62].

In “Călimani” Schweizer, total proteins reached 26.52 g/100 g, slightly lower than the
same organic compound reported for the Emmental cheese, a similar type produced in
the Switzerland mountain area [63]. On the contrary, a similar type of cheese (Emmental
family) produced conventionally in Ireland had different total protein values, varying
within the limits of 22.78 and 23.48 g/100 g, thus underlying the higher quality of the
“Mountain products” [64].

4.2. Fatty Acids Profile and Sanogenic Indices

The fatty acid content of the “Mountain product”-labeled and conventional cheese is
presented in Table 5. Thus, palmitic acid varied between 33.93 g FAME/100 g total FAME
in the “Mountain” Cascaval and 34.22 g FAME/100 g total FAME in the conventional
samples (+0.8%). In “Mountain” smoked Cascaval, it was measured at 33.73 g FAME/100 g
total FAME versus 33.92 g FAME/100 g total FAME in the conventional product. In both
Schweizer samples, the values were pretty similar, between 33.81 and 33.85 g FAME/100,
while in Telemea samples, they varied between 33.93 and 34.03 g FAME/100 g total FAME.

Myristic acid was found in amounts between 12.78 and 12.81 g FAME/100 g total
FAME in the Cascaval samples, with lower values in the “Mountain”-labeled ones. The
highest value (13.25 g/100 g FAME) was found in the conventionally produced Schweizer.

Oleic acid was found in variable proportions, between 20.74 g FAME/100 g total
FAME in the “Mountain product”-labeled Schweizer and 22.50 g FAME/100 g total FAME
in the “Mountain product” Telemea. Stearic acid was found with close values in all dairy
products, between 8.05 and 8.82 g FAME/100 g total FAME.
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Table 5 shows that saturated fatty acids (SFAs) were predominant in all samples
(64.65–67.29%), while monounsaturated fatty acids (MUFAs) reached 27.19–29.44%, and
the polyunsaturated fatty acids (PUFAs) were found in a proportion of 4.35–4.95%. In
all comparisons, the “Mountain product”-labeled samples were richer in MUFAs and
PUFAs and lower in SFAs than their conventionally corresponding samples, suggesting the
influence of animals feeding on the quality of the lipidic profile. Also, the ratio of saturated
fatty acids to total unsaturated fatty acids (SFAs/UFAs) varied between 1.89 and 2.11 in the
analyzed products. The proportion of unsaturated fatty acids was higher [65,66] in other
equivalent cheese types produced locally in the mountains. Moreover, if a comparison is
made between the analytical findings and the nutritional statements on the conventionally
produced equivalent sorts of cheese, we found the SFAs/UFAs ratios lower in “Mountain
products”, meaning that the level of lipids unsaturation is better and healthier in the
“Mountain product” samples (values between 1.89/1 and 2.05/1 in analyzed products,
compared to the conventionally produced cheese, bearing SFAs/UFAs ratios between
1.97/1 and 2.12/1).

In Italian hard cheese (Asiago, Grana Padano, Montasio, Parmigiano Reggiano, and
Cheddar), SFAs had values, between 17.72 and 22.80%, UFAs had values between 8.63 and
11.37%, MUFAs had values between 7.36 and 9.87%, and PUFAs had values between 1.25
and 1.70% [53–56].

In the analyzed cheese products, the content of Ω-6 fatty acids was 1.5-fold richer than
the content of Ω-3 fatty acids (between 2.63% and 2.96% for Ω-6 FA and between 1.68%
and 2.03% for Ω-3 fatty acids).

The polyunsaturation index was in all situations higher in the “Mountain product”-
originating sample (5.13 in Cascaval, 4.64 in smoked Cascaval, 5.00 in Schweizer, and
4.74 in Telemea) compared to the conventionally produced equivalent samples (4.76 in
Cascaval, 4.49 in smoked Cascaval, 4.75 in Schweizer, and 4.52 in Telemea), revealing a
3.3%-7.7% better polyunsaturation in “Mountain product”-labeled cheese. The same trend
was observed in the hypocholesterolemic/hypercholesterolemic fatty acid ratios, which
varied between 0.55 and 0.58 in the “Mountain product” cheese and between 0.53 and 0.57
in the conventionally produced cheeses. Therefore, consumption of “Mountain product”-
type cheese with such an h/H fatty acids ratio will most likely reduce the cholesterol
neosynthesis in consumers’ hepatocytes [67,68].

Both vascular sanogenic indices were found with 1.9–4.0% lower values (atherogenic
index) and with 1.8–7.2% lower values (thrombogenic index) in the “Mountain product”
samples than in the conventionally produced ones, suggesting that consumers may have
lower probability in developing atherosclerosis and thrombogenesis if they choose to
consume “Mountain product”-labeled cheese against opting out for the conventionally
produced one.

On the cholesterol content, the found levels varied between the upper limit of 43.54 mg/100 g
(Schweizer) and the lowest one of 16.37 g/100 g (Telemea) in the “Mountain product”-
labeled cheese (Table 5) compared with the 17.84 g/100 g (Telemea)–45.19 g/100 g (Schweizer)
interval found in the conventionally produced cheese. The data revealed that conven-
tionally produced cheese was 3.7–8.9% richer in dietary cholesterol than the “Mountain
product”-labeled one, probably due to dairy cattle dietary intake of more saturated fatty
acids or with a lipid profile richer in hypercholesterolic fatty acids [69,70].

