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ABSTRACT

Cheese provides essential nutrients for human nutri-
tion and health, such as minerals and fatty acids (FA).
Its composition varies according to milk origin (e.g.,
species and breed), rearing conditions (e.g., feeding
and management), and cheese-making technology (e.g.,
coagulation process, addition of salt, ripening period).
In recent years, cheese production has increased world-
wide. Italy is one of the main producers and exporters
of cheese. This study aimed to describe mineral, FA,
and cholesterol content of 133 samples from 18 com-
mercial cheeses from 4 dairy species (buffalo, cow,
goat, and sheep) and from 3 classes of moisture con-
tent (hard, <35% moisture; semi-hard, 35-45%; and
soft, >45%). Mineral concentrations of cheese samples
were determined by inductively coupled plasma optical
emission spectrometry, and FA and cholesterol contents
were determined by gas chromatography. Moisture and
species had a significant effect on almost all traits: the
highest levels of Na, Ca, and Fe were found in cheeses
made from sheep milk; the greatest level of Cu was
found in cow milk cheese, the lowest amount of K was
found in buffalo milk cheese, and the lowest amount of
Zn was found in goat cheeses. In all samples, Cr and
Pb were not detected (below the level of detection). In
general, total fat, protein, and minerals significantly
increased when the moisture decreased. Buffalo and
goat cheeses had the highest saturated FA content, and
sheep cheeses showed the highest content of unsatu-
rated and polyunsaturated FA, conjugated linoleic acid,
and n-3 FA. Goat and sheep cheeses achieved higher
proportions of minor FA than did cow and buffalo
cheeses. Buffalo cheese exhibited the lowest cholesterol
level. Our results confirm that cheese mineral content is
mainly affected by the cheese-making process, whereas
FA profile mainly reflects the FA composition of the
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source milk. This study allowed the characterization
of mineral and FA composition and cholesterol content
and revealed large variability among different commer-
cial cheeses.

Key words: goat, sheep, conjugated linoleic acid
(CLA), dairy products

INTRODUCTION

Cheese supplies essential nutrients for human nutri-
tion in the form of proteins, bioactive peptides, AA,
fat, fatty acids (FA), vitamins, and minerals (Walther
et al., 2008; FAO, 2013). Cheese is suitable for lactose-
intolerant individuals because, 94% of the lactose is
washed out with the serum during cheese making, and
the rest is fermented to lactic acid (Walther et al.,
2008; Law and Tamime, 2011; FAO, 2013). Bioactive
peptides, released from milk protein during cheese rip-
ening, are multifunctional components with beneficial
effects on cardiovascular, nervous, gastrointestinal,
and immune systems (Korhonen and Pihlanto, 2006;
Walther et al., 2008). Minerals and vitamins supplied
by cheese are important for healthy bones and teeth
(Walther et al., 2008; Bonjour et al., 2009). About 60 to
70% of Ca intake comes from milk and dairy products,
with cheese being the main source in adults (Bonjour
et al., 2009). Cheese usually contains between 20 and
35% fat, which contributes to the flavor and texture of
the product (Walther et al., 2008). Specific SFA are in-
volved in cell regulation and gene expression (Walther
et al., 2008), n-3 FA produce anti-inflammatory eico-
sanoids (DeFilippis and Sperling, 2006), and CLA have
shown health benefits (Walther et al., 2008). However,
a detailed profile of mineral and FA contents, which
could help consumers in purchasing decisions, is not
listed on cheese labels.

Manufacturing cheese is a way to add value to raw
milk and increase the shelf life of milk. Cheese composi-
tion depends on the milk’s microbiological and chemi-
cal composition, the cheese-making technology, ripen-
ing time, and cheese factory conditions (De Marchi et
al., 2008; Formaggioni et al., 2015). Milk protein and

3384



MINERAL AND FATTY ACID COMPOSITION OF CHEESE

fat contents vary greatly according to species, breed,
season, health status, stage of lactation, and animal
diet (Palmquist, 2006; Martini et al., 2008; Walther et
al., 2008; Bland et al., 2015). In addition, breed differ-
ences have been observed in milk for titratable acidity,
freezing point, casein content, total Ca, total P, and
colloidal P (Petrera et al., 2016). The pasteurization of
the milk before cheese making could affect AA profile
and vitamin content (FAO, 2013). The type of starter
culture used might modify the total content of pro-
tein, fat, and ash, and FA profile of the cheese, due to
the different activity and specificity of proteolytic and
lipolytic enzymes (Taboada et al., 2015; Lesi¢ et al.,
2016). Because of dehydration, protein and fat contents
increase during ripening time (Walther et al., 2008;
Taboada et al., 2015), and dehydration also affects min-
eral concentration (FAQO, 2013); for example, K and Mg
concentration decreases and Se concentration increases
during ripening (FAO, 2013). Demineralization of curd
depends on the pre-acidification of milk, and the pH of
whey at drainage (Lucey and Fox, 1993). However, the
increase of some minerals is a result of the salt added
during the manufacturing process, such as polyphos-
phates and NaCl (Bonjour et al., 2009).

In recent years, cheese production has increased
worldwide, particularly in the FEuropean Union
(+2.35%), United States (+2.83%), and Australia
(+5.45%) (CLAL, 2016). Europe produces nearly 52%
of the world’s cheese (FAO, 2013) and, among Euro-
pean countries, Ttaly (1.009 x 10° t) is the third largest
cheese producer after Germany (2.320 x 10° t) and
France (1.779 x 10° t) (CLAL, 2016). A large amount
of Ttalian milk production (11.633 x 10° t in 2014) is
destined to cheese making (CLAL, 2016). About 80%
of Italian cheeses are made from cow milk, and the re-
maining 20% are from sheep, goat, buffalo, and mixed
milks. More than 40% of cheeses achieve the Protected
Designation of Origin (PDO) according to European
Regulation 1151/2012 (European Union, 2012; CLAL,
2016), and France, Italy, and Spain have the greatest
number of PDO cheeses. For PDO cheeses, European
and local legislation specify the rules for manufactur-
ing process, from feeding and animal management to
milk origin and aging, in order to protect the qual-
ity standard. Mozzarella, Grana Padano, Parmigiano
Reggiano, Pecorino, Gorgonzola, and Provolone are the
main exported Italian cheeses, with France, Germany,
and the United States being the main destination coun-
tries (CLAL, 2016). Moreover, considering that the
volume of milk destined for cheese manufacturing is
growing worldwide in several European countries such
as Italy, France, Ireland, and Estonia, several studies
have been carried out on milk technological traits and
the potential for their genetic improvement (Pretto et
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al., 2013; Tiezzi et al., 2013; De Marchi et al., 2014;
Visentin et al., 2015).

To our knowledge, no studies have characterized the
mineral, FA, and cholesterol contents of a wide range
of commercial cheeses. Therefore, this study aims to
describe and provide detailed information about miner-
als, FA, and cholesterol content of several PDO cheeses
sourced from the Italian retail market.

MATERIALS AND METHODS
Sample Collection

A total of 133 cheeses were purchased from Italian
stores from July to October 2015. Samples were ran-
domly selected according to store availability and con-
sumers’ preferences. Cheeses produced using milk from
more than one dairy species were not considered in the
present study. Cheese varieties in the study included 11
PDO and 1 Traditional Specialties Guaranteed (TSQ)
cheeses made from cow milk, 1 PDO from water buf-
falo milk, 1 Robiola-type cheese from goat milk, and
1 Pecorino-type cheese from sheep milk (Table 1). In
addition, 3 cosmopolitan cow milk cheeses (Cheddar,
Maasdam, and pasta filata) were included as reference
cheeses for the different moisture contents. The main
characteristics of the 18 varieties of commercial cheeses
included in the study are summarized in Table 1. A
cheese variety could be prepared with milk from dif-
ferent dairy species, raw or pasteurized milk, whole or
partially skim milk, and different ripening times (Table
1), conferring diversity within each type. Given that
the present study was focused on commercial samples,
specific feeding and animal management information
was not available. However, PDO and TSG cheeses
represent geographically linked production with spe-
cific animal production systems and requirements in
terms of breed, diet, and farming conditions (Bertoni
et al., 2001), and specific cheese manufacturing tech-
nologies regulated by the European Union and local
authorities reported in public and approved guidelines.
For example, for Parmigiano Reggiano PDO cheese,
cows have to be fed primarily fodder from a defined
geographical area and silages are forbidden (European
Union, 2009). Cheese samples were transported in por-
table refrigerators at 4°C to the food laboratory of the
Department of Agronomy, Food, Natural Resources,
Animals and Environment of the University of Padova
(Legnaro, Italy), and homogenized with a knife mill
(Retsch Grindmix GM200; Retsch GmbH & Co, Haan,
Germany) after removing 1.5 ¢cm from the rind, when
required. To prevent moisture loss, grated samples were
kept at 4°C in sealed plastic bags until analysis, which
was carried out within 24 h of sample delivery.
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Table 1. Description of cheese-making technologies and characteristics of commercial cheeses

Weight, kg

Country Milk® Milk fat* Ripening, mo Coagulation, °C Cooking, °C

Species®

Cheese variety
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Traditional Specialties Guaranteed.

Protected Denomination of Origin; TSG =

'PDO =

MANUELIAN ET AL.

’B = water buffalo; C = cow; G = goat; S = sheep.

SR = raw milk; P = pasteurized milk.

‘W = whole milk; S = partially skim milk.

Cheese Chemical Analyses

Determination of Moisture, Protein, and
Cholesterol Content. Cheese moisture and protein
contents were determined using a FoodScan Dairy
Analyzer (Foss, Electric A/S, Hillerod, Denmark)
calibrated with the Foss Artificial Neural Networks
Dairy Calibration. Cholesterol content was obtained
according to Fletouris et al. (1998) with a capillary
column GC system (model GC-15A, Shimadzu Corp.,
Kyoto, Japan). Regarding moisture content, cow PDO
and TSG cheese samples were classified as hard (<36%
water content), semi-hard (36-45% water content), or
soft (>45% water content; CLAL, 2016). Consequently,
Asiago PDO samples were classified as hard or semi-
hard cheeses. Reference cheeses were assigned to each
category regarding average moisture content: Cheddar
for hard, Maasdam for semi-hard, and pasta filata for
the soft category.

Determination of Minerals Composition. Ma-
jor mineral (Ca, Na, P, S, K, and Mg) and trace mineral
(Zn, Fe, Se, Cu, Cr, and Pb) contents were determined
after mineralization with nitric acid in closed vessels
by a microwave system (Ethos 1600 Milestone S.r.l.,
Sorisole, Italy) using an inductively coupled plasma
optical emission spectrometer Ciros Vision EOP (ICP-
OES; Spectro Analytical Instruments GmbH, Kleve,
Germany). The ICP-OES was used to determine Ca at
317.933 nm, Na at 589.592 nm, P at 178.287 nm, S at
182.034 nm, K at 766.941 nm, Mg at 285.213 nm, Zn at
213.856 nm, Fe at 259.941 nm, Se at 196.090 nm, Cu at
324.754 nm, Cr at 220.353 nm, and Pb at 220.353 nm.
Instrument operating parameters were optimized for
acid solution, and calibration standards were matched
with 5% HNOj (vol/vol) solution using 65% HNO; Su-
prapur (100441, Merck, Darmstadt, Germany). Operat-
ing conditions of the ICP-OES were sample aspiration
rate of 2 mL/min, plasma power 1,350 W, coolant flow
11 L /min, auxiliary flow 0.60 L/min, nebulizer flow 0.75
L/min, and integration time of 28 s. The calibration
solutions for each mineral were prepared from single-
element solutions (Inorganic Ventures, Christiansburg,
VA) in a concentration range between 0 and 100 mg/L.

Determination of FA Composition. Lipids were
extracted following the accelerated solvent extraction
method by ASE 200 (Dionex Corp., Sunnyvale, CA)
with hexane:isopropanol (3:2) as solvent. Percentage of
total fat content was obtained after solvent evapora-
tion. The FA were methylated following an internal
method adapted from Christie (1993) with CH3;0Na as
catalyst. After methylation, n-heptane and potassium
carbonate were added. The fatty acid methyl esters
solution was centrifuged at 693 x ¢ for 10 min at 10°C
and transferred to a 1.5-mL vial for GC analysis, which
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was performed using an Agilent 7820A GC System
(Agilent Technologies, Santa Clara, CA) equipped with
an automatic sampler G4567A (Agilent Technologies)
and flame-ionization detector. An Omegawax capillary
GC column (24136 Supelco; Sigma-Aldrich, Castle Hill,
Australia), 30-m long, 0.25-mm inner diameter, and
0.25-pm film thickness, was used. The carrier gas was
hydrogen at a constant flow rate at 100°C with an aver-
age speed of 30 cm/s. A split injection sleeve was used.
The injector and detector temperature was set at 250°C.
Oven temperature was initially 50°C for 2 min, and then
increased at 4°C/min to 220°C and held for 18 min.
The individual FA were identified by comparing their
retention times with those of a standard FA (FAME
mix C4-C24 #18919-1AMP and octadecadienoic acid
conjugated methyl ester; Supelco, Sigma-Aldrich).
Peak areas were calculated using GC/MSD ChemSta-
tion Software (Agilent Technologies) and expressed as
percentage of total identified FA. Thereafter, FA were
expressed as absolute concentration (g/100 g of cheese),
calculated using the following formula: (FA%/100) x
0.945 (Greenfield and Southgate, 2003).

To display the results, a threshold of 8% of total
identified FA was established to distinguish between
major and minor FA. In addition, the following FA
groups were obtained by summing individual FA: SFA,
which included C4:0, C6:0, C7:0, C8:0, C10:0, C11:0,
C12:0, C13:0 (iso and anteiso forms), C14:0 (iso and
anteiso forms), C15:0 (iso and anteiso forms), C16:0
(iso and anteiso forms), C17:0 (iso and anteiso forms),
C18:0 (iso and anteiso forms), C19:0, C20:0, C21:0,
(C22:0, C23:0, and C24:0; MUFA, which included C10:1,
C12:1, C14:1 (and isomers), C15:1, C16:1n-9, C16:1n-7,
C16:1, C17:1n-7, C18:1 (and isomers), C19:1, C22:1n-9,
and C24:1n-9; PUFA, which included C18:2n-6, C18:2
(and isomers), C18:3n-6, C18:3n-3, C20:2n-6, C20:3n-6,
C20:3n-3, C20:4n-6, C20:5n-3, C22:2n-6, C22:5n-3,
and C22:6n-3; UFA, which was the sum of MUFA
and PUFA; CLA, which included geometric isomers
of C18:2n-6; n-3, which included C18:3n-3, C20:3n-3,
C20:5n-3, C22:5n-3, and C22:6n-3; and n-6, which
included C18:2n-6, C18:3n-6, C20:2n-6, C20:3n-6,
C20:4n-6, and C22:2n-6.