4.3. Content of Calcium, Phosphorus, Iron

Among the “Mountain product” samples, the smoked Cascaval had the highest cal-
cium content (0.74 g/100 g), while the lowest one occurred in Cascaval (0.65 g/100 g). In
conventionally produced equivalent sorts of cheese, calcium content varied between 0.62
and 0.64 g/100 g product, suggesting slightly better levels of such macro minerals in the
“Mountain product”-labeled samples. Telemea cheese was the only product whose samples
differed significantly (p < 0.01) for calcium content, with the “Mountain product” having a
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higher content of this macroelement (0.72 g/100 g) vs. the conventionally produced cheese
(0.65 g/100 g).

The phosphorus content in the analyzed samples varied within the 0.63–0.74 g/100 g
range within the “Mountain product” category and between 0.63 and 0.71 g/100 g limits in
the conventionally produced cheeses. The highest values were found in both Schweizer
samples, while the only significant difference (p < 0.05) occurred, again, in Telemea cheese,
which had 7.8% more phosphorus in the “Mountain product” sample than in the conven-
tional one.

The iron content presented the larger variations, in relation to the analyzed product
category, between 2.19 mg/100 g (conventional) and 2.46 mg/100 g (“Mountain”) (p < 0.01)
in the Cascaval sort; 2.39 mg/100 g (conventional) and 2.49 mg/100 g (“Mountain”) in
the smoked Cascaval sort; 2.27 mg/100 g (conventional) and 5.87 mg/100 g (“Moun-
tain”) (p < 0.001) in the Schweizer sort; 2.46 mg/100 g (conventional) and 2.19 mg/100 g
(“Mountain”) (p < 0.05) in the Telemea sort.

Usually, such dairy products have higher contents of calcium (1.48% of dry matter)
and phosphorus (1.17% in dry matter) and the lowest content of iron, 2.69 mg/100 g dry
matter [71,72]. Our findings were close to those in the literature for Fe and lowest for Ca
and P, probably due to different salt mixtures used in the coagulation process, along with
enzymatic products.

4.4. Microbiological Assessment

The microorganism content of the analyzed “Mountain product”-labeled cheeses
(Table 7) varied, in the case of Enterobacteriaceae, between 1.6 MPN/g (Cascaval) and
9.3 MPN/g (Telemea). A study on six types of Emmentaler cheese, the equivalent of
Schweizer cheese from Romania, produced in six regions of Europe: Allgau from Germany,
Brittany from France, Switzerland, Finland, Savoie from France, and Vorarlberg from
Austria highlighted the microorganism content of the analyzed products: 5.18 MPN/g
was found in Emmentaler cheese produced in Allgau, Germany, 3.3 MPN/g was found
in cheese produced in Bretagne, France, 2.1 MPN/g was found in cheese produced in
Switzerland, 3.7 MPN/g was found in cheese produced in Finland, 6.3 MPN/g was found
in cheese produced in Savoie, France, and 5.51 MPN/g was found in cheese produced
in Vorarlberg, Austria. In the hard cheese produced in the Dornelor Basin, Romania, we
found values of 1.6–4.3 MPN/g in the “Mountain product”-labeled smoked Cascaval and
Schweizer of 4.3 MPN/g, a value close to that of cheese produced in Finland and cheese
produced in Allgau, Germany [53–56].

A possible explanation for the microorganism content and color of the cheese can
be found in the geology of the production region, in the feed ingredients composition
and diet formulations involved in the production of Protected Designation of Origin
(PDO) or of the “Mountain cheese”. Most locally produced feedstuffs are allowed in
cattle diets, and they are usually richer in antioxidants and pigment molecules and in a
specific beneficial microflora [72–74]. Also, the usage of predominant roughages and green
pasture biomass in diet structure over concentrated feedstuffs affects the above-mentioned
traits. The microorganisms belonging to the Enterobacteriaceae group were lacking from
the conventional products due to the ultra-thermal treatment applied to the raw milk. In
the “Mountain product”, such bacteria, not totally destroyed through a low-temperature
thermization will develop specific flavor, color, and taste, thus improving the sensorial
quality in comparison with the conventionally produced cheese [75,76].

The European Union and national regulations on the microbiological quality and
sanitation of milk and dairy products [76] specify as compulsory for cheese the assessment
of Staphylococcus aureus, with a legal threshold of up to 10 CFU/1 g product (samples
were negative for both “Mountain product” and conventional cheese). Also, all tested
samples issued from both production systems tested negative against the occurrence of
Escherichia coli and Listeria monocytogenes, proving the observance of hygienic and good
practices of production in all situations.



Agriculture 2024, 14, 172 15 of 18

5. Conclusions

Cheese types bearing the quality label “Mountain product” provide consumers with
healthier food originating from a territory with low pollution and have better nutritional
quality than conventionally produced similar cheese types while complying with the
microbiological norms of sanitation. The sanogenic indices, such as the polyunsaturation
index and hypocholesterolic/hypercholesterolic fatty acid ratio, had higher values in the
”Mountain cheese”, while the atherogenic index and the thrombogenic index had lower
values compared to their corresponding conventionally produced cheese.

The studied products proved they met all the quality conditions to be cataloged and
marketed, both on the national and the European market, under the title of “Mountain
product”. The opportunity to register such products under this quality and origin label
system will strongly influence dairy farmers to orientate toward local, sustainable busi-
nesses, to use mostly local inputs as feed resources, and to process their raw milk within
short-chain, locally transforming dairy plants. Also, consumers have become more and
more aware of the quality and sanogenity of dairy products issued from mountainous areas
because they tend to be safer, healthier, and even bear better sensory properties than the
conventionally produced cheeses issued from big players in the dairy industry.

As research follow-up, ”Mountain” and conventional cheese types should be inves-
tigated for amino acid contents and protein quality to better depict the nutritional value
and sanogenity and also to identify the factor of variation affecting their nutritional and
dietetic quality.
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