Statistical Analyses

Data analysis was carried out by using R version
3.2.5 (R Core Team, 2016). Mineral, FA, and choles-
terol contents were analyzed using a linear model with
2 factors: moisture content of cheese (hard, semi-hard,
and soft) and species (buffalo, cow, goat, and sheep).
Data followed a normal distribution. Multiple compari-
sons were done with least significant differences (LSD)
with adjusted P-values by Student’s t-test. Values are
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shown as mean + SEM. Significance was declared at P
< 0.05, unless otherwise indicated.

RESULTS

Cheese Composition by Species
and Moisture Categories

Means of cheese chemical composition and mineral
content according to species are reported in Table 2.
Although the “cow” category included several cheese
varieties, buffalo, goat, and sheep categories included
only one variety of cheese each: buffalo Mozzarella,
Robiola-type cheese, and Pecorino-type cheese, respec-
tively. Both moisture and species category had a sig-
nificant effect on all traits. Sheep cheese had the lowest
water and the greatest fat and protein contents, whereas
buffalo cheese had the opposite pattern. Total content
of major minerals was greater in sheep than in buf-
falo cheese (Table 2). Mineral distribution was similar
among cheeses according to species, with greater levels
of Ca, Na, and P compared with other major minerals,
and much higher Zn content compared with other trace
minerals. The high level of Na, Ca, and Fe in sheep
cheeses was statistically high (P < 0.05), as was that
of Cu in cow cheeses. The small amount of K in buffalo
cheeses and Zn in goat cheeses was also noteworthy (P
< 0.05). In all samples, Cr and Pb were below the level
of detection (<0.002 pug/kg; data not shown). Total fat,
protein, and mineral contents increased significantly (P
< 0.001; data not shown) when moisture decreased,
showing greater levels in hard (Table 3) than in semi-
hard (Table 4) and soft cheeses (Table 5), except for Fe,
which was more abundant in semi-hard cheeses.

Average percentage values of FA groups and the
most abundant and important individual FA in cheeses
from different dairy species are shown in Table 6. Buf-
falo and goat cheeses had the greatest SFA percentage,
and sheep cheeses had the highest UFA, PUFA, CLA,
and n-3 percentages. Highest MUFA percentage was
observed in cow and sheep cheeses, and the highest
n-6 percentage was observed in goat and sheep cheeses
(Table 6). The most abundant FA were palmitic acid
(C16:0), oleic (C18:1n-9), stearic (C18:0), and myristic
(C14:0) acids, which represented, on average, 71% of
the total identified FA (Table 6). Although palmitic
acid was more abundant in buffalo cheese, oleic and
stearic acids were similar across species categories (Ta-
ble 6). Overall, percentages of minor FA were greater in
goat and sheep cheeses than in buffalo and cow cheeses,
particularly for caprylic (C8:0), capric (C10:0), and lin-
oleic (C18:2n-6) acids. Cholesterol content was slightly
lower in buffalo than in cow, goat, and sheep cheeses
(Table 6). Cheese differed significantly within moisture

Journal of Dairy Science Vol. 100 No. 5, 2017



3388

MANUELIAN ET AL.

Table 2. Mean (SEM) of moisture, fat, protein (g/100 g of cheese), major minerals (mg/g of cheese), and trace minerals (pg/g of cheese) content
of commercial cheeses classified by type of milk used in cheese manufacturing

Milk origin®

Ttem Buffalo Cow Goat Sheep Total
No. of samples 10 108 5 10 133
Moisture 61.53 (0.63)" 41.07 (1.03)¢ 59.14 (0.93)" 34.96 (1.26)" 42.83 (1.00)
Fat 22.59 (0.52)° 27.31 (0.49)" 17.12 (0.46)° 31.42 (0.92)* 26.88 (0.46)
Protein 14.70 (0.45)° 26.49 (0.57)" 17.79 (1.22)" 27.56 (0.62)" 25.35 (0.55)
Major minerals
Ca 2.08 (0.11)° 6.02 (0.19)" 0.64 (0.02)" 7.28 (0.23)" 5.61 (0.20)
Na 2.11 (0.19)i 4.89 (0.19);’ 2.25 (0.52}):‘1 7.?2 (0.79): 4.80 (0.19)
P 1.52 (0.07)1‘) 3.61 (0'09)‘, 1.08 (0.06)1) 4.30 (0.13)‘\ 3.41 (0.10)
S 0.70 (0.02) 1.25 (0.03); 0.62 (0.04) 1.30 (0.03); 1.19 (0.03)
K 0.18 (0.02)° 1.41 (0.05)” 1.77 (0.11)* 1.43 (0.04)” 1.33 (0.05)
Mg 0.08 (0.01)° 0.21 (0.01)" 0.07 (0.00)¢ 0.33 (0.00)* 0.21 (0.01)
Trace minerals
Zn 13.44 (0.52)i 26.84 (0.71); 2.79 (0.14)3 21.75 (1.55): 24.54 (0.76)
Fe 1.05 (0.05)“ 1.48 (0.08)‘ 0.73 (0.15)I 3.38 (0.26) 1.56 (0.08)
Se 0.77 (0.05)" 0.83 (0.02)" 0.60 (0.05)” 0.78 (0.06)" 0.81 (0.01)
Cu 0.24 (0.02)° 1.76 (0.28)" 0.23 (0.02)° 0.60 (0.06)" 1.50 (0.23)

*Values with different superscripts within a row are significantly different (P < 0.05).

'Buffalo = Buffalo Mozzarella Protected Denomination of Origin (PDO); Cow = Asiago PDO, Casatella PDO, Cheddar, Emmentaler PDO,
Fontina PDO, Gorgonzola PDO, Grana Padano PDO, Montasio PDO, Cow Mozzarella Traditional Specialties Guaranteed, Parmigiano Reggiano
PDO, Piave PDO, Provolone PDO, pasta filata, Taleggio PDO; Goat = Robiola cheese; Sheep = Pecorino cheese.

categories and within species categories. Fatty acid and
cholesterol content were more abundant in hard (Table
7) and semi-hard (Table 8) cheeses than in soft cheeses
(Table 9).

Characterization of PDO Cheese Varieties
from Cow Milk

Hard Cheese Composition. The mean contents
of fat and protein for the cheeses ranged from 28.45

to 33.37% and from 27.67% to 34.01%, respectively
(Table 3). The highest variability for fat content was
observed in Montasio and highest variability for pro-
tein in Asiago (Table 3). The mineral composition
profile was similar across hard cheeses varieties, and
we detected variability of 45 and 99% for Fe and Cu,
respectively. The highest Na content was in Asiago
cheese, the highest Fe content in Piave, and the high-
est Cu content was in Parmigiano Reggiano and Grana
Padano cheeses.

Table 3. Mean (SEM) of moisture, fat, protein (g/100 g of cheese), major minerals (mg/g of cheese), and trace minerals (pug/g of cheese) content
of hard (moisture <36%) cow Protected Denomination of Origin (PDO) cheeses and Cheddar cheese

PDO cheeses

Grana Parmigiano Total
Ttem Asiago Padano Montasio Reggiano Piave PDO cheeses Cheddar
No. of samples 7 10 5 10 5 37 4
Moisture 30.47 (3.90) 32.06 (2.47) 33.37 (1.36) 30.58 (1.24) 28.45 (2.91) 31.26 (3.01) 35.52 (2.10)
Fat 30.21 (2.13) 27.89 (1.18) 29.90 (3.53) 31.37 (2.64) 33.50 (2.22) 30.87 (0.54) 36.16 (5.63)
Protein 30.46 (2.25) 34.21 (1.60) 27.67 (1.19) 34.01 (1.95) 31.57 (1.58) 31.49 (3.23) 26.59 (0.92)
Major minerals
Ca 7.66 (0.74) 8.45 (0.61) 6.96 (0.32) 7.95 (0.50) 7.81 (0.26) 7.67 (0.94) 5.71 (0.54)
Na 7.00 (1.10) 5.54 (0.45) 5.89 (1.20) 4.85 (0.61) 5.70 (0.32) 5.66 (1.02) 5.29 (1.00)
P 4.43 (0.30) 4.76 (0.29) 4.12 (0.16) 4.42 (0.23) 451 (0.19) 4.38 (0.44) 3.42 (0.18)
S 1.44 (0.13) 1.64 (0.14) 1.35 (0.07) 1.49 (0.11) 1.51 (0.11) 1.47 (0.18) 1.15 (0.06)
K 2.11 (0.41) 1.62 (0.06) 1.79 (0.11) 1.59 (0.10) 1.77 (0.09) 1.70 (0.30) 1.26 (0.14)
Mg 0.27 (0.03) 0.29 (0.02) 0.25 (0.01) 0.28 (0.02) 0.28 (0.00) 0.27 (0.03) 0.20 (0.01)
Trace minerals
Zn 33.55 (2.30) 36.59 (2.81) 30.63 (1.73) 33.93 (2.30) 35.32 (0.94) 33.42 (3.92) 25.11 (2.12)
Fe 1.33 (0.73) 1.21 (0.45) 1.46 (0.85) 1.35 (0.44) 1.77 (0.91) 1.48 (0.67) 2.42 (0.32)
Se 0.85 (0.15) 0.86 (0.17) 0.83 (0.24) 0.91 (0.13) 0.92 (0.28) 0.87 (0.17) 0.85 (0.16)
Cu 1.63 (1.76) 5.58 (2.70) 0.35 (0.05) 8.54 (2.28) 0.45 (0.06) 3.85 (3.83) 0.28 (0.04)
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Table 4. Mean (SD) of moisture, fat, protein (g/100 g of cheese), major minerals (mg/g of cheese), and trace minerals (pg/g of cheese) content
of semi-hard (moisture between 36 and 45%) cow Protected Denomination of Origin (PDO) cheeses and Maasdam cheese

PDO cheeses

Total PDO
Ttem Asiago Emmentaler Fontina Provolone cheeses Maasdam
No. of samples 5 10 5 7 27 7
Moisture 40.00 (3.10) 38.21 (3.04) 39.43 (2.28) 37.82 (3.14) 39.18 (2.84) 41.16 (1.33)
Fat 29.58 (1.28) 24.50 (3.87) 27.89 (3.76) 28.94 (2.80) 26.94 (3.50) 25.88 (2.04)
Protein 24.82 (1.79) 29.69 (1.48) 26.37 (1.84) 26.92 (2.83) 27.48 (2.39) 27.55 (0.50)
Major minerals
Ca 6.46 (0.29) 7.11 (0.85) 6.33 (0.46) 6.53 (0.68) 6.68 (0.69) 6.60 (0.62)
Na 5.20 (0.93) 2.89 (2.22) 5.47 (1.24) 8.03 (0.83) 5.00 (2.31) 4.48 (0.93)
P 3.77 (0.15) 4.02 (0.37) 3.93 (0.43) 3.98 (0.40) 3.89 (0.34) 3.68 (0.21)
S 1.26 (0.05) 1.33 (0.09) 1.29 (0.12) 1.43 (0.17) 1.31 (0.12) 1.23 (0.04)
K 1.61 (0.30) 1.11 (0.16) 1.47 (0.14) 1.31 (0.19) 1.29 (0.25) 1.18 (0.15)
Mg 0.24 (0.01) 0.24 (0.02) 0.21 (0.01) 0.22 (0.02) 0.23 (0.02) 0.22 (0.01)
Trace minerals
Zn 28.08 (2.13) 28.03 (3.18) 26.94 (2.72) 31.07 (3.37) 27.83 (3.28) 24.75 (0.71)
Fe 1.98 (0.98) 2.23 (0.22) 1.40 (0.72) 1.77 (0.80) 1.91 (0.64) 1.91 (0.38)
Se 0.75 (0.10) 0.83 (0.14) 0.78 (0.07) 0.78 (0.06) 0.81 (0.13) 0.86 (0.20)
Cu 0.35 (0.05) 0.79 (1.60) 1.66 (2.95) 0.40 (0.07) 0.68 (1.40) 0.33 (0.03)

The proportion of major and minor FA was simi-
lar across cheese varieties (71 and 13%, respectively;
Table 7). Piave had a greater amount of SFA, UFA, and
MUFA than other hard cheeses, whereas Parmigiano
Reggiano cheese had the greatest amounts of PUFA,
CLA, and n-3 (Table 7). The greatest variability was
observed for CLA (29%) and for n-3 (26%). Finally,
cholesterol level was similar across cheese varieties and
ranged from 0.07 (Grana Padano and Montasio) to 0.09
g/100 g of cheese (Asiago; Table7).

Semi-Hard Cheese Composition. The mean con-
tents of fat and protein ranged from 24.50 to 29.58%
and from 24.82 to 29.69%, respectively (Table 4). The
greatest variability for minerals (above 34%) was ob-
served for Na, Fe, and Cu. Provolone cheese had the

greatest amount of Na and Zn (Table 4), and Fontina
had the greatest amount and variability of Cu (Table
4).

Major and minor FA relative contents were similar
to those of hard cheeses. All 4 cheeses showed similar
composition in terms of FA groups, especially between
Asiago and Provolone, and slightly lower for Emmen-
taler (Table 8). Variability above 20% between cheeses
was observed for CLA, n-3, n-6, and linoleic acid. Cho-
lesterol content was similar across all semi-hard cheeses
(Table 8) with values that ranged from 0.07 (Provolone)
to 0.09 g/100 g of cheese (Asiago).

Soft Cheese Composition. The mean contents of
fat and protein ranged from 16.11 to 27.65% and from
15.66 to 19.73%, respectively (Table 5). Soft cheeses

Table 5. Mean (SD) of moisture, fat, protein (g/100 g of cheese), major minerals (mg/g cheese), and trace minerals (pg/g of cheese) content
of soft (moisture >45%) cow Protected Denomination of Origin (PDO) and Traditional Specialties Guaranteed (TSG) cheeses, and pasta filata

cheese
Casatella Gorgonzola Cow Mozzarella Taleggio Total PDO

Item PDO PDO TSG PDO cheeses Pasta filata
No. of samples 5 9 10 6 30 3
Moisture 58.73 (1.06) 48.56 (3.90) 64.51 (1.10) 49.37 (2.31) 56.74 (7.08) 46.79 (4.19)
Fat 24.69 (2.78) 27.65 (2.15) 16.11 (1.32) 26.73 (1.57) 22.49 (4.77) 24.74 (2.26)
Protein 15.66 (0.88) 18.69 (1.55) 18.23 (0.91) 19.73 (1.54) 17.83 (2.89) 24.59 (1.48)
Major minerals

Ca 2.84 (0.40) 3.02 (0.67) 3.26 (0.39) 2.99 (0.61) 2.76 (1.14) 5.45 (0.58)
Na 2.50 (0.63) 4.57 (1.12) 1.63 (0.36) 7.19 (1.26) 3.30 (2.01) 4.35 (0.59)
P 1.93 (0.22) 2.32 (0.34) 2.24 (0.26) 2.40 (0.26) 2.05 (0.62) 3.45 (0.35)
S 0.67 (0.08) 0.95 (0.13) 0.84 (0.07) 0.97 (0.06) 0.83 (0.19) 1.25 (0.09)
K 1.33 (0.10) 1.70 (0.13) 0.30 (0.07) 1.77 (0.31) 1.03 (0.71) 1.02 (0.17)
Mg 0.11 (0.01) 0.14 (0.03) 0.10 (0.01) 0.14 (0.01) 0.11 (0.03) 0.18 (0.01)
Trace minerals

Zn 14.28 (2.35) 17.26 (3.77) 18.75 (2.23) 14.79 (2.47) 15.22 (5.83) 26.39 (3.06)
Fe 0.66 (0.11) 0.79 (0.51) 1.33 (1.70) 1.11 (0.82) 1.01 (0.87) 1.35 (0.43)
Se 0.87 (0.24) 0.71 (0.13) 0.75 (0.10) 0.82 (0.23) 0.76 (0.17) 0.90 (0.20)
Cu 0.14 (0.06) 0.22 (0.05) 0.20 (0.02) 0.26 (0.04) 0.27 (0.35) 1.09 (1.33)
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Table 6. Mean (SEM) of groups, major and minor fatty acids (FA, % of total identified FA), and cholesterol content (g/100 g of cheese) of
commercial cheeses classified by type of milk used in cheese manufacturing

Milk origin®

Ttem Buffalo Cow Goat Sheep Total

No. of samples 10 108 5 10 133

FA group
SFA 69.32 (0.51)" 67.32 (0.13)" 68.08 (0.67)™ 64.63 (0.59)° 67.30 (0.15)
UFA 30.68 (0.51)° 32.68 (0.13)" 31.92 (0.77)" 35.37 (0.77)" 32.70 (0.14)
MUFA 27.00 (0.36)" 27.92 (0.11)" 26.53 (0.47)° 28.19 (0.51)" 27.82 (0.10)
PUFA 3.67 (0.21)" 4.76 (0.06)° 5.39 (0.24)" 7.18 (0.32)" 4.88 (0.08)
CLA 0.74 (0.02)° 0.80 (0.03)" 0.95 (0.10)" 1.67 (0.16)" 0.87 (0.03)
n-3 0.52 (0.03)° 0.82 (0.02):’ 0.78 (0.05)" 1.41 (0.05) 0.84 (0.02)
n-6 2.16 (0.20)° 2.76 (0.05)" 3.34 (0.11)" 3.14 (0.04)" 2.77 (0.05)

1\éli]z(fzroFA 10.56 (0.23)" 10.80 (0.05)" 9.64 (0.38)" 9.51 (0.20)" 10.64 (0.06)
C16:0 32.53 (0.46)" 30.05 (0.13)" 25.52 (1.13)° 23.31 (0.92)" 29.56 (0.22)
C18:0 11.50 (0.41)" 10.21 (0.06)" 10.67 (0.45)" 10.31 (0.27)" 10.34 (0.07)
C18:1n-9 19.93 (0.32)™ 20.31 (0.09)" 20.79 (0.53)" 19.17 (0.91)" 20.22 (0.10)

Minor FA
C4:0 3.12 (0.06)" 2.47 (0.02)" 1.75 (0.04)° 2.59 (0.08)" 2.50 (0.03)
C6:0 1.80 (0.04)" 1.82 (0.01)" 1.99 (0.03)" 2.07 (0.13)" 1.84 (0.01)
C8:0 0.97 (0.03)" 1.17 (0.01)° 2.32 (0.07)" 1.99 (0.16)" 1.26 (0.03)
C10:0 1.84 (0.05) 2.71 (0.02)° 7.95 (0.23)" 5.73 (0.43)" 3.07 (0.11)
C12:0 2.33 (0.06)° 3.27 (0.02)" 3.96 (0.15)" 3.35 (0.19)" 3.23 (0.03)
C15:0 1.15 (0.04)" 1.13 (0.01)* 0.86 (0.04)" 1.11 (0.02)" 1.12 (0.01)
C16:1 1.95 (0.08)" 1.56 (0.01)" 0.76 (0.03)" 1.07 (0.03)° 1.52 (0.02)
C18:2n-6 1.93 (0.19)° 2.44 (0.04)° 3.14 (0.10) 2.87 (0.04)" 2.46 (0.04)
€20:0 0.24 (0.01)" 0.17 (0.00)° 0.27 (0.02)" 0.40 (0.03)" 0.20 (0.01)
Cholesterol 0.05 (0.00)" 0.07 (0.00)* 0.06 (0.01)" 0.07 (0.00)" 0.07 (0.00)

*Walues with different superscripts within a row are significantly different (P < 0.05).

'Buffalo = Buffalo Mozzarella Protected Denomination of Origin (PDO); Cow = Asiago PDO, Casatella PDO, Cheddar, Emmentaler PDO,
Fontina PDO, Gorgonzola PDO, Grana Padano PDO, Montasio PDO, Cow Mozzarella Traditional Specialties Guaranteed, Parmigiano Reggiano
PDO, Piave PDO, Provolone PDO, pasta filata, Taleggio PDO; Goat = Robiola cheese; Sheep = Pecorino cheese.

showed wide variability for all minerals analyzed, es-
pecially for Cu, Zn, and Fe (Table 5). Cow Mozzarella,
Gorgonzola, and Casatella cheeses showed the widest
variability for Fe, Zn, and Cu, respectively (Table 5).
The highest K content was observed in Taleggio and
Gorgonzola, whereas the lowest value was found in cow
Mozzarella (Table 5). Copper content was lowest in
Casatella (Table 5). The content of Na was higher in
Taleggio cheese, and that of Fe was higher in Taleggio
and cow Mozzarella cheese (Table 5).

Fatty acids amounts varied from 19 to 46%, with a
wider variation for CLA and capric acid. The great-
est variation in CLA and capric acid was observed
within Gorgonzola and Casatella cheeses, respectively.
Gorgonzola and cow Mozzarella cheeses exhibited the
greatest and lowest contents of all FA groups, respec-
tively (Table 9). The lowest n-3 and n-6 levels were
detected in cow Mozzarella. Major FA were more abun-
dant in Gorgonzola than in other soft cheeses, whereas
the lowest values were obtained in cow Mozzarella
cheese (Table 9). Regarding minor FA, the lowest con-
tents were generally found for cow Mozzarella, and the
greatest contents for Gorgonzola. Finally, cholesterol
content was similar across all cheese varieties, rang-
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ing between 0.04 (cow Mozzarella) and 0.08 g/100 g of
cheese (Taleggio).

DISCUSSION

Gross Chemical Composition and Mineral
Content of Cheese

Differences in cheese gross composition (moisture,
fat, and protein contents) observed across dairy species
are due not only to species, but also to technological
processes involved in cheese manufacturing. Raynal-
Ljutovac et al. (2008) have indicated that cheese gross
composition is mainly related to the manufacturing
process. In addition, Lesi¢ et al. (2016) observed an
effect of different starters cultures on protein, fat, and
ash contents. Cheese manufacturing involves milk de-
hydration and concentration of fat, caseins, and some
minerals (Law and Tamime, 2011), thus moisture is a
confounding variable. In our study, differences in mois-
ture across cheeses were related to the collected data
set. For example, cheeses in the buffalo category had
almost twice the water content of sheep cheeses because
buffalo included only Mozzarella cheese, which is a soft
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Table 7. Mean (SD) of groups, major and minor fatty acids (FA), and cholesterol (g/100 g of cheese) content of hard (moisture <35%) cow
Protected Denomination of Origin (PDO) cheeses and Cheddar cheese

PDO cheeses

Grana Parmigiano Total PDO
Ttem Asiago Padano Montasio Reggiano Piave cheeses Cheddar
No. of samples 7 10 5 10 5 37 4
FA group
SFA 19.33 (1.38) 17.72 (2.44) 19.28 (1.99) 19.54 (2.17) 21.64 (1.65) 19.60 (2.61) 22.80 (3.64)
UFA 9.22 (0.69) 8.63 (0.92) 8.98 (0.97) 10.11 (0.52) 10.02 (0.49) 9.57 (1.17) 11.37 (1.69)
MUFA 7.91 (0.58) 7.36 (0.82) 7.72 (0.85) 8.41 (0.45) 8.54 (0.40) 8.14 (1.01) 9.87 (1.47)
PUFA 1.31 (0.11) 1.27 (0.12) 1.25 (0.13) 1.70 (0.20) 1.48 (0.09) 1.43 (0.04) 1.50 (0.22)
CLA 0.18 (0.02) 0.19 (0.04) 0.18 (0.02) 0.26 (0.04) 0.21 (0.01) 0.22 (0.06) 0.32 (0.06)
n-3 0.20 (0.03) 0.20 (0.03) 0.20 (0.03) 0.33 (0.07) 0.24 (0.04) 0.25 (0.07) 0.28 (0.04)
n-6 0.84 (0.06) 0.80 (0.08) 0.79 (0.07) 1.01 (0.13) 0.92 (0.04) 0.86 (0.13) 0.72 (0.08)
Major FA
C14:0 3.08 (0.20) 2.78 (0.40) 3.14 (0.33) 3.15 (0.41) 3.48 (0.17) 3.13 (0.45) 3.62 (0.60)
C16:0 8.77 (0.64) 7.98 (1.18) 8.86 (0.95) 8.41 (1.02) 9.83 (0.65) 8.74 (1.17) 9.87 (1.53)
C18:0 2.90 (0.25) 2.70 (0.31) 2.65 (0.31) 3.10 (0.23) 3.15 (0.17) 2.98 (0.42) 3.73 (0.55)
C18:1n-9 5.80 (0.49) 5.35 (0.61) 5.60 (0.55) 6.14 (0.42) 6.27 (0.28) 5.93 (0.72) 7.05 (0.92)
Minor FA
C4:0 0.70 (0.07) 0.67 (0.09) 0.70 (0.07) 0.74 (0.10) 0.79 (0.08) 0.73 (0.11) 0.88 (0.15)
C6:0 0.52 (0.05) 0.49 (0.06) 0.52 (0.05) 0.54 (0.08) 0.59 (0.07) 0.54 (0.08) 0.63 (0.11)
C8:0 0.34 (0.03) 0.31 (0.04) 0.33 (0.03) 0.34 (0.05) 0.38 (0.04) 0.34 (0.05) 0.40 (0.07)
C10:0 0.80 (0.06) 0.71 (0.10) 0.80 (0.08) 0.79 (0.11) 0.88 (0.10) 0.79 (0.11) 0.90 (0.14)
C12:0 0.95 (0.07) 0.83 (0.13) 0.96 (0.10) 0.94 (0.14) 1.05 (0.13) 0.95 (0.16) 1.17 (0.21)
C15:0 0.32 (0.02) 0.29 (0.05) 0.33 (0.04) 0.34 (0.04) 0.36 (0.03) 0.33 (0.04) 0.35 (0.06)
C16:1 0.44 (0.04) 0.41 (0.06) 0.46 (0.05) 0.43 (0.05) 0.47 (0.04) 0.45 (0.06) 0.54 (0.09)
C18:2n-6 0.75 (0.04) 0.71 (0.08) 0.70 (0.06) 0.90 (0.13) 0.82 (0.02) 0.77 (0.12) 0.62 (0.05)
C20:0 0.04 (0.00) 0.04 (0.01) 0.04 (0.01) 0.05 (0.01) 0.05 (0.01) 0.05 (0.01) 0.06 (0.01)
Cholesterol 0.09 (0.02) 0.07 (0.01) 0.07 (0.02) 0.08 (0.01) 0.08 (0.01) 0.08 (0.01) 0.09 (0.00)

Table 8. Mean (SD) of groups, major and minor fatty acids (FA), and cholesterol (g/100 g of cheese) content of semi-hard (moisture between
35 and 45%) cow Protected Denomination of Origin (PDO) cheeses and Maasdam cheese

PDO cheeses

Total PDO
Item Asiago Emmentaler Fontina Provolone cheeses Maasdam
No. of samples 5 10 5 7 27 7
FA group
SFA 18.90 (0.88) 15.35 (2.49) 18.03 (2.54) 18.31 (1.77) 17.21 (2.32) 16.99 (1.47)
UFA 9.05 (0.50) 7.80 (1.24) 8.33 (1.12) 9.03 (0.88) 8.25 (1.11) 7.46 (0.55)
MUFA 7.73 (0.42) 6.65 (1.01) 7.12 (0.98) 7.66 (0.76) 7.06 (0.91) 6.50 (0.48)
PUFA 1.32 (0.09) 1.15 (0.26) 1.21 (0.18) 1.37 (0.20) 1.19 (0.23) 0.96 (0.08)
CLA 0.21 (0.04) 0.28 (0.10) 0.25 (0.05) 0.22 (0.05) 0.23 (0.08) 0.16 (0.02)
n-3 0.20 (0.01) 0.23 (0.06) 0.24 (0.05) 0.21 (0.04) 0.22 (0.04) 0.19 (0.02)
n-6 0.81 (0.04) 0.50 (0.08) 0.61 (0.08) 0.84 (0.18) 0.63 (0.18) 0.50 (0.05)
Major FA
C14:0 2.95 (0.16) 2.55 (0.40) 3.07 (0.49) 2.89 (0.30) 2.81 (0.37) 2.80 (0.25)
C16:0 8.54 (0.31) 6.68 (1.11) 7.89 (1.22) 7.99 (0.97) 7.59 (1.12) 7.59 (0.80)
C18:0 3.00 (0.28) 2.30 (0.38) 2.52 (0.43) 2.78 (0.40) 2.57 (0.41) 2.47 (0.16)
C18:1n-9 5.68 (0.31) 4.76 (0.68) 5.20 (0.69) 5.53 (0.57) 5.11 (0.66) 4.74 (0.33)
Minor FA
C4:0 0.69 (0.04) 0.60 (0.10) 0.67 (0.09) 0.62 (0.10) 0.63 (0.09) 0.62 (0.05)
C6:0 0.50 (0.04) 0.44 (0.07) 0.50 (0.07) 0.48 (0.05) 0.47 (0.06) 0.46 (0.04)
C8:0 0.33 (0.03) 0.28 (0.05) 0.32 (0.05) 0.33 (0.03) 0.31 (0.04) 0.30 (0.03)
C10:0 0.74 (0.08) 0.64 (0.10) 0.74 (0.11) 0.73 (0.09) 0.70 (0.09) 0.71 (0.06)
C12:0 0.88 (0.09) 0.76 (0.12) 0.90 (0.14) 0.88 (0.09) 0.86 (0.12) 0.95 (0.08)
C15:0 0.31 (0.02) 0.26 (0.05) 0.31 (0.06) 0.31 (0.03) 0.29 (0.05) 0.26 (0.02)
C16:1 0.41 (0.02) 0.38 (0.05) 0.40 (0.07) 0.43 (0.04) 0.40 (0.05) 0.40 (0.03)
C18:2n-6 0.72 (0.04) 0.43 (0.06) 0.54 (0.07) 0.74 (0.16) 0.55 (0.16) 0.44 (0.04)
C20:0 0.05 (0.01) 0.04 (0.01) 0.05 (0.01) 0.05 (0.01) 0.05 (0.01) 0.04 (0.00)
Cholesterol 0.09 (0.01) 0.08 (0.01) 0.08 (0.01) 0.07 (0.02) 0.08 (0.01) 0.08 (0.01)
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unripened product, whereas sheep mainly included
hard or semi-hard Pecorino cheeses. The goat category
also had high moisture, mainly because it included only
Robiola-type cheese, a soft product.

Differences in milk mineral composition among
animal species and breeds are widely recognized to
be small (Martin-Hernandez et al., 1992; FAO, 2013;
Petrera et al., 2016). Only differences in P, Zn, and Cu
contents in cheese have been related to milk composi-
tion before cheese making in French (Lucas et al., 2006)
and Spanish cheeses (Martin-Hernandez et al., 1992).
On the other hand, the technological process of cheese
making could increase mineral content because of the
concentration effect, the addition of salts (NaCl, KCl),
and contamination from the use of metallic instru-
ments during cheese manufacturing (Moreno-Rojas et
al., 1994, 1995; Coni et al., 1996; Gambelli et al., 1999;
Bonjour et al., 2009; Pecorari et al., 2009). Tron weights
and galvanized sheets, respectively, have been suggested
as sources of Fe and Zn in cheese (Moreno-Rojas et al.,
1994), and the curdling cutter machine and traditional
copper containers as the source of Cu (Moreno-Rojas et
al., 1994; Coni et al., 1996). This could explain the high
Cu levels in Parmigiano Reggiano and Grana Padano, 2
varieties with similar cheese-making processes (Pretto
et al., 2013) that use copper tanks (Pecorari et al.,
2009). The technological process could also decrease the
mineral content due to the solubility of the minerals, the
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association with whey proteins, pH during coagulation,
grain size, or pressing (i.e., being eliminated with the
serum; Martin-Hernandez et al., 1992; Moreno-Rojas et
al., 1995; Garcia et al., 2006; Law and Tamime, 2011).
A decrease of pH (from 6.2 to 5.3) in Mozzarella leads
to a decrease in mineral content, and the use of different
starter cultures or acids can affect mineral concentra-
tion (Jana and Mandal, 2011). For example, citric acid
is a better chelating agent than lactic acid (Ekholm et
al., 2000). Cheeses from the present study were free
of Pb and Cr; however, some authors have detected
Pb in cheese because of environmental contamination
throughout the making process (Zurera-Cosano et al.,
1994; Coni et al., 1996; Elbarbary and Hamouda, 2013;
Meshref et al., 2014). Because of these factors, we do
not know if differences observed in mineral content are
related to species.

Fatty Acid and Cholesterol Composition of Cheese

Several authors have reported differences in FA
profile across cow, sheep, and goat cheeses (Lucas et
al., 2008; Prandini et al., 2011; Lesi¢ et al., 2016), the
variability of which mainly depends on milk fat compo-
sition (Lucas et al., 2006); up to 75% of the variance of
some FA has been attributed to species (Lucas et al.,
2008). De Marchi et al. (2008) reported a breed effect
on FA profile of Casolet and Grana Trentino cheeses.

Table 9. Mean (SD) of groups, major and minor fatty acids (FA), and cholesterol (g/100 g of cheese) content of soft (moisture >45%) cow

Protected Denomination of Origin (PDO) and Traditional Specialties

Guaranteed (TSG) cheeses, and pasta filata cheese

Casatella Gorgonzola Cow Mozzarella Taleggio Total PDO
Item PDO PDO TSG PDO cheeses Pasta filata
No. of samples 5 9 10 6 30 3
FA groups
SFA 15.53 (1.77) 17.63 (1.24) 10.31 (0.81) 16.87 (1.04) 14.39 (3.00) 15.75 (1.57)
UFA 7.81 (0.93) 8.50 (0.84) 4.92 (0.45) 8.39 (0.51) 6.86 (1.56) 7.62 (0.57)
MUFA 6.76 (0.80) 7.16 (0.84) 4.25 (0.38) 7.17 (0.48) 5.89 (1.33) 6.62 (0.43)
PUFA 1.04 (0.18) 1.34 (0.25) 0.67 (0.08) 1.22 (0.08) 0.97 (0.29) 1.00 (0.14)
CLA 0.15 (0.02) 0.21 (0.16) 0.13 (0.02) 0.16 (0.01) 0.16 (0.08) 0.17 (0.01)
n-3 0.17 (0.03) 0.22 (0.04) 0.11 (0.03) 0.17 (0.02) 0.15 (0.05) 0.18 (0.03)
n-6 0.65 (0.14) 0.81 (0.08) 0.37 (0.05) 0.81 (0.07) 0.59 (0.20) 0.56 (0.13)
Major FA
C14:0 2.39 (0.27) 2.80 (0.25) 1.63 (0.14) 2.70 (0.20) 2.24 (0.51) 2.53 (0.18)
C16:0 7.18 (0.70) 7.91 (0.80) 4.74 (0.45) 7.52 (0.49) 6.47 (1.49) 7.01 (0.83)
C18:0 2.48 (0.42) 2.71 (0.34) 1.52 (0.12) 2.73 (0.20) 2.27 (0.54) 2.39 (0.26)
C18:1n-9 4.99 (0.64) 5.13 (0.61) 3.13 (0.29) 5.22 (0.31) 4.33 (0.92) 4.87 (0.26)
Minor FA
C4:0 0.55 (0.09) 0.58 (0.09) 0.40 (0.02) 0.59 (0.03) 0.53 (0.14) 0.60 (0.05)
C6:0 0.39 (0.06) 0.45 (0.05) 0.28 (0.02) 0.44 (0.03) 0.38 (0.07) 0.44 (0.04)
C8:0 0.25 (0.04) 0.29 (0.03) 0.18 (0.01) 0.29 (0.02) 0.25 (0.07) 0.28 (0.02)
C10:0 0.57 (0.09) 0.70 (0.05) 0.39 (0.03) 0.68 (0.06) 0.61 (0.28) 0.65 (0.05)
C12:0 0.69 (0.10) 0.86 (0.06) 0.47 (0.04) 0.81 (0.07) 0.65 (0.17) 0.78 (0.08)
C15:0 0.25 (0.03) 0.30 (0.02) 0.17 (0.02) 0.28 (0.02) 0.24 (0.06) 0.26 (0.03)
C16:1 0.37 (0.04) 0.40 (0.05) 0.25 (0.03) 0.38 (0.03) 0.34 (0.10) 0.39 (0.02)
C18:2n-6 0.58 (0.13) 0.72 (0.07) 0.33 (0.04) 0.73 (0.06) 0.53 (0.18) 0.50 (0.12)
C20:0 0.04 (0.01) 0.04 (0.01) 0.03 (0.00) 0.04 (0.00) 0.04 (0.01) 0.04 (0.00)
Cholesterol 0.06 (0.01) 0.07 (0.01) 0.04 (0.01) 0.08 (0.00) 0.06 (0.01) 0.05 (0.01)
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These differences in FA profile have been used to detect
addition of (adulteration with) cow milk in goat and
sheep cheeses (Iverson and Sheppard, 1989; Aguilar et
al., 2014). Lucas et al. (2006) attributed the differences
in percentages of caprylic and myristic acids to the
technological process. We observed greater contents of
PUFA and short- and medium-chain FA in sheep and
goat cheeses than in cow cheeses, in agreement with
several other studies (Park et al., 2007; Lucas et al.,
2008; Raynal-Ljutovac et al., 2008; Prandini et al.,
2011; Aguilar et al., 2014; Lesi¢ et al., 2016). In accor-
dance with Prandini et al. (2011), we determined that
sheep cheeses had the highest CLA and the lowest oleic
acid contents. The greater oleic acid content in goat
than in cow cheese, and the greater butyric, myristic,
and palmitic acid contents in cow than in goat cheese
in the current study were consistent with the results of
Lucas et al. (2008). In addition, the greater n-6 to n-3
ratio in goat compared with cow and sheep cheeses was
in agreement with Aguilar et al. (2014). On the other
hand, we observed similar CLA percentages in goat as
in cow cheeses, in contrast to Van Nieuwenhove et al.
(2009), and a similar percentage of oleic acid in cow
and goat cheeses, a higher linoleic acid percentage in
goat than in cow cheeses, and a similar MUFA percent-
age in cow than in sheep cheeses, which was in contrast
to the results of Prandini et al. (2011).

Cholesterol differences among cheeses have been
attributed to milk composition (Park et al., 2007;
Gémez-Cortés et al., 2015), and De Marchi et al. (2008)
reported a breed effect on cholesterol in Vezzena cheese.
Differences in cholesterol level have been also reported
for several goat cheeses produced in the United States
(Park, 2000) and in Turkish cheeses (Donmez et al.,
2005). The lower cholesterol content in buffalo milk
cheeses than in cow milk cheeses could result from the
lower cholesterol content in buffalo milk (Ahmad et al.,
2013).

Composition of PDO Cheese Varieties from Cow Milk

Given that buffalo, goat, and sheep categories includ-
ed only one type of cheese (buffalo Mozzarella, Robi-
ola, and Pecorino cheese, respectively), we can compare
the composition reported in Table 1 and Table 6 for
those species with the composition of the other cow
milk cheese varieties included in the study. Compared
with the present study, Sameen et al. (2008) reported
lower moisture content for buffalo (50.49 + 0.91%) and
cow Mozzarella (52.49 £+ 0.41%), lower fat (17.13 +
0.45%) and greater protein (15.07 & 0.67%) for buffalo
Mozzarella, and similar fat and lower protein (14.78 +
0.78%) for cow Mozzarella. Results from the present
work showed greater fat and lower moisture content
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in buffalo than in cow Mozzarella, in agreement with
Sameen et al. (2008), and greater protein content in
cow than in buffalo Mozzarella, which is in contrast to
the results of Sameen et al. (2008).

Cow milk has similar mineral content to buffalo milk
(FAO, 2013); however, we detected greater mineral
contents in Mozzarella made from cow milk compared
with that in buffalo. We hypothesized that the cheese-
making process could explain the variation. Gambelli
et al. (1999) reported different mineral content in the
same varieties of commercial Italian cheeses, but no
agreement exists among studies about average mineral
content of dairy products because mineral content can
change according to the analytical method (Lante et al.,
2006). However, we obtained orders of mineral content
in Italian cheese varieties similar to those of Gambelli
et al. (1999) for Na (Provolone > Grana Padano >
Gorgonzola > Emmentaler > cow Mozzarella), K (Gor-
gonzola > Grana Padano > Provolone > Emmentaler
> cow Mozzarella), and Zn (Grana Padano > Provo-
lone > Emmentaler > Gorgonzola ~ cow Mozzarella).
Nevertheless, we reported higher Mg in Grana Padano
than in Provolone, and a greater Ca concentration in
Emmentaler than in Provolone, Gorgonzola, and cow
Mozzarella than did Gambelli et al. (1999).

We detected a greater percentage of SFA and lower
percentage of UFA and PUFA in buffalo than in cow
Mozzarella, which agrees with FA milk composition
of these species (Ménard et al., 2010). However, we
observed a similar percentage of C14:0 between Moz-
zarella cheeses of both species and a greater percentage
of C18:0 in buffalo than cow Mozzarella, which is in
contrast to the findings of Ménard et al. (2010). Pran-
dini et al. (2007), analyzing commercial Italian cheeses,
suggested that use of propionic bacteria in production
of Emmentaler caused the higher CLA content com-
pared with Grana Padano. Our greater percentage of
C18:2n-6, long-chain FA, and PUFA, and lower per-
centage of medium-chain FA in Gorgonzola than in
cow Mozzarella, agree with Prandini et al. (2011), who
attributed the differences between fresh cow cheese and
Gorgonzola to the technological process.

CONCLUSIONS

Our results contribute to the characterization of
the most widely consumed PDO cheeses and show the
importance of several factors in cheese nutritional com-
position. The differences described support the theory
that gross composition (moisture, fat, and protein) and
mineral composition are mainly affected by the tech-
nological cheese-making process, whereas FA profile
and cholesterol are mainly related to milk composition.
Because of the wide variability across cheese varieties,
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determination of mineral, FA, and cholesterol composi-
tion for each type of cheese could be interesting from a
nutritional point of view.
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